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Abstract

Gulbarga is a fast developing city in Karnataka, India. Groundwater is a major source of water supply for the city which is reflected
by regular extraction of groundwater through ever increasing number of municipal, industrial and private bore wells. Monitoring
groundwater levels and quality is useful to understand impact of uncontrolled drilling of bore wells, point and non point sources of
pollutants. Such studies provide early indicators of changes in groundwater resource and help to understand how to protect it. A total
of 55 bore wells were selected for the study with one bore well per municipal ward of the city. Spatial coordinates were registered on
site for each bore well with a GPSinstrument and water depth below the ground level is measured during pre monsoon season using
manual method. The results indicate wide fluctuations in groundwater depth across the municipal wards and the groundwater flow is
found to follow surface relief in the study area. GIS map showing groundwater depth and level are developed and compared with
surface relief map. These maps are very useful for urban planning and sustainable groundwater usage.
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resource and help to understand how to proteet]iPfesent
study describes economic and rapid field method of
groundwater level measurement from the existinge boells

1. INTRODUCTION

India is the largest groundwater user in the world.

Groundwater has played a significant role in thenteaance
of India’'s economy, environment and standard ofntv
Through the construction of millions of private bowells,
there has been an enormous growth in the explmitatif
groundwater during the last five decades. It i©reg that 56
per cent of metropolitan, class-l and class-ll esitiare
dependent on groundwater either fully or partifdlyy As per
census of India 2011, 27-35% of urban populatigmedées on
groundwater as their source of drinking water[2ho#t 29%
of groundwater assessment blocks in the countrglassified
as semi-critical, critical or overexploited categsrwith the
situation deteriorating rapidly. The government hasdirect
controls over the groundwater use of millions af/@te bore
well owners both in rural and urban areas. A stiog\Hector
et al 2011, report that the potential social andnemic
consequences of continued weak or nonexistent groaier
management are serious. Aquifer depletion is canata in
many of the densely populated and economically yxctide
areas, and the consequences will be more sevetbegroor.
Widespread groundwater pollution could render tb&ource
useless before it is exhausted. It also must bedndhat
indiscriminate abstraction of groundwater aggravatbe
quality problems and thus a more integrated managéem
approach to quality and quantity is needed [3]. Mwimg
groundwater level fluctuation data on seasonal shasin
identify early indicators of changes in the grouathky

fitted with hand pumps and electric motors. Spaiiflibutes
of the sampling bore wells and development of GiSed
maps showing groundwater depth and levels areiratbaded.

2. STUDY AREA

Gulbarga is a historical andéargest city of Karnataka state,
spreads over an area of 65 sq. km with a populatfabout
541617 persons as per census of India, 2011. ditusted
between longitude of 76° 47’ east and 76° 52t easl
latitudes of 17°17’ north and 17° 22’ north. Thiy & divided
in to 55 wards based on population and municipagiction.
Average annual rainfall observed in the study aseabout
750 mm and the mean daily temperatures range fiefi@ in
winter to over 40°C in summer. The City is servegdpiped
potable water supply derived from Bennithora andni2h
rivers and Bhosga reservoir located 10-25 km awam fthe
treatment plant. There are more than 1800 munidiwee
wells in the city which augments city surface wasepply
and contribute to over 30% of daily municipal watapply to
the city [5]. In addition to this groundwater isalextracted
from thousands of private bore wells and consumed f
potable purposes without proper treatment. Ther®isecord
of the number of private bore wells in the city.sBd on a
questionnaire survey it is noted that number ofgig bore
wells in the city exceed 20,000 [6]. Groundwaterele
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monitoring in the city is confined to only one obssion bore
well under the department of mines and geologyeguwent
of Karnataka. This observation bore well is locatedan
isolated area and does not reflect trends of grvatet
fluctuations across the city. There are no previstiglies
reported in literature about groundwater levels itooimg in
Gulbarga city. A site plan showing Gulbarga citgldocation
of the bore wells selected for the study is showhRig. 1.
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P STATE
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3. MATERIALSAND METHODS

Based on field observation 55 bore wells were s$etedor
groundwater depth measurement. The selected bdle ave
distributed throughout the city with one bore weltated in
each municipal ward. Spatial coordinates of thmpimg
bore wells were measured on site using a hand dielaal
positioning system (GPS) instrument GARMIN GPS-60.
Groundwater depth of the sampling bore wells weeasared
during pre monsoon season in the year 2009. Metbaodists

of partially opening cover of the bore well/ hapdmp and
inserting a rope attached with a weight (spannethe lower
end, through the casing of the bore well. This métlis
similar to the standard procedure described for sunérg
groundwater depth using a steel tape [4]. Fig.dstthe field
measurement process. Depth to groundwater level was
measured in m with the casing of the well as refesepoint
and then deduced to exact ground level. Googld éatised

to register ground level profile of the study assal ground
level above mean sea level of the sampling bordsw&he
groundwater level in MSL was obtained by deducting
groundwater depth from the ground level in MSL.

Fig.2 Photos showing GPS instrument, and groundwatehdepasurement

3.1 Variation in Groundwater Leves

Table 1 and 2 describe depth to ground water tabieeter below
ground level (mbgl) and groundwater level expresseth above
MSL. Fig. 3 and Fig. 4 shows graphical trend ofugrdwater depth
and level variations across the city.

4. GISDATA BASE AND GISMAPPING

In the present study, a spatial database has beated to
store relevant GIS data for groundwater depth aealywith
the coordinate system, universal transverse Meardai®M)

zone 43N. The feature classes include, locatiomtpbie
generated using GPS, boundary line and polygons file
generated from the ward map after geo-referencirith w
accurate GPS control point. Attributes like grouatsy depth,
groundwater level were then integrated to the lonapoint
file. These feature classes have been used fotirggethe
following maps.

* Map of Gulbarga city

« Location of sampling bore wells

» Spatial distribution map(SDM) showing groundwater

depth and level
e Surface relief map
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The study area map is generated from the hard adi
Gulbarga city corporation map (2006) gathered frdistrict
natural resources data managemestesn (NRDMS) centre
The map was scanned, gederenced and digitised f
creating the spatial database. Geferencing means to defi
its real location on earth surface in terms of rpagections
and coordinate systems. Here the process was aaut by
integrating with the maximum number of GPS poirgtkeh
from different parts of the study area.

Latitude, longitude and location of all the samipéee wells of
study area wer@btained using GARMIN GF-60 receiver.
ArcGIS software and location data using a point fea
showing the position of sampling wells jgsepared (Fig 1)
using the attributes given in table lro@ndwater depth ar
level is stored in excel formats non spatial datand linked
with the spatial data by join option in ArcMap. Tégatial anc
the nonspatial database formed are integrated for

generation of SDM of groundwater depffig 5) and levels
(Fig 6). For generating the interpolation maps, inv

distance weajhted (IDW) approach in GIS has been use
delineate the spatial distribution of groundwateliygants

Surface relief map (Fig) of the study area was generated
from the elevation file representing the samplingakions
plus additional points, falling within a grid of im square
which in turn was extracted from the Google mapintyshe
3D analyst extension tool in ArcGIS, locat file was
converted first to TIN (Triangular Irregular Netvr which
is the model representiregsurface as set of contiguous, non-
overlapping triangles. Within each triangle the face is
represented by a plan&hese triangles are used for surf
representation and display. Surface relief map éated by
converting TIN raster file using the 3D analystiagdhe may
represents northern part with red colour indicatimgher
levels and the southern part with blue colour iatiig
relatively lowerlevels. This indirectly reveals the surface
off direction, which is from north to south. Thisam is
prepared to understand surface runoff and compatfire
ground surface profile with the SDM of groundwdtarel.

. 35 -
-] 30 -
M
%:25_
g.‘é" 20 -
°= 15 -
o= 10 -
+ ©
£ 5
) 0 -
[a]

1 357 91113151719212325272931333537394143454749515355

Bore well no.

Fig.3 Variation in groundwater depth
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Fig.4 Variation in groundwater level
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Table 1 Attributes of sampling bore wells with Groundwatiepth and levels

Bore |Longitud| Latitude | Ground GW GW Bore | Longitu | Latitude | Ground GW GW
well No. e (degrees) level* depth level* well de (degree| Level* depth level*
(degrees (mbgl) No. (degree s) (mbgl)
s)
1 76.853 | 17.368 471 7.5 463.% 29 76.866  17.335 455 11.1 443.9
2 76.861 | 17.355 477 111 465.9 30 76.847  17.336 451 12 439
3 76.871 | 17.355 478 10.5 467.5 31 76.842  17.339 471 111 459.9
4 76.85 17.352 474 3 471 32 76.838 17.334 489 171.1471.9
5 76.852 | 17.347 465 14.7 450.3 33 76.809  17.338 458 5.7 452.3
6 76.832 | 17.349 473 3 470 34 76.828 17.334 460 4(8 455.2
7 76.838 | 17.357 485 7.8 477.2 35 76.823  17.337 467 4.5 462.5
8 76.841 | 17.358 488 8.7 479.3 36 76.819 17.331 471 4.8 466.2
9 76.845| 17.351 478 6 472 37 76.816  17.333 477 718 469.2
10 76.848 | 17.347 471 24 447 38 76.809 17.334 466 5 1. 4645
11 76.855 | 17.349 470 9.3 460.7 39 76.819 1733 463 27.3 435.7
12 76.857 | 17.346 481 3.9 477.1 40 76.824  17.334 465 4.8 460.2
13 76.859 17.34 465 30 435 41 76.822  17.328 474 b 68 4
14 76.85 17.346 459 10.2 448.8 42 76.8P5  17.332 459 7.5 451.5
15 76.847 | 17.346 463 22.5 440.5 43 76.837 17,33 457 11.1 445.9
16 76.841| 17.348 475 8.1 466.9 44 76.84 17.336 466 15.9 450.1
17 76.837 | 17.346 480 9 471 45 76.843  17.329 459 9.6 449.4
18 76.823| 17.354 476 2.4 473.6 46 76.858 17.326 456 16.2 439.8
19 76.825| 17.342 469 3.6 465.4 47 76.849  17.321 443 10.2 432.8
20 76.816 | 17.332 471 7.2 463.8 48 76.837  17.317 457 11.1 445.9
21 76.819 17.34 479 7.8 471.2 49 76.8P9  17.327 453 9.9 443.1
22 76.825| 17.341 478 4.5 473.5 50 76.816  17.325 467 6 461
23 76.829 17.35 475 4.8 470.2 51 76.8P3  17.318 460 19.8 440.2
24 76.838 | 17.344 478 5.7 472.3 52 76.8P6  17.319 452 18 434
25 76.842 | 17.347 470 9 461 53 76.881 17.314 460 2 10. 449.8
26 76.843 | 17.344 470 9 461 54 76.821  17.313 457 1 14. 4429
27 76.846 | 17.338 459 21 438 55 76.826  17.299 443 5 7. 4355
28 76.856 | 17.339 460 12 448
*above mean sea level in m, mbgl- meter bejoound level, GW - ground water
Table 2 Descriptive statistics for groundwater depth/level
Groundwater depth/level Range Minimum Maximum Mean Std. Deviation
depth inm 28.50 1.50 30.00 10.22 +6.26
Level in m above MSL 51.80 427.50 479.30 459.42 .872

CONCLUSIONS

Groundwater depth varies with bore well locatioondr 1.5
meter below ground level (mbgl) to 30 mbgl. Peraginbore
wells showing water depth below 5 mbgl is 21.8% rehs the

percent below 10 mbgl and 15 mbgl are found as%8and
81.8% in the same order. It is observed that bibid
groundwater levels and ground levels are recedaveaitds
south and follow almost identical pattern acrose tity.
Variations in groundwater levels could be attriloutéo
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hydrogeology, land use and land cover changes sithescity.
Another important factor effecting groundwaterdeis the
number of bore wells and rate of extraction of giwater in
the vicinity of the sample bore well. Shallow growmater
levels are observed at bore wells located closesttand.

Regular monitoring of groundwater levels and grovaier
quality shall be undertaken by authorities to aantr
sustainable use of groundwater. It is recommendedcrease
the number of observation wells to cover each wafrdhe
city.
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