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Introduction  

Agriculture is the largest consumer of water 
in the country, because crop yield depends 
primarily on two factors, the total amount 

and the time distribution of water 
throughout the growing season. This 
demand will be met out mainly by surface 
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A B S T R A C T   

Water plays a vital role in the development of agricultural activities in the 
study area. The surface water resources are inadequate to fulfill the water 
demand. Productivity through groundwater is quite high as compared to 
surface water, but groundwater resources have not yet been properly 
exploited. Keeping this view, the present study to delineate various 
groundwater potential zones for the assessment of groundwater availability in 
the Sarabanga Sub-basin, Cauvery River and Tamil Nadu. 93 Schlumberger 
Vertical Electrical Sounding (VES) survey were carried out in the study area. 
The field data were interpreted by IPI2WIN software to determine the 
resistivity and thickness of the different layers. Results of geophysical data 
were used to prepare spatial distribution map using GIS. Integration analysis 
was carried with thickness of first and second layer fracture zone with the 
corresponding resistivity maps. This map was superposed over geology map. 
The suitable potential zones for groundwater were delineated from first layers 
combinations of low resistivity with more thickness in areas occupied by 
hornblende-biotite-gneisses and Charnockite. The depth for the construction 
of tube-wells and dug-wells were suggested. The spatial distribution 
variations in different resistivity layer results are given in the findings. 
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and sub surface water resources. 
Exploration for groundwater is necessary 
for agricultural development. Agriculture is 
the main occupation for the majority of the 
population of the study area. The main 
source for irrigation in the area is 
groundwater. Groundwater is the largest 
available source of fresh water. It has 
become crucial not only to find out 
groundwater potential zones, but also to 
monitor and conserve this important 
resource (Rokade et al., 2004). GIS overlay 
analysis is highly helpful in locating the 
groundwater potential zones (Rokade et al., 
2007) (Gurugnanam et al., 2008).   

Schlumberger resistivity survey is the most 
suitable method for groundwater 
investigations in hard rock area compared 
to other geophysical methods. Delineation 
of fracture zones in low permeability hard 
rock area is still a very challenging task. 
Geophysical surveys for groundwater 
exploration in hard rock areas have been 
attempted by many authors Ronning et 
al.,(1995), Kaikkonen and Sharma (1997), 
Ramteke et al.,(2001), Krishnamurthy et 
al.,(2003), Sharma and Baranwal 
(2005),Porsani et al.,(2005), Flathe 
(1955),and Fitterman and Stewart (1986).  

GIS has emerged as a powerful technology 
for instruction, for research, and for 
building the stature of programs 
(Openshaw1991; Longley 2000; Sui and 
Morrill 2004). GIS is an important 
technology for geologists.  

Vertical electrical sounding (i.e. 
Schlumberger sounding) is effectively used 
for groundwater studies due to the 
simplicity of the technique, easy 
interpretation and rugged nature of the 
associated instrumentation. The technique 
is widely used in soft and hard rock areas 
(Van Overmeeren, 1998,Urish and 
Frohlich, 1990,Ebraheem et al., 1997). 

However, groundwater investigations in 
hard rock areas are often more difficult, as 
tube-wells must be located exactly to be 
successful. Tube-wells drilled without 
proper geophysical and hydrogeological 
study often fail to produce ground water. In 
the present study, detailed geophysical 
study was conducted. The interpreted 
results were taken in to GIS. In GIS, 
multiple thematic maps overlay analyses 
were carried out.   

Study Area   

The study area, lies between the latitudes 
11°46 N to 12°09 39 N and longitudes 
78°12 27 E to 78°36 65 E covering an 
area of 1178.56 km2. Out of which plain 
land covers an area of 1015.79 km2 (Fig.1). 
The study area falls in Salem district of 
Tamil Nadu. The major source for recharge 
of water in this area is rainfall, during 
monsoon season. The average annual 
rainfall is 852 mm (2000 to 2009). As the 
study area is underlain by the Archean 
crystalline rocks surrounded by wavy hills 
and hillocks, groundwater mostly occurs in 
the fractured zones.  

Materials and Methods  

Base map was prepared from toposheets 
57L/4, 8, 58 I/1, and 5 of 1:50,000 scale. 
The toposheet was registered and digitized 
for the drainages (Sarabanga sub-basin). 
The geology map was collected from 
Geological Survey of India (GSI). The map 
was traced, scanned, digitized and then 
taken to GIS. In the field, the rock samples 
were collected and identified to assess the 
quantity characteristics of groundwater.    

Schlumberger Vertical Electrical 
Soundings (VES) surveywas carried out at 
93 locations (Fig.1). Latitude and longitude 
of the survey locations was captured using 
GPS. Geophysical Schlumberger VES 
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(Vertical Electrical Sounding) survey was 
carried out maximum electrode spacing of 
300 m. The current electrode (AB/2) 
spacing varied from 1 to 150 m and the 
potential electrode (MN/2) spacing varied 
from 0.5 to 15 m.  All the data were plotted 
in the field to check the quality of data and 
to avoid mistakes. The field data were 
interpreted by IPI2WIN software to 
determine the resistivity and thickness of 
the different layers. Their attributes are 
added and analyzed in ArcGIS version 9.3 
software. Spatial analysis tools were used 
for the preparation of interpolation map. 
The maps were interpolated by using 
inverse distance methods to arrive the 
spatial distribution map. Integration 
analysis was carried with thickness of first 
and second layer fracture zone with the 
corresponding resistivity maps. This map 
was superposed over geology map. The 
suitable zones for groundwater were low 
resistivity with more thickness in areas. 
The depth for the construction of tube-wells 
and dug-wells were suggested in the 
present investigation.  

Result and Discussion  

The interpreted sounding results show the 
top soil thickness and resistivity, weathered 
zone thickness and resistivity, and fracture 
zone thickness and resistivity. This result 
was taken as point information in GIS 
environment.    

Geology  

The study area is mainly underlain by 
fissile hornblendebiotite gneiss,charnockite 
and granite. Fissile hornblendebiotite 
gneiss is the dominant group of rocks 
covering major parts of the study area 
followed by the charnockite and granite 
rocks.. Hornblende-biotite-gneiss is 

relatively porous and can be considered as 
favorable for groundwater storage (Fig.2). 
This rock and its associated combinations 
usually act as a favorable zone for 
groundwater.   

Resistivity and thickness of fracture 
zones  

The results of the analysis giving first layer 
minimum and maximum resistivity and 
thickness values is shows in Table 2. The 
maximum resistivity value was observed in 
Reddipatti (VES No.63) as 79969 (ohm-m) 
at a depth of 17.50 m. The high resistivity 
indicates that the formation is compact at 
this depth. It is also evidenced in the field 
that, borehole is drilled near by this 
location dose not yield good amount of 
water. Low resistivity values indicate the 
water bearing formation. The highest 
fracture zone thickness was observed in 
Maramangalattupatti (VES No.60) having 
thickness of 25.5 m with its resistivity of 
3.82 (ohm-m). This result shows drastic 
variation in resistivity and thickness values 
in the study area. The field evidence also 
proves that low resistivity (LR) areas with 
resistivity value of 3.82 ohm-m yield good 
groundwater at a depth of 25.5 m. 
Similarly, the high thickness zone indicates 
good amount of groundwater storage.    

The results of the analysis showing 
minimum and maximum resistivity and 
thickness in the second layer are shows in 
Table 5. The maximum resistivity value 
was observed in Andiyur (VES No.7) as 
96130 (ohm-m) at 16.1 m depth. Generally, 
the said location is favorable for 
groundwater only during northeast 
monsoon season. The high thickness and 
low resistivity values were noticed at 
Siranganur  (VES No.37).  This     area   is   
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Table.1Geophysical Investigations Locations and its fracture zone resistivity and fracture zone 

thickness and total thickness and curve types are briefly mentioned  

Resistivity Ohm-m /Thickness m VES      
No. 

Village Name 
1 &h1 2 &h2 3 &h3 4 &h4 

Total 
Thickness 

h m 

Curve 
Types 

1 Elattur 11.6/1.61 77/39.82 3890/42.9 0 84.33 A 

2 Muttanampatti 1.95/0.93 52507/20.8 51555/57.3 50659/56.2 135.23 KQ 

3 Periyavadagampatti 10.7/2.26 487/2.18 37/7.5 3056329.12 41.06 KH 

4 Kukkalpatti 10.4/2.06 119/27.5 1596/12 17588/24 65.56 A 

5 Kuppakalipatti 108/0.5 210/20.2 36742/9.14 57243.6 73.44 AK 

6 Amaram 24.9/0.5 309/3.48 797/12.7 35322.4 39.08 AK 

7 Andiyur 15.1/2.69 4012/8.02 4012/7.52 96130/16.1 34.33 A 

8 Maniyakkaranur 15.9/1.46 1.43/1.85 7457/21.2 29.4/52.8 77.31 HK 

9 Rangappanur 43.4/0.5 30.2/6.24 2393/21.3 2317/26.3 54.34 HK 

10 Agraharam 0.019/0.5 8.07/3.41 539/24.9 0.027/53.1 81.91 AK 

11 ChinnaYercaud 4.49/1.09 38.6/9.46 235/3.63 5862/6.42 20.6 AA 

12 Danishpet 24.2/0.5 37.1/6.77 24.4/17.1 9584/33.3 57.67 KH 

13 Kolippatti 255/0.5 58.9/1.1 710/17.1 425/68.1 86.8 HK 

14 Karappatti 32.3/3.3 22.7/2.16 4027/7.64 87111/40 53.1 HA 

15 Malalyyanur 25/0.56 329/5.96 1141/6.56 326/23.2 36.38 AK 

16 Bommiyampatti 525/0.5 85.4/1.58 11.7/6.54 2.44/27.1 35.72 Q 

17 Marakkottai 1.76/0.493 2357/8.2 7599/8.56 4979/0.104 17.357 A 

18 Kanjinayakkanpatti 10.6/0.672 8.68/92.2 67.6/46.32 5847/13.99 153.19 HK 

19 ChinnaNagalur 12.3/0.5 104/7.54 54222/28.6 56457/48.4 85.04 A 

20 Tinnappatti 0.173/0.5 315/2.03 36965/19 254/78.5 100.03 AK 

21 Kanjeri 22.8/1.67 31.7/7.72 10386/17 70542/45.1 71.49 A 

22 Palakkaranur 39.1/1.84 40.1/6.91 54.7/17.2 38217/63.7 89.65 A 

23 Kalikavundanur 29.7/1.93 227/4.42 13.7/12.4 28826/41.5 60.25 KH 

24 Sengattur 0.68/0.5 4483/18.3 4614/17.7 344/36.3 72.8 k 

25 Sattappadi 23/1.54 31.8/7.67 15593/11.4 6449/20.7 41.36 A 

26 Semmandapatti 17.2/0.5 163.9/8.9 21843/31.5 4895/35.7 40.9 AK 

27 Darapuram 11/1.93 51682/15.2 2379/23.7 6838/43.3 84.13 KH 

28 Sattur 28.5/0.5 9.23/9.53 1756/13.2 11655/72.9 96.13 HQ 

29 Nangavalli 58.3/2.49 32.2/2.01 290/44.8 56930/32.9 82.2 HA 
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30 Olaippatti 1.11/0.5 3.96/4.04 381/5.54 398/38.9 48.98 A 

31 Maramangalam 1.85/0.51 66792/0.255 34.9/36.5 9037/79 116.265 KH 

32 Palikkadai 1.77/0.5 2126/24.9 3.19/30.3 3.31/33.1 88.8 KQ 

33 Balbakki 1.36/0.5 4.285/3.86 27196/8 187/7.39 19.75 AQ 

34 Mailappalaiyam 6015/2.93 4.74/16.3 6542/30.5 84.5/52.8 102.53 HQ 

35 Sanarpatti 523/0.503 1.25/0.518 105/38.4 743/33.1 72.521 HA 

36 PeriyaSoragai 0.622/0.5 51.2/13.2 15382/31.3 196/35.6 80.6 AQ 

37 Siranganur 55.2/1.82 251/0.812 10.8/16.3 4546/109 127.932 KH 

38 Amarakundi 809/1.16 855/0.877 163/39.4 32.6/39.7 81.137 Q 

39 Periyerippatti 22/1.83 2244/3.65 152/20.1 3692/53.6 79.18 KH 

40 Vellakavundanur 6545/0.547 37.1/3.7 56796/35.1 3978/36.1 75.447 HK 

41 Omalur 32.8//1.95 4215/4.7 116/18.4 1058/45.8 25.05 KQ 

42 Vettalaikkaranur 58.6/1.9 126/2.36 527/42.8 7715/25.7 72.76 AA 

43 Karuppur 0.104/0.949 31.3/2.59 36.9/5.93 5289/35.4 44.869 AA 

44 Jalakandapuram 47.3/4.11 178155/8.47 194/42.9 261/59.4 114.88 KH 

45 Chinnakovundanur 16.2/0.51 1261/5.8 1082/16 5990/52.7 75.01 AA 

46 Vellakkalpatti 39.7/0.902 0.826/1.09 4528/25.9 174/15.6 43.492 HK 

47 Chikkampatti 0.63/1.86 3756/2.59 0.189/11.17 490/27.4 43.02 KH 

48 Mottaiyanteruvu 10.1/2.94 97639/16.6 142/43.6 2614/31.3 94.44 KH 

49 Ellavur 0.627/0.5 11.5/1.1 5.11/19 0.603/43.7 64.3 AQ 

50 Pakalpatti 5.31/0.5 10.21/5.43 13.4/15.9 11695/31.3 53.13 AA 

51 Nallakovundanpatti 0.031/0.5 13.2/2.49 27/4.68 1903/25.7 33.37 AA 

52 Puliyampatti 63.1/2.26 957/7.4 31/27.9 9505/50.6 88.16 KH 

53 Ramakavundanur 90.2/3.52 771/4.59 184/11.3 2709/24.6 44.01 KH 

54 Sivadanur 25.4/1.95 1490/5.13 215/15.4 25083/43.4 65.88 KH 

55 Nattakkattanur 2.56/1.19 8.71/7.52 1.48/12.5 22296/2.19 23.4 KH 

56 Tadikaranpatti 3.54/0.5 2797/0.175 24.4/4.93 32041/53.1 58.705 KH 

57 Kuttakkattanur 14.4/0.5 2382/0.76 56.6/3.46 614/101 105.72 KH 

58 Attikkattanur 32.3/1.22 228/1.6 22.5/35.1 6326/53.9 91.82 KH 

59 Kanganur 20.6/3.31 88/9.23 2665/5.75 299/26.2 44.49 AA 

60 Maramangalattupatti 24.8/1.48 5.15/35 3.82/252 33.8/93.38 381.86 QH 

61 Sarkar Gollapatti 72.7/3.74 20.3/0.789 3827/1.66 39.3/9.71 15.899 HK 

62 Nattappatti 21.1/0.5 64623/2.38 21623/5.16 1985/18.2 26.24 KQ 
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63 Reddippatti 87.5/4.13 9969/3 79969/17.5 254/99.7 124.33 AK 

64 Panmalaiyur 4.34/1.4 1634/3.18 110/6.16 2512/11.2 21.94 KH 

65 Tirumalur 5.3/0.5 4176/2.25 62.9/7.09 2198/44.1 53.94 KH 

66 Samudram 62.1/4.61 129/9.66 2871/32.4 1735/0.663 47.333 AK 

67 Upparappatti 9.37/4.12 1354/5.12 4423/41.5 22/94 144.74 AK 

68 Chinnappampatti 1479/0.331 33.4/3.28 4240/13.9 1.66/106 123.511 HK 

69 Mattaiyampatti 23.3/3.86 2.73/1.55 585/5.29 4491/24.4 35.1 HA 

70 Sittanur 95.6/4.01 106/12 503/28.3 95.5/19.8 64.11 AK 

71 Nallakkampatti 85.9/0.77 2.32/2.52 48912/32.4 9.29/50.4 86.09 HK 

72 Makkanur 84.2/0.5 120/1.37 160/13.5 2570/6.83 22.2 AA 

73 Kottapalayam 1.58/1.65 1557/5.27 1736/21.6 537/22.3 50.82 KQ 

74 Kartikanakkanur 119/4.66 488/13.2 301/24.7 9411/31.3 73.86 KH 

75 Oddapuram 85.7/0.957 17.5/1.67 48.8/8.97 6481/55.5 67.097 HA 

76 Kottapalayam 65/6.57 7260/13.1 1758/5.9 718/12.3 37.87 KQ 

77 Sadayampalayam 68.6/0.678 14.3/8.02 1260/23.2 7045/40.1 71.998 HA 

78 Pachchallyur 51.4/2.82 98.2/0.197 294/8.7 2782/14.9 26.617 AA 

79 Konangiyur 8133/0.16 78/0.918 344/2.62 31.6/8.68 12.378 HK 

80 Velaiyachettippatti 0.216/0.5 475/13.1 825/26.6 9188/60.8 101 KA 

81 Nallanampatti 567/1.62 2127/2.39 301/9.69 7696/19 32.7 KH 

82 Pattakkaranur 448/1.31 14/4.87 19710/63.1 66105/66.2 135.48 HA 

83 Kalaravallipattipudur 103/2.34 6.56/0.914 1129/2.57 124/16.6 22.424 HK 

84 Nachchiyur 10.6/4.32 3188/1.22 1161/6.88 3635/59.1 71.52 KH 

85 Kundarasampalayam 112/0.5 376/2.66 500/17.1 3336/6.25 26.51 AA 

86 Ayyampalayam 112/0.5 376/2.58 496/15.4 1472/13.1 31.58 AA 

87 Tannirdasanur 57/1.4 150/2.44 37.9/4.63 8200/61.7 70.17 KH 

88 Marikavundankuttai 81.9/1.28 224/2.38 25.3/8.27 49606/40.9 52.83 KH 

89 Annamalaipalaiyam 16.2/1.53 181/0.859 8.9/2.06 894/63.4 67.849 KH 

90 Kavadikkaranur 4.59/0.974 59377/1.6 2166/24.1 29706/79.5 106.174 KH 

91 Madattur 85.9/4.94 2769/2.12 155/11.6 39634/58.6 77.26 KH 

92 Kurukkuparaiyur 16/0.59 10.8/3.27 176/12.6 166/30.64 47.1 HK 

93 Pullipalikadu 14.6/1.44 39/7.79 7367/2.22 142/24.6 36.05 AK 
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Table.2 Maximum and minimum values of first layer resistivity and thickness  

variation in entire Sarabanga Sub-Basin   

Max./Min. Village Name 
Fracture zone Resistivity 

and Thickness  Village Name 
Fracture zone  
Thickness and 

Resistivity  

Maximum Reddipatti (63) 79969 m. (17.5 m) 
Maramangalattupatti 

(60) 
252 m.(3.82 m) 

Minimum Chickampatti (47) 0.189 m. (11.17 m) Salur (52) 
1.66 m. (3827 

m) 

  

Table.3 Maximum and minimum values of second layer resistivity and thickness  
variation in entire Sarabanga Sub-Basin   

Max./Min. Village Name 
Fracture zone Resistivity 

and Thickness  Village Name 
Fracture zone  
Thickness and 

Resistivity  

Maximum Andiyur (7) 96130 m. (16.1 m.) Siranganur(37) 109 m. (10.8 m.) 

Minimum Agraharam(10) 0.027 m. (53.1 m) Marakottai (17) 0.104 m. (7599 m.) 

  

Table.4 Spatial distribution results of first layer resistivity of different class and its  
percentage in entire Sarabanga Sub-Basin    

Class Fracture zone - First 
layer resistivity (Ohm-m) 

Area in Km2 Area in 
Percentage 

Very low resistivity Less than 917.58 174.68 km2 17.17 % 
Low resistivity 917.58  6394.38 557.38 km2 54.78 % 
Medium resistivity 6394.38  29214.39 258.48 km2 25.40 % 
High resistivity More than 29214.39 26.90 km2 2.64 % 

  

Table.5 Spatial distribution results of first layer thickness of different class and its  
percentage in entire Sarabanga Sub-Basin   

Class Fracture zone - First layer 
thickness (m) Area in Km2 Area in 

Percentage 
Low thickness Less than 10.48 235.77 km2 22.73 % 
Medium thickness 10.48 to 21.29 239.64 km2 23.10 % 
High thickness 21.29 to 40.94 449.17 km2 43.30 % 
Very high thickness More than 40.94 112.86 km2 10.88 % 
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Fig.1 Geophysical survey and water sample collection locations of entire Sarabanga Sub-basin 

(Interval between the two points average of 4Kms)   

  

Fig.2 Geological variation map and its spatial distribution of the Sarabanga Sub-Basin  
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highly suitable for storage of huge amount 
of groundwater.  

Spatial distribution results of subsurface 
first layer  

The spatial resistivity distribution map 
(Fig.3) was prepared using the geophysical 
results. The results of the spatial 
distribution map are given in the Table 4.In 
the present investigation, first layer 
resistivity can be classified in to four 
classes, such as first fracture zone very low 
resistivity, first fracture zone low 
resistivity, first fracture zone medium 
resistivity and first fracture zone high 
resistivity. Groundwater potential zones are 
relates by 1VLR (Very Low Resistivity). 
Very low resistivity zones cover an area of 
174.68 km2.   

Similarly spatial distribution map of first 
layer thickness (Fig.4)was prepared using 
GIS which is given in Table 5. The first 
layer thickness can also be classified in to 
four classes, such as First layer Low 
Thickness, first layer medium thickness, 
and first layer high thickness  and first layer 
very high thickness, out of which the best 
groundwater potential area is indicated by 
1VHT (Very High Thickness).  Very high 
thickness zones cover an area of 
112.86km2.   

Spatial distribution results of subsurface 
second layer  

The spatial resistivity distribution map 
(Fig.5) and the results of spatial distribution 
(Table 6) indicates that second layer 
resistivity can be classified in to four 
classes, such as second layer very low 
resistivity, second layer low resistivity, 
second layer medium resistivity and second 
layer high resistivity. Deeper groundwater 
favorable zones relate to 2VLR (Very Low 

Resistivity) values. Very low resistivity 
zones cover an area of 152.96km2.   

Similarly spatial distribution map of second 
layer thickness (Fig.6)was prepared using 
GIS which is given in the Table 
7.Thesecond layer thickness can also be 
classified in to four classes, such as second 
layer low thickness, second layer medium 
thickness, second layer high thickness and 
second layer very high thickness, the best 
groundwater potential area is indicated by 
2VHT (Very High Thickness). The 
possibility of the best groundwater 
potential areas are related to 2VHT (Very 
High Thickness) zones. Very high 
thickness zones cover an area of 67.13km2.   

GIS Analysis  

The fracture zone first layer resistivity map 
was superimposed over fracture zone first 
layer thickness map and output map 1 was 
derived (Fig.7). Its results are given in the 
Table 8. The result shows sixteen numbers 
of combinations. It is highly helpful in 
assessing the best groundwater potential 
zones. The sixty two combinations are LT-
VLR, LT-LR, LT-MR, LT-HR, MT-VLR, 
MT-LR, MT-MR, MT-HR, HT-VLR, HT-
LR, HT-MR, HT-HR, VHT-VLR, VHT-
LR,VHT-MR, VHT-HR Among these LR& 
MT (Low Resistivity and Medium 
Thickness) combination covers a large area 
of 0.429 km2. The second dominant 
polygons are MR&MT groups. It covers an 
area of 0.121 km2. LR& HT combination 
comes in third level and covers an area of 
0.241 km2. VLR-VHT and VLR-HT 
combinations cover an area of 0.031 km2 

and 0.106 km2 these combinations favors 
shallow depth of groundwater. This is also 
verified in the field. This area is highly 
suitable for construction of dug well. 
Similarly, the fracture zone second layer 
resistivity    map    was   superimposed over  
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Table.6 Spatial distribution results of second layer resistivity of different class and its 

percentage in entire Sarabanga Sub-Basin  

Class Fracture zone  Second layer 
resistivity (Ohm-m) 

Area in Km2 Area in 
Percentage 

Very low resistivity Less than 2468.59 152.96 km2 14.74 % 

Low resistivity 2468.59  10790.53 539.63 km2 52.02 % 

Medium resistivity 10790.53  43202.32 323.00 km2 31.13 % 

High resistivity More than 43202.32 21.85km2 2.11 % 

  

Table.7 Spatial distribution results of second layer thickness of different class and its 
percentage in entire Sarabanga Sub-Basin  

Class Fracture zone  Second 
layer thickness (m) Area in Km2 Area in 

Percentage 

Low thickness Less than 19.86 160.74 km2 15.49 % 

Medium thickness 19.86 to 38.76 405.26 km2 39.06 % 

High thickness 38.76 to 60.73 404.32 km2 38.97 % 

Very high thickness More than 60.73 67.13  km2 
6.47 % 

  

Table.8 Integration results of first layer resistivity and thickness of different class and its 
distribution percentage in overallSarabanga Sub-Basin  

Sl.No. Class Area in Km2 Sl.No. Class Area in Km2 

1 LT& VLR  0.075 9 HT& VLR 0.106 

2 LT& LR 0.148 10 HT& LR 0.241 

3 LT& MR 0.023 11 HT& MR 0.108 

4 LT& HR 0.004 12 HT& HR 0.014 

5 MT& VLR 0.195 13 VHT& VLR 0.031 

6 MT& LR 0.429 14 VHT& LR 0.136 

7 MT&MR 0.121 15 VHT& MR 0.198 

8 MT& HR 0.007 16 VHT & HR  0.034 
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Table.9 Integration results of second layer resistivity and thickness of different class and its 

distribution percentage in overallSarabanga Sub-Basin  

Sl.No. Class Area in Km2 Sl.No. Class Area in Km2 

1 LT& VLR 0.053

 
9 HT& VLR 0.097

 

2 LT& LR 0.110

 

10 HT& LR 0.344

 

3 LT& MR 0.019

 

11 HT& MR 0.291

 

4 LT& HR 0.005

 

12 HT& HR 0.041

 

5 MT& VLR 0.123

 

13 VHT& VLR 0.072

 

6 MT& LR 0.383

 

14 VHT& LR 0.154

 

7 MT&MR 0.233

 

15 VHT& MR 0.040

 

8 MT& HR 0.019

 

16 VHT & HR 0.005

  

Table.10 Groundwater potential zone delineation with resistivity, thickness  
and geology overlay results  

Combinations Combinations 
Sl.No. 

1st Layer 2nd Layer Geology 

Area in 
Km2 Sl.No. 

1st Layer 2nd Layer Geology 

Area in 
Km2 

1 
High Thickness -High Resistivity -Very 
High Thickness -Very Low Resistivity -
Charnockite 

0.05 27 
Medium Thickness -Low Resistivity -
Medium Thickness -Very Low Resistivity 
Fissile HornblendBiotite gneiss 

5.58 

2 
High Thickness -High Resistivity -Very 
High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

1.05 28 
Medium Thickness -Low Resistivity -
Medium Thickness -Very Low Resistivity 
Syenite 

0.12 

3 
High Thickness -Low Resistivity - Very 
High Thickness -Very Low Resistivity -
Dunite(a) 

2.93 29 
Medium Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -Dunite(a) 

2.22 

4 
High Thickness -Low Resistivity - Very 
High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

17.39 30 
Medium Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -Fissile 
HornblendBiotite gneiss 

34.52 

5 
High Thickness -Low Resistivity -High 
Thickness -Low Resistivity -Fissile 
HornblendBiotite gneiss 

31.05 31 
Medium Thickness -Low Resistivity -Very 
High Thickness -Very Low Resistivity -
Dunite(a) 

0.36 

6 
High Thickness -Low Resistivity -High 
Thickness -Low Resistivity -Syenite 

3.27 32 
Medium Thickness -Low Resistivity -Very 
High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

6.47 

7 
High Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -
Charnockite 

0.05 33 
Medium Thickness -Very Low Resistivity -
High Thickness -Medium Resistivity -Granite 

1.93 

8 
High Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -
Dunite(a) 

3.64 34 
Medium Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

0.53 
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9 

High Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -Fissile 
HornblendBiotite gneiss 

25.83 35 
Medium Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity -
Syenite 

0.53 

10 
High Thickness -Very Low Resistivity -
High Thickness -Low Resistivity -
Amphibolite 

0.27 36 
Very High Thickness -Low Resistivity - Very 
High Thickness -Very Low Resistivity -
Dunite(a) 

0.94 

11 
High Thickness -Very Low Resistivity -
High Thickness -Low Resistivity -Fissile 
HornblendBiotite gneiss 

14.93 37 
Very High Thickness -Low Resistivity - Very 
High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

10.24 

12 
High Thickness -Very Low Resistivity -
High Thickness -Low Resistivity -Syenite 

0.93 38 
Very High Thickness -Low Resistivity -High 
Thickness -Low Resistivity - Charnockite 

2.00 

13 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity -
Charnockite 

0.02 39 
Very High Thickness -Low Resistivity -High 
Thickness -Low Resistivity - Fissile 
HornblendBiotite gneiss 

0.00 

14 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity -
Dunite(a) 

0.07 40 
Very High Thickness -Low Resistivity -High 
Thickness -Low Resistivity -Charnockite 

0.65 

15 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

1.15 41 
Very High Thickness -Low Resistivity -High 
Thickness -Low Resistivity -Fissile 
HornblendBiotite gneiss 

2.40 

16 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity -
Syenite 

0.07 42 
Very High Thickness -Low Resistivity -High 
Thickness -Low Resistivity -Fuchsite 
Quartzite 

0.05 

17 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity 
Dunite(a) 

0.00 43 
Very High Thickness -Low Resistivity -High 
Thickness -Very Low Resistivity -
Charnockite 

0.84 

18 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity 
Fissile HornblendBiotite gneiss 

2.48 44 
Very High Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -
Charnockite 

0.09 

19 
High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity 
Syenite 

1.32 45 
Very High Thickness -Low Resistivity -Very 
High Thickness  -Low Resistivity -Fissile 
HornblendBiotite gneiss 

0.39 

20 
High Thickness -Very Low Resistivity -
Medium Thickness -Low Resistivity -
Charnockite 

0.14 46 
Very High Thickness -Very Low Resistivity -
High Thickness -Low Resistivity  -Fissile 
HornblendBiotite gneiss 

0.04 

21 
High Thickness -Very Low Resistivity -
Medium Thickness -Low Resistivity -
Dunite(a) 

0.01 47 
Very High Thickness -Very Low Resistivity -
High Thickness -Low Resistivity -Fissile 
HornblendBiotite gneiss 

0.01 

22 
High Thickness -Very Low Resistivity -
Medium Thickness -Low Resistivity -
Fissile HornblendBiotite gneiss 

4.31 48 
Very High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity - 
Charnockite 

0.10 

23 
High Thickness -Very Low Resistivity -
Medium Thickness -Low Resistivity -
Syenite 

1.62 49 
Very High Thickness -Very Low Resistivity -
High Thickness -Very Low Resistivity - 
Fissile HornblendBiotite gneiss 

0.46 

24 
High Thickness -Very Low Resistivity -
Medium Thickness -Very Low Resistivity 
-Dunite(a) 

0.05 50 
Very High Thickness -Very Low Resistivity -
Very High Thickness -Very Low Resistivity -
Dunite(a) 

0.02 

25 
High Thickness -Very Low Resistivity -
Medium Thickness -Very Low Resistivity 
-Fissile HornblendBiotite gneiss 

1.61 51 
Very High Thickness -Very Low Resistivity -
Very High Thickness -Very Low Resistivity -
Fissile HornblendBiotite gneiss 

0.29 

26 
High Thickness -Very Low Resistivity -
Medium Thickness -Very Low Resistivity 
-Syenite 

0.17 Total Area 185.17 
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Fig.3 Spatial Distribution Map of First Fracture Zone Resistivity types and  

its area of the Sarabanga Sub-Basin  

 

Fig.4 Spatial Distribution Map of First Fracture Zone Thickness types and its  
area of the Sarabanga Sub-Basin  
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Fig.5 Spatial Distribution Map of First Fracture Zone Resistivity types and its  

area of the Sarabanga Sub-Basin  

  

Fig.6 Spatial Distribution Map of Second Fracture Zone Thickness types and  
its area of the Sarabanga Sub-Basin  
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Fig.7 Spatial DistributionIntegration map of first layer resistivity and first layer  

thickness types and its area of the Sarabanga Sub-Basin  

  

Fig.8 Spatial DistributionIntegration map second layer resistivity and second layer thickness 
types and its area of the Sarabanga Sub-Basin  
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Fig.9 Integration results map of first and second layers resistivity and second layer thickness 

overlay with geology and its output types area of the Sarabanga Sub-Basin  
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fracture zone second layer thickness map 
and the output map-2 was derived (Fig.8). 
The output map 2 and its results are given 
in the Table 9. The 2VLR&2VHT 
combination covers an area of 0.072 km2. 
This is the very smallest combination 
among this group. This combination shows 
deeper depth of water level and high 
thickness of water bearing formation. This 
area is recommended for the construction 
of tube well.    

The output map of 1st layer was superposed 
over the output map of 2nd layer giving a 
final output map 3(first and second layers 
resistivity and thickness integration map). 
This final output map 3 was superposed 
over geology map giving the resultant 
output map 4 showing 51best combinations 
for groundwater exploration.  

The combinations like (Fig.9) very high 
thickness-very low resistivity-very high 
thickness-very low resistivity in fissile 
hornblende biotite gneiss 0.29 km2, very 
high thickness-very low resistivity-very 
high thickness-very low resistivity in 
dunite(a) 0.02 km2 and very high thickness-
very low resistivity-high thickness-very 
low resistivity in fissile hornblende biotite 
gneiss0.46 km2 are high groundwater 
potential zones which are also verified in 
the field. This combination in alluvium is 
noticed in the foot hill areas and river 
course and is recommended for the 
construction of dug wells or tube wells. The 
overlay analysis combinations Next 
category of groundwater favorable zones is 
given in the Table 10.  

The final map gives 351 combinations 
(Lithology along with first and second layer 
resistivity and thickness). The very high 
thickness-very low resistivity-very high 
thickness-very low resistivity combination 
is good and found in the fissile 

hornblendebiotite gneiss region, very high 
thickness-very low resistivity-very high 
thickness-very low resistivity in dunite and 
very high thickness-very low resistivity-
high thickness-very low resistivity in fissile 
hornblendebiotite gneiss covering an area 
of 0.29 km2, 0.02 km2 and 0.46 km2. Field 
verification of surrounding area bore wells 
and dug wells are good groundwater 
potential zones. Next, a very high thickness 
-very low resistivity -high thickness -low 
resistivity -fissile hornblendebiotite gneiss 
and very high thickness -low resistivity -
very high thickness-low resistivity -fissile 
hornblendebiotite gneiss covering areas of 
0.05 km2& 0.39 km2respectively are also 
good for groundwater potential. These 
combinations are the best for constructing 
dug wells and bore wells.   
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Abstract 
 

GIS and image processing techniques have been adopted for the present 
investigation to identify the morphological features and analyzing their 
properties. The Sarabanga Sub-basin Cauvery River fall in Salem district, 
Tamil Nadu, India, have been taken in the present investigation 
.Morphometric analysis was carried out at sub basin level using Spatial 
Analysis System (ArcGIS ver. 9.3). The basin morphometric parameters such 
as linear and aerial aspects of the Sarabanga river basin were determined and 
computed. Sarabanga river is the one of the tributary of Cauvery river drained 
in the middle of the sub basin.It is 6th order drainage basin and drainage 
pattern mainly in subdendritic to dendritic type. It is observed that the 
drainage density value is low which indicates the basin is highly permeable 
subsoil and thick vegetative cover. The circularity ratio value reveals that the 
basin is strongly elongated and highly permeable homogenous geologic 
formations. This study would help the local people to utilize the groundwater 
resources for sustainable development of the basin area. The morphometric 
analysis suggests that the comparison of all the fifteen micro watersheds shows that the 
nos 4, 8, 9, 10 and 13 micro watersheds have the lowest drainage density, and 
hence are better suited for construction of artificial groundwater recharge 
structures. 
 
Keywords: Geographic Information System (GIS), Morphometric analysis; 
Artificial recharge; image processing techniques,  
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Introduction 
The optimal and sustainable development of the groundwater resource is prerequisite 
so that it is assessed rationally to avoid any future problems regarding its qualitative 
and quantitative availability. About 70% of population in India is dependent on 
agriculture, directly or indirectly. India has diverse geographical features and varied 
climates. It has 14 major basins through which drain numerous rivers, while rivers in 
the southern India are rain fed, with little perennial water. Accordingly, the 
importance of water has been recognized and greater emphasis is being laid on its 
economic use and better management. The basin morphomatric characteristics of the 
various basins have been studied by many scientists using conventional methods 
(Horton, 1945; Smith, 1950; Strahler, 1957) and remote sensing and GIS methods 
(Krishnamurthy and Srinivas, 1995; Srivastava and Mitra, 1995; Agarwal, 1998; 
Biswas et al., 1999; Keller et al., 1982; Mayer, 1990; Cox, 1994; Merritts, et al., 1994; 
Lupia Palmieri et al., 1995 and 2001; Currado and Fredi, 2000; Pike, 2002; Della 
Seta, 2004; Della Seta et al., 2004. The fastly emerging spatial information 
technology (SIT) viz. remote sensing, GIS, and GPS has effective tools to overcome 
most of the problems of land and water resources planning and management on the 
account of usage of conventional methods of data process. An attempt is made here to 
find out holistic stream properties from the measurements of various stream attributes 
and identifying zones for artificial recharge.  
 
 
Study Area  
The study area, lies between the latitudes 11°46’ N to 12°09’39” N and longitudes 
78°12’27” E to 78°36’65” E covering an area of 1178.56 km2. Out of which plain 
land covers an area of 1015.79 km2 (Fig.1). The study area falls in Salem district of 
Tamil Nadu. The major source for recharge of water in this area is rainfall, during 
monsoon season. The average annual rainfall is 852 mm (2000 to 2009). The study 
area is underlaid by the Archaean crystalline rocks surrounded by wavy hills and 
hillocks. 
 
Methodology 
The base map was prepared using toposheet nos. 57L/4, 8, 58 I/1, and 5 of 1:50,000 
scale. In the present study base map showing drainage details have been prepared 
from toposheets (SOI). The Sarabanga Sub-Basin was further subdivided into 15 
micro watersheds, the drainage channels were classified into different orders using 
Strahler’s (1964) classification. The primary basin parameters such as basin area, 
basin perimeter, basin length and stream length were obtained which were further 
used to obtain the derived parameters such as drainage density, Drainage Texture, 
Bifurcation Ratio, Stream length Ratio, Stream Frequency, Form Factor, Elongation 
Ratio and Circulatory Ratio. Were calculated and taken into the present investigation.  
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Fig.1 Study Area Map of Sarabanga Sub basin micro watersheds. 
 
 
Results and Discussion 
The development of drainage networks mainly depends on the underlying geology, 
precipitation, exogenic and endogenic processes of the area. The drainage pattern of 
the basin ranges from dentritic to sub dentritic at higher elevations and parallel to sub 
parallel in the lower elevations. A radial drainage pattern was also observed in the 
areas with isolated hillocks. Based on the drainage orders, the Sarabanga river basin 
has been classified as sixth order river basin.  
 
Linear parameters 
Stream order analysis shows that the main sub basin is fall under sixth order category. 
Based on the network pattern it has been further sub divided in to fifteen micro 
watersheds. The micro watershed  no 13 were identified second order stream, three 
watersheds (5,6,15) under third order stream, three watersheds (3,9, and 14) under 
fourth order stream, five watersheds (1,2,7,11,13) under fifth order stream and three 
watersheds (8,10,12) under sixth order stream (Table 1). The sixth order stream is 
found in the unclassified area. Analysis of cumulative length of streams (L) shows 
that micro watersheds 2,4 and 11 have the highest L value, whereas, micro watersheds 
6,13 and 15 have the lowest L value. The existence of high (L) value is due to 
structural complexity, high relief and impermeable bedrock. Analyses of bifurcation 
ratio (Rb) shows lower (Rb) values in the micro watersheds of 3, 6 and 9 are 
attributed to the characteristics of less structural disturbances which, in turn, has not 
distorted the drainage pattern (Strahler, 1964). Whereas, the higher (Rb) values in the 
micro watersheds of 5, 7 and 14 indicate high structural complexity and low 
permeability of the sub surface strata. 
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Table 1. Linear Morphometric Parameters of Sarabanga Sub basin micro watersheds. 
 

micro 
watershed 

no 

Basin 
Length 
Lb (km) 

Perimeter 
P (km) 

Drainage Order (in 
Number) 

Total 
Number 

N 

Cumulative 
Length L 

(km) 

Bifurcation 
Ratio Rb 

N1 N2 N3 N4 N5 N6 
1 11.09 38.57 129 68 25 17 2 0 241 353.00 3.65 
2 16.41 54.37 216 117 52 46 7 0 438 660.00 2.95 
3 12.33 27.09 47 25 11 9 0 0 92 137.00 1.79 
4 23.04 56.02 183 94 53 19 8 2 359 535.00 2.58 
5 29.67 71.01 51 30 29.91 0 0 0 111.91 172.82 5.08 
6 11.91 31.36 22 8 9 0 0 0 41 60.00 1.21 
7 18.93 51.48 149 65 22 2 1 0 239 329.00 4.56 
8 18.47 50.35 47 19 11 1 3 1 82 117.00 3.71 
9 17.87 48.42 126 54 17 11 0 0 208 290.00 2.35 
10 20.25 60.57 41 7 7 3 2 1 61 81.00 2.54 
11 19.07 48.41 135 58 28 20 5 0 246 357.00 2.45 
12 20.89 62.22 143 67 32 4 1 1 248 353.00 3.45 
13 15.23 51.09 23 6 0 0 0 0 30 37.00 3.83 
14 5.82 17.61 37 14 2 1 0 0 54 71.00 3.88 
15 4.94 14.69 21 10 2 0 0 0 33 45.00 3.55 

 
 
Areal parameters 
Drainage density indicates that the low Dd exists in micro watersheds 4, 8, 9, 10 and 
13 having high permeable sub surface material and are under dense vegetation cover 
and low relief (Table 2). In contrast, high Dd values are observed in micro watersheds 
2, 14 and 15 may be due to the presence of impermeable sub surface material, sparse 
vegetation and high relief. The measurement of drainage density provides a numerical 
measurement of landscape dissection and runoff potential. Analysis of stream 
frequency (Fu) shows low values of Fu existing in micro watersheds 8 and 10, 13 
which are having high permeable geology and low relief. Where high value of Fu is 
noticed in 1 and 2 micro watersheds, where impermeable sub-surface material, sparse 
vegetation and high relief conditions prevails. Texture ratio (T) indicates that highest 
T values are found in micro watersheds 1, 2 and 4 whereas the lowest T values are 
noticed in micro watersheds 6, 10 and 13. Thus it can infer that T values depend on 
the underlying geology, infiltration capacity of bedrock and relief aspects of the 
individual micro watersheds. 
 Analysis of form factor (Rf) reveals that micro watersheds having low Rf have 
less side flow for shorter duration and high main flow for longer duration and vice 
versa. This condition prevails in micro watersheds 3, 4 and 13. High Rf exists in 
micro watersheds 1, 5 and 15 with high side flow for longer duration and low main 
flow for shorter duration causing high peak flows in a shorter duration. Circulatory 
ratio (Rc) values approaching 1 indicates that the basin shapes are like circular and as 
a result, it gets scope for uniform infiltration and takes long time to reach excess water 
at micro watershed outlet, which further depend on the existing geology, slope and 
land cover. The micro watersheds 5 and 15 are having highest Rc value of 1.01 and 
0.66 respectively, which support the above concept. Analysis of elongation ratio (Re) 
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indicates that the areas with higher Re values have high infiltration capacity and low 
runoff. The micro watersheds 5 and 15 are characterized by high Re and 3, 4 and 11 
micro watersheds have low Re respectively. The micro watersheds having low Re 
values are susceptible to high erosion and sedimentation load. Constant of channel 
maintenance (C) depends on the rock type, permeability, climatic regime, vegetation 
cover and relief as well as duration of erosion (Schumm, 1956). The micro watersheds 
3 and 14 have low C values of 0.43 and 0.37 respectively. It indicates that these micro 
watersheds are under the influence of high structural disturbance, low permeability; 
steep to very steep slopes and high surface runoff. The micro watersheds of 5 and 13 
have highest C values of 1.94 and 1.46 respectively and are under very less structural 
disturbances and less runoff conditions. 

 
 

Table 2. Areal Morphometric parameters of micro watersheds 
 

micro 
watershed 

no 

Area A 
(km2) 

Stream 
Frequency 

Fu 

Drainage 
density 

Dd 

Texture 
Ratio T 

Form 
factor 

Rf 

Circulatory 
Ratio Rc 

Elongation 
Ratio Re 

Constant of 
channel 

Maintenance C 
1 57.4 4.20 2.18 3.34 0.47 0.48 0.77 0.46 
2 92.24 4.75 2.33 3.97 0.34 0.39 0.66 0.43 
3 23.51 3.91 2.02 1.73 0.15 0.40 0.44 0.50 
4 107.54 3.34 1.95 3.27 0.20 0.43 0.51 0.51 
5 103.08 2.2 2.18 1.4 0.56 1.01 1.17 1.94 
6 36.22 1.13 1.12 0.70 0.26 0.46 0.57 0.89 
7 122.48 1.95 1.46 2.89 0.34 0.58 0.66 0.68 
8 116.28 0.71 0.69 0.93 0.34 0.58 0.66 1.45 
9 108.22 1.92 0.99 2.60 0.34 0.58 0.66 1.01 
10 124.97 0.49 0.72 0.68 0.30 0.43 0.62 1.40 
11 74.43 3.31 1.67 2.79 0.20 0.40 0.51 0.60 
12 173.24 1.43 1.14 2.30 0.40 0.56 0.71 0.88 
13 69.81 0.43 0.68 0.45 0.30 0.34 0.62 1.46 
14 14.19 3.81 2.69 2.10 0.42 0.57 0.73 0.37 
15 11.29 2.92 2.35 1.43 0.46 0.66 0.77 0.43 

 
 
Drainage morphometry and its impact on landform characteristics 
The underlying geology, exogenic and endogenic activities, drainage morphometry 
and considerable changes in climate during the Quaternary, influences the genesis and 
morphology of landforms (Subramanyan, 1981). In this study area, the denutation 
hills are located in the micro watersheds (4, 7, 11, 14, 15) pediplain covers nearly 60 
percentage of the sub basin. The structural hills found in the following micro 
watersheds (1, 2, 3, 4, 7, 11) are identified and mapped as major landforms on the 
upper reaches. These landforms are associated with high drainage density, high 
bifurcation ratio and high cumulative length of first, second and third order streams. 
Rolling plains, foot slopes, narrow valleys and main valley floors are analyzed and 
mapped as landforms of the Sarabanga sub basin (Fig. 2). Which are formed by the 
influence of permeable geology, moderate to nearly level plains, medium to low 
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drainage density (< 2.0), low cumulative length of streams having fourth and fifth 
order streams. 
 
Landforms of upper reaches  
The fluvio-denudational geomorphological processes are actively involved in 
landscape reduction processes at upper reaches. The physio-chemical weathering and 
multiple slope dissections under the influence of steep slopes, high drainage density 
and precipitation conditions lead to the development of ridge-valley land systems in 
the north eastern and north western part of the area. The occurrences of alluvium and 
colluvium deposits at places are dissected by incoming third and fourth order streams. 
They are noticed in the upper parts of micro watershed nos. (1, 2, 3, 4, 5, 8). Foot 
slopes are low in relief and consist of deposited sediments that are regularly carried 
out from upland catchments. The deposited sediments are admixed with sandy loam 
and clay. The majority of these landforms are occupied in the micro watershed nos. 7, 
13, 14 and 15 of the study area. 

 

 
 

Fig. 2 Geomorphology with important location of Sarabanga Sub basin micro 
watersheds. 
 
 
Conclusions 
The study reveals that remotely sensed data and GIS based approach in evaluation of 
drainage morphometric parameters and their influence on landforms, geology at river 
basin level is more appropriate than the conventional methods. GIS based approach 
facilitates to analyze different morphometric parameters and to explore the 
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relationship between the drainage morphometry on one hand and properties of 
landforms and geology on other hand. Geomorphology spatial variation in the upper 
parts of micro watershed nos. (1, 2, 3, 4, 5, 8). Foot slopes are low in relief and 
consist of deposited sediments that are regularly carried out from upland catchments. 
The majority of these landforms are occupied in the micro watershed nos.7, 13, 14 
and 15 of the study area. The sixth order stream is found in the unclassified area. 
Analysis of cumulative length of streams (L) shows that micro watersheds 2,4 and 11 
have the highest L value, whereas, micro watersheds 6,13 and 15 have the lowest L 
value. The existence of high (L) value is due to structural complexity, high relief and 
impermeable bedrock. 
 The micro watersheds 3 and 14 have low C values of 0.43 and 0.37 respectively. It 
indicates that these micro watersheds are under the influence of high structural 
disturbance, low permeability; steep to very steep slopes and high surface runoff. The 
micro watersheds of 5 and 13 have highest C values of 1.94 and 1.46 respectively and 
are under very less structural disturbances and less runoff conditions. The present 
scenario where water resources are becoming scarce, this exercise of calculating the 
various attributes of a drainage basin plays a significant role in locating sites for 
artificial recharge structures.  
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ABSTRACT  
Rainfall being the predominant from of precipitation causing stream flow, especially the flood flow in a 
majority of rivers in India. In the present study, an attempt has been made to assessment the rainfall 
variation and monitoring with respect to spatial distribution in Sarabanga Sub-basin, Cauvery River, 
South India. In this work were exiguities by GIS Technique. To achieve the aim of rainfall variations 
during winter (Jan. & Feb.), summer (Mar. to May), southwest monsoon (Jun. to Sep.) and northeast 
monsoon (Oct. to Dec.) were analyzed for the period from 2001 to 2010. These results were taken into 
GIS platform to prepare the spatial distribution maps. The spatial distribution maps of Southwest- and 
Northeast- monsoon season showed that 52.47 km2 and 281.28 km2 of the study area received high 
rainfall during the respective monsoon seasons. Annual average rainfall spatial distribution map for the 
years 2001-2010 revealed that 74.43 km2 falls under high rainfall zone in the study area. The results 
suggest that the model reproduces the number and spatial distribution maps of rainfall extremes with 
some accuracy, but that mean rainfall and rainfall variability is estimated over dry regions of Sarabanga 
sub-basin, Cauvery River, South India. 
 
Key Words: Rainfall, Spatial Distribution, Monsoon Season  
 
INTRODUCTION  
To date, many studies on rainfall variability has been used data at relatively low resolutions, either 
spatially such as that of global climate models (GCMs; e.g. Reason 1998; Goddard and Graham 1999; 
Cook 2000; Rautenbach and Smith 2001; Nicholson 2003) or at a coarse temporal resolution from 
monthly, seasonal to annual rainfall totals (e.g. Richard and Poccard 1998; Landman et al., 2001; Thiam 
and Singh 2002; Bartman et al., 2003). As the identification of extreme rainfall events is a function of 
scale, with the ability to highlight rainfall extremes increasing in step with the data resolution (Williams 
et al., 2007). An improved understanding of extreme daily rainfall at high spatial resolution is important, 
because recent rainfall related disasters have highlighted the impact that rainfall variability and extremes 
have on society. It is generally agreed that developing countries suffer more from extreme rainfall events 
than developed countries because, being environmentally and socioeconomically vulnerable before the 
extreme event occurs, developing countries are more sensitive to such disasters. Mozambique, for 
example, experienced an extreme rainfall event associated with Tropical Cyclone Eline during 21–25 
February 2000, resulting in severe flooding and displacing over a million people (Layberry et al., 2006). 
Since groundwater is a major drinking water resource and critical for irrigation in all parts of the world, 
evaluating and predicting the availability and accessibility of groundwater under changing boundary 
conditions is one of the central tasks in Integrated Water Resources Management (IWRM) (Villholth, 
2006; Holman, 2006). IWRM with respect to groundwater has two main objectives namely to provide 
water in sufficient quantity and quality equitably to different consumers and at the same time to maintain 
and guarantee a sustainable qualitative and quantitative status of the groundwater resource itself (Hiscock 
et al., 2002). A ‘good status’ of  groundwater refers to its function in water supply (drinking water, 
irrigation, industrial use etc.) but also to its role as a long term reservoir to sustain aquatic ecosystems 
(wetlands) and to provide a source of discharge in dry periods.  
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GIS has emerged as a powerful technology for instruction, for research, and for building the stature of 
programs (Openshaw 1991; Longley 2000; Sui and Morrill 2004). GIS is an important technology for 
geologists (Baker and Case 2000). 
Study Area 
The study area, lies between the latitudes 11°46’ N to 12°09’39” N and longitudes 78°12’27” E to 
78°36’65” E covering an area of 1178.56 km2. Out of which plain land covers an area of 1015.79 km2 
(Figure 1). The study area falls in Salem district of Tamil Nadu. The major source for recharge of water in 
this area is rainfall, during monsoon season. The average annual rainfall is 852 mm (2000 to 2010). The 
study area is underlaid by the Archaean crystalline rocks surrounded by wavy hills and hillocks. 

 

 
Figure: 1 Study Area 

MATERIALS AND METHODS 
The daily rainfall data were collected from Public Work Department (PWD), Govt. of Tamil Nadu and 
converted into average seasonal rainfall like Winter (January and February), Summer (March, April and 
May), South West (June, July, August and September), and North East (October, November and 
December) monsoon rainfall. From this, the average annual rainfall for the last ten years was calculated. 
The ten years rainfall data (2001 – 2010) are calculated in nine rainfall stations at Edapadi, Kolathur, 
Kullampatti, Mettur, Omalur, Salem junction, Sankari, Yercaud, Danishpet, Chittur, Nangavall in and 
around the study area. Based on the daily rainfall data, month wise and seasonal wise average rainfall was 
calculated. Finally using the above, the annual average rainfall was calculated and interpreted.  
To find out the spatial distribution of the rainfall variation in the study area, GIS was employed. The 
rainfall location was digitized and the corresponding values (Average winter, summer, southwest, 
northeast and annual average rainfall) of its attributes were given as an input. Using this data, the 
interpolation raster maps were generated. Subsequently, these maps were classified with respect to our 
interest and converted into vector maps. These maps were clipped with the boundary to arrive within the 
boundary of the study area. 
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RESULTS AND DISCUSSION  
Eleven rainfall stations were studied, Out of Eleven stations one station i.e Yercaud showed a good 
response of rainfall. Four stations namely Kolathur, Mettur, Omalur and Salem junction show a moderate 
rainfall as the other four stations, namely Edapadi, Kullampatti, Sankagiri and Danespet show a low 
rainfall. 10 years (2001to 2010) data were collected from Public Work Department (PWD) Govt. of Tamil 
Nadu and were interpreted (Table 1 and Figure 2). High rainfall noticed in 2005, lowest rainfall noticed in 
2002. The average Southwest monsoon rainfall is 400 mm and average Northeast monsoon rainfall is 405 
mm. In summer and winter season, the average rainfall is noticed as 198 mm and 5 mm the details are 
listed in Table 2 and shown in Figure 3. 

 
Table 1: Average annual rainfall data in mm (2001 - 2010) 

 
Years 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Rainfall 
in mm 934 862 1005 1139 1221 1003 937 1051 930 991 

 
Table 2: Average annual seasonal rainfall data of the study area in mm (2001 –2010) 

 

Stations Winter Summer Southwest 
Monsoon 

Northeast 
Monsoon 

Edapadi 5 193 335 401 
Kolathur 18 227 360 458 
Kullampatti 9 203 324 410 
Mettur 4 225 362 573 
Omalur 1 190 429 350 
Salem Junction 1 180 373 384 
Sankagiri 2 156 263 402 
Yercaud 14 256 686 477 
Danishpet 2 192 465 300 
Chittur 1 160 427 357 
Nangavalli 0 191 371 344 
Average 5 198 400 405 

 

 
Figure 2: Fluctuation graph of rainfall data for the 
Period of 2001 – 2010 

 
Figure 3: Season wise graph of rainfall for the 
period – 2001 to 2010 
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Gis Results 
GIS is an analytical technique associated with the study of locations of geographic phenomena together 
with their spatial dimension and their associated attributes like table analysis, classification, polygon 
classification and weight classification. 
The Winter, Summer, Southwest monsoon Northeast monsoon and Annual average rainfall thematic maps 
as described above have been converted into raster form considering 30m as cell size to achieve considerable 
accuracy. These were then reclassified and assigned suitable weightage and spatial distribution results 
(Table 3). The results of winter season, summer season, southwest monsoon season, northeast monsoon 
and average annual rainfall data for the period 2001-2010 were used in the spatial distribution maps. GIS 
spatial distribution maps and its results are shown in Figure 4 to 8 and given Table 3. The winter season 
GIS map reveals that a small portion of the study area are high rainfall noticed in North eastern part of  
sevaroys hills at the range of (More than 5.22 mm) and are classified as high rainfall zone is occupied 
1.46 km2 (Figure 4). 

 
Figure 4: Annual average rainfall Winter Season – Spatial Distribution Map 

 

 
Figure 5: Annual average rainfall Summer Season – Spatial Distribution Map 
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Summer season GIS image reveals that spatially 51.40 km2 area fell in the high rainfall area and 906.61 
km2 area falls in the medium rainfall category zone (Figure 5). The high rainfall area is located in near to 
the hill and forest (more than 500 ft height). 

 
Figure 6: Annual average rainfall Southwest Monsoon Season – Spatial Distribution Map 

The southwest monsoon GIS map (Figure 6) reveals that spatially 409.23 km2 area falls in the high 
rainfall category and 575.75 km2 area falls in moderate rainfall category. The high rainfall zone present in 
upper part of the study area. 
 

 
 

Figure 7: Annual average rainfall Northeast Monsoon Season – Spatial Distribution Map 
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Northeast monsoon GIS image reveals that spatially 39.24 km2 areas falls in the high rainfall category, 
923.76 km2 area falls in moderate rainfall zones and rest of the area 74.43 km2 falls in low rainfall zones. 
 

 
Figure 8: Annual average rainfall in 2001 to 2010 – Spatial Distribution Map 

 
.  

Table 3: Average seasonal rainfall data spatial distribution results 

Sl.No. Rainfall Seasons Class Category Area in 
km2 

Area in 
Percentage 

1 Winter 
High Rainfall 1.46 0.13 
Medium Rainfall 838.64 80.84 
Low Rainfall 197.35 19.02 

2 Summer 
High Rainfall 79.44 7.66 
Medium Rainfall 906.61 87.39 
Low Rainfall 51.40 4.95 

3 Southwest 
Monsoon 

High Rainfall 52.47 5.06 
Medium Rainfall 575.75 55.50 
Low Rainfall 409.23 39.45 

4 Northeast 
Monsoon 

High Rainfall 281.28 27.11 
Medium Rainfall 723.57 69.75 
Low Rainfall 32.59 3.14 

5 Annual Average 
High Rainfall 74.43 7.18 
Medium Rainfall 923.76 89.04 
Low Rainfall 39.24 3.78 

 
Average annual rainfall spatial distribution result shows that spatially 32.59 km2 area falls in high rainfall 
zones and 723.57 km2 area falls in moderate rainfall zones and rest of the area 281.28 km2 falls in low 
rainfall zones. High rainfall spatially occupied southwestern part of the study area.  
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CONCLUSION  
GIS tool is highly helping in this study, to demarcating the different spatial distribution zones. It shows 
that higher amount of rainfall received in the Northeast and Southwest monsoon seasons, spatially 409.23 
km2 are precipitated for 79.86%. The study concludes that result the high amount of rainfall water 
received only monsoonal season but Non-monsoonal season in meager amount of rainfall is received. 
Therefore this study area rainfall is not sufficient for the purpose of irrigational as well as domestic 
purposes due to the deforestation. The results suggest that to develop the dance forest in the hilly region. 
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Abstract 

A case study has been conducted to delineation of artificial recharge zones using geospatial techniques in Sarabanga sub basin 
Cauvery River, Tamil Nadu. The groundwater storage change from place to place and there isneed to identify recharge zones 
throughgeospatial technology as an important strategy for water management system.However conventional methods alone it is 
not an easy task to study the surface parameters of a large area to identify suitable sites for artificial recharge, since many 
controlling parameters must be independently derived and integrated, which involves additional cost, time and manpower. 
Modern remote sensing technologies have many advantages over older, conventional methods due to their synoptic coverage, 
improved spatial resolution, and their capabilities for multi-spectral and multi-temporal analysis. In addition, unlike conventional 
methods for demarcation of suitable areas for groundwater replenishment are able to take into account the diversity of factors that 
control groundwater recharge. Based on the GIS overlay analysis the possible combinations for recharge sites based on geology, 
geomorphology, lineament, lineament density, drainage density, Landuse and Landcover combinations covers an area of 915.052 
Sq.kmand are suitable for various artificial recharge structures. The results show that by expanding the artificial recharge system, 
the recharge volume can be increased even for small flood events. 
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1. Introduction  

     Artificial recharging is the planned, human activity of augmenting the amount of groundwater available through 
works designed to increase the natural replenishment or percolation of surface waters into groundwater aquifers, 
resulting in a corresponding increase in the amount of groundwater available for abstraction. In India, this method 
has been in use for quite some time and its historical evolution is briefly outlined. It has been used for many 
beneficial purposes although the primary objective of this technology is to preserve or enhance groundwater 
resources. A variety of methods developed and applied to artificially recharge groundwater both in the urban and 
rural sectors have been reviewed. Various artificial recharge experiments have been carried out in India by different 
organizations, and have established the technical feasibility of the artificial recharge of unconfined, semi-confined 
and confined aquifer systems. The studies on artificial recharge techniques are mostly site-specific and descriptive 
in nature, which gives little insight into the potential success of implementing this technology in other 
locations.Many assessments of groundwater conditions made with remote sensing techniques have been reported 
(Krishnamurthy and Srinivas 1995; Bastiaansen et al. 1998; Venkata et al.2008; Chowdary et al. 2009; Jasrotia et al. 
2009). Geographic Information System (GIS) techniques have many advantages over older, improved georeferenced 
thematic map analysis and interpretations (Thapinta and Hudak 2003; Dixon 2005; Martin et al. 2005). Cowen 
(1988) defined GIS as a decision support system involving the integration of spatially referenced data in a problem 
solving environment. In addition, unlike conventional methods, GIS methods for demarcation of suitable areas for 
groundwater replenishment are able to take into account the diversity of factors that control groundwater recharge. 
Thematic map integrated various features derived from data in a GIS environment (Krishnamurthy et al. 1996; 
Murthy 2000; Saraf and Choudhury 1998; Baker et al. 2001; Henry et al. 2007; Tabesh et al. 2009). However only a 
limited number of studies have taken the approach of specifically mapping potential artificial recharge zones, and as 
such there is no integrating of multi-criteria analysis using the weighted aggregation method, associated with GIS 
techniques to derive the groundwater recharge map. It is a new approach adopted for mapping groundwater recharge 
zones.In recent years, a shift in groundwater resources management approaches from the traditional concept towards 
the new model using the geographical information system utilities can be recognized (Rowshon et al. 2009; Koch 
and Grünewald 2009; Al-Qudah and Abu-Jaber 2009). The GIS techniques applications in hydrogeological mapping 
can be almost divided into two parts: hydrological analysis (Patil et al. 2008; Naik et al. 2009) and water resources 
development (Wu et al. 2008; Chowdary et al. 2009) on the one hand and water quality (Mantzafleri et al. 2009) on 
the other. 

2. Study area 

      Sarabanga sub basin located between north latitudes 11°46’00’’ to 12°09’39” and east longitudes 78°12’27” to 
78°36’65” (1178.56 km2 in area) is laying entirely in the Salem district of Tamil Nadu state, India. Out of the total 
area, around 715.70 km2 is covered with forest, 159.69 km2 with agriculture, and 19.81 km2 with water bodies. River 
Sarabanga and its tributaries are the major water sources of this study area. Itcover in an areal extent of 1178.56 km2 
and fell entirely in the Salem district. Sarabanga river originate on the western slope of Shevaroy hills at an altitude 
of 1630 m amsl, it’s appears only rainy seasons, people in this region entirely depends on the groundwater resources 
for their domestic, agricultural and industrial needs. ClimatologicallySarabanga sub basin is hot and semiarid and 
receives an average annual rainfall of 852 mm (2000-2009) out of which 90 % is received during the southwest 
(June-Sept) and the northeast (Oct-Dec) monsoon periods and the hot weather begins early in March, the highest 
temperature being reached in April and May. Weather cools down progressively from about the middle of June and 
by December, the mean daily maximum temperature drops to 30.2°c, while the mean daily minimum drops to 19.2°c 
and 19.6°c. The sub basin and its parts are easily approachable by metalled road from any part of the state. (Fig.1) 

3. Materials and methods 

      The multiple parameter analysis for delineating the artificial groundwater recharge sites in the study area has 
been done by Geospatial technique. In this study, 9 spatial parameters such as geology, geomorphology, slope, land 
use and land cover, lineament density, drainage density, soil, aquifer thickness and rainfall are analyzed to construct 
various types of artificial recharge structures and give relevant weightages of different influenced parameter to 
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explore the potential zone for groundwater recharge. For micro level study, 202 village maps were scanned and 

digitized in GIS environment with attributes (Village index numbers). 

4. Data collection and preparation of geospatial database 

      Nine spatial parameters have been used for geospatial database preparation. Using Geospatial techniques, the 
thematic layers namely geology, geomorphology, slope, land use and land cover, lineament density, drainage 
density, soil, aquifer thickness and rainfall were prepared from the above data sources and projected with UTM–
WGS 84 projection and coordinate system. The geological thematic layer was prepared from the published map of 
Geological Survey of India using digitizing technique in ArcGIS 10.1 environment. Similarly, the soil maps have 
been prepared from soil survey of India. Moreover, the slope map was prepared using SRTM data and the drainage 
density map was prepared from the Survey of India topographical map. The geomorphology and lineament density 
layer has been prepared from Landsat IRS P6 LISS IV image using visual interpretation technique and Landuse/land 
cover map was prepared using supervised classification method in Erdas Imagine 9.1 software. The average annual 
average rainfall map has been prepared from the rain gauge data collected from Indian Meteorological Department 
for the year 2002-2011. The attribute database of these different layers of various recharge methods are using 
weighted overlay index the suitable area to construct artificial recharge structures are recommended.  

5. Assignment of weight to parameters  

      In the present study, the Geospatial technique was applied to integrate different thematic layers based on the 
assigned weights for suitable site selection. Here, the weight of the feature class of individual parameter was 
assigned at a scale of 1–10 as per the guidelines of Central Ground Water Board, Government of India (CGWB, 
2007). Further, the feature classes of each parameters were quantitatively weighted as poor (weight=1–3), moderate 
(weight=3–5), high (weight=5–7), and very high (weight=7–9). For example, the layer that has aquifer and more 
permeable soil type with agricultural land is assigned with the weight as 7, as well as the layer with hard rock with 
less soil depth and poor permeability is assigned as 1. Similarly, all parameters were assigned with a suitable weight 
and assigned weightage are given in Table 1. 

6. Results and discussion 

      The potential zones for groundwater recharge were explored by analyzing the different parameters such as 
geology, geomorphology, slope, land use and land cover, lineament density, drainage density, soil, aquifer thickness 
and rainfall through integrated geospatial technology. 
 
 

 

 

Fig.1.Location of the study area Fig.2.Geology of the study area 
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7. Geology 

      The study area is mainly underlined by Fissile hornblende biotite gneisses followed by charnockite and granite 
etc. Fissile hornblende biotite gneisses are the dominant group of rocks covering major parts of the study area. The 
minor amount of alkaline rocks (syenite) and basic rocks (dolerite) are noticed in south and northeastern part. The 
younger alluvium formations are seen predominantly in the central part of the study area and are considered as 
highly permeable. Besides that, the southwest parts of the study area consist of fluvial deposits, which are laid on 
hornblende biotite gneiss and are considered as good zone for groundwater recharge. However, the hard rock 
materials composed of crystalline charnockite and quartzite vein present in the southern part of the study and it’s not 
suitable for groundwater recharge (Fig. 2). 

8. Aquifer Thickness 

       Aquifers are water-bearing unconsolidated layer of geological structure of an area. The aquifer thickness is the 
groundwater storage from the unit of area. The sub surface layer thickness is highly varied place to place. Based on 
Vertical Electrical Sounding was carried out at 93 locations using Schlumberger configuration with electrode 
spacing of 150 m to demarcate different layers of aquifers are classified in to low thickness (<19.86), medium 
thickness (19.86-38.76), high thickness (38.76-60.76) and very high thickness (>60.76) the groundwater potential of 
the study area.  

Table 1.Assignment of weight for the feature classes of individual parameter 

Name of 
parameter 

Feature class Assigned 
Weight(AW) 

Name of 
parameter 

Feature class Assigned 
Weight(AW) 

Slope (in percentage) 

0-1% 

1-3% 

3-5% 

5-10% 

10-15% 

15-30% 

>30% 

7 

6 

5 

4 

3 

2 

1 

Soil  
 

Alfisols 

Entisols 

Inceptisols 

Vertisols Miscellaneous Reserve 
Forest 

 

6 

5 

4 

3 

2 

Aquifer Thickness 

<40 

40-66 

66-86 

>86 

7 

5 

3 

1 

Land use/land 
\cover 

Crop land  

Fallow land  

Land with scrub 

Land without scrub  

Barren Rocky/ Stony Waste 
Buildup Land 

Forest 

7 

6 

5 

4 

3 

2 

1 

Annual rainfall 
(in mm) 

<233 

233-237 

237-266 

>266 

1 

3 

5 

7 

Geology 

Alkaline rocks-Syenite 

Basic rocks-Dolerite 

Charnockite 

Fissile Hornblende Biotite Gneiss 

Granitic/Acidic rocks 

Ultrabasic SyeniteCarbonatite 
Complex 

Ultramafic / Ultrabasic rocks 

4 

3 

5 

6 

3 

2 

 

3 

 
       The thickness of the weathered, fractured zone and depth to bed rock were determined from VES data. Due to 
over exploitation of groundwater in the study area, only fractured layers act as aquifers. Therefore the thickness of 
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fractured zone was taken into ArcGIS platform. It is well known that storage increases with the thickness of the 
aquifer. Therefore the higher thickness of the aquifer, the more is the storage and vise versa.  Similar areas are found 
in flood plain and debris wash plain in and northeast part and gentle slope surface in northeast and southeast part of 
the study area. These areas are mainly prepared for the construction of artificial recharge structures to groundwater 
replenishment. The moderate amount of groundwater potential is observed in the low thickness area along river 
channel (Fig.3). 
 
9. Land use and land cover 
 
     Land use/land cover is one of the major controlling factors in groundwater recharge processes. The term land use 
relates to the human activity associated with a specific piece of land, while land cover relates to the type of features 
present on the surface of the earth. Urban buildings, lakes, residual hills, rocky out crop are all examples of land 
cover types. Agricultural, afforestation, and mining activities are a few land use categories in the study area.The 
different types of land use/land cover present in the study area are crop land, plantations, land with shrubs, land 
without shrubs, buildup land, forest, and water bodies shown in Fig.4 and IRS P6 LISS IV image shown in Fig.5. 
The forest land cover and plantation are present predominantly in the hilly terrains in southern, northeastern and 
northwestern part of the study area. These land use types are not suitable for groundwater recharge due to utmost 
availability of heavy rainfall. The land uses such as crop land, fallow land, land with shrubs and land without shrubs 
are found in the southern part of the study area.These areas are prioritized first for groundwater recharge because of 
less availability of both surface and groundwater for domestic and irrigation purpose. 

9. Artificial recharge 

       The practice of artificial recharging is increasingly emerging as a powerful tool in water resource management. 
i. Infiltration Basin Method, ii. Ditch and Furrow Method iii.Flooding Method, iv. Irrigation Method, and v. 
Desilting of Existing Tanks is some popular artificial recharge structures are implemented in the study area. By 
constructing suitable types of artificial recharge structures, groundwater resources can be augmented. 

10. Weighted Index Overlay Analysis: 

        Weighted Index Overlay Analysis (WIOA) is a simple and straight forward method for a combined analysis of 
multi class maps. The efficacy of this method lies in that the human judgment can be incorporated in the analysis.A 
weight represents the relative importance of a parameter vis-a-vis the objective. WIOA method takesinto 
consideration the relative importance of the parameters and the classes pertaining to each parameter. There isno 
standard scale for a simple weighted overlay method. For this purpose, criteria for the analysis are defined and each 
parameter is assigned importance (Saraf and Choudhury, 1998). The present study was been extended further to 
combine the surfaces created for groundwater quantity parameters such as rainfall, water level, geophysics, 
geochemistry geology, geomorphology and soil to generate groundwater quantity and quality data of the study area. 
The idea was to get a scenario that represents the overall situation of the area in context of above parameters at a 
particular time. In order to have the resultant groundwater information, the surfaces created for three parameters 
(Very Good, Good, Medium. Poor) were used as input theme for the weighted layers. Weighted overlay analysis 
technique was used to generate various thematic maps and get useful information in short time. 
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10.1.  Infiltration Basin Method 

Infiltration basins require a substantial amount of land area with a suitable geology, allowing the water to 
infiltrate into the aquifer and percolate to the groundwater table. It is simple to maintain and regular restoration of 
infiltration capacity and removal of clogging layers is relatively easy though time consuming. This method also 
allows for natural, quality improving processes to take place in the infiltration ponds and sub soil.For this method, 
the streams were taken as the best location for recharge. 67.92 km length of the stream falls as best recharge 
drainage for this method. 633 stream locations have been found suitable for the construction of artificial recharge 
structures shown in Fig.6. 54 (11 Villages) out of 629 (43 Villages) stream location areas had been identified as the 
most suitable sites while rest of the 577 locations had been classified moderate category and 119 villages had been 
identified as the best locations for Infiltration basin method.   

10.2. Ditch and Furrow Method 

The ditches may be dug sub parallel to the contours to draw water at an upstream point of the contours and return 
surplus water to the stream at a downstream point. In areas of irregular topography, shallow, flat bottomed and 
closely spaced ditches or furrows provide maximum water contact area for recharge from source stream or canal. It 
is suitable for irregular areas where slopes are too steep for basin construction shown in Fig.7. Low check dams and 
dykes can be constructed across a stream where a wide bottom occurs. For the selection of site by Ditch and Furrow 
method the following maps such as Drainage map, Land use/Land cover map, Topsoil, Weathered Zone and Fracture 
Zone Thickness Maps and Slope map were considered. In particular method 76 stream location areas had been 
identified as the most suitable sites in 21 villages of the study area.  

10.3.  Flooding Method 

Flooding method involves inundating agricultural or waste lands with a thin sheet of water to a depth of a 
few centimeters to one meter depending on the nature of the terrain. This method is more suitable for relatively flat 
terrains. The land use and land cover, slope, soil permeability and soil thickness maps were used for identifying 
areas suitable for flooding method.The GIS output results have been given in Table 2 and village overlay map in 
Fig.8. 13 villages have been identified as the best suited locations for this method and categorized as good class for 
artificial recharge. Flooding method of recharge was constructed in 1.49 Sq.km area and 13 villages and 303.06 
Sq.km area and 172 villages have been identified as medium range for this method of recharge. 

 
 

 

  

Fig.3.Aquifer thickness of the study area Fig.4.Landuse/Land cover of the study area 
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Table.2 Weightage assigned in various artificial recharge methods suitable parameters 

Sl. 
No. 

Name of the 
method Maps used Weightage  Assigned 

No of 
Streams in 

good category 

No of 
Villages in 

good 
category 

Area 
(sq.km) 

1 
Infiltration 

Basin Method 

Water level 

(< 7.34)1 

( 7.34-10.75 )2 

( >10.75 )3 
54 26 218.820 

 

Aquifer thickness 

(<41.9)1 

(41.9 m -69.8)2  
(>69.8)3 

DrainageMap - 

2 
Ditch and 
Furrow  

 

Slope (0 – 50) 

< 100 1 

5 to100 2 

> 50 3 

76 21 10.502 
Land use and land 
cover 

(Other Features)1 

(Land with scrub)2 

(Land without Scrub)3 

Aquifer thickness 
(<41.9)1 

(41.9 m -69.8)2  
(>69.8)3 

Drainage Map - 

3 Flooding 
Method 

Slope (0 – 50) 

>30%0 

5-30%0 

>0- 5% 2 

1.49 13 1.490 Land use and land 
cover 

(Other Features)1 

(Land with scrub)2 

(Land without Scrub)3 

Top soil thickness m 

< 1.9 1 

(1.9 – 2.005) 2 

(>2.005) 3 

4 Irrigation 
Method 

Rainfall 

Low 1 

Medium 2 

High 3 

0.72 8 0.718 Agricultural land  (Land with scrub, 
fallow land) 2 

Soil permeability 

(High permeability)3 

(Medium 
permeability)2 

(Low permeability)1 

5 Desilting of 
Existing Tanks 

 

Aquifer thickness 

(<41.9)1 

(41.9 m -69.8)2  
(>69.8)3 

39 22 260.023 

Soil Permeability 

Slow 1 

Moderate 2 

Rapid 3 
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10.4.  Irrigation Method 

          This method is specifically designed for paddy cultivated areas. During the preparation of the field for paddy, 
the soil is made impervious for water retention.  Percolation of water in the paddy area is very less. This has serious 
effect on the recharge of aquifer in this area. A pit is constructed in the field where the slope is maximum. The level 
of the soak pit is slightly below the optimum level of water in the paddy field. 

  

      Fig.5.IRS P6 LISS IV image of the study area Fig.6. Feasible sites for Basin artificial recharge structure 

  

 Fig.7. Feasible sites for  Ditch and Furrow  artificial recharge 
structure 

Fig.8. Feasible sites for Flooding artificial recharge structure 
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         In this way the excess water percolates through the soak pit to the subsoil.Isohyetal map (Medium and High 
Rainfall), Agricultural Land (Land with Scrub and Fallow Land) and Soil Permeability map were taken for the GIS 
integration. The GIS output results have been given in Table 2 and village overlay map in Fig.9. 8 villages have 
been identified as the best suited locations for this method and categorized as good class for artificial recharge. 
 
11.5. Desilting of Existing Tanks  
         
       The existing village tanks which are normally silted and damaged can be modified to serve as recharge structure. 
Most of the tanks are filled with particles like soil, vegetation and other transported materials viz., drainages and 
streams. This type of tanks can store minimum amount of water, therefore can remove the deposited materials. The 
GIS results with village integration map for site selection have been given in Table 2 and Fig.10 reveals 39 tanks 
which fell in 22 villages have been identified as suitable for Desilting of existing tanks. The numbers of existing 
tanks have been worked to remove sediments in order to store higher amount of water and in turn enhance the 
groundwater storage. 

11. Conclusions 

     The investigations were carried out in accordance with updated hydrogeological methodology. Key findings have 
been made in GIS environment for identifying micro level village wise favorable areas amenable to different 
artificial recharge structures have been derived for sustainable development of groundwater resources in the 
Sarabanga sub basin, Cauvery river. Such advancements will certainly enable us to develop and manage precious 
groundwater resources in a real sustainable and environment-friendly way. 
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