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ABSTRACT 

 
Ground water exploration carried out in the central part of Hyderabad city indicates the 
presence of high yielding fracture zones down to the depth of 173m in elevated and highly 
rocky terrain. Occurrence and movement of ground water is mostly restricted to fractured 
zones developed due to structural disturbances and later intrusive activity. Generally the 
fractures are found at the contact between the pink granite and grey granite gneiss. Ten bore 
wells were drilled in granite and granite gneiss down to a depth ranging from 131.70 to 
203.0m. The discharges of successful wells vary between 2.11 and 6.91lps at draw down 
ranging from 7.60 to 20.60m.The transmissivity varies from 8.85 to 201.6 sqm/ day. The 
wide variation in the discharge and aquifer parameters could be due to the differential 
fracture disposition and lack of interconnectivity. The chemical quality of water is generally 
good with a few parameters beyond the permissible limits. The ground water in eastern part, 
which is a topographic low area having gentle slope and thick population, has high 
sulphates, nitrates and chlorides indicating the effect of pollution. The water in western part, 
which is an elevated area with steep gradient, has marginally high fluoride content. The 
ground water is fit for domestic purposes but needs to be blended with surface waters before 
used for drinking. 
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INTRODUCTION 
Hyderabad city with its ever-increasing 

construction activity along with the rapid, 
industrial and population growth including 
the floating population needs huge quantity 
of clean and safe water to cater to the 
domestic and other requirements. The recent 
development of Hyderabad city as an IT 
destination and the establishment of many 
reputed National and International 

Institutions have put tremendous pressure on 
the water supply demands of the city. 
Although surface water is the major 
contributory source to the city water 
requirements, it is inadequate and the deficit 
is met by draining the ground water through 
bore wells. 

The area under investigation falls in the 
central part of the city lying between North 
latitude17˚19'-17˚30' and East longitude 
78˚23'-78˚30'comprising about 200 Sq. Km 
area (Fig. 1). * Author for correspondence 
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The normal annual rainfall of the 
Hyderabad city is 772 mm of which 72% is 
the contribution from the SW monsoon, 14% 
from the NE monsoon and the rest during 
winter and summer seasons. The rainfall data 
for the past 100 years (Fig. 2) indicate a 
slightly increasing trend of rainfall. 

The study area is a part of stable Deccan 
Plateau with a gently undulating topography 
marked by hills and knolls. The land 
elevation varies from 487-600m AMSL. The 
topography of the area is considerably 
altered by the superimposition of the urban 
profile. 

The area is drained by Musi River and its 
tributaries, which are part of the Krishna 
River basin. The drainage is mostly 
controlled by geology and structural pattern 
that cover this area. Most of the streams are 
ephemeral in nature. The drainage pattern is 
semi-dendritic to rectangular type indicating 
poor permeability  

Geology of the area 

The investigated area is underlain by the 
Archaean crystalline complex comprising of 
peninsular gneisses and the associated 
younger intrusives and older metamorphic 
rocks. The Peninsular Gneissic Complex 
mostly consists of medium to coarse grained, 
pink and grey coloured gneissic granites. A 
major part of the area comprises of grey 
granites, which are mostly fine to medium 
grained, massive and banded. The pink 
granites are very coarse and porphyritic in 
texture and are younger than grey granites. 
The granites are exposed in the form of 
sheets and domes or boundary masses 
scattered over the flat or undulating country. 
Numerous dolerite dykes, pegmatite bands 
and quartz reefs traverse the host rocks   
along the   mega fractures and joints with N - 
S, E – W and NW - SE trends criss crossing 
each other. 

 
Fig. 1 : Trend of annual rainfall, Hyderabad. 
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The Archaean rocks were subjected to 
intense tectonic activity showing various 
structural features. These rocks exhibit both 
planar and non-planar structures. The former 
include fractures, faults, joints and shear 
planes while the later comprises of minor 
folds. The fracture density is high in the 
eastern, western and northern parts of the 
area while it is moderate to low in the central 
part of the city3. The area is marked by 
vertical to sub vertical deep-seated fractures 
that occur in the basement rocks. Two 
different types of fractures are noticed in the 
area of which, the deep fractures are of 
tensional and shear type striking WNW-ESE 
and ENE-WSW directions and the conjugate 
shear fractures are shallow trending in NW-
SE and NW-SW directions. Lineaments with 
consistency were identified in the area from 
aerial photographs, satellite imageries and 
regional fracture pattern. The fractures are 

connected to brittle deformation which 
appears to be posterior to the main period of 
folding and regional metamorphism - as they 
develop uniformly over long distances 
irrespective of metamorphism, structures and 
folding axis. They have possibly been 
derived from several periods of tectonic 
activity2. 

Objective           

Indiscriminate drilling and construction 
of deep bore wells and the continuous 
exploitation of ground water have all resulted 
in a rapid fall in the ground water levels and 
the deterioration of its quality. Inadequate 
recharge sources and the lack of proper 
seweage system in certain parts of the city 
have further worsened the situation. Though 
the demand for ground water is ever 
increasing, search for ground water and 
formulation of guidelines for its exploitation 

Fig. 2 : Hydrogeology. 
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are not commensurate with the demand.  In 
order to fill this gap the Central Ground 
Water Board (CGWB) has taken up 
hydrogeological studies, which pertain not 
only to ground water exploration, but also 
environmental studies in parts of the 
Hyderabad Municipal Corporation limits. 
Ten bore wells were drilled down to a 
maximum depth of 203.00m for aquifer 
performance tests and for complete chemical 
analyses of the ground water samples 
collected from different zones to understand 
the aquifer parameters and to assess the 
groundwater quality. 

MATERIAL AND METHODS 
The present studies are aimed to 

understand quantitative and qualitative 
aspects of groundwater of Hyderabad city. In 
order to understand the ground water 
potentials and hydrogeological regime of the 
area, geological and remote sensing studies 
were carried out and exploratory bore wells 
were drilled and pumping tests were 
conducted on these wells to know the aquifer 
parameters of the area. Groundwater samples 
were collected from these wells following 
standard guidelines and the collected samples 
were analysed for major ion chemistry 
employing prescribed water quality 
procedures. The analytical precision for the 
measurement of ions was determined by 
calculating the ionic balance error computed 
on each set of complete analysis of 
groundwater samples is within the range of 
acceptability. The chemical data was 
evaluated with WHO and BIS standards to 
know the quality of groundwater. Rainfall 
data for past hundred years were collected 
and analysed with ten year moving average 
curve. All the above results have been 
integrated to evaluate the quantitative and 
qualitative aspects of groundwater in the area 
of investigation. 

RESULTS AND DISCUSSION 
The ground water of the area occurs 

under phreatic conditions in the weathered 
portion and semi-confined state in the 
fractured zones of the rocks. The coarse-
grained granites are highly weathered with 
joints and fissures. The intensity of 
weathering however varies widely from 
place to place and the thickness of the 
weathered residue ranges from 1m. to 15m. 
The degree and depth of weathering is more 
in pink granites forming potential aquifers. 
Multiple sets of factures are found to occur 
in granites between 20 and 180m-depth 
range, which are the potential ground water 
repositories. Deep potential fractures are 
encountered in the western parts at BJR 
Nagar, Borabanda, Sanathnagar, Hyderabad 
(India) areas between 115-173m. In the 
eastern parts of the city at Lower Tank Bund, 
Koti and Amberpet, the factures are found to 
occur down to a depth of only 70m (Fig.1 
and Table 1).  

There is a wide variation in the water 
levels of bore wells due to elevation 
difference and varied structural disposition. 
The water level is shallowest (3.30m) at 
Manikeshwar Nagar and is deepest (56.35m) 
at BJR Nagar. In general, the water level 
varies between 8-19m. The water table 
configuration follows the topography and is 
controlled by the drainage and structural 
features of the area. The peizometric 
elevation in the northern part varies from 500 
to 563m AMSL with a steep gradient in the 
NE direction. In the southern parts, it ranges 
from 470-520m AMSL with a gentle 
gradient towards Musi River (Fig. 1). The 
water table configuration of the area 
indicates an influent nature of the Musi River 
and the discharge areas are mostly towards 
east and southeastern parts of the study area. 
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Table 1 : Hydrgeological particulars of the exploratory bore wells

Well  

No 
Location 

Surface  

elevation 

Depth  

drilled 

Length  

of casing 
Fracture 

Cummulative  

discharge 
Litholigy 

  
m,amsl m m m lps 

 
1 Manikeswari Nagar 522.00 131.70 9.00 16.8-17.8 3.20 Grey 

     
24-25 5.54 Granite 

2 Krishna Nagar 480.00 200.00 14.60 50-51 1.50 do 

     
68-70 2.50 

 

     
76-77 2.90 

 
3 Lower Tank Bund 506.68 200.00 15.50 34-35 1.50 do 

     
56-57 1.79 

 

     
71-72 2.11 

 
4 New Boiguda 519.00 200.00 7.00 8.6-9.7 0.21 do 

     
18-19 0.73 

 

     
25-26 1.80 

 

     
156-157 2.50 

 
5 Sultan Bazar 498.60 200.00 6.50 82.9-83.9 6.50 do 

6 BJR Nagar 566.00 131.10 7.40 61-63 0.14 Pink 

     
127-128 5.54 Granite 

7 Rehmath Nagar 575.00 200.00 2.00 103-104 0.08 do 

     
159-161 0.21 

 
8 Borabanda 588.70 173.00 1.80 93-94 wet do 

     
135-137 negligble 

 

     
172-173 6.91 

 
9 Sanath Nagar 554.00 203.00 5.50 56-57 wet do 

     
115-16 0.08 

 
10 Gowliguda 499.00 184.00 14.20 11.0-12.0 0.44 Grey 

     
130-132 0.73 Granite 

     
156-158 1.73 

 
 
Ground water exploration 

In the study area, ten locations were 
identified for exploratory drilling based on 
local geomorphology, geology, 
hydrogeology and satellite imageries. These 
wells were drilled down to different depths 
ranging from 131.70-203.00m (Table 1). 
Drilling discharge of these wells varies from 
0.80-6.91lps. The weathered portion is 
limited down to 15.0m and the fractures are 
encountered between 20.0 and173.0m. 
Contrary to the earlier notion that “frequency 
of occurrence of fractures in crystalline rocks 

has generally been found to decrease with 
depth”3-5. the significant potential of deep 
fractures were encountered in bore wells at 
BJR Nagar between 127.0 and 128.0m with 
5.40lps discharge and at Borabanda between 
172.0 and 173.0m with 6.91 lps of high 
discharge; these wells were drilled in a 
highly elevated rocky terrain. Deep fractures 
between 70.0-161.0m were found in other 
bore wells also with marginal discharges. 
Fractures either associated with regional 
deformation or weathering may create 
significant porosity and permeability in hard 
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rocks and are alone responsible for the 
ground water potential6. The fractures 
reportedly occur at 212m, 275m, 330m, and 
425m depths with discharges varying 
between 2-4lps. In the Jubilee Hills area, 
deep fractures were reported at many places 
indicating that the area is subjected to 
structural disturbances resulting in the 
development of joints, fractures at greater 
depths. The recent occurrence of mild 
earthquakes in this hilly terrain further 
strengthens this argument. It is observed that 
in a majority of the bore wells drilled, 
fractures are encountered at the contact 
between the pink granite and grey granite 
gneiss. The pink granite intrusion might have 
led to the formation of fractures parallel to 
the dykes which could be tensile and open, 
forming conduits for ground water 
movement and storage even at grater depths. 
The boundary zones between the dykes and 
the country rocks often contain open 
fractures with high storage capacity. This 
character usually results from thermal 
shrinkage at the time of cooling of the dykes; 
consequently open spaces develop between 
the dykes and the country rocks. The fine-
grained boundary zones between the two 
rocks generally are more fractured than the 
interior parts of the dyke7. It is evident that 
dyke formation means tension acting 
perpendicular to the dyke direction in the 
crust. Anderson (1942)8 suggested a buckling 
or an arching of the crust, causing vertical 
fractures through which the magma has 
come. 

Aquifer parameters 

Pumping tests were conducted in the 
study area to determine various aquifer 
parameters. Discharge of wells where long 
duration pumping test (= >500minutes) and 
they vary between 3.60-9.60lps whereas the 
draw down range varies from 8.68-
20.60m.The Transmissivity of these wells 

range between 8.85 - 201.60 sqm/day and for 
the four low discharge wells it varies 
between 0.18 – 5.75 sqm/day (Table 2). The 
high Transmissivity obtained for Borabanda 
exploratory bore well (201sqm/day) indicate 
a higher productivity of the aquifer. At 
Manekeshwarnagar and Krishnanagar, T 
values are 62 and 59sqm/day respectively, 
revealing the potentiality of shallow to 
moderate aquifer. Lower T value 
(20.6sqm/day) at BJR nagar, though the 
discharge is high, suggests continuity and 
interconnectivity of the fractures. The 
specific capacity is highest (71.34 lpm/mdd) 
at Borabanda where the potential deep 
fractures were met but it varies between 8.60 
- 46.90 lpm / mdd at other paces. The 
variation in discharges and aquifer properties 
within the similar hydrogeological set up 
could be explained as ground water 
circulation and localization are restricted to 
certain parts depending upon availability of 
recharge avenues and extent of 
interconnection among fracture systems. 

Chemical quality 

Among the ten exploratory wells, the 
bore wells at Lower Tank Bund, Sultan 
Bazaar and Gowliguda are the most polluted 
(Table 3) having high contents of total 
hardness (801) Ca (224) Mg (86), Na (449), 
Cl (390), SO3 (202) NO3 (248), (mg/lit). 
These wells being located in the highest 
human activity areas had resulted in large-
scale contamination of the saturated shallow 
fractures due to dumping of organic waste, 
leakage of sewerage lines and very poor 
drainage. Nearly 60% of the total area of 
Hyderabad and its suburbs consist of nitrate 
concentration beyond the permissible limits. 
Higher concentration of nitrate in ground 
water is from soils and sewerage waters; it is 
prominent in areas where the drainage 
system is open4. 
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Table 2 : Pumping tets details of Exploratory bore wells 

 

 
Type of Test Step Drawdown Test Aquifer Performance Test 

Well 
No 

Location Setp-1 Setp-2 Setp-3 Setp-4 
Pumping  

duration 
SLW 

Dis-
charge 

Draw-
down 

Sp Cap T Remarks 

  
Sp Cap-lpm/m,dd min m,bgl lmp m lpm/m,dd sqm/day 

 
                          

1 

Manikeswari 

Nagar 54.90 52.66 51.17 48.80 600.00 3.30 356.40 7.60 46.90 62.62   

2 Krishna Nagar 38.64 34.73 34.51 34.87 550.00 12.35 313.80 9.30 33.74 59.10   

3 Lower Tank Bund 41.77 16.48 13.07 … 500.00 13.40 225.00 20.60 10.92 8.85   

4 New Boiguda 74.56 34.11 22.08 …. 600.00 5.54 240.00 14.72 16.30 10.90   

5 Sultan Bazar  …. … … …. 100.00 10.57 60.00 6.00 10.00 5.75   

6 BJR Nagar 31.00 26.96 32.10 32.12 600.00 56.35 216.00 8.68 24.90 20.60   

7 Rehmath Nagar … …. …. … .. 14.06 … 1.60 … 0.87 Slug test 

8 Borabanda 255.70 181.09 155.84 … 1000.00 25.41 573.00 8.04 71.34 201.60   

9 Sanath Nagar … … …. …. … 19.30 … 2.87 … 0.07 Slug test 

10 Gowliguda ….. …. …. …. 100.00 8.59 60.00 3.18 19.00 0.48   
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Table 3 : Chemical analysis data of  ground water  

Spl 
No Location pH EC TH Ca Mg Na K CO3 HCO3 Cl SO4 NO3 F SAR RSC TDS 

       µ S/cm mg/l       

1 Manikeswari Nagar 7.75 1130 390 78 47 69 2.30 0 214 149 86 74 0.85 1.52 -4.26 613 

2 Krishna Nagar 7.54 1290 410 86 47 113 2.60 0 390 131 72 92 1.30 2.43 -1.77 740 

3 Lower Tank Bund 7.18 2590 801 224 58 200 2.60 0 549 330 187 150 0.77 3.08 -6.97 1427 

4 New Boiguda 7.32 1210 410 108 34 92 2.60 0 415 99 37 102 1.55 1.98 -1.39 684 

5 Sultan Bazar  7.36 1990 565 166 36 189 12.00 0 366 213 168 248 1.00 3.46 -5.26 1216 

6 BJR Nagar 7.92 850 250 80 12 81 6.20 0 268 89 77 1 2.57 2.23 -0.59 483 

7 Rehmath Nagar 7.90 900 265 78 17 85 3.50 0 268 110 43 22 1.80 2.27 -0.91 494 

8 Borabanda 7.67 1335 350 86 39 150 1.20 0 445 177 38 22 1.62 3.37 -0.21 737 

9 Sanath Nagar 7.05 870 345 96 26 46 2.10 0 299 78 29 68 1.19 1.07 -2.04 496 

10 Gowliguda 7.80 2930 465 44 86 449 8.00 0 671 390 202 159 0.50 9.06 1.72 1674 

  Minimum 7.05 850 250 44 12 46 1.20 0 214 78 29 1 0.50 1.07 -6.97 483 

  Maximum 7.92 2930 801 224 86 449 12.00 0 671 390 202 248 2.57 9.06 1.72 1674 

  Mean 7.54 1573 442 110 42 164 4.69 0 398 186 98 99 1.35 3.38 -2.25 893 
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Fluoride concentration is high (1.62-2.6) 

in groundwaters of BJR nagar, Rahamath 

nagar and Borabanda. Fluoride is highest at 

BJR nagar, which is located on a hilly terrain 

comprising of pink granites. The pink 

granites, rich in fluorite and apatite, have 

caused the dissolution and absorption of 

fluorides into ground water. It is significant 

that water in these exploratory wells is met at 

deeper zones. Accumulation of ground water 

in these fractured pink granite rocks for a 

long period, undisturbed without extraction 

and a limited recharge could have led to 

higher concentration. The fluoride content 

may get diluted over a period due to 

continuous flushing of these deep potential 

fractures in each hydrogeological cycle. 

CONCLUSION 

Ground water exploration at selected 

places in Hyderabad city reflects the 

presence of deep fractures down to 173m in a 

highly rocky terrain of Jubilee Hills. These 

exploratory studies will open new vistas for 

ground water exploitation in the water-

starved western parts of the city. In the 

eastern low-lying areas of the city, the 

potential fractures are met at shallow depths 

(< 80m). The differential disposition of 

fractures in the study area can be attributed 

to the elevation difference with reference to 

mean sea level. Continuous recharge from 

Hussian Sagar Lake, Ashok Nagar Nala is 

one of the reasons for shallow potential 

aquifers in the eastern parts of the city, which 

represent a relatively flat terrain with a low 

relief. Fractures are mostly met at the 

contacts between pink granite and grey 

granite gneiss and this offers a tool for 

ground water prospecting. The gneiss is 

compact hard rock while the surrounding 

pink granite is brittle and susceptible to stress 

induced fracturing created by tectonic 

deformation of the crust. Migmatisation is 

supposed to increase the quartz and feldspar 

contents in granites, which would result in 

weakening the resistance of rocks8. Analysis 

of the exploratory data and yield tests 

indicate that open fractures are primarily 

responsible for localization of ground water 

in granite terrain and not the weathered 

portion which hitherto was a good ground 

water repository. Continuous exploitation 

and poor recharge conditions have made the 

phreatic aquifer redundant. There is a large 

variation in aquifer parameters of tested 

wells, typical to heterogeneous and 

anisotropic characteristics of granites. 

The quality of ground water as met in the 

exploratory wells is broadly good since most 

of the constituents fall within the permissible 

limits. Chlorides, nitrates and sulphates are 

high in bore well waters occurring in the 

eastern parts tapping the shallow aquifers 

with a poor drainage. Ground water 

occurring in the western parts of the city in 

deep fractures is having high fluoride 

content, which could be attributed to fluorite, 

apatite, mica etc of the pink granite. The 

potential deeper fractures present in the 

granite terrain can be exploited to augment 

the water supply of the Hyderabad city by 

drilling deep bore wells at feasible locations.  
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