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INTRODUCTION

Groundwater isessential for daily human sustenance. How-
ever, significant quantities of groundwater are being ex-
tracted in a poorly regulated manner for irrigation, domes-
tic, and industrial needs (Chandramohan et a. 20174). In
India, especially in Tamil Nadu, farmers mainly depend on
aquifers during non-monsoon periods. Natural recharge of
the underground water basin islimited to 10 to 100 rainfall
daysin most arid or semi-arid areas. Moreover, most rainwa-
ter islost through outflow during the monsoon periods. Ar-
tificia refilling techniques are frequently employed to trans-
fer the surface water to underground water storage and aqui-
fers during excess surface water availability. Artificial re-
charge structurescan help conserve and store excess surface
water for future use and can potentially improve the sus-
tainable water yield in zones where aquifers have been de-
pleted due to excessive extraction.

Inlight of high demand of water for urban and irrigation
needs during the post-monsoon periods, technologies such
asRemote Sensing (RS) and Geographical Information Sys-
tem (GIS) are frequently employed to identify spatial pat-
ternsin water demand and availability. Thesetoolsare very
useful inidentifying proper sitesfor artificial recharge struc-
tures. Also, artificial recharging in specific sites and repli-
cation techniques are based on local environmental and
hydrological conditions (CGWB 2000).

Extensive and poorly regulated groundwater extraction to cater to agricultural, industrial, and domestic
needs has severely depleted natural groundwater levels in arid and semi-arid areas. Suitable artificial
recharge structures can serve as viable options for increasing groundwater levels in areas dependent
on aquifers as their water source. Potential sites and suitable artificial recharge structures were
suggested to recharge the groundwater level of the study area. The paper’'s aim is to facilitate an
increase in aquifer recharge during non-rainfall days in the study area and contribute to sustainable
groundwater conservation during periods of poor water availability by using remote sensing and GIS.

Artificial groundwater recharge has usually been con-
ducted in the following areas. Regions where groundwater
levels shrink regularly, regions where several aquifers have
aready been desaturated, regions where the availability of
groundwater is insufficient in the months of scarcity, and
regionswhere salinity hasincreased. Some of the research-
ers have used Rain Water Harvesting (RWH) asan artificial
recharge to reload underground water. However, much of
the literature considers RWH as a part of the “aquarium
managed recharge”, which also includes artificial recharge,
landfill, water activity, and sustainable underground stor-
age (Galeet a. 2005).

Ramireddy et al. (2015), used thematic maps including
slope, drainage, drainage density, and lineament density
maps to identify sites for suitable artificial recharge struc-
tures such as desiltation of tanks, flooding and furrowing,
percolation ponds, check dam, pitting and batteries of wells,
en-echelon dam, and hydrofracturing to increase the
groundwater level.

The researchers Anbazhagan (1994), Anbazhagan &
Ramasamy (1993) and Missimer et a. (2012) havefocussed
on the application of remote sensing and GIS in the selec-
tion of artificial recharge zones. Combination of thematic
layers (water level, rainfall, [ineament, and others) isimple-
mented by Samson & Elangovan (2015) to find suitable
artificial recharge zones. Rokade et a. (2004) mentioned
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Thematic maps

1. Drainage map 3. Drainage density map
2. Slope map 4. Lineament density map
5. Land use and Land cover map

Exported to GIS

Merge tool |_| Artificial recharge zone map|

Farm ponds Identification of artificial Hydro fracturing
recharge structure using remote

sending and GIS

| Percolation ponds l | Pitting | | Check dam | |Rain water harvesting |

Fig. 1: Methodology for identification of artificial recharge structure using remote sensing and GIS.
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Fig. 2: Thematic maps used to identify artificial recharge structures (Source: Chandramohan et al. 2017b).
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Fig: 3. Drainage catchment area delineation using GIS model.

Table 1: Thematic map combinations used to generate artificial recharge structures.

S.No Artificial recharge structure Thematic map combinations

1. Check Dam Drainage map (convergence points)

2. Farm Ponds Drainage map (first stream order)

3. Percolation Ponds Micro watershed and slope map

4. Rain Water Harvesting Land use land cover map

5. Pitting Drainage density map

6. Hydro Fracturing Lineament density and drainage density map

7. Flooding and furrowing Slope map (0° to 1°) and low drainage density map

that groundwater has become crucia and it becomes man-
datory to identify potential groundwater zones and monitor
and conserve this important resource.

Currently, groundwater level of the Palani Taluk in
Dindigul District is very poor and artificia recharge struc-
tures are urgently required to address the rapidly depleting
groundwater levels. Thispaper usesremotesensing and GIS
to identify potential sitesin the study area that will benefit
from the implementation of artificial recharge structures.
Further, a series of thematic maps and GIS tools are em-
ployed to suggest the type of artificial recharge structures
best suited to the particular sub-regions.

MATERIALS AND METHODS

The study area included the Palani Taluk in Dindigul Dis-
trict in Tamil Nadu, India, which is expanded over an area
of 766.83 km?. The latitudes of the study area are between
10°20'2" N to 10°38'24” N and longitudes are between
77°18'6" to 77°35'41". Topography includes mountains,

which cover an area of 116.85 km? (Chandramohan et al.
20173, 2017b). The principal source of groundwater is pre-
cipitation. The average rainfall during the 33 years (1980 -
2013) was 690 mm. The depth of groundwater varies be-
tween 4 mand 11.7 min Palani Taluk.

Thematic maps combinations that were used to identify
variousartificial rechargestructuresarelistedin Table 1. Sites
that were appropriate for the implementation of artificial re-
charge structures were identified following the methodol ogy
described by Chandramohan et a. (2017b). The methodol-
ogy employed for identifying artificial recharge structures
using remote sensing and GISisillustrated in Fig. 1.

Palani Taluk maps were primed from Dindigul TWAD
(Tamil Nadu Water Supply and Drainage) Board and
georeferenced by using Geological Survey of India
Toposheet No. 58 F°. Thematic layers of drainage maps
and slope maps were primed from Cartosat-1, DEM data.

The lineament map and land use and land cover map
were generated using Resourcesat-1, LISSI11 Image. Thethe-
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Fig. 4: Artificial recharge zone map of Palani taluk
(Chandramohan et al. 2017b).

- N
Sites for farm ponds
100 Palani Taluk L 10aoon
batani - Dharapuram
o Truvanadapuram
i} 'S S tuppati
\\.‘nﬁwm Z xon‘.ampﬂ— L
ulampatti
Pusgpat
b\ Q" e ;“3—\\”::4,,“.
A Tatagunl . ppunci
AJ R /5 & ivad
f m;:?""?alan
o w_ nnakanpatt
Logends
®  importantplace
= — e iometers [ ——

Fig. 6: Potentia sites for farm ponds.

matic maps (Fig. 2) and artificial recharge zone map (Fig. 4)
were exported to GIS for further analysis using the merge
tool.

The artificial recharge map (Fig. 4) generated by the
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Fig. 7: Potential sites for flooding and furrowing.

study, revealed that the study area comprised of moderate
to excellent artificial recharge regions. Most of the areain
the Palani taluk fallsunder moderate artificial recharge zones,
(Chandramohan et a. 2017b). Few regions on the northern
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Fig. 8: Potential sites for hydro-fracturing.

and south-eastern parts can be categorized as good artificial
recharge zones. A small area in the northern side exhibits
excellent artificial recharge zone. Nearly, 71.37% of the
total area is represented by moderate artificial zones;
excellent artificial recharge zones account for only 0.04%
of thetotal area, and good artificial recharge zones account
for 13.29% of the total area.

RESULTS AND DISCUSSION

Check dams: Thedrainage map was prepared from Cartosat-
| DEM image utilizing remote sensing and GIS software.
The drainage convergence point areas in the drainage map
were sorted using GI S software and integrated with artificial
recharge zones (Fig. 4), which were categorized as good,
moderate, or excellent. The check dam areas suggested for
the Palani taluk are shown in Fig. 5. Most of the areas suit-
able for check dams are important drainage regions. The
major drainage regions in the Palani taluk hilly area are
situated in the southern part and flow towardsthe Thiruppur
district located on the north side of the taluk. This drainage
isamagjor sub-basin of the Amarathi River, which later joins
the Cauvery River.

Farm ponds. Farm ponds suggestionsfor the areawere also
identified from the drainage map. The existing drainage
map was demarcated based on the stream orders using the
GIS model. First to fifth order drainage can be observed in
the Palani taluk, as shown in Fig. 2. First stream order
drainages need to be selected for farm pond sites. GIStools
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Fig. 9: Potentia sites for percolation ponds.

were used to the selected first-order drainage maps from the
other stream order drainage maps and were integrated with
artificial recharge zones (Fig. 4) categorized as good, mod-
erate, or excellent. Farm pond suggestions were located
throughout the Palani taluk, asindicated in Fig. 6. Rajanpatti,
Kiranoor, Thoppampatti, Vellampatti, and A. Kaliyamuthur
locations were the most suitable for farm ponds artificial
structures.

Flooding and furrowing: Lineament density and dope maps
were required to identify areas suitable for flooding and
furrowing artificial recharge methods. Low drainage den-
sity areas were selected and integrated with flat surface ar-
eas (0° to 1° slope) to generate areas suitable for flooding
and furrowing; these were integrated with artificial recharge
zones (Fig. 4) categorized as good, moderate, or excellent.
Areas suggested for flooding and furrowing are shown in
Fig. 7. Most of the prominent locations in the Palani taluk
were suitablefor flooding and furrowing artificial structures.
The important locations included Ayakudi, Kannivadi,
Kannakanpatti, Palani, Amarapundi, Pulaampatti,
Mettupatti, Tiruvanadapuram, Vellampatti, Kovillampatti,
M uthunayakanpatti, Pushpathur, Talaiyuthu, Andipatti, A.
Kaayamuthur, Mapoor, Neikarapatti, and Balasamudhram.

Hydrofracturing: Lineament density and drainage density
mapswere used to identify areassuitablefor hydrofracturing.
High drainage density regions werefiltered from the drain-
age map; very high lineament density maps were filtered
from the lineament density map in the GI S environment and
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Fig. 10: Potential sites for rainwater harvesting.

were integrated with artificial recharge zones (Fig. 4) cat-
egorized as good, moderate, or excellent. The very high
drainage density maps were incorporated into very high
lineament density maps using the GIS integrated tool to
identify areas suitable for hydrofracturing in the study re-
gion, as shown in Fig. 8. Korikadavu and Thoppampatti
locationsin Palani taluk werewell-suited for hydrofracturing
artificial structures.

Per colation ponds: Areasuggestionsfor percolation ponds
were primed from slope maps and drainage catchment area
maps. Drainage catchment areamap prepared using the GIS
model is shown in Fig. 3. Percolation pond areas should
have a shallow slope region and micro drainage catchment.
Suggested areas for percolation ponds were generated from
micro drainage catchment areas that were selected from the
drainage catchment map using GI S and were superimposed
with shallow slope regions of the study area. Selected areas
were integrated with artificial recharge zones (Fig. 4) cat-
egorized as good, moderate, or excellent. The results are
illustrated in Fig. 9. Talaiyuthu was the most suitable loca-
tion for the percolation pond artificial structure.

Rainwater harvesting: Suggested areas for rainwater har-
vesting were selected from land use and land cover maps of
the study area. Land use and land cover map were primed
from Resourcesat-I, LISS 111 satellite imagery. Classifica-
tion tool of the remote sensing software was used to catego-
rizethe satelliteimagesinto variousland use and land cover

R. Chandramohan et al.

77°200°E 77°300'E
I L

Sites for pitting N
Palani taluk A I

Palani - Dharapuram

10°400°N

[ 10°300'N

10200"N —| |- 10200'N

Legends

®  Important place

0 15 3 6 o 12
Kilometers

Fig. 11: Potentia sites for pitting.

types, which were integrated with artificial recharge zones
(Fig. 4) categorized as good, moderate, or excellent. Areas
suggested for rainwater harvesting are shown in Fig. 10.
Palani, Ayakudi, Kannivadi, Kanakkanpatti, Talaiyuthu,
Pushpathur, and Thoppampatti regions are well-suited for
rainwater harvesting artificial structures.

Pitting: Thedrainage density map generated using GI S den-
sity tool was used to locate suitable sites for pitting in the
study area. Areaswith very high drainage density wereiden-
tified and were integrated with artificial recharge zones (Fig.
4) categorized as good, moderate, or excellent. Suggested
areasfor pitting in Palani are shown in Fig. 11. Most of the
pitting areas fall in the southern part of the Palani taluk,
which is near the hilly regions. Korikadavu and
Thoppampatti locations were suitable for pitting artificial
structures.

CONCLUSIONS

In this study, de-saturated aquifers and locations that could
potentially benefit from artificial recharge techniques were
assessed in the Palani taluk in Tamil Nadu, India. Suitable
sites for implementing artificial recharge structures were
identified using land use and land cover maps, slope, linea-
ment density, drainage, drainage density, and micro-drain-
age catchment area maps of the study area. Artificial re-
charge zones that were identified as good, moderate, or ex-
cellent were merged with variousthematic layersusing GIS
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software and one or more appropriate artificial structuresfor
aparticular location were identified. Construction of artifi-
cial rechargesiteswill improve groundwater level and quality
in and around the artificial recharge structure area. Tempo-
ral and seasonal variation in water demand can be moni-
tored and appropriate recharge structures can be imple-
mented to minimize water scarcity for irrigation and urban
usesduring non-rainfall periods. Thus, theartificia recharge
structure maps generated using GIS in this study can be
used for the construction of suitable recharge structures that
will increase the groundwater level and groundwater qual-
ity and offer along-term solution for seasonal water scarcity
in the region.
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