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Abstract

   In  the study, an attempt  has  been  made to  delineate  the  groundwater  potential  zones  in the Rajampet taluk, Kadapa district, Andhra Pradesh. The present study has been for targeting   groundwater  in  hard  rock  terrain  by   adopting   Geophysical   and Remote  sensing   techniques. Information   on   geomorphology   and lineaments were   generated   and  integrated  to prepare  the  hydrogeomorphological  and lineament   map  of  the   study  area.  The hydrogeomorphic units   like   floodplains, intermontane valley   have good groundwater potential   and pediplains and pediments   have moderate to poor groundwater potential. The structural hills, denudational hills and inselberg are indicated as   runoff zone. The areas of  intersection  points  of  lineaments  in pediplain , floodplain and intermontane valleys are  important  loci  for  groundwater  occurrence. Vertical electrical   soundings  reveals  that   the  thickness of  the  aquifer (i.e. water   bearing   and  yielding   formation )   ranges  from  20 to 60 m  in hydrogeomorphic  units   like  floodplain, intermontane valley  and weathered  buried pediplain.  The weathered   and   fractured zone   constitutes the aquifer system in area. Depending  upon the depth  to  massive   bedrock  , suitable  groundwater   structures  have been suggested to  harness  groundwater   for   sustaining  growth  of  agriculture  and  mitigating    drinking  water  problem  in  Rajampet area.
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INTRODUCTION


The  growth  of  population   is  increases    year  by  year  more  stress   on  agriculture  sector  for  increasing the food grain  production, which  consequently increased   deforestation   and  demand  for  more  water.  The  study  area  are   chronically  drought  prone    and  faces   acute  water  scarcity  not  only  drinking  purposes  but  also  agriculture   purpose  .  The   available   surface   water   resources are inadequate to meet the entire water requirement for different purposes. .So demand for underground water   has increased each and every   year.  The  occurrence   and  yield   potential   of  groundwater   sanctuary  are  basically   controlled  by   geology, geomorphology   and  structural  set-up  of  an  area.  It  is  important  to  target  groundwater  potential  zone  prior  to  any  planning  for  groundwater  development.  Remote  sensing   has  become  an   indispensable   tool   for  groundwater  targeting in hard rock  areas because the  topographic  expression  and  terrain  characteristics have direct   relation  to  the   geological  characteristics   of  rocks   and  their  structural  set-up.  Geomorphology   exercises a significant control   over groundwater regime.  The landform   -cum-lineament   and lineament density   mapping is very useful   in targeting groundwater.  One  of  the  greatest  advantages   of   using  Remote  sensing    data  for  hydro  geological   investigation   and  monitoring   is  its  ability to  generate   information in  spatial and  temporal   domain, which  is  very  crucial   for   successful   analysis  , prediction  and  validation (Saraf,1999). Integration  of  remote  sensing  data   in GIS environment  is   very  useful    in  delineating   various  groundwater  potential  zone   is  a  meaningful   way.  During  last  decades, remote sensing  data   have  been  increasingly  used    in  groundwater  targeting   exercises(  Harinarayana  et al  , 2000;Kar, 2000; Sankar et al 2002, Prithvi  Raju , 1980). In numerous   earlier investigations  ( Bedi  and Bhan , 1978;  Karanth  and  Seshu  babu, 1978; Moore , 1978 ;Battacharya  et al 1979;  Raju et al  1985; Sinha  et al    1990  ; Satyanarayana  ,1991 ;  Rao 1991; Prakash  and  Misra  , 1991;  Tiwari  and Rai  , 1996; Palanival  et al  1996;  Ravindran  and  Jeyaram  ,1997 Pradeep, 1998  ;  )  have  been  applied  for  remote sensing  techniques  for    groundwater  studies.  The  interpretation  of  satellite  data   in  conjunction   with  sufficient  ground  truth   information  makes  it  possible to  identify   and  outline   various  ground  features    such as   geological  structures  , geomorphic  features   and  their   hydraulic  characters(Das  et al  1997), that  may  serve  as   direct  or  indirect  indicators  of  the  presence  of  groundwater ( Ravindran and  Jeyaram,1997) 


The physical investigation forms a relatively quick and in expensive way to gain subsurface information. The application   of this  method  for  sitting   wells   in area  underlain  by  hard  rocks  is  very  popular (Ballukraya , 2001; Gupta et al 2000, and Panthagay et al 1997). This   method  helps to  delineate top soil, weathered, fractured  and bed rock zone  for  construction  of  suitable  ground water  structure because in hard rock  terrain , there is good  contrast  in  resistivity  value   among   bedrock, the fractured  zone , the weathered  zone and  top soils.  The weathered and fractured   zone constitutes the potential loci for   groundwater occurrence.  The  present  study   is  an  attempt   towards  getting  information  on  groundwater    prospects  in  hard  rock   terrain   of Rajampet   area  for sustainable  growth   of  agriculture   and mitigating   drinking  water   problem   using   geophysical   and  remote  sensing   technique

 STUDY AREA

Rajampet  taluk  has  an  administrative  unit  of  a semi-arid  and   drought prone   Kadapa   district  in Rayalaseema , Andhrapradesh, India. The  taluk  lies  between  the north  latitudes  140 5’ 8”   and 140 25’  0” and between  east  longitudes  780 59’ 24 “ and  790  21’  7”.  It is  in the  survey off India  topographic  sheet  no. 57N/ 3,4,7and 8  with a  little  portion  falling  in  57J/15  and 16  on  a  scale  of  1;50,000. The taluk has an area of 759 sq km. (Fig.1)

CLIMATE AND RAINFALL

               
The climate of the taluk is semi-arid.  The mean annual rainfall of the study area is   770 mm. The monthly maximum, minimum and mean temperature   of the study area is   440, 21 0 and 280 c. Four   seasons are recognized. The  period  from   January  to February   belongs  to  the  cool  dry  season  or  winter  season. The period   from   March to May belongs to the hot dry season. As such   there is seldom much rainfall till the end of the May. The  period  from  June to  September  belongs  to  the  hot  wet   season  , south  west  monsoon  or   advancing  monsoon   season.   The  period  from  October  to  December   belongs to  the cool  wet  season , north west  monsoon  or  retreating   monsoon  season. 

PHYSIOGRAPHY AND DRAINAGE

 Various  landforms characterize  the  physiographic   variations   marked  by  hills   with  intervening   intermontane  valleys ,  isolated  hillocks   and  flat  to gently  undulating plains.  The  area  is  drained  by  cheyyeru  river   and  its  tributaries  . The drainage   pattern of the area is   dendritic to sub –dendritic. 

AGRICULTURE  AND  IRRIGATION

 The  agricultural  conditions vary widely   within   the  study  area. Agriculture   suffers   from  drought  conditions, inadequate  irrigation facilities   and  overall   mismanagement of  water  resources . Mainly   there are two crop   seasons   in the study area   i.e.   Kharif  and  Rabi . Surface water   irrigation is limited   and not dependable   due to vagaries of monsoon   rainfall.  Hence  , groundwater  forms   the  sustainable  source   of  irrigation  The  percent  cultivable  land  to  revenue  land  is   42.53 percent, the  percent   cultivated  land  to cultivable  land  is  62.7 percent, the percent   irrigated   land  to  cultivable  land  is  42.3  percent  .  The  percent  cropped  land  to cultivated  land  is   79.4 percent  in kharif,  and percent  cropped  land  to   cultivated  land  is  20.9 percent  in  rabi Season. (table1)

GEOLOGY AND HYDROGEOLOGY

 Geologically the area is   comprised of Cuddapah Super group of rocks upper Proterozoic age. The  study  area  is  mainly  composed  of   Pullampet  formation   and  alluvium of  recent age . Pullampet  formation   which is  the  south   eastern   out  crop  of   Cuddapah  basin, comprise  a  lower  purple  shale   with  dolomitic  bands   succeeded  by  quartzites  and  a  calcareous   sequence  of   dolomitic  limestones  and  shale .The  taluk  is  in the   south eastern  portion  of  the  Cuddapah  basin  , the  formations  have  minimum  thickness  and  are  unmetamorphosed   with  structural  disturbances  like  folding, faulting and  jointing  .The  beds  show  gentle  dips  and  variation  in   strike  direction[fig. 2]  . Groundwater in the study area occurs in weathered   and fractured zone. Occurrence and   movement of groundwater is basically controlled by the geological, geomorphological   and structural set up of the area.

DATA USED AND METHODOLOGY

 In the present study to target potential sites for tapping ground water, remote sensing technique has been applied. The  hydrogeomorphological  and  lineament map  were  prepared   by  digital image  processing   using   IRS  P6  LISS  III  data.   The  electrical  resistivity    method   has  been  employed   in  groundwater   investigation  in  which  electrical resistivity   of  formations    are  measured  .  Vertical  electrical  soundings  (VES)   have  been  conducted  at  54   locations  in  different locations   by  using  Schlumberger   method   to  assess  the  types  and  thickness   of  different    geoelectrical   layers  to   understand  the aquifer  system in  each unit .  The  recorded  field data   were  plotted  on  a  standard  log-log  paper    and  interpreted  by  matching   with  those    of  the  standard  curves  published  by  the   European Association   of  Exploration  Geophysicists(Rajakswatersattsss, Netherlands  ,1975) and  auxiliary  chart  given  by    Orellana   and  Mooney  (1966).

  The secondary data   like   rainfall and irrigation potential    have been collected from the District Statistical Office, Kadapa.  Toposheets  have  been  used  to  study  the  topography  , drainage  , land use  / land cover .

RESULT AND DISCUSSION

Hydrogeomorphological   map(fig3)   of  the  study  area    prepared  from  the  IRS  P6  LISS III data  depicts the different geomorphic units. The geomorphic units developed on various lithostratigraphic   units are presented in table 2.  The ground water prospects of different   geomorphic   units are discussed as given below.

   Floodplain

Floodplain   are  the landforms  produced  by  the  dumping  of  sediments  along  the  riverbanks during floods. Floodplains are composed of   unconsolidated and loose sediments such as gravel, sand and silt found along the banks   of a river. Moisture is retained within flood plain deposits and thus   allows vegetative   cover.  Agriculture is intensive in the floodplains. These deposits  are  highly  favorable for  groundwater  as  the  aquifers  are  at  relatively  shallow  depths   depending  on  the   thickness  of   the  deposits.  Deeper   aquifers are   controlled   by structures   in the underlying basement.  From  the  satellite  imagery interpretations, it  was found  that  the   floodplains  are   characteristically    associated  with  all  along  the  Cheyyeru  and  Gunjaneru    river  courses.  The groundwater prospects are excellent in the floodplain   areas.

Pediment Zone

It  is  gently  sloping  rocky  surface  with  or  without  a  thin  veneer  of  soil   cover .This  zone  is  mainly  covered  in  northern  and    south  eastern   part  of  the  study  area.  This is generally considered   to be the poor groundwater potential zone.  The  presence  of  fractures  represented  by  lineaments  over  pediment  indicate  some  groundwater  potentiality.

PEDIMENT INSELBERG

It is isolated residual hillocks being remnants   of weathering   and denudation.  Inselbergs are   mostly    barren, rocky, and usually smooth and rounded small hills.  This  occurs  in  southern  and  north  western    parts  of  the  study  area.  From  groundwater  point  of  view  ,  these  are  all  treated    neither  containing    nor  transmitting    of  waters  ie   aquifuge  nature.  Mostly act as    run off zones.

DEEPLY WEATHERED PEDIPLAIN

These are characterized   by the presence of relatively thicker   weathered   material.  It  is  a  gently  sloping  flat  and  smooth  surface   of  pullampet  shales  and  limestones   rocks  with  than  20 m.  Deep weathered   material.  Most of the area under this unit is agriculture land.  Depending upon the  thickness  of  the  weathered  zone  ,  the  groundwater    potential  is  moderate  to  good    and  important    for  construction  of  dugwell   and  dug-cum-bore well.

INTERMONTANE VALLEY

These are  almost  flat  valleys  surrounded  by  hills all  around  and  mostly  observed   in  northern,  eastern  and  south eastern    part  of  the  study  area.  Owing  to  their  position,  these  are   highly  favorable    loci  for  groundwater  occurrence   and  important  for  dugwell

STRUCTURAL HILL

Structural   hills  are  shaped  by  a  complex  of  erosional  processes  predominantly   by  erosion  circum  denudation,  weathering   and  mass-wasting.  The  dip  of  strata  controls   the  rate  of  the  denudation  process  in  these  structural  hills.

Structural  hills  are  linear  to  arcuate   hills  exhibiting  definite   trends  composed  of  varying   lithology.  They  mostly   covered  the    western,  northern  and  eastern  part  of  the  study  area.They   are  mainly  composed  of   Pullampet  formations.  The  structural  trend  of  the  hill  ranges  is  in  a  north-west  to  south- east   direction  .  The  tectonic  features  are  the  result  of  structural  deformation   aided  by  superficial    processes.  Slope angles are very steep along the fault scarps. Generally  groundwater  potential    is  very  poor   in  structural  hills  owing  to  their   poor  permeability where  surface  runoff  is   greater  ,  and  only  limited   groundwater   potential  is  expected   along  the  faults,  joints and  fractures    present    in  the  structural  hill  ranges.  A  few  fault  scarps   are  also  observed  in  the  Landsat   imageries    where  streams  flow along   these  faults.        

  CUESTA


Costa  hill  is  a  gently  sloping  hill  surface   of  hard  and  compact   Nagari  quartzite  running  parallel to the dip  of  the  bedding  planes with  an  escarpment   in the   opposite  direction   cutting  across  the  bedding    planes.  This  type  of  landform,  with  a limited    horizontal    area  is  observed in  the  south  western  part  of  the  study  area.. In general, the groundwater prospects in the cuesta hill region are very poor.  Better  groundwater  prospects   can be  expected  along  the  dipward  side  of  a  cuesta. 

Pediment –inselberg  

            These  are  isolated  hill  made  up of   quartzites    of  Cheyyeru  group   with  limited   areal  extension  surrounded    by  plain   land    all  around  ,  observed   in central   and  southern  part  of  the  study  area  .  Groundwater potential is very poor in this area.    

LINEAMENTS                        

         Lineaments  are  the  linear   features   of  tectonic  origin    then  are  identified  as   long   narrow  and  relatively  straight  tonal  alignments  visible  in  satellite  images. A lineament may be a fault, fracture, master joint, a long and linear geological formation, the straight course of streams, vegetation served may be the result of faulting and fracturing and hence it is inferred that they are the areas and zones of increased porosity and permeability in hard rock areas.  These have more significance in the ground water studies.  Remote sensing data provides   useful information to identify structural features and lineaments.  The satellite data of IRS-P6 -LISS III Imageries of false colour composite have been visually interpreted to identify the lineaments of the area.  The data have been checked by field studies and survey of Indian topographical sheets at the1:50,000 scale. The interpretation of satellite data indicates that the rocks appear to have been deformed repeatedly.  The Cuddapah basin is a major synformal structure with minor antiforms and synforms 

Similarly, the number of mega and micro lineaments is identified from the satellite imagery as shown in the lineament map of   the   study area (Fig 4) varying dimensions with different orientations. There  are  some  trend  lines showing   the  strike   directions  of  the  rocks  in the  area. Many  lineaments  trend NE-S W and  are  rough  parallel to  the  trends   of  geological  formations,  other  lineaments  run    either    in a  ENE- WSW   or  E-W  direction .

LINEAMENT   DENSITY



 The lineament present in the study area   has varying dimensions. Based  on  the  concentration  and  length  of the lineaments, a  lineament  density   map  was  prepared. The  lineament  map was  superimposed  on  a  grid   map  of  1  cm2  and  the  total  length  of   lineament    passing in  each  of  grid  was  measured   and  plotted in the   respective  grid  centers . The  values  were  interconnected by  isolines  and thus  a lineament density  map was  prepared.(fig5 ). Lineaments are the main features that control   the occurrence of groundwater. Secondary   porosity  is  imparted  by  joints  and  fractures   in  the  areas  of  higher  values    of    lineament  density.   The lineament   density   map   reveals    the variations    of ground water   potentiality   in the basin. The  high  lineament  density  is  noticed  as isolated patches  with  small  areal  extent    in the central and western parts of the basin indicating  high  groundwater potential especially  associated with  shale with dolomitic limestones. Medium  lineament  density patches   with  limited  areal extent indicate  a moderate  groundwater potential   distributed  mostly   in the central and  as  a small  patches  in  the western  parts of the  basin  .A large part  of  the   basin   area is  occupied  by  low  lineament  density  indicating  a  poor groundwater  potential . Based  on  the  lineament  density  it  is  inferred  that   the  groundwater  prospects  are   poor  in  large  part  of  the  study  area.

INTERPRETATION OF RESISTIVITY DATA.


In the present study, 54 vertical electrical soundings [VES] were carried out at different locations in the study area, using the Schlumberger method of   electrode configuration. In the schlumberger  configuration  the two  outer  current  electrodes[AB] and  the two  inner  potential  electrodes[MN] are aligned in a   straight   line such that the  distance    between  the  potential  electrodes  and current  electrodes   is  always   kept  equal   or  less  than  one   fifth  of that of   the   current  electrodes  at  any stage  during  probe . The apparent resistivity is measured   at the centre of the electrode array.      

 On  the  basis  of  resistivity   survey   4  geoelectrical   subsurface  layers  setup   is  found  in the  study area  .  These  layers  are  top soil, weathered zone , fractured  zone and  bedrock    The  correlation   of  the  lithology   with  resistivity  values  is  presented  in the  table  3           .


In all 54 VES were carried uniformly distributed through out the taluk. The interpreted curves are given in (Fig 6a&b). Detailed VES  soundings of different layers, their corresponding thickness in meters and absolute resistivities in ohm-m are given in Table4.The standard sounding curves obtained were mostly three layer H,A,Q,K,type and a number of four layer curves HA,KH,HK,QH,AH,KA types. The top soil layer of   variable nature   has resistivity   value between 12.5 to 760 ohm. m whose thickness is ranging from 1.1 to 68 m.  The  weathered  layer in  identified   with  resistivity   value   ranging from   11 to  620  ohm.m  whose  thickness is  1.4  to  78.4m  and  fractured  zone  is  indicated   by  resistivity   value   20  to  600  ohm. m  and  whose  thickness is  about   6  to  80  m. The hard rock layer   resistivity   value   usually    greater than 700 ohm s m indicating devoid of water

  In  four  layer  case, the  2nd  and  3rd    layers  are interpreted  as   potential  groundwater  horizons  from  which  a good  amount of    groundwater   can  be  extracted .   


From the field curves and field studies it is identified that the occurrence of top soil (thick boulder strata with clay), weathered and fractured rock up to deeper depth is indicated as the area is covered by H-type curves. From the above studies it is found that most of the study area is highly potential in groundwater for future utility. Typical three layers H” type curves of the study area are given in (Figure-6 a&b). Based on the overall surveys the study area is classified into three classes with varying probabilities of groundwater occurrence i.e., high, moderate and low potential zones. The fractured shale with dolomitic limestones mostly covered in the central part of the study area indication of high ground water potential zones. These zones are also identified in deep sandy alluvial regions all along river courses, in southern and eastern part of study area mostly covered by weathered shale are indication of moderate water potential zones and the presence of quartzite in the NE and western parts of the study area is devoid of water source or low potential zones. The groundwater table occurs approximately at 21m, depth in the study areas. 

From the studies it can be accurately told to common man, about the ground water storage in a particular zone. This will greatly help in precisely targeting the ground water, so that during the ground water exploration program digging of wells in negative areas will be avoided. In addition to this, it is of immense help to the already existing wells for further development by way of deepening the dug wells and by way of sinking bores at such well bottoms based on the prevailing favorable hydro geological conditions

CONCLUSIONS

  Applications   of  remote sensing   techniques for  groundwater   targeting has  taken  a   definite  role   to  understand   the  hydro potentialities  of   different  terrain  in  terms  of  hydro geomorphic units   and  fracture  trace  analysis.


 The hydro geomorphological    map  and   lineament  map   generated  from   remote  sensing  data  and geophysical survey  made   during  the  present  study   will  help  the  planners   and  decision  makers  for devising sound and feasible  ground  water  development plans  for   drought  management 

Further  , it  is  concluded  that  the  integrated approach   of  Geological –Hydrological –Geophysical-drilling Satellite Image and  Aerial  photo interpretation should be applied for sustainable  development    and  management  of   groundwater  resources   in   the study  area     
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Table 1.  Agriculture    land use of study area in 2007.

	Mandal
	Percent cultivable land to Revenue land
	Percent  cultivated to cultivable land
	 Percent irrigated land to cultivable land
	Percent  irrigated land to cultivated land
	Percent cropped land to cultivated land in Kharif
	Percent  cropped  land to  cultivated land in Rabi

	Rajampet
	39.01
	70.0
	46.5
	66.6
	79.2
	21.6

	Nandalore
	49.94
	61.9
	32.7
	58.2
	91.9
	8.1

	penagalore
	38.69
	56,3
	44.6
	72.2
	70.9
	29.1

	Taluk as a whole
	42.53
	62.7
	42.3
	66.9
	79.4
	20.9


Table 2  Hydro geomorphic units .

	Geomorphic units
	structure
	lithology
	Groundwater prospects

	Structural hill
	Joints and fractures
	Quartzites , phyllites and schists
	poor

	Pediment
	Fractured controlled
	Debris
	 Moderate to poor

	Intermontane valley
	Fracture lineaments
	Shales , limestones and quartzites
	 High



	 Floodplain
	 Alluvium
	Sand , silt and clay
	High


Table 3   Co-relation of  lithology   with resistivity values    

                         ______________________________________                

                             Resistivity  range    -      probable   thickness                         



_______________________________________

                             12.5 to 560  ohm.m           Top  soil

                             11 to 620 ohm.m               weathered   zone  

                              20 to  600  ohm. M            Fractured  zone

                              19.2  to  700                       Bed rock  

                       _________________________________________

TABLE 4.

 RESULTS OF VERTICAL ELECTRICAL   SOUNDINGS

	VES NO
	P1 
	H1
	P2
	H2  
	P  3                    
	H3 
	P4
	H4
	P5
	H5
	H=H1 + H2+H3+H4

	
	
	
	
	
	
	
	
	
	
	
	

	2
	125
	2.3
	50
	11.1
	74
	44
	∞
	
	
	
	57.4

	3
	38
	1.6
	48
	8.1
	69
	6
	∞
	
	
	
	15.7

	4
	100
	1.4
	50
	18.2
	∞
	∞
	∞
	
	
	
	19.6

	5
	760
	2.2
	76
	17.6
	190
	31.5
	∞
	
	
	
	51.3

	6
	240
	1.8
	72
	14.4
	180
	82
	∞
	
	
	
	98.2

	7
	18
	2.2
	90
	8.9
	34
	28.7
	76
	42
	∞
	
	81.8

	8
	55
	1.6
	6
	4.2
	74
	19.7
	260
	∞
	
	
	25.4

	9         
	68   
	2.3
	14
	22.1
	85
	10
	210
	28
	∞
	
	62.4

	10
	54
	6.8
	135
	34
	∞
	∞
	∞
	
	
	
	40.8

	13
	80
	1.6
	200
	2.2
	89
	20.4
	130
	47.7
	
	
	71.9

	14
	98
	1.9
	49
	10.8
	196
	48.0
	∞
	∞
	
	
	60.7

	15
	114
	1.2
	39
	20
	132
	32.1
	∞
	∞
	
	
	53.3

	16
	54
	6.8
	135
	34
	∞
	
	
	
	
	
	40.8

	17
	560
	1.5
	56
	10.1
	∞
	
	
	
	
	
	83.1

	19
	72
	1.4
	144
	19.6
	75
	23.4
	∞
	
	
	
	44.4

	20
	56
	1.7
	28
	25.7
	280
	52
	∞
	
	
	
	74.4

	20
	56
	1.2
	11
	2.8
	21
	18.6
	40
	23
	∞
	
	45.6

	21
	360
	1.7
	72
	14.5
	50
	20.1
	250
	
	
	
	36.3

	22
	450
	2.2
	45
	19.8
	72.0
	49.5
	∞
	
	
	
	71.5

	24
	43
	2.1
	107.5
	19
	∞
	
	
	
	
	
	24.0

	25
	96
	1.6
	19.0
	2.0
	78
	7.8
	39
	24.7
	126
	--
	40.1

	26
	25
	1.7
	26
	2.2
	89
	18.5
	94
	36
	∞
	
	58.4

	28
	27
	3.5
	67
	10.5
	100
	22.5
	36
	33
	∞
	
	69.5

	30
	128
	3.4
	128
	6.8
	600
	18.9
	∞
	
	
	
	29.1

	31
	8.0
	1.8
	200
	6.4
	89
	32
	129
	38.4
	∞
	
	78.4

	32
	13.5
	2.0
	10.8
	5.0
	87.5
	23.4
	19.2
	57.6
	
	
	88

	33
	430
	5.6
	43
	78.4
	∞
	
	
	
	
	
	84.0

	35
	100
	1.7
	65
	4.3
	20
	14.5
	204
	30
	
	
	50.5

	36
	311
	1.6
	620
	7.4
	49
	27.2
	45
	-
	
	
	36.2

	39
	83
	1.5
	208
	10.2
	57
	25.1
	142
	43.2
	∞
	
	80.0

	41
	140
	1.1
	28.0
	8.8
	150
	30
	48.0
	20.0
	∞
	
	59.9

	42
	180
	1.4
	54
	8.4
	270
	30
	108
	32
	∞
	
	71.8

	43
	27
	1.5
	22
	22.1
	76
	20.1
	∞
	
	
	
	43.8

	45
	110
	1.5
	38.0
	7.5
	22
	45.1
	69
	
	
	
	54.1

	47
	110
	2.0
	137.5
	2.6
	13.0
	20.2
	∞
	
	
	
	24.8

	49
	90
	6
	450
	48
	∞
	
	
	
	
	
	54.0

	50
	12.5
	2.4
	43.7
	8.4
	165
	34.4
	∞
	
	
	
	45.2

	51
	115
	2.0
	46
	20
	230
	40
	∞
	
	
	
	62.0

	53
	25
	6.4
	250
	9.6
	168
	80
	∞
	
	
	
	96.0

	54
	49
	1.8
	62
	8.5
	12
	12.5
	66
	30.7
	135
	--
	53.5

	55
	640
	2.1
	32
	31.5
	480
	∞
	
	
	
	
	33.6

	56
	43
	2.0
	21
	10.0
	110
	49
	∞
	
	
	
	61.0

	57
	32
	1.6
	11
	21.1
	196
	46
	-
	
	
	
	68.7

	59
	701
	2.6
	456
	10
	42
	36
	∞
	
	
	
	48.6

	60
	62
	1.8
	403
	1.4
	140
	38
	∞
	
	
	
	41.2

	61
	55
	1.6
	43
	6.0
	71
	31.0
	∞
	
	
	
	38.6

	62
	72
	1.4
	44.4
	19.6
	75
	23.4
	∞
	
	
	
	44.4

	64
	100
	1.3
	30
	2.7
	235
	48
	∞
	
	
	
	52.0

	66
	24.5
	2.0
	85.8
	12.0
	44.2
	33.0
	175.0
	--
	
	
	47

	68
	541
	2.5
	432
	12.8
	84
	39.1
	700
	∞
	
	
	54.4

	69
	170
	1.8
	114
	10.2
	26
	34.6
	130
	17.0
	∞
	
	63.6

	70
	17.5
	5.0
	61.2
	55
	∞
	
	
	
	
	
	60

	71
	17
	2.0
	11
	3.2
	140
	30
	∞
	
	
	
	35.2

	72
	196
	1.8
	294
	6.4
	18
	19.0
	116
	28.0
	--
	
	55.2


Figure   Captions

Fig.1. Location  map  of  the  study  area.                    

Fig.2. Geology  map  of  the  study  area

Fig.3.  Hydrogeomorphology  map  of  the  study  area.

Fig.4.Lineament  map  of  the  study  area.

Fig.5.Lineament  density   map  of  the  study area.

Fig6a – Field curves of vertical electrical soundings by Schlumberger         

configuration

Fig.6b – Field curves of vertical electrical soundings by Schlumberger 
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