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EXECUTIVE SUMMARY 

The broad objective of the study is to establish the geometry of the underlying aquifer 

systems in horizontal and vertical domains in the National Capital Region (NCR) of Haryana 

State and characterize them, so as to work out the development potential and prepare an 

aquifer-wise management plan for the region using ground water simulation model. The 

objective falls under the purview of aquifer mapping, a process wherein a combination of 

geologic, geophysical, hydrologic and chemical field and laboratory analyses are applied to 

characterize the quantity, quality and sustainability of ground water in aquifers. Various 

multi–disciplinary geo-scientific activities were undertaken in the study through in-

house capacity of CGWB and partly through outsourcing by the WAPCOS Ltd., New 

Delhi, which mainly worked for the generation of micro-level hydrogeological data. 

Nine districts, namely Panipat, Sonipat, Rohtak, Jhajjar, Rewari, Gurgaon, Faridabad, 

Palwal and Mewat, fall in the NCR part of Haryana.  

 The physiographic setting of the NCR, Haryana is such that it has a thick 

deposition of alluvium consisting of sand, silt, clay and kankar, mainly transported 

from the Siwaliks in the North and Proterozoic rocks representing Delhi Super Group 

from the South. During the process of the transport from the Siwaliks, the sediments were 

initially more rudaceous with boulders and gravels with sand. The gravels disappeared 

gradually towards the south and the sediments became finer and finer on their transport 

giving rise to a thick deposition of brown sand, mud, clay and silt with occasional 

occurrences of kankar (impure calcareous concretions) in the central alluvial plain. These 

alluvial deposits have formed four aquifer groups with their depth ranges and thicknesses as 

follows: 

  

 The above grouping is on the basis of 254 boreholes drilled in the region in the form of 

exploratory wells, slim holes and piezometers. While the depth of thickness of the alluvial 

Aquifer Group Depth Range (m) Thickness  

Range (m) Average (m) 

I up to150 20 - 150 82 

II 45 - 284 5 - 154 50 

III 101 - 421 3 – 171 59 

IV 168 - 475 6 – 132 54 
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deposits is unknown in the northern part, in the southern direction it goes on decreasing and 

is up to a depth of 50-80 m adjoining the Aravalli Ridges. Ground water is withdrawn mostly 

from the fractured and weathered zones in these basement rocks, which are mostly quartzites.   

A network of about 200 observation wells shows that ground water levels are declining at 

an alarming rate in the eastern parts of Panipat and Sonipat districts and the urban 

conglomerates, such as Gurgaon and Faridabad, in the south. In the central and western parts 

of the area mainly ground water levels show gentle rising trends signaling limited utilization 

of these resources due to salinity problems. The salinity in the NCR is a natural phenomenon 

which has a geological history, but primarily confinement of the ground water in a thick pile 

of silty and clayey horizon with no outlet towards the west and the south or the east has led to 

its further salinity.  

Sampling carried out in more than 1200 wells, mainly from the Aquifer Group I gives a 

vivid picture of the ground water quality in the area; water samples collected from the 

exploratory borewells gives the quality variation with depth. Although Aquifer Group I 

presents the best quality of water suitable for both drinking and irrigation purposes, it is 

highly over-exploited in pockets causing ground water troughs. Water logging areas too exist 

in the central and western parts encompassing parts of Rohtak and most of Jhajjar districts, 

where even the quality of the first aquifer is not as good for drinking and irrigation purposes.  

Three dimensional picture of the NCR has been obtained not only through the 

interpretation of the borehole logs of the exploratory wells drilled in the area, but also from 

the vertical electrical sounding (VES), resistivity profiling and geophysical logging of the 

borehole sites. Aquifer parameters of the different groups have been obtained as follows.  

  

The whole of NCR, Haryana has been divided into three different tracts, such as (i) 

Panipat-Sonipat-Rohtak Tract, (ii) Jhajjar-Rewari-Gurgaon Tract and (iii) Faridabad-Palwal-

Aquifer 

Group 

Transmissivity (T) 

(m
2
/day) 

Specific Yield (Sy)/ 

Storativity (S) 

Hydraulic Conductivity (K) 

(m/day) 

 (aq. zones) (aq. group) 

I 90 - 2340 1.02*10
-5

- 21.5*10
-2

 12.4 - 40.00 6 - 22 

II 350 4.1*10
-5 

- 1*10
-3

 3.95 - 23.3 ~9.2 

III 47-513 1.17*10
-6

 - 7.0*10
-5

 3.00 - 16.00 0.9-3.3 

IV 165 - 725 5.81*10
-5 

– 2.5*10
-3

 8.00-19.00 3.3-6.5 

Hard rocks 0.5 - 1060 1.14*10
-3 

- 5*10
-2
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Mewat Tract, based on the different hydrogeological conditions. The report discusses the 

lithological variations, aquifer geometry, aquifer vulnerability for each aquifer group in each 

of these tracts. A summary of the aquifer dispositions of the four aquifer groups is given 

below: 

Aquifer Group I: This group extends from the ground surface downwards to different 

depths to a maximum of 150 mbgl (metres below ground level) and occurs all over the 

region. This is composed of relatively coarser sediments and is subdivided into two 

subgroups at places with the occurrence of sub-regional clay. It is underlain by a clayey 

horizon, 4 to 181 m thick, which appears to be more to less regionally extensive. The group 

is under unconfined and semi-confined conditions.  

Aquifer Group II: This group consists of numerous sand and clay lenses occurring at 

variable depth ranging from 45 m to 284 mbgl. The sediments of this group are less than 

coarser and are occasionally mixed with ‘kankar’. The ground water occurs under confined to 

semi-confined conditions. This aquifer group is underlain by another clayey horizon (6 to 

221 m thick) which is considerably thick at places and appears to be regionally extensive. 

Aquifer Group III: This group comprises of thin sand layers alternating with thicker clay 

layers occurring at variable depths ranging from 101 to 421 mbgl. The granular material of 

this group is generally finer in texture; kankar occurs in the southern parts. This aquifer 

group is underlain by a thick clayey horizon (7 to 100 m) which, in turn, is underlain by 

another permissible horizon. In this aquifer group, the ground water normally occurs under 

confined conditions. 

Aquifer Group IV: This Aquifer Group occurs between 168 and more than 475 m depth 

under confined conditions in Panipat and Sonipat districts. There is a thick pile of clayey 

horizon below this group as well, but this aquifer group is not fully investigated.  

An aquifer response model has been prepared for the Panipat-Sonipat-Rohtak Tract in 

order to work out the development potential and prepare an aquifer-wise management plan 

for the region. Recommendations have been suggested not only for this tract, in particular, 

but also for other two tracts under investigation. Greater usage of ground water resources has 

been suggested in general, but the areas showing rapid decline of ground water levels may 

use Aquifer Group II for industrial and domestic purposes. 
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AQUIFER MAPPING AND FORMULATION OF AQUIFER 

MANAGEMENT PLAN FOR THE NATIONAL CAPITAL REGION (NCR), 

HARYANA 

 

1. INTRODUCTION 

 

There has been a paradigm shift from “groundwater development” to “groundwater 

management” in the past two decades in the country. An accurate and comprehensive micro-

level picture of ground water through aquifer mapping in different hydrogeological settings 

would enable robust groundwater management plans in an appropriate scale. Aquifer 

mapping is a process wherein a combination of geologic, geophysical, hydrologic and 

chemical field and laboratory analyses are applied to characterize the quantity, quality and 

sustainability of ground water in aquifers. This would help in achieving drinking water 

security, improved irrigation facility and sustainability in water resources development in 

large parts of rural India, and many parts of urban India.  

Central Ground Water Board (CGWB) implemented the Aquifer Mapping 

Programme/Project in the National Capital Region (NCR) of Delhi, Haryana and Uttar 

Pradesh (Fig. 1) with the broad objective of preparing an aquifer-wise management 

plan for the region. Various multi–disciplinary geo-scientific activities were 

undertaken in the study through in-house capacity of CGWB and partly through 

outsourcing by the WAPCOS Ltd., New Delhi for generation of additional micro-level 

hydrogeological data. This report primarily deals with the Haryana part of National 

Capital Region adjoining Delhi (Fig. 1).  

 

1.1 Objective 

The broad objective of this study is to establish the geometry of the underlying aquifer 

systems in horizontal and vertical domains and characterize them, so as to work out the 

development potential and prepare an aquifer-wise management plan using ground water 

simulation model. 
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Fig. 1. National Capital Region (NCR) under Aquifer Mapping Programme. 

 

1.2  Scope of Study 

The scope of the present study is broadly within the framework of the National 

Aquifer Management Programme (NAQUIM) being implemented by CGWB. There 

are four major activity components, viz., (i) data collection / compilation (ii) data gap 

analysis (iii) data generation and (vi) preparation of aquifer maps and management 

plan to achieve the primary objective. In this study, data compilation included 

collection and, wherever required, procurement of all maps from the concerned 

Agencies, such as the Survey of India, Geological Survey of India, State 

Governments, etc., computerization and analyses of all acquired data, and preparation 

of a knowledge base. Data generation included those of hydrometeorology, soil 

infiltration, subsurface geophysics, chemical quality of ground water, litho logs and 

aquifer parameters. Generation of ground water chemical quality data was 

accomplished by collection of water samples and their laboratory analyses for all 

major parameters, heavy metals, pesticides and bacteria. Sub-surface geophysical 

studies incorporated vertical electrical sounding, two-dimensional image profiling, and 

borehole logging. Additional data pertaining to sub-surface lithology and aquifer 
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parameters were obtained through drilling of additional exploratory wells and slim 

holes, pumping tests at the drilling sites and slug tests at a number of sites and their 

analyses.  

 

1.3 Approach and Methodology 

The approach and methodology adopted to achieve the major objective of this study have 

been shown in the form of a flow chart given below. Details, as envisaged, at the time of 

agreement between CGWB and WAPCOS on the 14
th

 January 2013 are given in Annexure I. 

Data gap analysis made by CGWB for drilling additional exploratory wells are shown district-

wise in Annexure II. 

 

Flow Chart of Activities 

  

Compilation of existing data by CGWB 

and WAPCOS 

Identification of data gaps by 

CGWB 

  

 

Additional data generation by WAPCOS 

 

 

Preparation of GIS layers by WAPCOS / CGWB 

 

 

Preparation of thematic maps on GIS platform  

by WAPCOS / CGWB 

 

 

Preparation of aquifer maps and management plan by CGWB 
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1.4 Area Details 

National Capital Region (NCR) is a unique example of inter-state regional development 

planning for a region with NCT-Delhi as its core. The NCR, as notified, covers an area of 

about 34,144 sq. km falling in the territorial jurisdictions of four State Governments, namely 

the National Capital Territory of Delhi, Haryana, Uttar Pradesh (U.P.) and Rajasthan and 

constitutes about 1.60% of the country’s land area. Out of the total area of NCR, an area of 

26,682 sq. km has been taken in the present study leaving the Rajasthan part of the NCR. The 

region forms parts of the Upper Yamuna-Ganga basin, and lies between North Latitudes 

27°30' and 29°30' and East Longitudes 76°10' and 77°40' (Fig. 1). The distribution of NCR 

area in different States is as follows:   

 

Sl. No. State Area (sq. km) Population 

1 Haryana 13,428 1,10,31,515 

2 U. P. 11,771 1,45,61,224 

3 Delhi 1,483 1,67,53,235 

Total NCR 26,682 4,23,45,974 

 

The area covered in Haryana State, which is the domain of the present study and 

represented in this report, is shown in Fig. 2. The districts included are namely Panipat, 

Sonipat, Rohtak, Jhajjar, Rewari, Gurgaon, Faridabad, Palwal and Mewat/Nuh with a total 

geographical area of 13,428 km
2
, which is about 50.33% of the total area covered in the study. 

Administrative divisions are detailed in Table 1 and shown in Fig. 3, while population census 

details of the region are given in Table 2. There are in all 43 administrative Blocks and 31 

Tehsils with a population of 1,10,31,515. 

An analysis of Table 2 shows that in 2001 there were 37 towns, which increased to 68 a 

decade after in 2011. In Panipat, Sonipat and Rewari districts, while the number of towns got 

doubled, in Jhajjar district, the number remained constant and in Gurgaon and Faridabad 

districts, the number got decreased. Decrease in the number of towns in Gurgaon and 

Faridabad districts may be due to merging of the District Headquarters with the adjoining 

towns due to their rapid expansion.  
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Fig. 2. NCR in Haryana State under Aquifer Mapping Programme. 
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Table 1. Administrative divisions of NCR in Haryana State. 

S. 

NO. 

DISTRICT AREA 

(km
2
) 

DEVELOPMENT BLOCKS NO. OF 

TEHSILS 

NO. OF TOWNS 

2001 2011 

1 PANIPAT 1268 1. PANIPAT 

2. ISRANA 

3. BAPAULI 

4. MADLAUDA 

5. SMALKHA 

3 6 12 

2 SONIPAT 2122 1. GANAUR 

2. SONIPAT 

3. RAI 

4. GOHANA 

5. KHARKHAUDA 

6. MUNDLANA 

7. KATHURA 

4 4 8 

3 ROHTAK 1745 1. KALANAUR 

2. LAKHAN MAJRA 

3. MEHAM 

4. ROHTAK 

5. SAMPLA 

3 3 5 

4 JHAJJAR 1834 1. BAHADURGARH 

2. BERI KHAS 

3. JHAJJAR 

4. MATANHAIL 

5. SAHLAWAS 

4 5 5 

5 REWARI 1594 1. REWARI 

2. KHOL 

3. BAWAL 

4. JATUSANA 

5. NAHAR 

3 4 9 

6 GURGAON 1258 1. GURGAON 

2. PATAUDI 

3. FARUKHNAGAR 

4. SOHNA 

5 12 9 

7 FARIDABAD 741 1. FARIDABAD 

2. BHALLABGARH 

2 3 6 

8 PALWAL 1359 1. PRITHLA 

2. PALWAL 

3. HODEL 

4. HASSANPUR 

5. HATHIN 

3 - 6 

9 MEWAT 1507 1. NUH 

2. NAGINA 

3. PUNHANA 

4. FEROZPUR ZIRKA 

5. TAORU 

4 - 8 

 TOTAL 13428 43 31 37 68 
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Fig. 3. Administrative map of NCR, Haryana with Block demarcation. 
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Table 2 also shows that Faridabad and Gurgaon are the crowded districts with a density 

of population of 2442 and 1204 per sq. km, respectively. Jhajjar is the thinnest district with a 

density of population of 523 per sq. km of area. The newly formed districts, i.e., Mewat and 

Palwal, have the highest percentage of rural population, i.e., 88.61 and 77.31%, respectively, 

followed by Jhajjar (74.61%) and Rewari (74.07%) districts, while the most urbanized district 

is Faridabad with about 80% of people living in towns followed by that of Gurgaon (69%). 

Gurgaon district, however, has the highest percentage of population growth rate (73.14%) 

compared to that in 2001. Jhajjar district indicates the lowest growth rate of 8.90% followed 

by Rohtak district (12.88%). These growth rates are the minimal compared to the regional 

growth rate of ~27% in the NCR, Haryana.  

 

Table 2. Population Census (2011) of the NCR in Haryana State. 

Sl. 

No. 

 District  Population 2011 Rural 

Population 

as % of 

Total 

Population 

Density of 

Population 

(per km
2
) 

Percent 

Increase 

(2001-

2011) 

Rural Urban Total 

1 Panipat 650352 555085 1205437 53.95 951 24.60 

2 Sonipat 996637 453364 1450001 68.73 683 13.35 

3 Rohtak 615040 446164 1061204 57.96 608 12.88 

4 Jhajjar 715066 243339 958405 74.61 523 8.90 

5 Rewari 666902 233430 900332 74.07 565 17.64 

6 Gurgaon 472179 1042253 1514432 31.18 1204 73.14 

7 Faridabad 370878 1438855 1809733 20.49 2442 32.54 

8 Palwal 806164 236544 1042708 77.31 767 25.76 

9 Mewat 965157 124106 1089263 88.61 723 38.65 

  TOTAL 6258375 4773140 11031515 56.73 822 26.99 
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2. CLIMATE AND RAINFALL 

 

      Haryana State is characterised by subtropical, semi-arid to sub-humid, continental and 

monsoon type of climate. The average rainfall of the State is 560 mm. On the basis of climate, 

three distinct zones have been identified in the NCR, i.e. hot sub-humid zone that includes 

Panipat and Sonipat districts, hot semi-arid zone that covers Rohtak, Faridabad and 

Palwal districts and hot arid-zone that includes Rewari, Jhajjhar, Gurgaon and Mewat 

districts. These climate types control the agro-ecology and cropping pattern in the region.  

 Four seasons are essentially experienced in the NCR (Haryana), i.e., Winter Season 

(January to February), Hot or Summer Monsoon (March to May), South-West Monsoon 

(June to September) and North-East Monsoon (October to December). Fig. 4 gives an 

overview of total rainfall received in the NCR. The total number of rainy days and the total 

rainfall received in each district in each season on the basis of 30 years of annual normal 

rainfall is given district-wise in tabular forms in Table 3 (a, b). Annexure III gives details of 

the statistics of the annual rainfall district-wise, while Annexure IV gives the daily rainfall 

normal in raingauge stations. 

 

Fig. 4. Total annual rainfall in NCR (based on 30 years of normal rainfall data). 
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Table 3a. Total number of rainy days and total rainfall in the NCR, Haryana State. 

District Winter 

Season 

Hot or 

Summer 

Monsoon 

South-West 

Monsoon 

North-East 

Monsoon 

Total 

No. 

of 

rainy 

days 

Total 

rainfall 

(mm) 

No. 

of 

rainy 

days 

Total 

rainfall 

(mm) 

No. 

of 

rainy 

days 

Total 

rainfall 

(mm) 

No. 

of 

rainy 

days 

Total 

rainfall 

(mm) 

No. 

of 

rainy 

days 

Total 

rainfall 

(mm) 

Panipat 2.9 37 2.9 31.2 22.7 518.6 1.7 28.3 30.2 615.1 

Sonipat 3.2 35.7 3.0 38.6 22.8 523.0 1.9 31.4 30.9 628.7 

Rohtak 3.2 37.7 3.7 37.7 24.0 499.2 1.9 25.9 32.8 600.5 

Jhajjar 1.9 22.7 2.0 22.8 17.1 379.3 1.2 16.9 22.2 441.7 

Rewari 1.9 21.3 2.4 26.2 22.8 488.8 1.6 25.4 28.7 561.7 

Gurgaon/ 

Mewat 

1.7 22.4 1.9 24.9 22.4 508 1.4 27.9 27.4 573.2 

Faridabad/ 

Palwal 

1.6 19 1.5 16.8 19.7 460.3 1.3 25.3 24.1 521.4 
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Table 3b. Statistical analysis of district-wise South-West monsoon rainfall data (based on 

30 years of daily normal rainfall data). 

District Month Rainfall (mm) Deviation (%) Category Rainy Days 

Panipat July 184.6 42.3 Excess 8.1 

  August 194.1 49.7 Excess 8.0 

  September 92.0 -29.1 Deficit 3.9 

  Total 518.6     22.7 

  Mean/Average 129.7     5.7 

  SD (mm) 71.4     2.8 

  CV (%) 55.0     49.1 

Sonipat June 42.3 -67.7 Deficit 2.5 

  July 201.1 53.7 Excess 8.1 

  August 184.8 41.3 Excess 7.9 

  September 94.8 -27.5 Deficit 4.3 

  Total 523.0     22.8 

  Mean/Average 130.8     5.7 

  SD (mm) 75.2     2.8 

  CV (%) 57.6     48.4 

Rohtak July 195.7 56.8 Excess 8.5 

  August 164.6 31.9 Excess 8.0 

  September 97.4 -22.0 Deficit 4.6 

  Total (mm) 499.2     24.0 

  Mean/Average (mm) 124.8     6.0 

  SD (mm) 69.0     2.7 

  CV (%) 55.3     44.9 

Rewari July 164.8 34.9 Excess 7.9 

  August 204.8 67.6 Excess 8.7 

  September 82.2 -32.7 Deficit 4.2 

  Total 488.8     22.8 

  Mean/Average 122.2     5.7 

  SD (mm) 76.4     3.2 

  CV (%) 62.5     55.3 

Gurgaon July 184.4 45.2 Excess 8.1 

  August 189.0 48.8 Excess 8.5 

  September 97.4 -23.3 Deficit 3.8 

  Total 508.0     22.4 

  Mean/Average 127.0     5.6 

  SD (mm) 73.2     3.2 

  CV (%) 57.6     57.3 

Faridabad July 176.4 53.3 Excess 7.2 

  August 158.3 37.5 Excess 7.1 

  September 95.3 -17.2 Normal 3.6 

  Total 460.3     19.7 

  Mean/Average 115.1     4.9 

  SD (mm) 66.4     2.7 

  CV (%) 57.7     54.3 

Abbreviations: SD: Standard Deviation. CV: Coefficient of Variation. 
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3 PHYSIOGRAPHIC SETUP 

 

3.1 Physiography and Geomorphology 

         Haryana State is located between the Siwalik Hills on the north-east and Thar Desert on 

the south-west. Topographically, it has a flat topography with altitude varying from 190 to 480 

m above the mean sea level. Northern part of the state generally slopes from the north-east 

to south-west, but the southern part has undulating topography due to the hills of the Aravalli 

System and existence of sand dunes. A digital elevation model (DEM) of Haryana State is 

shown in Fig. 5. The elevation of the sites explored during the ground water exploration 

programme of CGWB is shown in Fig. 6. This figure gives a pictorial representation of the 

elevations in the NCR, Haryana.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Fig. 5. A digital elevation model of Haryana State (after GoH, 2011). 

 

Based on topographic, drainage and lithological characteristics, three major 

geomorphological units, namely Structural and DenudationalHills, Alluvial Plains and 

Aeolian Plains can be identified. Much of the surface area is constituted of Late Quaternary 

deposits. The widely spaced NNE-SSW ranges and isolated hills of Delhi SuperGroup 

(Chapter 4) represent the southern part of the Structural and Denudational Hills. 
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Fig. 6. Surface elevation contours based on reduced levels collected during ground 

water exploration programme of CGWB. 
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Based on lithology, slope and drainage characters, the Alluvial Plains can be sub 

divided into three zones, namely, Piedmont, Central Alluvial Plains and Marginal Alluvial 

Plains. The piedmont zone is 20-40 km wide and lies adjacent to the Siwalik range between 

360m reduced level (RL) to 240 m RL further north of NCR. This zone has a southerly 

slope and is characterized by high drainage density, high southerly slope and presence of 

gravelly sediments below the surface. It has been formed by the merging of subdued alluvial 

fans in foot hill areas.The central alluvial plain is an about 120 km wide stretch, forming 

much of the central portion of the state of which NCR is a part. The surface elevation varies 

between 240 m in the north and 210 m in the south. Its southern margin occurs along NW-

SE Bhiwani-Rohtak-Delhi axis which nearly defines the northern flank of the subsurface 

Delhi-Sargodha ridge. A subtle saucer like depression exists in the state along Jhajjar-

Rohtak alignment, which becomes conspicuous during monsoon flooding. 

The Alluvial Plains in Haryana exhibits several landforms, viz. lowland, palaeo-

channels, tals and lakes. Fig. 7 presents a geomorphological map showing these landforms. 

The lowland includes the areas along the river channels of Yamuna that forms the eastern 

boundary of the NCR and lies 3 to 6m lower than the upland. It is of erosional as well as 

depositional nature.In a typical set up along the river Yamuna, the lowland comprises of 

two-three levels marked by subdued to sharp scarp which separate different terraces. Usually 

the upper level is an erosional terrace of patchy nature. It is followed by a T1 terrace of grey 

micaceous sand and T0 defines the active flood plain regime of the river with bars. The 

tals/lakes are distributed all over the upland as small ponds and few meter deep saucer like 

depressions. Paleao-channels are also present as elongated left out segments of the older, 

defunct drainage in the central alluvial plain.The Marginal Alluvial Plains form the southern 

border and unlike the northern part, has northerly slope and drainage (Fig. 7).  

The southern parts of the south-western districts of NCR, viz., Rewari and Mewat, 

represent the Aeolian Plains marked by the north-eastern extension of the Thar desert and 

comprises sand dunes and sand sheets. The dunes are 0.4 to 10 m in height, few meters to 5 

km long and stabilized to active in nature. The stabilized dunes are longitudinal and oval in 

shape while the active dunes are transverse and barchanoidal. However, east of 400 mm 

isohyets, the aeolian morphology is replaced by an alluvial surface with relict stabilized sand 

dunes. In addition to the modern drainage (Fig. 7), few buried palaeo-drainage segments 

also exists in the state and have faint geomorphic impressions. 
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Fig. 7. Geomorphological map of NCR in Haryana State. 
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3.2 Land Use 

 The land is predominantly used for agricultural purposes in Haryana State. The land 

use pattern does not show any significant shift towards a particular use.  If net area is 

compared, it has almost been constant for the last three decades. In the year 1970-71, the net 

area sown was 80.98% of the total area of the State, and it was 79.06% in the year 2002-

03. Similarly, the area under forest cover, land not available for cultivation and culturable 

area have also not shown any big change. NCR in Haryana is not different than other parts 

of the State. The areas under different land uses for the NCR are shown in Table 4.Fig. 8 

depicts the different land uses in NCR of Haryana.  

The major change that can be observed in the land use pattern in Haryana is the increase 

in area sown more than once. There has, however, been a marked decrease in the pasture 

lands and lands unfit for cultivation. A substantial part of these lands has been brought under 

cultivation or has been put to other uses.  The introduction of sprinkler irrigation system 

(which irrigates undulating uplands) has helped bring these lands under cultivation. In fact, 

the cropping pattern in Haryana underwent a major change during Green revolution period (late 

60’s and 70’s), and the area under various crops has witnessed a major change since then. 

After the Green revolution, the area under cultivation increased under cotton, paddy and wheat 

at the expense of pulses, maize and gram etc.Current trends in cropping pattern show that the 

farmers are shifting more towards rice, wheat and cash crops like cotton, vegetables, fruits and 

sugarcane. The area under pulses and cereals other than rice and wheat has reduced 

drastically. The shift is more towards water consuming crops. In the entire State, significant 

shifts in the cropped area include an increase of over 34 % area under wheat and 87 % area 

under rice and 81% area under cotton between 1990 and 2010 (all intensive water use crops) 

(Sharma, 2015). This has led to declining trends in ground water levels and over-exploitation 

of the ground water resources. On the positive side, over the past four decades, the State 

has made rapid strides to achieve goals of enhanced agricultural productivity and 

contributed significantly to achieve food grains production goals towards meeting the 

growing demand for increasing population, export etc. Expansion of area under irrigation 

involving a network of canals, minors, lift canals, support for sinking tube wells, credit 

and marketing constitute the core of the strategy to achieve production goals together 

with availability and adoption of improved high yielding crops, increased use of fertilizers 

and plant protection chemicals. These efforts driven by the Central Government and 

implemented by the State Government in the form of number of 'schemes' have yielded 

dividends by way of Haryana emerging as a front runner State in agriculture. 
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Table 4. Area (in 1000 ha) under different land uses in NCR of Haryana State (after GoH, 2015). 

District Forest Land put to 

Non- 

Agricultural 

Use 

Barren and Un-

cultureable Land 

Permanent 

Pastures and 

Grazing Land, 

Misc. Use,  

Culturable, but 

Barren Land 

Fallow 

Land and 

Current 

Fallow 

Land 

Net 

Area 

Sown 

Culturable 

Area 

(5 + 6 + 7) 

Area 

Sown 

More 

Than 

Once 

 

Total 

Cropped Area 

(7 + 9) 

1 2 3 4 5 6 7 8 9 10 

PANIPAT 3 18 1 6 7 95 103 95 190 

SONIPAT <0.5 48 7 5 - 152 154 134 286 

ROHTAK <0.5 18 5 4 5 135 144 92 227 

JHAJJAR - 14 8 9 21 141 171 84 223 

REWARI 2 14 4 4 1 125 154 57 285 

GURGAON 3 34 <0.5 1 <0.5 81 81 24 156 

FARIDABAD 0.5 38 2 <0.5 1 31 32 34 65 

PALWAL 3 12 5 1 9 105 114 85 190 

MEWAT - 25 10 1 7 105 112 51 156 
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Fig. 8. Land Use in NCR of Haryana State (2012). 
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3.3 Soils 

Salt affected soils are extensive in the plains of Haryana state. Three distinct kinds of 

soils are generally found, i.e., alkali, saline and saline-alkali soils. Rainfall, surface topography, 

surface configuration (relief, aspect, micro-relief and microclimate) have influenced mineral 

weathering, ionic mobility and macro-chromatographic separation leading to formation of these 

soils in three distinct zones. The majority of the area is represented by silt loam texture with 

varying soil colour having dominance of yellowish brown in top layer. Development of water 

logging is an inevitable consequence of introduction of irrigation without providing for adequate 

drainage. If the underground water quality is poor, soil salinity develops soon thereafter. As 

such, water logging and soil salinity have emerged as major problems in the irrigation commands 

affecting the agricultural productivity and sometimes becomes too severe such that it becomes 

imperative to take the land out from crop production. District-wise description of soil types is 

given below. 

Panipat District: The district has two types of soils - tropical arid brown and arid brown soils 

(solemnized) (Gupta, 2007). The arid brown soils are found in major parts of the district whereas 

tropical arid brown soils are found in north eastern part of the district especially in parts of 

Bapoli and Panipat blocks. The soil generally varies from sandy loam to loam with alkaline 

patches of variable pH. The area along the river Yamuna contains light soils and water table lies 

close to the surface. These soils are deep and grade varies from sandy loam near surface to clay 

loam in the sub-surface horizons. 

Sonipat District: Psammaquents and Haplaquepts soils are found in Yamuna Plains (Marwaha, 

2008).Haplaquept are non saline; alkalinity hazards are classified as Typic Custochrepts, but 

water logged soils with loam to clay loam texture showing the effect of glazing are classified as 

Aeric/TypicHaplaquepts. Areas as aeridic soil moisture have soils classified as camborthics and 

torropsamments. Parts of Kathura, Gohana, Mundlana and Kharkhoda blocks have problems of 

shallow water levels or water logged areas and soil and water salinity at shallow levels. Soil in 

the area was sandy loam having hydraulic conductivity of 0.8m/day.  

Rohtak District: The soils of the district are fine to medium textured. They are sandy loam in 

Rohtak, Sampla, and LakhanMajra blocks, whereas loamy sand with occasional clay loam in 

Kalanaur and Meham blocks. High potassium, medium phosphorus and low nitrogen occur in the 
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soils, which are classified as arid brown solemnized and sierozem (Khan, 2007a). The borehole 

data reveals that clay group of formations dominate over the sand group in the district area. 

Jhajjar District: The soils of the district are fine to medium textured, comprising of sand to 

sandy loam of yellowish and brown colour in north-eastern part covering Bahadurgarh and 

Jhajjar blocks(Khan, 2007). The soils contain massive beds of pale reddish brown coloured clay 

in the southern eastern parts of the area. The soils of the district are classified as arid brown 

solonized and sierozem (Khan, 2007b). The nitrogen contents are low. High potassium and 

medium phosphorus occur in the soils of the district, whereaspotassium and phosphorous 

contents are medium in Salahwas block.  

Rewari District: Due to arid climate, the soils are light coloured and due to excessive 

evaporation, soils are calcareous and have lime nodules in the subsurface horizon. Tropical arid 

brown soils (ustocheept, haplustarp and sales thids) exist in the eastern part of the district 

(Kumar 2007).Most of the soils are of medium texture; loamy sand is average textured in all 

blocks. Soils have moderate salinity hazards, high salinity and moderate alkalinity hazard in 

major part of the district. 

Gurgaon District: The soils are sand to loamy sand in plain areas, sandy loam to clay loam/silty 

clay loam in alluvial plains, loam sand to loam  and calcareous in salt affected plains, silty loam 

to loam in lowlands and loamy sand to loam and calcareous in hills (Kataria, 

2011).Taxonomically, these soils may be classified as TypicUstipsamments, TypicUstorthents, 

Typic/Udic/AquicUstochrepts, TypicHaplaquepts and skeletal/Lithic Ustorthents. 

Mewat District: Soils of the Mewat district are mostly salt affected.The soils are medium 

textured loamy sand and falls in low to medium category. The salinity in the district has lead to 

formation of two main soil units, viz. vertisol and salanchalks (Khan 2007c). The vertisol is silt-

clayey soil and its salt affected variety is called salanchalk. This variety (salt affected) has a 

widespread extension in the Nuh and Nagina blocks and can be recognized easily due to absence 

of vegetation in the affected areas. This soil is hard, poorly drained and has low permeability.  

Faridabad and Palwal Districts: Soils are classified as tropical and brown sails, existing in 

major parts of the district (Jyothi Kumar, 2007). The leveled surface, fertile alluvial soil and 

facilities for irrigation make the district best suited for intensive cultivation. 
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3.3.1 Soil Infiltration Test 

Infiltration is the process by which water on the ground surface enters the soil. Infiltration 

rate in soil science is a measure of the rate at which soil is able to absorb rainfall or irrigation. It 

is measured in inches per hour or millimeters per hour. The rate decreases as the soil becomes 

saturated. It is usually measured by the depth (in mm) of the water layer that can enter the soil in 

one hour. In dry soil, water infiltrates rapidly. This is called the initial infiltration rate. As more 

water replaces the air in the pores, the water from the soil surface infiltrates more slowly and 

eventually reaches a steady rate. This is called the basic infiltration rate. The infiltration rate 

depends on soil texture (the size of the soil particles) and soil structure (the arrangement of the 

soil particles) and is a useful way of categorizing soils from an irrigation point of view. The most 

common method to measure the infiltration rate is by a field test using a cylinder or ring 

infiltrometer. Table 5 shows the number of soil infiltration tests conducted in each district. 

Locations are shown in Fig. 9, and Annexure V lists the district-wise locations with their 

geographical coordinates.  

 

Table 5. Soil Infiltration tests carried out in the NCR of Haryana.  

No. District Area  

(sq. km) 

No. of Soil 

Infiltration Test 

1. Panipat 1268 60 

2. Sonipat 2122 92 

3. Rohtak 1745 67 

4. Jhajjar 1834 69 

5. Rewari 1594 76 

6. Gurgaon 1258 46 

7. Faridabad 741 29 

8. Palwal 1359 62 

9. Mewat 1507 67 

Total Haryana 13,428 568 

 

http://en.wikipedia.org/wiki/Soil
http://en.wikipedia.org/wiki/Soil_science
http://en.wikipedia.org/wiki/Rainfall
http://en.wikipedia.org/wiki/Irrigation
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Fig. 9. Locations of soil infiltration tests, and their results. 
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The norm adopted while classifying the soil infiltration rates is given in Table 6. The results 

of the soil infiltration tests conducted district-wise are given in Table 7. These results are 

diagramatically represented in Fig. 9. Annexure VI gives the results from the individual 

stations.  

Table 6. Classification of Infiltration Rates. 

 

Table 7. District-wise Soil Infiltration Rates. 

Sl. 

No. 

District No. of 

Infiltration 

Tests 

Initial Infiltration Rate 

(mm/hr) 

Final Infiltration Rate 

(mm/hr) 

   Range Average Range Average 

1 Panipat 60 30-660 177 3-72 18 

2 Sonipat 92 30-720 198 3-84 17 

3 Rohtak 66 12-660 107 3-150 17 

4 Jhajjar 70 60-2010 267 6-156 39 

5 Rewari 76 60-1110 325 6-278 67 

6 Gurgaon 46 30-630 306 6-163 45 

7 Faridabad 29 60-540 155 2-89 15 

8 Palwal 62 60-630 201 3-132 24 

9 Mewat 67 90-660 264 5-164 37 

 

The high values of infiltration rates in Jhajjar, Rewari, Gurgaon and Mewat district may 

possibly due to aeolian nature of soils on the surface. The observed low basic infiltration rates at 

Class 
Rate of Infiltration 

(mm/hour) 
Remarks 

Very Slow <2.5  
Soil in this group has very high percentage of clay.  

 

Low 2.5 – 12.5 

Most of these soils are shallow, high in clay and 

low in organic matter contents. 

 

Medium 
12.5 – 25.0 

 
Soils in this group are loams and silts. 

High >25 

These soils are deep sands, deep well aggregated 

silt loams and some tropical soils with porosity. 
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certain sites indicate poor percolation of excess water through sub-surface due to presence of 

hard pan and ultimately causing water logging and salinity in the area. Initial high infiltration at 

some sites may be because of the presence of sandy loams and cracks in the soils. The presence 

of clay and kankar in the soil profile reduces the infiltration rate. Clay particles in the soil may 

swell as they become wet and thereby reduce the size of the pores and reducing the infiltration 

rate. This explains why infiltration rates of sandy clay and loamy clay are lower than those of 

sandy loam soils. 

 

3.4 Hydrology and Drainage 

Haryana State is drained by the watersheds of two major river basins namely, the Ganga 

and the Indus. The Ganga River basin occupies the eastern part covering an area of about 30,000 

km
2
of which the NCR is a part. The Indus river basin is represented by the river Ghaggar and the 

Ganga River basin by the river Yamuna.  

The Yamuna is the only perennial river in the State with an annual discharge of 2950 m
3
/s. 

It forms the boundary between Haryana and U.P. for a length of 320 km. The Yamuna sub-basin 

covers parts of the districts of Panipat, Sonipat, Rohtak, Gurgoan and Faridabad in NCR.Apart 

from the river Yamuna, no other major river flows in the NCR (Haryana). A number of small 

lakes have also formed in the Gurgoan district, e.g., the NajafgarhJhil, the SarmathalaJhil, the 

KhalipurJhil, the ChandainiJhil and the KotlaJhil.  

There occurs an internal drainage basin in Haryana State covering the districts of 

Jind,Hissar,BhiwaniandMahendragarh in the western part of NCR and Jhajjar, Rewari, parts of 

RohtakandGurgoan districts of NCR. There are a number of natural drainages emerging out of 

this basin (Fig. 10). However, artificial drains have been constructed to drain the excessive rain 

water to the main rivers and there is a good network of these artificial drains in the State (Fig. 

10). The important drains in NCR are Main drain No.2, Drain No. 8, Diversion drain No. 8 and 

Gaunchi drain. 

 Haryana is served by a dense network of gravity and lift canal systems (Table 8), the 

cumulative length of which is about 12,980 km which includes 2,405 km of main canals and 

branches, and 10,575 km of distributaries (Sharma 2015). Much of this canal network falls in the 

NCR (Fig. 10). There are four irrigation systems in the State namely Bhakra Canal, Ghaggar 

Canal, Agra Canal, and Western Yamuna Canal. The Bhakra and Western Yamuna Canal  
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Fig. 10. Drainage network in the NCR, Haryana.. 



26 
 

systems are interlinked and it is difficult to separate their command areas. All the districts 

exceptGurgoan and Faridabad fall under their Commands. 

 

 Table 8. Details of the main canal system in Haryana State (after Sharma 2015). 

Sl. No. Canal/River Length (km) Capacity of 

Canal (cumecs) 

Type 

1. Western Yamuna 5680 448 Gravity 

2. Bhakra and Ghaggar 4850 213 Gravity 

3. Agra/Gurgoan 476 55 Gravity 

4. Siwani 705 12 Lift 

5. Jui 225 9.5 Lift 

6. Loharu 694 39.4 Lift 

7. Jawahar Lal 205 90.6 Lift 

8. Nehru Naggal 49 0.38 Lift 

 

The districts of Faridabad and Gurgoan fall under Agra Canal Command. The topography 

of the State is such that district of Bhiwani,Mahendragarh in the western part of NCR, and 

Rewari and parts of Rohtak in NCR cannot be brought under gravity canal Command. To 

overcome this difficulty, a lift canal system with a total length of 1665 km has developed.  
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4 HYDROGEOLOGICAL FRAMEWORK 

 

4.1 Geology 

The geology of the NCR in Haryana State is mainly dominated by the Post-Siwalik 

Quaternary alluvium and aeolian sediments with occasional occurrences of lacustrine lenses, 

which unconformably overlie the Proterozoic and Tertiary rocks in the southern districts (Fig. 

11, Table 9). The geological formations belonging to the period between Proterozoic 

(Precambrian) (represented by the Delhi Super Group) and Tertiary (represented by the Siwalik 

Super Group) are not present in the State. Major geological features important from 

hydrogeological perspectives are described below. 

Table 9. Generalized Stratigraphy of Haryana State (after GSI, 2012). 

Age Super Group Group/Formation Lithology 

Quaternary  

Older and Newer 

Alluvium and Aeolian 

Deposits 

Grey and brown sand, silt, silt- 

clay, clay with calcrete, limestone 

and gypsum. 

Tertiary 
Siwalik 

Super Group 

Upper Siwalik 

Boulder conglomerate, 

sandstones, clay/ mudstone and 

pebble beds. 

Middle Siwalik 
Sandstone with variegated 

clay/mudstone. 

Lower Siwalik Sandstone, mudstone/ shale 

Subathu 
Fine-grained sandstone, clay and 

limestone. 

Pre-Tertiary 

(?) 
 

Tundapathar ‘Series’ 

(Lower  

Palaeozoic 

Unconformity) 

Stromalitic limestone, Tosham 

rhyolite, granite (Erinpura), 

migmatite, ultramafic and 

pegmatite. 

Proterozoic 
Delhi Super 

Group 

Ajabgarh Group 

(Divided into 5 

Formations) 

Quartzite and basic flows, mica-

schist, carbonaceous phyllites and 

slates, calc-schist, dolomite, 

marble, calc-silicate, amphibolite, 

hornblende-schist, phyllite. 

Alwar Group 

Quartzite, conglomerate, 

amphibolite, mica-schist and 

arkosic quartzite. 
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Fig. 11. Geology of NCR in Haryana State. 
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4.1.1 Post-Siwalik Quaternary Alluvium 

The Post-Siwalik Quaternary overburden mainly comprises alluvial sediments, which 

include brownish silt-clay, clay and grey micaceous sand calcretised at several levels. In the 

piedmont zone south of the Siwalik Hill Ranges (north of the NCR), the sediments are more 

rudaceous with lenses of gravel and boulders within the sand. The gravel disappears gradually 

towards the south (NCR) and the sediments tend to become finer in the Central Alluvial Plain in 

the NCR. Mud, brown sand and silt become common, which are underlain by grey sand with 

layers and lenses of gravels. 

A pre-Quaternary topography exists in a northerly dipping basin along the Delhi-Hissar-

Sirsa axis with a NW-SE trending ridge occurring at about 200-250 m below the ground. The 

Quaternary deposits form a wedge like fill, where thickness increases from south to north. Its 

overburden is around 200m thick along Delhi-Hissar-Sirsa axis and increases to a depth of a 

few kilometres further north near the Siwalik Hills.The Quaternary overburden has been 

classified into Older Alluvium and Newer Alluvium.  

The Older Alluvium (or the Bhangars) corresponds to the Pleistocene Age and generally 

occupies the higher ground which is too elevated to be flooded by the present rivers such as the 

Yamuna. At places, calcareous concentrations (kankar) and saline and alkaline efflorescence 

(known as Reh of Kellar) have formed. During the rains, salts are dissolved and leached towards 

the deeper horizons, but in the dry period the extensive evaporation exerts capillary pull on the 

solution in the pore spaces of the soil, which on evaporation at the surface leaves crystallized 

salts as white encrustation on the ground. These salts are a mixture of the carbonates, sulfates 

and chlorides of sodium, calcium and magnesium, which might have been originally, derived 

from the chemical decomposition of the detritus of the mountains. The Bhangar usually ends in 

broken chain of sand dunes and clifts. The origin of clifts and the Bhangar uplands, can be partly 

due to the tectonic uplift which affected the whole of the Indo-Yamuna divide during the 

Pleistocene and partly due to the steep cutting by the rivers consequent upon the climate changes 

at the end of Pleistocene period. 

The Younger Alluvium (or the Khadars) occupies the lower levels near the river channels 

and is liable to flooding almost annually. It is light coloured and mainly composed of sand, silt, 

mud and clay corresponding in age to the recent times. It has less kankar and Reh formation in it, 

due to a continuous leaching process and seepage of water from the river beds. With age, the 
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rivers have been cutting their beds lower, so that the deposits of younger age are found at a lower 

level than the earlier ones. The Khadars drive a part of their material from the Bhangar upland 

due to the erosion of the latter. A few meter thick succession of grey micaceous sand occurs at 

terraces and channel bars along the Yamuna River within its palaeo-banks in the low lands. 

These are mainly Holocene deposits and grey micaceous sand and silt referred to as the Terrace 

Alluvium. 

Towards the southern part of the NCR, wind-blown sand deposits are found far and wide 

over the alluvial plains. In places they have formed into dunes of varying heights and magnitude. 

They are more numerous in the south-western tract and also along the margin of the Bhangar 

uplands in the central valley. Their origin owes to the deposition of the sand, blown over 

considerable distances by the dust storms, against the obstructions provided by bushy vegetation 

and other things. The subsequent growth of vegetation roots or uprising of sun-soil water table 

into the loose and absorbent sandy material has bound them together and made stationary. 

Locally, the area around Rohtak is dominated by the fine muddy sediments, and in 

Gurgaon district the sediments are semi consolidated clay and silt with minor sand. The 

sediments are around 90m thick in southern part (around Raoli in Mewat District), around 220m 

thick surrounding Rithora (Mewat District) and more than 260m thick around Gurgaon. The clay 

forms between 90% and 95% of gross lithology in Firozpur – Jhirka, Nuh and Nagina areas of 

Mewat District. The rest occurs in the form of sand lenses. In Sohna area, the silt-clay is between 

70% and 75% and decreases further northwards. Around Tauro in Mewat district and Pataudi in 

Gurgaon district, clay varies from 60% to 70%. It is calcareous and show calcretisation of 

different stages from fine nodular dissemination to lensoidal and even bedded form. At some 

places, at the bottom of the alluvial sequence, grey, red and greenish clay with occasional 

gypsum crystals occur around Bhadas and Morena areas of Mewat district. Kankar occurs as fine 

nodules and lenses of few meters thickness in sand at various horizons from the bottom to top of 

the column. These are usually of siliceous nature. 

 

4.1.2 Proterozoic Delhi Super Group 

The Proterozoic rocks are represented by the Delhi Super Group, which are the north-

eastern continuation of rocks of the Alwar and Khetri basins of the north-eastern Rajasthan. 

They occur as isolated hills, parallel ridges, inselbergs and discontinuous ridges, viz. the 
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Aravalli Hill Ranges in Gurgaon, Faridabad and other southern districts. The lithology of the 

Delhi Super Group comprises schists, quartzite and marble of Proterozoic age with associated 

basic flows, tuffs, acid and basic intrusives. The Alwar Group rocks were deposited near low 

water line in an intertidal environment in basin. Imprints of ripple marks with round to sharp 

crest and shallow troughs and bifurcations and mud cracks indicate subaerial or quasi-subareal 

depositional environment. The rocks of Ajabgarh Group are inferred to have been deposited in 

lagoonal environment and barred basin conditions with penecontemporaneous deformations and 

volcanic activity as indicated by the presence of accretionry lapilli / pallets and concretionary 

bodies. Granite occurs as inselbergs and isolated hillocks aligned in NE-SW directions further 

west of Rewari district. Other intrusives such as pegmatites, aplites, calcite veins etc. are too 

common in these rocks. In Gurgaon-Nuh region, the area between Firozpur Jhirka-Sohna and 

Mandkola ridge, the bedrock below the alluvium is quartzite and limestone. 

 
 

4.2 Ground Water Exploration 

The ground water exploration in the State of Haryana was initiated in the year 1958 by the 

then Exploratory Tubewell Organization (ETO) and after 1972 by the Central Ground Water 

Board. The exploratory drillings are taken up to explore the sub-surface geology and to establish 

the presence of aquifer/granular zones, their thickness, aquifer parameters and chemical quality 

of formation water. The district-wise number of exploratory wells (EW), Piezometers (Pz) and 

Slim Holes (SH) drilled by CGWB from 1957-2014 (CGWB, 2005, updated) and WAPCOS 

during the NCR Project period (2013-14) is listed in a tabular form below (Table 10) and shown 

in Figs. 12. Fig. 13a shows the EWs drilled by CGWB only, while Fig. 13b shows those of  

WAPCOS . Out of the total 254 wells drilled in the NCR, Haryana, 69 wells, which include 51 

EWs and 18 SHs, were drilled by WAPCOS in the aquifer mapping programme during 2013-

2014 (Table 10).  The rest were drilled by CGWB. The depth-wise WAPCOS wells are shown in 

Fig.  14.  All the CGWB and WAPCOS wells have been tabulated depth-wise in Annexure 

VII.Fig. 15 shows the depths explored in various parts of NCR during exploration work since 

1958. EWs beyond 400 m depths were drilled in the eastern parts of Panipat and Sonipat 

districts. Maximum depth explored is 476.56 m at Pathargarh (Kundla) in Panipat district. In 

most of Rohtak and Jhajjar districts, the explored depth is in the order of 250-300 m. Delhi-

Rohtak-Sirsa ridge restricts the EW depths in the central part of NCR, especially in Jhajjar 
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district. Further south, the depth of exploration is restricted by the Precambrian formations. EWs 

are in the order of 100-150 m or even less than that due to basement rocks in the southern parts 

encompassing Rewari, Gurgaon and Mewat districts. On the basis of the depth-wise lithological 

variations in the EWs, four aquifer groups have been identified, which have been discussed in 

detailed in Chapter 6.     

 

Table 10. District-wise number of exploratory wells (EW) drilled by CGWB and WAPCOS 

in NCR of Haryana State. 

S. NO. DISTRICT CGWB WAPCOS  

(NCR PROJECT) 

TOTAL 

EW SH PZ TOTAL EW SH PZ TOTAL EW SH PZ TOTAL 

1 Panipat 7 1 13 21 12 0 0 12 19 1 13 33 

2 Sonipat 14 2 16 32 7 3 0 10 21 5 16 42 

3 Rohtak 6 0 0 6 0 5 0 5 6 5 0 11 

4 Jhajjar 7 0 2 9 3 2 0 5 10 2 2 14 

5 Rewari 12 0 3 15 6 2 0 8 18 2 3 23 

6 Gurgaon 27 0 11 38 5 1 0 6 32 1 11 44 

7 Faridabad 12 0 12 24 9 1 0 10 21 1 12 34 

8 Palwal 19 1 10 30 5 2  7 24 3 10 37 

9 Mewat 9 0 1 10 4 2 0 6 13 2 1 16 

 NCR 
113 4 68 185 51 18 0 69 164 22 68 254 
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Fig. 12. Exploratory wells drilled by CGWB and WAPCOS in NCR, Haryana. 
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Fig. 13a. Locations of exploratory wells, piezometers and slim holes drilled by CGWB till 

date in NCR, Haryana. 
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Fig. 13b. Locations of exploratory wells and slim holes drilled by WAPCOS in NCR 

Aquifer Mapping Project during 2013-14. 
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Fig.14. Exploratory wells drilled by WAPCOS in NCR, Haryana giving different depths. 
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Fig. 15. Depth explored in NCR, Haryana for ground water exploration since 1958. 
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4.3 Geophysical Investigations 

The principal aquifers in the NCR part of Haryana State were mapped through geophysical 

investigations using surface and borehole methods.  The geophysical methods and techniques 

adopted were as under: 

 

(i) Surface Geophysical Method 

 Vertical Electrical Sounding (VES) technique 

 2D Electrical Resistivity Imaging (ERI) technique 

(ii) Sub-Surface Geophysical (Borehole Logging ) Method 

 Self Potential (SP) and Electrical Resistivity  

 Natural Gamma Radioactivity 

 Caliper 

 

A total of 296 VES, 69.6 line-km ERI and 69 borehole logging were conducted in the 

region. District wise break-up of geophysical activities is given Table 11. Their locations are 

shown in Fig. 16.  Details are in Annexure VIII.  In addition to the data generation, attempt was 

also made for processing, interpretation and hydrogeological transformation of the data and 

preparing aquifer maps and related utility maps. In this endeavour the data generated by 

WAPCOS and the existing secondary data obtained by CGWB were utilized wherever required. 

Chapter 6 gives the detailed interpretation.   

Table 11.District-wise break-up geophysical work in NCR, Haryana under the Project. 

District VES Geophysical Logging 

of boreholes 

Resistivity Imaging 

(line-km) 

Mewat 28 5 8.4 

Palwal 30 7 14.4 

Rewari 41 8 13.2 

Gurgaon 21 6 9.6 

Faridabad 15 10 2.4 

Jhajjar 41 5 - 

Rohtak 42 5 - 

Sonipat 46 11 4.8 

Panipat 32 12 16.8 

Total  296 69 69. 6 
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Fig. 16.Map showing locations of Vertical Electrical Soundings (VES), Electrical Resistivity 

Imaging (ERI) and Geophysical Logging of boreholes (BHGP) in NCR, Haryana. 
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4.4 Ground Water Dynamics 

Groundwater monitoring is essential to know the behaviour of aquifers to natural and 

anthropogenic interventions. Since the groundwater resource is a common pool resource, there 

are many stakeholders with varying water demands. Therefore, it is pertinent that prior to taking 

any development and management plan in an area, due consideration is given to the behaviour of 

the water levels and its quality. Ground water levels in selected monitoring stations are measured 

four times in a water year, i.e., May (premonsoon), August (during monsoon), November 

(postmonsoon) and January (winter) by CGWB across the country. In NCR, Haryana there are in 

all 84 dugwells and 109 piezometers established by CGWB as monitoring stations (Table 12). 

Their locations are shown in Fig. 17 and listed in Annexure IX. 

Table 12. Ground water monitoring stations of CGWB in NCR, Haryana. 

Sl. 

No. 

Districts Dugwells Piezometers Total 

1 Faridabad 0 11 11 

2 Gurgaon 0 23 23 

3 Jhajjar 16 6 22 

4 Mewat 13 6 19 

5 Palwal 09 13 22 

6 Panipat 04 20 24 

7 Rewari 09 5 14 

8 Rohtak 12 4 16 

9 Sonipat 21 21 42 

 TOTAL 84 109 193 

 Fig. 18 shows the premonsoon ground water levels during the water year 2014. During 

May 2014 (premonsoon), depth to ground water levels in the order of 0-2 m vary in patches, i.e., 

western parts of Sonipat and major portions of Rohtak and Jhajjar districts. Such a shallow 

ground water level in premonsoon period indicates near water logging conditions in these areas. 

Ground water levels of 2-5 parts are seen in most parts, such as in the  western  parts of Panipat 

and  Sonipat districts, most of Rohtak and Jhajjar districts, central part of Mewat district and  

southern  part of Palwal district. Eastern parts of Panipat and Sonipat districts show deeper water 

levels in the order of 20-30 m and even more than 30 m indicating a ground water trough. South 

of Jhajjar the ground water levels start getting deeper and much of Gurgaon and Faridabad 

districts including the cities themselves show deeper water levels of >30 m.   
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Fig.17. Locations of ground water observation wells in NCR, Haryana. 
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Fig. 18. Premonsoon (May 2014) depth to water levels in NCR, Haryana. 
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West of  Rewari and  around the  city of  Faridabbad, the  water levels  have gone  more  than 40 

m deep.  

Fig.19 depicts the postmonsoon ground water levels during November 2014. The striking 

feature is that the spread of 0-2 m has decreased and the spread of 5-10 m has   marginally 

increased compared to that of the premonsoon (May 2014) period. Two distinct troughs  are seen 

in the eastern parts of Panipat  and Sonipat districts. Small troughs too  occur  in  the  central part 

of Sonipat  district. South  of  Jhajjar  district,  although  the spread 10-20 m has increased and 

that of 20-30 m  has  decreased, most parts of Gurgaon district in Pataudi-Taoru-Sohna-Gurgaon 

tract and northern part of Faridabad district still show deeper water levels of 30-40 m and more 

than 40 m as also seen during the premonsoon period. In the southern part of Mewat district too 

the water levels have almost remained unchanged during the postmonsoon period. Faridabad city 

and west of Rewari still show deeper water levels of >40 m. Postmonsoon season should 

generally show shallower water levels compared to the premosoon season, but farmers tend to 

abstract ground water even during the monsoon season and immediately at the end of it due to 

rice and other cash crops cultivation causing the postmonsoon water level to go deeper than that 

of the premonsoon (Fig.  20).     

When premonsoon ground water levels of May 2014 are compared with that of the decadal 

mean (i.e., average of the premonsoon water levels of the past 10 years, viz., from May 2004 to 

May 2013), a general decline is observed in the eastern parts of Panipat and Sonipat districts and 

almost the whole of Gurgaon and Faridabad districts, northern part of Palwal district and 

southern part of Mewat district (Fig. 21). The decline is in the order of >4 m in parts of these 

districts. Eastern parts of Panipat and Sonipat districts contain fresh ground water in their 

aquifers, while in Gurgaon-Faridabad areas, fresh water is available at shallower levels only, i.e., 

up to a depth of 60-70 m. Ground water in these areas is under severe stress, and is overexploited 

in several magnitudes compared to other areas where there are limited exploitations due to 

brackishness/salinity problems.  

Fig. 22 shows similar declining scenario when postmonsoon (November 2014) ground 

water levels are compared with their decadal mean, i.e. from November 2004 to November 2013, 

except that the areal extents of the declines in all categories, i.e., 0-2 m, 2-4 m or >4 m  are far 

more than those of the premonsoon declines. In fact, the areas which showed 0-2 m rise in  



44 
 

Fig. 19. Postmonsoon (November 2014) depth to water levels in NCR, Haryana. 



45 
 

Fig. 20. Seasonal fluctuations of ground water levels between premonsoon (May 2014) and 

postmonsoon (November 2014) periods in NCR, Haryana. 
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Fig.21. Fluctuations of ground water levels between May 2014 and the decadal mean (May 

2004-2013) in NCR, Haryana.  
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Fig.22. Fluctuations of ground water levels between November 2014 and the decadal 

mean (November 2004-2013) in NCR, Haryana.  
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premonsoon (May 2014) period show declines of 0-2 m. Such extensive declines in 

postmonsoonal period compared to their decadal mean may possibly be related to abstraction of 

ground water immediately before and after monsoon due to rice and other cash crops cultivation, 

which has progressively increased in recent years.   

 
4.4.1 Hydrograph Analysis 

Analysis of the hydrographs of the monitoring stations show a declining  trend on the  

eastern parts of  Panipat and Sonipat districts due to over-exploitation of  the  ground  water 

resources. Declining trends are also observed in the Rewari-Gurgaon- Faridabad tracts for the 

same reason. Trends are gently declining in the western parts of Panipat and Sonipat districts due 

to limited extraction of ground water resources. Rising trends are found in most parts of the 

Rohtak and Jhajjar districts where ground water has limited use due to salinity problems. Some 

of the selected hydrographs are shown in Fig. 23. 

 

Fig. 23.Selected hydrograph stations in the NCR, Haryana. 

 

 

 

 

 

 

 

 

 

 

 



49 
 

 

 

 

 



50 
 

 

 
 

 

 

 
 

 



51 
 

 

 

 
 

 

 
 

 



52 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 
 

 
 

 
 

 

 

 

 



55 
 

 

 

 
 

 
 

 

 



56 
 

 

 
 

 

 

 
 

 



57 
 

 

 
 

 

 
4.4.2 Aquifer Parameter Estimation and Ground Water Flow 

4.4.2.1 Aquifer Parameters 

The aquifer parameters, such as Transmissivity (T), Storage Co-efficient (S), Hydraulic 

Conductivity of the Aquifers Z and the Sustainable Yield (SY) at a particular site were tested. 

Their average values in alluvial aquifers are summarised in Tables 13. Chapter 6 gives the 

details of the wells where these aquifer parameters were tested. These tested wells include those 

of CGWB and WAPCOS, as listed in Table 10 in the section on Ground Water Exploration. The 

table also include the values obtained during the Upper Yamuna Project (1977-1982) in which 

Hydrogeological investigations were carried out in the Upper Yamuna Basin of which NCR, 

Haryana is a part.  
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Table 13. Range of aquifer parameters in the NCR, Haryana in alluvial aquifers. 

 

Aquifer Parameter Upper Yamuna Project 

(1977-1982) 

NCR Project  

(2013-2014) 

Transmissivity (T) (m
2
/day) 345 to 5210 47  to 2340 

Coefficient of Storage (S) / 

Specific Yield (Sy) 

6.60 x 10
-4

 to 2.40 x 10
-2 

 7.74 x 10
-6

 to 2.63 x 10
-2

 

Conductivity (K) (m/day) 3.50 to 47.10 0.9 to 14.00 

 

In the Upper Yamuna Project, studies were confined to alluvial aquifers only, while in the 

current NCR Project, studies were carried out also in the Precambrian hard rocks from which 

also ground water is drawn in the southern districts, such as Rewari, Gurgaon, Faridabad, Palwal 

and Mewat. Table14 summaries the aquifer parameters of the hard rock aquifers of these 

districts. 

Table 14. Range of aquifer parameters in the NCR, Haryana in hard rock aquifers. 

Aquifer Parameter NCR Project  

(2013-2014) 

Transmissivity (T) (m
2
/day) 0.478 to 1060 

Coefficient of Storage (S) / 

Specific Yield (Sy)  

1.50 x 10
-3

 to 5.10 x 10
-2

 

 

Four aquifer groups have been identified in the NCR, but the lower values of the T and 

lower values of the S, which is in fact Sy, are represented by the first aquifer group, which is the 

most extensive throughout the region, and is the most important group from water supply 

perspective. The lower values of T and K are due to clayey and silty horozons in alluvial aquifers 

and poor fracturing and weathering in the hard rocks aquifers.  

 

4.4.2.2 Ground Water Flow 

Attempt was made to prepare ground a water table (elevation) map, as shown in Fig. 24. 

Flow directions in the eastern parts of Panipat and Sonipat districts show that ground water flows 

towards the Yamuna River in the east, but in fact, field observations give a different picture, i.e. 

the river Yamuna contributing to the aquifers adjoining it. These observations , however, have 

not been reflected in the figure due to lack of enough control points to measure the ground water 

levels adjoining the Yamuna River. In the central part of the NCR in Rohtak-Jhajjar tract, ground 

water flow is sluggish. In the Mewat-Gurgaon tract, ground water movement is from west to the 
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east, crosses the ridge area and flow towards Palwal. In the south-eastern part north of Faridabad 

district, there occurs a trough showing the Yamuna River water contributing to the aquifer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 24. Ground water flow in NCR, Haryana. 
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5 GROUND WATER QUALITY 

 

Chemistry  of ground water is generally interlinked with geology and hydrogeology of 

an area, physico-chemical characteristics of soils and rocks through which the water 

percolates, nature of plant cover, extent of pollution and various local and regional factors. 

Apart from these sources, unlined canals and distributaries also affect ground water quality. 

These factors may lead to improvement in ground water quality at some places due to 

seepage from surface water or may lead to deterioration in groundwater quality due to 

accumulation of salts. 

 Three types of ground water samplings have been carried out in the NCR, Haryana: 

(i) Sampling  from exploratory wells during drilling operations, 

(ii) Sampling from the ground water monitoring  stations of CGWB, and 

(iii)Random sampling during the current NCR Project.  

The number of samples collected during this NCR Project alone is presented in Table 

15. The standard methods (APHA, 20
th

Edition) were adopted for each parametric analysis of 

ground water samples. The results obtained from laboratory analyses were compared with the 

standards prescribed by the Bureau of Indian Standards (BIS) (Tables 16, 17 and 18) to 

ascertain their usability. 

  

Table 15. Ground water samples collected during the NCR Project in 2013-2014. 

District No. of Water 

Samples for Major 

Anions, Cations and 

Heavy Metals 

No. of Water 

Samples for 

Bacteriological 

contamination 

No.of Water 

Samples for 

Pesticides 

No. of Water 

Samples from 

Primary Deep 

Wells by 

WAPCOS 

District 

wise 

Total 

Water 

Samples 

Panipat 103 13 5 10 131 

Sonipat 151 20 6 5 182 

Rohtak 105 17 5  127 

Jhajjar 114 10 4  128 

Rewari 108 12 6 2 128 

Gurgaon 95 10 6 3 114 

Faridabad 53 10 4 5 72 

Mewat 98 15 6 4 123 

Palwal 100 14 6 3 123 

TOTAL 927 121 48 32 1128 
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Table 16. Drinking Water Specification as per BIS (10 500:2012). 
S. No. Characteristic 

 
Requirement 

(Acceptable 

Limit) 

Permissible Limit 

in Absence of 

Alternate Source 

Remarks 

General ParametersandMajorIons(mg/l) 

i) pH value 6.5-8.5 No relaxation -

- ii) 
EC(µScm

-1
) 

--- --- Not noted 

inIS iii) Total dissolved solids, 

mg/l, Max. 

500 2000 -

- 

iv) Turbidity(NTU) 1 5 -

- v) Total Hardness (as 

CaCO3) mg/l, Max. 

200 600 -

-

- 
vi) Alkalinity(as CaCO3) 

mg/l, Max. 

200 600 -

- 

vii) Fluoride (as F) mg/l, 

Max. 

1.0 1.5 -

-

- 
viii) Chloride (as Cl), mg/l, 

Max 

200 1000 -

- 
x) Carbonate, mg/l --- --- Not noted 

inIS  Sulphate (as SO4)mg/l, 

Max 

200 400 Maybe extended to 400 

providedthat Magnesium 

does not exceed 30 
xi) Nitrate (as NO3), mg/l, 

Max 

45 No relaxation -

- xii) Calcium (as Ca), mg/l, 

Max 

75 200 -

- 
xiii) Magnesium (as Mg), 

mg/l, Max 

30 100 -

- 

xiv) 
Sodium Na

+
 

-- -- Not noted 

inIS xv) 
Potassium K

+
 

-- -- Not noted 

inIS  xvi) Iron (as Fe), mg/l, Max 0.3 No relaxation Total concentration 

ofmanganese(as 

Mn) an ion as Fe)shall 

not exceed0.3 mg/l 
xvii) Manganese(as Mn),mg/l, 

Max 

0.1 0.3 -

- xviii) Zinc(as Zn), mg/l, Max 5.0 15.0 -

-

- 
xix) Lead (as  Pb), mg/l, 

Max 

0.01 No relaxation -

-

-

- 
xx) Copper (as Cu), mg/l, 

Max 

0.05 1.5 -

-

-

- 

xxi) Total chromium (as 

Cr), mg/l, Max 

0.05 No relaxation -

-

-

- 
xxii) Nickel (as Ni), mg/l, 

Max 

0.05 No relaxation -

-

-

- 
xxiii) Total Arsenic(as As), 

mg/l, Max 

0.01 0.05 -

-

- 
xxiv) Selenium (as Se), mg/l, 

Max 

0.01 No relaxation -

-

- xxv) Cobalt (as Co), mg/l -- -- Not noted 

xxvi) Cadmium (as Cd), 

mg/l, Max 

0.003 No relaxation -

-

- 
xxvii) Aluminium (as Al), 

mg/l, Max 

0.03 0.2 -

-

- 
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Table 17. Prescribed limits for irrigation water quality (BIS: 10500, 1991) (partial list). 

Parameters Range Category Probable effects 

Salinity / EC in 

µmho/cm at 25
o
C 

<1500 Sensitive crops Plant growth is retarded 

with stunted fruits leaves 

and stem in high salinity. 
1500 – 3000 Semi-tolerant 

crops 

>3000 Tolerant crops 

Sodicity / Sodium 

Absorption Ratio 

(SAR) 

<10 Excellent Causes defloculation of soil, 

restricting free movement of 

water. 
10 – 18 Good 

18 – 26 Medium 

>26 Bad 

Residual Sodium 

Carbonate (RSC) 

(meq/l) 

<1.25 Excellent Result in increase of sodium 

causing adverse effect. 1.25 – 2.5 Good 

>2.5 Bad 

Sodium (Na) % No guideline  Increase in total salinity has 

adverse effect on sodium 

sensitive species; effects sol 

structure and permeability. 

 

 

 

Table 18. Permissible limits (in ppb) for Pesticides as per BIS (10 500:2012). 

Pesticides  Permissible Limit (IS:10500, 2012)  

(ppb)  

α-HCH  0.01  

β-HCH  0.04  

δ-HCH  0.04  

γ-HCH (Lindan)  2.0  

Methyl Parathion  0.30  

Malathion  190  

Chlorpyriphos  30  

Dieldrin  0.03  

p,p-DDE  -  

o,p-DDE  -  

o,p-DDD  -  

o,p-DDT  -  

p,p-DDD  -  

p,p-DDT  -  

Total DDT  1.0  

α-Endosulfan  -  

β- Endosulfan  -  

Total Endosulfan  0.40 
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5.1 Ground Water Sampling from Exploratory Wells (EW) 

 

CGWB have been drilling in NCR, Haryana since 1957 - as Exploratory Tubewell 

Organization (ETO) until 1972. But, the results of the limited sampling carried out during the 

drilling operations may not truly represent the ground water quality, except that of salinity, 

prevalent at present. Therefore, analytical results from the recent sampling by WAPCOS 

from their exploratory wells and slim holes as tabulated before (Table 10) and shown again 

in Annexure X (A) for clarity have been used in the present study. The results are described 

district-wise briefly below. Analytical results of individual locations are given in Annexure 

X (B).  

District Panipat  

 Twelve Exploratory wells were drilled in Panipat district during 2013 wherein water 

samples were collected following the standard sampling procedure as per APHA (1998). Data 

available reveals that four aquifer systems (discussed in Chapter 6) exist in Panipat district. 

The perusal of depth-wise chemical data as tabulated in Annexure X (B) indicates that the 

ground water samples of the 1
st
 aquifer system are fit for human consumption as all the 

parameters determined are within  BIS permissible limits for drinking water. Similarly, well 

waters from 2
nd

 aquifer system have all the parameters well within BIS permissible limits for 

drinking water. The pH values of samples collected from 3
rd

 aquifer system of the district 

range upto 9.0making the water highly alkaline. The water is suitable for drinking purposes 

with respect to other parameters such as EC, TDS, F and NO3 which are within the BIS 

desirable limits of drinking water. Similarly, the pH values of samples collected from the 4
th

 

aquifer system of the district range upto 9.01 making the water highly alkaline.  

 Salinity, SAR (Sodium Absorption Ratio) and RSC (Residual Sodium Carbonate) values 

ascertain suitability of water for irrigation purposes (Table 17). The overall salinity at all 

depths is within permissible guideline of 3000 µmhos/cm. The alkalinity hazard ratios 

computed indicate that SAR values in 1
st
aquifer zone are below 10 and RSC is below 1.25 

meq/l making the water suitable for irrigation purposes. The water of 2
nd

 aquifer has the 

calculated SAR of 13.61 and RSC of 4.17 meq/l.  This water is suitable for irrigation 

purposes on well-drained soil or after blending with water of low RSC. Though the waters of 

3
rd

 and 4
th

 aquifers have low salinity and medium SAR values with respect to irrigation, it is 

unsuitable for irrigation purposes due to high RSC values that vary from 3.21 to 4.2  meq/l. 

It is observed that there is a decrease in EC,TDS, SO4,Ca Mg, Na and K 

concentrations as depth increases with exception at Mahayudinpur Thirana (3
rd

 aquifer) 
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wherein the sulphate concentration is also found to be high (739 mg/l).  Nitrate 

concentrations in all aquifers, in general, are low while no particular trend of fluoride is 

observed aquifer-wise. There is an increase in SAR and RSC values with depth.  

District Sonipat 

 The perusal of depth wise chemical data as tabulated in Annexure X (B) indicates 

that many of the ground water samples of the 1
st
 aquifer system have pH higher than BIS 

permissible limit for drinking water (6.5-8.5) and varies from 7.96 to 8.86. The water has low 

salinity with highest EC value of 636µmhos/cm. All the parameters determined are within 

the BIS permissible limits for drinking water. Well waters from 4
th

 aquifer system have the 

parameters within the BIS permissible limits of drinking water with exception of pH and F 

which vary upto 8.8 and 1.62 mg/l respectively. 

 A wide variation in the computed alkalinity hazard ratios have been observed in the 1
st
 

aquifer zone with SAR values ranging between 0.36 to 13.31. Similarly, RSC values range 

from 0.93 to 3.31 meq/l. Water only from Bakarpur is suitable for irrigation purposes with 

respect to SAR and RSC. The water from other locations can be used on well drained soils or 

after blending with better quality water before use for agriculture. Though the water of the 4
th

 

aquifer has low salinity and medium SAR values with respect to irrigation, it has limited 

suitability for irrigation purposes due to high RSC values that vary from 2.86 to 3.26 meq/l. 

It is observed that the water quality of 1
st
 and 4

th
 aquifer is similar with exception of 

Fluoride which is higher and also beyond the BIS permissible limit in the 4
th

 aquifer. In 

general, there is not much variation in salinity, SAR and RSC values with depth with 

exception in the sample of the 1
st
 aquifer at Bakarpur where the values are low and water is 

suitable for irrigation. 

District Mewat 

 The perusal of the two exploratory wells for which chemical data are available  

indicates that water is  not suitable for drinking purposes as parameters such as EC, TDS, 

SO4, fluoride, calcium and magnesium are much above the permissible limits of BIS drinking 

water standards. The Salinity, SAR and RSC values are within irrigation water guidelines 

making the water suitable for agricultural use. 

District Gurgaon 

 The district also has hardrock aquifers.  Therefore, the water samples do not represent 

a particular aquifer zone. The perusal of the chemical data indicates that water is suitable for 

drinking as well as irrigation purposes as all the determined parameters are within range of 

drinking and irrigation guidelines. 
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District Faridabad 

 The perusal of the chemical data indicates that water is suitable for drinking purposes 

as all the determined parameters, with exception of nitrate (51, 78 mg/l) at two locations are 

within range of BIS drinking water standards. The Salinity, SAR and RSC values are within 

the irrigation water guidelines making the water suitable for agricultural use. 

District Palwal: 

 The perusal of the chemical data indicates that all parameters of the sample 

representing EW at Deeghot are within the drinking water limits of BIS with exception of 

fluoride (3.25 mg/l). The samples of Mandkola and Bagholla indicate that the water is 

unsuitable for drinking purposes due to presence of high salinity, TDS, chloride, sulphate, 

nitrate, calcium and magnesium with concentrations of these parameters much above the 

permissible limits of BIS drinking water standards. High RSC value (10.58 meq/l) of the 

sample of Deeghot makes the water unsuitable for agricultural use. 

District Rewari 

 Chemical data of the two exploratory wells (other four were abandoned) indicate that 

water of EW at Chimna was is not suitable for drinking purposes since parameters such as 

EC, TDS, chloride, calcium and magnesium are much above the permissible limit of BIS 

drinking water standards. Nitrate is high in both the samples, which is indicative of 

anthropogenic source. SAR and RSC values are within the irrigation water guidelines making 

the water suitable for agricultural use. 

 

5.2 Sampling from the Ground Water Observation Wells of CGWB. 

About a hundred ground water samples were collected in May 2013 by CGWB 

during pre-monsoon monitoring of the observation wells (Fig. 17). Their analytical results 

are given in Annexure X (C). The parameters which exceed the desirable limit of the 

drinking and standards as per BIS (2012) specifications as well as which are questionable in 

terms of irrigation are marked in bold in the annexure. Fig. 25 gives the distribution of 

Electrical Conductivity (EC) based on these CGWB wells. Electrical conductivity (EC) is a 

measure of the total mineral contents of total dissolved solids (TDS) i.e. it depends upon the 

ionic strength of the solution. Increase in the concentrations of the dissolved solids increases 

the ionic strength of the solution. This means an increase in dissolved solids cause a 

proportional increase in electrical conductivity. The spatial variations in EC values shows that 

the electrical conductivity values are lower (<750µmhos/cm) in the wells located along the  
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Fig. 25. Distribution of Electrical Conductivity (EC) in CGWB Observation Wells. 
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Yamuna River side in the Newer Alluvium. Most areas show EC values between 750-3000 

µmhos/cm and are generally suitable for drinking and irrigation purposes in Indian context, 

although productivity of the normal crops decreases in the salinity (EC) between 1500-3000 

µmhos/cm, which is good for semi-tolerant crops mainly. The ground water at some places, 

especially in the central and southern districts indicate very high salinity (>3000 µmhos/cm) 

due to which it is not suitable for irrigational uses. The spatial differences between the EC 

values may reflect the wide variation in the activities and processes prevailing in the region. 

Due to limited monitoring points, the CGWB wells give only a regional picture of the EC 

distribution in the NCR.   

 

5.3 Random Sampling during the NCR Project (2013-2014)  

Wells closer to polluting sources like industries, urban wastewater drains, garbage 

dump sites etc. and wells suspected of natural contaminants like fluoride, iron, arsenic and 

other such pollutants were considered for survey of ground water quality. Samples were 

collected from open dug wells in use for domestic or irrigation water supply, tube wells fitted 

with a hand pump, power-driven pumps for domestic water supply or irrigation and hand 

pumps used for drinking (Fig. 26). The samples collected during pre and post-monsoon were 

analyzed for various physico-chemical parameters and heavy metals. Samples were also 

collected for bacteriological and pesticides analyses (Figs. 27, 28). Detailed analytical results 

are given in Annexure X (D). Annexure X (E) gives the results of the bacteriological 

analyses while results of the pesticide analyses are given in Annexure (F). Distribution of 

some important parameters in general in the NCR, Haryana is discussed below. 

Electrical Conductivity (EC) / Salinity 

Fig. 29 shows the distribution of EC in the region on the basis of WAPCOS wells 

only in the random sampling. Fig. 30 shows an integrated picture when WAPCOS values are 

integrated with those of the CGWB. A three dimensional representation of this integrated 

figure is shown in Fig. 31. The distribution of electrical conductivity clearly indicates that 

highly saline (>3000 µsiemens/cm) ground water are found in patches all over the region 

with Mewat, Palwal, Rewari, Jhajjar and Rohtak being the most affected. Fig. 32 shows the 

SAR distribution, which presents a better picture of the NCR in terms of use of ground water 

for irrigation purposes. Percent sodium distribution is shown in Fig. 33. All these diagrams 

indicate that ground water quality is a big issue in the NCR, Haryana. Regional distribution 

of some of the major quality parameters such as nitrate, fluoride and arsenic that have drawn 

attention of the Governments are discussed briefly below.  
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Fig. 26. Locations of random sampling during the NCR Project (2013-2014).  
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Fig. 27. Sampling points for bacteriological analysis in NCR Project (2013-2014). 
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Fig. 28. Sampling points for pesticide analysis in NCR Project (2013-2014). 
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Fig.  29. Distribution of Electrical Conductivity (EC) in NCR, Haryana. 
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Fig. 30. Distribution of EC when CGWB and WAPCOS well are integrated in the NCR.
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Fig 31. A three dimensional view of the EC distribution when values obtained from the 

CGWB and WAPCOS wells are integrated in the NCR, Haryana. 

 

Nitrate (NO3) 

Nitrate and nitrite are highly soluble in water. Nitrate and nitrite are likely to remain in water 

until consumed by plant or other organisms. Nitrate and nitrite are forms of the element 

nitrogen which makes up about 80% of the air breath. The chief sources of the nitrate are 

from the atmosphere, legumes, plant debris, animal excrement. Nitrogen is recycled 

continually by plant and animal and is found in the cells of all living things. Organic nitrogen 

(nitrogen combined with carbon) is found in protein and other compounds. Organic nitrogen 

may exist in the free state of a gas as ammonia. There are three major sources of nitrogen in 

the water - biological fixation, precipitation and the application of fertilizers. Human activities 

also influence the nitrogen load considerably. The anthropogenic sources of nitrogen include (i) 

point source including industrial sewage, refuse dumps etc. discharged directly into the surface 

water and (ii) diffuse sources including runoff and leaching from rural and urban lands. Spatial 

distribution of nitrate in the NCR area are shown in Fig. 34. Very high concentration 

(>100mg/l) of nitrate has been observed in the southern districts. Exceptionally high 

concentrations of 1150 mg/l are encountered at Meham, district Rohtak, and 1000 mg/l at 

Charra in Jhajjar district. 
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Fluoride (F) 

Fluoride distribution shows a similar pattern as that of Nitrate (Fig. 35). Fluoride 

content in small amount in drinking water is beneficial in reducing dental decay but when 

present in large amounts, it has deleterious effects ranging from staining of tooth enamel to 

skeletal fluorosis. Ground waters with fluoride above 1.5 mg/l are found mostly in parts of 

Faridabad, Gurgaon, Palwal, Rohtak and Sonipat districts. At many places, especially where 

agricultural activities are dominant, fluoride above 1.5 mg/l is observed in areas. The likely 

causes for high fluoride in ground water are (i) leaching from phosphatic fertilizers where it 

is present as an impurity and (ii) depletion of calcium either due to precipitation or exchange 

phenomenon.   

Arsenic (As) 

Arsenic in ground water can come from natural as well as anthropogenic sources. 

Naturally, sedimentary rocks are found to be richer in arsenic contents as compared to 

igneous or metamorphic rocks.  In these formations, arsenic normally substitutes for Si, Al, or 

Fe in the crystal lattices of silicate minerals.  Not much was reported in past on arsenic 

contamination in groundwater of Haryana State, except that CGWB detected its 

contamination  in groundwater samples taken during the year 2003  in the districts of 

Faridabad, Jhajjar, Panipat, Rohtak and Sonipat districts apart from  many other districts.  

Recently in 2013, Central Ground Water Board carried out groundwater sampling in NCR 

area of Haryana for arsenic. In this current NCR Project, the groundwater having arsenic 

contamination more than acceptable limit (0.01mg/l) (BIS 2012) were detected in many areas 

and more than permissible limit (0.05 mg/l) in some areas, such as Kharkahuda and Susana in 

Sonipat district (0.1258 mg/l), Nuh and Nagina in Mewat district (Fig. 36) .  

 

5.4 District-wise Ground Water Quality Scenario  

 

The geological and hydrological conditions, frequency and amount of rainfall, 

practices of ground water extraction and utilization vary in different parts of the NCR.  Due 

to this, there is a variation in type and nature of the chemical constituents present in 

ground water. Therefore, it is imperative to have knowledge of ground water quality in each 

district for its better and effective management. As such the district-wise occurrence of 

chemical constituents in ground water and its suitability for drinking and irrigation is 

discussed below for all districts of NCR, Haryana.  
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Fig. 32. Distribution of Sodium Absorption Ratio (SAR) in NCR, Haryana. 
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Fig. 33. Distribution of Sodium Percent (%Na) in NCR, Haryana. 
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Fig. 34. Distribution of Nitrate (NO3) in NCR, Haryana.
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Fig. 35. Distribution of Fluoride (F) in NCR, Haryana. 
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Fig. 36. Distribution of Arsenic (As) in NCR, Haryana. 
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District Panipat 

Groundwater of the Panipat district (Fig. 37) is alkaline in nature and of low to 

medium salinity category. The spatial differences between the EC and TDS values reflect the 

wide variation in the activities and processes prevailing in the region. HCO3, SO4 and Cl are 

the dominant anions both in shallow and deep aquifers. The cation chemistry indicates that 

majority of the samples falls in the Na+K type water zone. The values of Total Dissolved 

Solids (TDS) exceed the desirable level in some 93% and total hardness values in 52% of the 

samples, indicating higher dissolved ionic concentrations. Concentration of F
- 

exceeds the 

permissible limit of 1.5 mg/l in about 24% of the groundwater samples. Concentrations of Cl
-
 

and SO4
2- 

also exceed the desirable levels in some groundwater samples of the area. In 

general, drinking water quality is beyond the acceptable standards in many water samples in 

respect of TDS, SO4, F, Ca, Mg, alkalinity and hardness. Heavy metals analysis shows that 

concentrations of some heavy metals (Fe, Mn and Pb) are present well above the prescribed 

permissible levels recommended for the drinking water in few groundwater samples. 

Concentrations of Cr, As, Se and Cd are found well within the threshold values.  

Fig . 37. Locations of random sampling points in Panipat district. 
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Quality assessment of water for irrigation uses show that the groundwater is good to 

permissible quality. However, high values of salinity and residual sodium carbonate (RSC) at 

certain sites restrict its suitability for agricultural purposes. The bacteriological tests carried 

out in thirteen groundwater samples of Panipat district shows presence of total colliform in 

three hand pumps and one tube well (30%) and faecal colliform in two samples. Among the 

insecticides, the total Endosulfan residue is below the permissible limit except at Bhadaur 

site. The concentration of Dieldrin ranges from 0.54 ppb to 1.41 ppb and found above the 

permissible limit (0.03 ppb) at all the sites of Panipat district. 

Among organo-phosphorous pesticides, the groundwater is contaminated with Methyl 

Parathion, Malathion and Chlorpyriphos. The Methyl Parathion ranges from 0.63 ppb to 1.04 

ppb, Malathion ranges from 0.76 ppb to 1.27 ppb and Chloropyriphos ranges from 27.33 ppb 

to 36.83 ppb. Methyl Parathion is found much higher than the permissible limit while 

Chlorpyriphos is found at alarming levels. 

 

District Sonipat 

Groundwater of the Sonipat district (Fig. 38) is alkaline in nature and of medium to 

high salinity category. Spatial differences between the EC and TDS values reflect the wide 

variation in the activities and processes prevailing in the region. HCO3, Cl and SO4 are the 

dominant anions both in shallow and deep aquifer. Water chemistry of the Sonipat district is 

dominated by alkalis over alkaline earths (Ca and Mg) and Na alone constitute 50% of the 

total cations  The values of TDS exceed the desirable level in 87% and total hardness values 

in >74% of the samples, indicating higher dissolved ionic concentrations. Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in about 26% of the groundwater samples.  

Concentrations of Cl
-
 and SO4

2- 
also exceed the desirable levels in many groundwater 

samples of the area. In general, drinking water quality is beyond the acceptable standard in 

respect of TDS, SO4, F, Ca, Mg, alkalinity and hardness in several cases. Heavy metals 

analysis shows that concentrations of some heavy metals (Fe, Mn, Al, Cu, Ni, As and Se) are 

present well above the prescribed desirable levels recommended for the drinking water in 

many groundwater samples. Concentrations of Co and Cd are found well within the threshold 

values. Quality assessment of water for irrigation uses show that the groundwater is good to 

permissible quality. However, high values of salinity, residual sodium carbonate (RSC) and 

Na% are seen at certain sites. 
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Fig . 38. Locations of random sampling points in Sonipat district. 

 

The bacteriological tests carried out in twenty groundwater samples of Sonipat district 

shows presence of total coliform in seven samples including two tube wells and five hand 

pumps. Presence of faecal coliform is also indicated in three hand pump samples, which 

restrict its suitability for agriculture uses. The highest bacteriological contamination (26 

colliforms/100 ml) has been found in hand pump sample collected at Nizampur. Inadequate 

maintenance of hand pumps and unhygienic condition around the structure may be 

responsible for the bacteriological contamination.  

The presence of γ-HCH (Lindane), p,p-DDE,  o,p-DDD, p,p-DDD, o,p-DDT, p,p-

DDT and Dieldrin among organochlorinated pesticides residue have been observed in all the 

analysed samples. The concentration levels of isomers of γ-HCH (Lindane) are below the 

permissible limit. The total concentration of DDT is below the permissible limit except at 

Kami site. The concentration of Dieldrin is found above the permissible limit (0.03 ppb) in 

most of the samples of Sonipat district. The contamination of organo-phosphorous pesticides, 

viz. Methyl Parathion, and Chlorpyriphos is observed in all the samples. The concentration of 

Methyl Parathion and Chlorpyriphos is found below the permissible limit.  
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District Rohtak 

Ground water of the Rohtak district (Fig. 39) is alkaline in nature and of low to high 

salinity category. HCO3, Cl and SO4 are the dominant anions both in shallow and deep 

aquifers. The cation chemistry indicates that majority of the samples falls in the Na+K type 

and ‘no dominant type’ water zone. Certain major ions and heavy metal concentrations in 

groundwater exceed the desirable limits for drinking water at many places. Most of the water 

samples of the study area are not suitable for direct uses for drinking purposes due to higher 

concentrations of F, TDS, alkalinity, total hardness, NO3, SO4 and Fe. Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in about 50% of the groundwater samples. In 

general,  drinking water quality is beyond the permissible standard in respect of TDS, SO4, F, 

NO3, Ca, Mg, alkalinity and hardness in several cases. Heavy metals analysis shows that 

concentrations of some heavy metals (Fe, Mn, Al, Pb, As and Se) are present well above the 

prescribed desirable level recommended for the drinking water in many groundwater 

samples. Concentrations of Zn, Cr, Ni, Co and Cd are found well within the threshold values.  

 

Fig. 39. Locations of sampling points in Rohtak district. 

Quality assessment of water for irrigation uses show that the groundwater is good to 

permissible quality. However, high values of salinity, residual sodium carbonate (RSC) and 

Na% at certain sites restrict its suitability for agricultural uses.  
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The bacteriological test carried out in 17 groundwater samples of Rohtak district 

shows presence of total coliform in eight groundwater samples and faecal coliform in two 

samples. In four samples total coliform exceed 10 coliforms/100 ml (permissible limits). The 

concentration levels of isomers of HCH (α-HCH, β-HCH and δ-HCH) are found above the 

permissible limits. However, the concentration of γ-HCH (Lindane) is below the permissible 

limit except at Sampla site. It is observed that all the isomers of DDT are present in the 

samples except o,p-DDE. The total concentration of DDT and Total Endosulfan is below the 

permissible limits except at Sampla site. The concentration of Dieldrin is found above the 

permissible limit (0.03 ppb) in all the samples. Among organo-phosphorous pesticides, 

Methyl Parathion ranges from 0.47 ppb to 1.84 ppb, Malathion ranges from 0.37 ppb to 2.90 

ppb and Chloropyriphos from 17.59 ppb to 25.11 ppb. Methyl Parathion is found much 

higher than the permissible limit while Malathion and Chlorpyriphos are found below the 

permissible limit. At Sampla site the concentrations of organochlorinated and organo-

phosphorous pesticides are found higher as compared to those of groundwater samples 

collected from other sites of Rohtak District. 

 

District Jhajjar 

Groundwater of the Jhajjar district (Fig. 40) is alkaline in nature and of medium to 

high salinity category. Water chemistry of the Jhajjar district is dominated by alkali over 

alkaline earths (Ca and Mg) and Na constitute about 48% of the total cations. The cation 

chemistry indicates that majority of the samples falls in the Na+K type water zone. 

Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in about 48% of the 

groundwater samples. In general, drinking water quality is beyond the permissible standard in 

respect of TDS, SO4, F, Ca, Mg, alkalinity and hardness in several samples. Heavy metals 

analysis shows that concentrations of some heavy metals (Fe, Mn and Se) are present well 

above the prescribed desirable level recommended for the drinking water in many 

groundwater samples. Concentration of Cr, As, Co, Ni and Cd are found well within the 

threshold values. Quality assessment of water for irrigation uses show that the groundwater is 

good to permissible quality. However, high values of salinity, residual sodium carbonate 

(RSC) and Na% at certain sites restrict its suitability for agricultural uses.  

Bacteriological tests carried out in ten groundwater samples of Jhajjar district shows 

presence of total coliform in two hand pumps and one tube wells and faecal coliform in two 

hand pump samples. 
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Fig. 40. Locations of sampling points in Jhajjar district. 

 

It is observed that all the isomers of DDT are present in the samples except o,p-DDE.  

The total concentration of DDT is below the permissible limit at all the sites. β-endosulfan is 

pre-dominant over the α-Endosulfan at all the sites. The concentration of total endosulfan is 

above the permissible limit. The concentration of Dieldrin is found much higher than 

permissible limit (0.03 ppb) at Khorra-N and Babeypur sites of Jhajjar district.  

Groundwater is contaminated with Methyl Parathion, which ranges from 0.80 ppb to 

0.97 ppb and is above the permissible limit. Chlorpyriphos are found very close to the 

permissible limit. Malathion concentration is found below the permissible limit at all the sites 

of Jhajjar district. 

 

District Rewari 

Groundwater of the Rewari district (Fig. 41) is alkaline in nature and of low to 

medium salinity category. The spatial differences between the EC and TDS values reflect the 

wide variation in the activities and processes prevailing in the region. HCO3
2-

, SO4
2-

 and Cl
-
 

are the dominant anions both in shallow and deep aquifers. Water chemistry of the Rewari 

district is dominated by alkaline earths over the alkalis, and Ca
2+

 and Mg
2+

 together constitute 
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about 40% of the total cations (TZ
+
). The cation chemistry indicates that majority of the 

samples falls in the Na+K type water zone. The pH (7.02 - 8.97) of the ground water samples 

is well within the safe limit of 6.5 - 8.5, prescribed for drinking water with few exceptions.  

Fig. 41. Locations of sampling points (WAPCOS) in Rewari district. 

 

The turbidity exceeds the recommended permissible limit of 5 NTU in six 

groundwater samples. 26 (24.20%) water samples are with high TDS value above 2000 

mg/l.29 samples (26%) have the TH values above 600 mg/l. Alkalinity of 5 (4.66%) water 

samples are with high alkalinity value above 600 mg/l. Concentration of F
- 

exceeds the 

permissible limit of 1.5 mg/l in about 32.35% of the groundwater samples. The presence of 

NO3
-
 makes the water unsuitable for drinking at 74 study locations that cover 68.38% age of 

samples. Concentration of Ca
2+

 and Mg
2+

 exceed the maximum permissible limit of 200 and 

100 mg/l in 7 and 28 samples respectively. Iron (Fe) concentration exceeds the desirable limit 

of 300 µg/l in about 54.44% of the analysed groundwater samples. Concentrations of most of 

the metals such as Ni, Se, Cr, Al and Co are also found within the specified limit of Indian 

drinking water standards except few exceptions. Concentration of As, Mn, Zn, Pb, Cu and Cd 

are found well within the prescribed limits for drinking. In general, most of the parameters 

are show their presence on higher side of the desirable/permissible limits specified by the 
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Indian Standards (10 500, 2012). Quality assessment of water for irrigation uses show that the 

groundwater is good to permissible quality. However, high values of salinity, residual sodium 

carbonate (RSC) at certain sites restrict its suitability for agricultural uses.  

The bacteriorogical tests show the presence of total coliform in four water samples 

and faecal coliform in two hand pump samples. 

Among the pesticides, the concentration of α-endosulfanis is pre-dominant over β- 

endosulfan at all the sites. The concentration of total Endosulfan is above the permissible 

limit (0.4 ppb) in all of the samples. The concentration of Dieldrin ranges from 8.04 ppb to 

10.35 ppb and found much higher than the permissible level (0.03 ppb). Concentrations of 

organophosphorous pesticides, such as Chlorpyriphos and Malathion, are found below the 

permissible limit in the analysed samples of Rewari district. 

 

District Gurgaon 

Groundwater of the Gurgaon district (Fig. 42) is alkaline in nature and of medium to 

high salinity category. The spatial differences between the EC and TDS values reflect the 

wide variation in the activities and processes prevailing in the region. HCO3, Cl, SO4 and are 

the dominant anions both in shallow and deep aquifers. Water chemistry of the Gurgaon 

district is dominated by alkalis over the alkaline earths (Ca and Mg) and Na alone constitute 

53% of the total cations. Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in 

about 18% of the groundwater samples. In general, drinking water quality is beyond the 

permissible standard in respect of TDS, SO4, F, Ca, Mg, alkalinity and hardness in many 

cases. Iron is the most common heavy metal found in the Gurgaon groundwater which 

exceeds the desirable level recommended for the drinking water in 76% of the total 

groundwater samples. Concentrations of Cr, Co and Cd are found well within the threshold 

values. Quality assessment of water for irrigation uses show that the groundwater is good to 

permissible quality. However, high values of salinity, residual sodium carbonate (RSC), Na% 

at certain sites restrict its suitability for agricultural purposes. 

The bacteriological tests carried out in ten groundwater samples show presence of 

total coliform in two hand pumps at Khandsa and Sancholi and presence of faecal collifrom 

in one hand pump sample. However, total colliform exceeds the prescribed limit of 10 

no./100ml in one hand pump sample. 

The presence of organochlorinated and organo-phosphorous pesticides has been 

observed in all six analysed samples; except o,p-DDE. Concentration levels of all the isomers 

of HCH (α-HCH, β-HCH, δ-HCH and γ-HCH) are found above the permissible limits at all 
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the sites. The concentrations of α-HCH and γ-HCH isomers are predominant over others. It is 

observed that all the isomers of DDT are present in the samples except o,p-DDE. The total 

concentration of DDT is below the permissible limit at all the sites. The concentration of α-

endosulfan is pre-dominant over β- endosulfanat at all the sites. The concentration of total 

Endosulfan is above the permissible limit (0.4 ppb) in all the samples. The concentration of 

Dieldrin is ranges from 7.67 ppb to 10.48ppb and is found much higher than permissible limit 

(0.03 ppb) at all the sites of Gurgaon district.  

 

Fig. 42. Locations of sampling points in Gurgaon district. 

 

The groundwater of Gurgaon district is also contaminated with organo-phosphorous 

pesticides, such as Methyl Parathion, Malathion and Chlorpyriphos but the concentrations are 

found to be below the permissible limits in the analysed six samples of Gurgaon district.  

 

District Faridabad 

Groundwater of the Faridabad district (Fig. 43) is alkaline in nature and of medium to 

high salinity category. Cl and HCO3 are the dominant anions and Na and Mg are the 

dominant cations both in shallow and deep aquifer. Water chemistry is dominated by alkalis 
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over alkaline earths and Na alone constitutes 52% of the total cations. The values of TDS and 

total hardness exceed the maximum permissible levels in 30% and 28% of the total samples, 

respectively. Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in 53% of the 

groundwater samples. In general, drinking water quality is beyond the permissible standard in 

respect of TDS, SO4, NO3, F, Ca, Mg, alkalinity and hardness have been observed in several 

cases.  

Fig. 43. Locations of sampling points in Faridabad district. 

 

Heavy metals analysis shows that concentrations of some heavy metals (Fe, Mn and 

Se) were present well above the prescribed desirable level recommended for the drinking 

water in some groundwater samples. Concentrations of Cr, As, Co, Ni and Cd are found well 

within the threshold values.  

Quality assessment of water for irrigational uses show that the groundwater is good to 

permissible quality. However, high values of salinity, residual sodium carbonate (RSC) Na% 

values at certain sites restrict its suitability for agriculture uses. Out of ten samples collected, 

the presence of total coliform in three hand pumps and faecal coliform in two hand pump 

samples has been observed. Groundwater samples collected from Bijupur exceed the 
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permissible limit of 10 colliforms/100 ml. The presence of organo-chlorinated and organo-

phosphorous pesticides have been observed in all the analysed samples except o,p-DDE. 

Dieldrin concentration is ranges from 7.80 ppb to 13.46 ppb which is much higher than the 

permissible limit of 0.03 ppb. Among organo-phosphorous pesticides, the Methyl Parathion 

ranges from 0.12 ppb to 0.27 ppb and above the permissible limit (0.03 ppb) at some samples. 

In all the samples the concentration of Chlorpyriphos is found below the permissible limit 

(30.0 ppb) except at Chhainsa. 

 

District Palwal 

Groundwater of the Palwal district (Fig. 44) is neutral to alkaline in nature and of 

fresh to brackish water category. Water chemistry of the Palwal district is dominated by 

alkali (Na+K) over alkaline earths (Ca + Mg) and Na alone constitute 51% of the total 

cations. The values of TDS exceed the maximum permissible levels in 25% and total 

hardness (TH) values in 23% of the samples, indicating higher dissolved ionic concentrations.  

 

 

Fig .  44. Locations of sampling points in Palwal district. 
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Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in about 25% of the 

groundwater samples. In general, drinking water quality is beyond the permissible standard in 

respect of TDS, SO4, F, NO3, Ca, Mg, alkalinity and hardness in several samples. Heavy 

metals analysis shows that concentrations of some heavy metals (Fe, Mn, Al, Cu, As and Se) 

are present well above the prescribed desirable levels recommended for the drinking water in 

some groundwater samples. Concentrations of Co, Cr, Pb, Ni and Cd are found well within 

the threshold values. Groundwater quality assessment for irrigation uses shows that in general 

water is good to permissible quality. However, high values of salinity, Na%, and residual 

sodium carbonate (RSC) at many sites restrict its suitability for agriculture uses. At three 

sites, total coliform are found above 10 coliforms/100 ml. The highest bacteriological 

contamination (23 coliforms/100 ml) has been found in hand pump sample collected at 

Ladpur. The concentration levels of isomers of HCH (α-HCH, β-HCH and δ-HCH) are found 

above the permissible limit; however the concentration of γ-HCH (Lindane) is below the 

permissible limit at all the sites. The total concentration of DDT is below the permissible 

limit at all the sites. β- endosulfan is pre-dominant over the α-Endosulfan at all sampling 

sites. The concentration of total endosulfan is above the permissible limit. The concentration 

of Dieldrin is found higher than the permissible limit of 0.03 ppb at all the monitored sites of 

Palwal district. The groundwater is contaminated with Methyl Parathion, Malathion and 

Chlorpyriphos. The Methyl Parathion ranges from 0.40 ppb to 1.26 ppb and are above the 

permissible limits. 

 

District Mewat: 

Groundwater of the Mewat district (Fig. 45) is alkaline in nature and of medium to high 

salinity category. The spatial differences between the EC and TDS values reflect the wide 

variation in the activities and processes prevailing in the region. Cl and HCO3 are the 

dominant anions and Na and Mg are the dominant cations both in shallow and deep aquifers. 

Water chemistry of the Mewat district is dominated by alkalis over alkaline earths and Na 

alone constitutes 53% of the total cations. The values of TDS and total hardness exceed the 

maximum permissible levels in 57% and 53% of the total analysed samples, respectively. 

Concentration of F
- 

exceeds the permissible limit of 1.5 mg/l in 34% of the groundwater 

samples. Concentrations of Cl
-
 and SO4

2- 
are also exceed the permissible levels respectively 

in 37 and 44% of the total groundwater samples of the area., respectively. In general, 

drinking water quality is beyond the permissible standards in respect of TDS, SO4, NO3, F, 

Ca, Mg, alkalinity and hardness in several cases in the groundwater of the district. Heavy 
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metals analysis shows that concentrations of some heavy metals (Fe, Mn, As and Se) are 

present well above the prescribed desirable levels recommended for the drinking water in 

some groundwater samples. Concentration of Cu, Pb, Zn, Cr, Co, Al, Ni and Cd are found 

well within the threshold values. 

Fig. 45. Locations of sampling points in Mewat district. 

Quality assessment of water for irrigation uses show that the groundwater is good to 

permissible quality. However, high values of salinity, residual sodium carbonate (RSC) and 

Na% values restrict its suitability for agricultural uses at many sites.  

Groundwater samples collected from hand pumps at Rathiwas, Ujina, and Firozpur 

Jhirka exceeded the permissible limits of 10 colliforms/100 ml. Inadequate maintenance of 

hand pumps and unhygienic condition around the structure may be responsible for 

bacteriological contamination. Among the pesticides determined, the concentration of total 

endosulfan is above the permissible limit at most of the samples. The concentration of 

Dieldrin ranges from 0.87 ppb to 1.74 ppb and it is higher than the permissible limit of .03 

ppb at all sampling sites of Mewat district. The Methyl Parathion ranges from 0.49 ppb to 

0.80 ppb and above the permissible limit (0.03 ppb). 
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6 AQUIFER MAPPING / DATA INTEGRATION 

 

6.1. Summary of Salient Geological Features 

Haryana mainly occupies the Indo-Gangetic water divide formed due to the tectonic 

uplift during the Pleistocene. The Pleistocene was a very important period in the geology of 

India, as by that time, the country had acquired almost all of its present form, except that there 

existed a great depression in front of then newly upheaved northern mountains. From that time 

onwards, the rivers started filling up the depression with waste of these highlands on both sides. 

The geodedic surveys previously indicated that the floor of this trough is not an even plane but 

supports many irregularities and buried ridges. This fact has now been confirmed by the current 

NCR Project by means of geophysical surveys and exploratory boreholes. One such buried ridge, 

in the name of Delhi-Sargodha Ridge, runs under the Haryana plain from Delhi, following a 

north-west strike direction, towards the Salt Range in Pakistan. Delhi-Hissar-Sirsa tract acts as 

its axis that passes through Rohtak north of Jhajjar district. This axis exists at a depth of 200-250 

m. Due to such a pre-Quaternary topography, sediments being transported from the north form a 

wedge like fill, where thickness increases from south to the north. The Delhi-Sargodha ridge, 

although checks the sediment transported from the north, does not stop southward transfer of 

sediment altogether. Deposits do cross the crest of the ridge and move southward forming am 

overburden of at least 200 m or even more in the central valley. During the process of the 

transport from the Siwaliks in the north, the sediments are initially more rudaceous with boulders 

and gravels with the sand. The gravels disappear gradually towards the south and the sediments 

tend to become finer in the central alluvial plain. Brown sand, mud, clay and silt become 

common which are underlain by grey sand with occasional gravelly beds. At places, especially in 

the older parts of the deposits, there occur beds of varying thickness of impure calcareous matter 

disseminated in the form of irregular concretions, popularly known as kankar. The origin of the 

central valley plain by deposition of river borne sediments in the foredeep or arm of the sea, 

lying in front of the northern mountains, is also responsible for the rich sea-salt content of the 

alluvium forming the plain. These sediments represent a continuous saga of deposition without 

any break. These deposits have been subdivided into Older and Newer Alluvium. Lithological 

description of these alluvium types has already been given previously in the Section on Geology 

(Chapter 4). The Older Alluvium corresponds to the Pleistocene Age and generally occupies the 
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higher ground which is too elevated to be flooded by the present rivers such as the Yamuna. The 

Newer Alluvium include the younger Holocene sediments present in the lowland or floodplains 

of river valleys including those of the river Yamuna. 

Towards the southern part of the NCR, wind-blown sand deposits are found far and wide 

over the alluvial plains. At places they have formed into dunes of varying heights and magnitude. 

They are more numerous in the south-western tract and owe their origin to the deposition of the 

sand, blown over considerable distances by the dust storms, against the obstructions provided by 

bushy vegetation and other such things. The subsequent growth of vegetation roots and uprising 

of sub-soil water table into the loose and absorbent sandy material has bound them together and 

made stationary. 

The Pre-Cambrian deposits are exposed in the southern districts of the NCR encompassing 

Rewari, Gurgaon, Faridabad, Palwal and Mewat. The pre-Cambrian rocks belong to the 

Peninsular shield and are represented in the State by the Delhi and Aravalli systems. The 

lithological units are mainly quartzites, quarzitic sand stones, schistose or sub-schistose 

quartzites, mica-schists, phyllites and crystalline limestone. The quartzites, phyllites and schists 

belong to the Delhi system (Cuddapah) while the crystalline limestones probably represent the 

Rialo series (Archaean). These formations at places are intruded by basic igneous rocks and 

granites. The ridges of the Aravalli Hill Ranges with their north-south alignments possibly block 

the eastward flow of the ground water from the western part of the central valley thus confining 

it to a closed basin further adding to the salinity of the ground water in the region.   

With the above background, the lithological variations, their three dimensional disposition in 

different cross-sections, as deciphered by the purpose-driven exploratory boreholes and 

geophysical logging, in the form of fence diagrams, the geometry of the aquifers tapped, their 

thicknesses and vulnerability have been discussed in the following sections. For convenience in 

describing the NCR, Haryana better, the region has been divided into three Tracts such as 

(i) Panipat-Sonipat-Rohtak Tract, (ii) Jhajjar-Rewari-Gurgaon Tract and (iii) Faridabad-

Palwal-Mewat Tract based on the different hydrogeological conditions (Fig. 46). Panipat-

Sonipat-Rohtak Tract includes 2 northern administrative Blocks, i.e., Beri Khas and Bahadurgarh 

of Jhajjar district because of similarity in lithology and aquifer disposition. Similarly, Taoru 

Block of Mewat district has been included in the Jhajjar-Rewari-Gurgaon Tract because of its 

physiographic location.  
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The lithology, geometry and other aspects of these tracts as determined from ROCKWORKS 

16 software are as well as the interpretations from the geophysical surveys carried out are 

described in the following sections. 

 

6.2. Summary of Salient Geophysical Features 

The geophysical methods were applied at 3 sequential stages. It was initiated with spot 

VES measurements at pre-defined 7 km x 7 km grid points yielding depth-wise i.e., 1-

dimensional information on aquifers. Efforts were made to conduct the VES at the grid points. 

At the grid points where open space was not available, VES was conducted at the nearest place. 

Also, VES were conducted near a few drilled boreholes. It helped standardization and validation 

of the VES results.  It was followed by geophysical logging of the drilled boreholes to precisely 

identify the aquifer disposition and also standardize and refine the interpretations of surface 

measurements. Finally, resistivity imaging measurements were made in specific areas along 

profiles connecting the spot measurements and the boreholes to yield vertical as well as lateral, 

i.e., 2-dimensional variations in aquifer continuity. The approach was quite successful in 

delineating the principal aquifers. 

The borehole geophysical log validated interpreted layer parameters obtained from deep 

VES have been quite useful in deciphering subsurface hydrogeological conditions and mapping 

the aquifer dispositions up to a maximum depth of 300 m in the alluvial areas and  200 m in the 

hard rocks. The state-of-the-art resistivity imaging technique applied selectively has unravelled 

the subsurface hydrogeological complexities and the lateral continuity of aquifers up to a depth 

of 240 m.  The geophysical analyses made and the maps prepared are on the basis of surveys 

carried out on 7 km x 7 km grid and the results of boreholes present a generalized picture of the 

sub-surface required for conceptualization and aquifer development and management plans.   

In the nine districts of NCR occupied by alluvium resting over quartzite bed rock, 

groundwater conditions are of four types, viz., (i) occurrence of top fresh water aquifer of varied 

thickness underlain by saline water up to the quartzite bed rock, (ii) entire depth from surface up 

to the bed rock holding saline water, (iii) multiple fresh water aquifers in alluvium up to a depth  
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Fig. 46. Division of NCR, Haryana into three Tracts based on hydrogeological similarity. 
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around 450 m and (iv) fresh water aquifers in the weathered and fracture zones in the hard rock 

(quartzite ridges – I, II,III,IV and V) (Fig. 16).   

Except the eastern parts of Sonipat and Panipat districts, all these districts, in general, 

face groundwater salinity which is predominant in the western and southern parts. Generally, a 

thin layer of fresh water aquifer exists at the top whose thickness is controlled by the water table 

position which has shown declining trend at places. Added to this is the abundance of finer 

sediments, clays and kankar throughout the depth explored. The granular material forming the 

aquifers is mostly very fine to fine grained sands and medium grained at places. A general 

observation from chemical analysis of water samples from different depth zones tapped in the 

boreholes (discussed in the next Chapter) is that aquifer zones associated with  resistivity around 

10-16 ohm.m hold water of electrical conductivity (EC) in the range of 400 to 700 µSiemens/cm. 

Accordingly, the layers associated with resistivities more than 10 ohm.m are considered as fresh 

water aquifers. General resistivity ranges of the inferred lithological predominance and ground 

water quality is given in Table 19 below.  

 

Table 19. General resistivity ranges for different lithological predominance and 

interstitial water quality.  

Layer Resistivity 

(ohm.m) 

Inferred lithological 

predominance 

Inferred groundwater 

quality in the formation 

1 to 3 Clay Saline  

4 to 6 Clay  with kankar Saline (at deeper level) to 

brackish ( at shallow level) 

7 to 9 Clay with fine sand and kankar Brackish to potable 

10 to 15 Clay with fine sand and kankar Marginally Fresh 

>15 Fine sand and silt Fresh 

10-150 Surface soil of different  

lithology and  varied  moisture 

contents 

 

≈ 25 Weathered and ridge derived 

material 

Fresh 

100-150 Fractured rock Fresh 

High (bottom most 

layer delineated) 

Igneous/metamorphic bed rock ---- 

 

However, there are bore holes in Palwal district where much higher EC has been 

recorded for shallow aquifers even with resistivities higher than 10 ohm.m.  Integrated 

investigation through VES, borehole logs and resistivity imaging has helped decipher the areal 
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extent of the top fresh water aquifer, underlying saline water zones, and the deeper fresh water 

aquifers and clays in the eastern and north-eastern parts of Sonipat and Panipat districts. Except 

Sonipat and Panipat districts, in the rest 7 districts, near surface fresh water aquifer occurs as 

patches of varied dimensions. The approximate areal extent of fresh water aquifer and the 

dewatered fresh water aquifer below 7 m depth to water level (based on water level 

measurements during surveys) in these districts are given in Table 20. 

The subsurface hydrogeological conditions presented through 2 hydrogeophysical 

transects (shown in Fig. 16 in Chapter 4) in E-W and N-S directions covering  125 km  and 200 

km long stretches respectively are based on VES and borehole geophysical logs (Figs. 47 and 

48). These transects reveal the hydrogeological variations and the impact of ridges on 

groundwater conditions in the NCR of Haryana. Broadly these transects manifest a sequence of 

top fresh water aquifer of varied thickness and underlying saline water zone and clays resting on 

the undulating topography of folded and faulted quartzite bed rock.  

Table 20. District-wise distribution of fresh water aquifers. 

District Total 

area  

(sq. 

km) 

Approximate 

cumulative 

area of the 

top fresh 

water 

aquifer 

(% of the 

total area of 

the district) 

Bottom 

of top 

fresh 

water 

aquifer  

(mbgl)  

Approximate 

area of the 

district 

having 

dewatered 

top fresh 

water aquifer 

(% of the 

total area of 

the district) 

Approximate 

% of 

dewatered 

top fresh 

water 

aquifer area  

Thickness 

range of 

dewatered  

top fresh 

water 

aquifer (m) 

(from 

7mbgl) 

Mewat 1507 1150 (76) 7-43 200 (13) 17 11-23 

Palwal 1359 1150 (85) 15-100 680  (50) 59 2-13 

Rewari 1594 1420 (90) 16-69 105 (7) 8 3-29 

Gurgaon 1258 1190 (95) 9-93 215 ( 17) 18 3-35 

Faridabad 741 708 (95) 12-129 85 (11) 12 5-17 

Jhajjar 1834 1040 (55) 6-63 140 (8) 14 1-7 

Rohtak 1745 1350 (77) 7-51 - - - 

Sonipat 2122 1590 (75) 15-92 1072 (50) 67 2-23 

Panipat 1268 1268 (100) 20-109 1140 (90) 90 1-43 

Total 13428 10866 (81)  3637 (27)   
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Fig. 47. Hydro-geophysical cross-section A-A’. 
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Fig. 48. Hydro-geophysical cross-section B-B’. 
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In the west to east transect (A-A’) (Fig. 47) five zones of relatively thick top fresh water 

aquifers are identified in the alluvium. They are (a) the western most part of Jhajjar district, (b) 

towards west of the western ridge (III), (c) in between the ridges (III and V), (d) towards east of 

the eastern ridge (V) and (e) the extreme eastern most part near river Yamuna. Besides, there are 

weathered and fracture zones in the quartzite ridges forming the hard rock aquifers. The 

continuity of the saline groundwater zone underlying the top fresh water aquifer is interrupted by 

the ridges. In the vicinity of the ridges the groundwater salinity is either reduced or absent, 

particularly towards west of the western ridge. Towards east of the eastern ridge, the saline water 

zone is expected to overlie a thick clay and kankar bed holding brackish water. The bed rock 

topography shows a general depression on either side of the ridges.  

However, the depression is significantly large towards the east of the eastern ridge. Also, 

the bed rock topography is punctuated by small highs and lows resulting from folding and 

differential palaeo-weathering. A fault is conspicuously present in the eastern most part with up-

throw towards river Yamuna. The peculiar impact of the ridge is that while on the western side 

the fresh water aquifer is underlain by thick clay and kankar bed holding brackish water, towards 

east the fresh water aquifer is underlain by saline water zone followed by clay and kankar bed. It 

clearly indicates varied conditions of flushing by the recharging water from the ridges and also 

the varied granularity of the fresh water aquifer on either side of the ridges. 

The south to north transect (Fig. 48) reveals three prominent zones of thick top fresh 

water aquifer. They are (a) the extreme southern part, (b) north of the ridge (III) and (c) the 

extreme northern part. In the intermediate areas either the fresh water aquifers are absent or they 

are quite thin.  The fresh water aquifer is underlain by thick saline water zone whose thickness 

increases towards north. In the extreme northern part salinity in groundwater is absent and the 

entire sequence up to 474 m depth (maximum depth drilled) holds fresh water bearing 

formations. The bed rock deepens as moved towards north. Towards south also the bed rock 

deepens but it is less as compared to the northern part.  Towards north of the ridge the saline 

water zone is expected to overlie a clay and kankar bed holding brackish water. As observed in 

the W-E section, in this section also immediately north of the ridge the fresh water aquifer 

thickens. However, its granularity decreases as moved further from the ridge. A peculiarity is 

that towards southeast of the ridge (III), at Salahari borehole, which is actually located between 

the ridges (III and IV), the entire depth section up to the bed rock at 231 m depth holds saline 
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water. The fresh water aquifers in the extreme northern part is separated from the saline water 

zone by clays as revealed by the VES located south of Naultha in Panipat district.      

The depth to the bottom of the top fresh water aquifer varies (Fig. 49). There are patches 

with entire depth column holding saline groundwater. The granularity of the top fresh water 

aquifer varies considerably manifested by its resistivity variations (Fig. 50).   There exists a 

narrow strip of fresh water aquifer in the alluvium surrounding the ridges in the southern 

districts. Also, the boreholes drilled through the quartzite in the ridges have yielded fresh water 

from some of the fracture zones. A significant observation is that, in general, places where top 

fresh water aquifer is thin or absent, the near surface layers are clay predominating with low 

resistivities resulting poor recharge (Figs. 51 and 52). Also, to be noted is that the map on depth 

to the bottom of fresh water aquifer should be consulted along with the depth to water level map 

for assessing the actual thickness of the aquifer. 

About 70 line-km of resistivity imaging was conducted along selected linear patches 

connecting the boreholes drilled. The imaging was conducted in all the districts except Jhajjar 

and Rohtak. It was done with the main objective of delineating the lateral continuity of aquifer, 

thickening of fresh water aquifer, fresh-saline groundwater interface and the thickening of 

weathered zone in the hard rock area. The images are calibrated with the borehole geophysical 

logs.  

Figs. 53 and 54 show representative resistivity image sections from hard rock and alluvial 

areas located between two hillocks in district Faridabad and in alluvial part in Gurgaon district, 

respectively. The thickening of weathered zone and the sudden deepening of weathered zone at 

400 and 600 line-m are shown in Fig. 53 where boreholes can be drilled to tap the saturated 

weathered and the deep fracture zones.  

In the eastern and north-eastern parts of Sonipat and Panipat districts the alluvial 

thickness exceeds 400 m as observed from the boreholes drilled in this area. The salinity in 

groundwater is not observed. The NW-SE trending lateral interface between western saline water 

and eastern fresh water exists towards east of boreholes at Seenk, Khanpur Kalan and Thana 

Kalan in district Sonipat.  
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Fig. 49. Depth to the bottom of fresh water aquifers in NCR, Haryana (based on VES). 
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Fig. 50. Variation in top freshwater aquifer resistivity in NCR, Haryana 

(based on VES and borehole logs).  
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Fig. 51. Variation in top soil resistivity in NCR, Haryana 

(based on VES data interpretation). 
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`     

Fig. 52. Variation in second layer resistivity in NCR, Haryana 

(based on VES data interpretation).  
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Fig. 53. Resistivity image section from hard-rock area, Faridabad. 
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Fig. 54. Resistivity image section from alluvial area, Gurgaon. 
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The interface and the aquifer dispositions are presented through a 3D view (Fig. 55). The 

interface is not a straight line.  In this area the thickness of top fresh water aquifer increases as 

moved eastward nearing river Yamuna. Contrary to this, in the southern districts, viz., Faridabad 

and Palwal, the saline groundwater zones is encountered at depths even in the eastern most part 

nearing river Yamuna. The 3-D view of the aquifer disposition prepared on the basis of VES 

results is shown in Fig. 56. Regarding  artificial recharge of groundwater, areas are  identified 

where depth to water level is more than 7 m and the near surface layers are not clayey with 

resistivities more than 10 ohm.m. Fig. 57 shows the area where water level is beyond 7 m depth 

and can be recharged. A major part of Rohtak and Jhajjar district is found not feasible for 

artificial recharge as the water level is shallow due to the impact of canal network. The details of 

boreholes drilled in alluvium and hard rock with aquifers encountered in different depth ranges, 

groundwater salinity and depth of bed rock are given in Table 21 based on borehole logging.   

The geophysical maps are prepared on a coarse grid of 7 km X 7 km and therefore 

present a generalized subsurface hydrogeological conditions and aquifer dispositions. For site 

specific information, it is desired that on the spot surface resistivity measurements are made. For 

hard rock areas in the southern districts, the conventional resistivity sounding does not yield 

much information on the deeper saturated fracture zones for which parallel gradient resistivity 

profiles across lineament followed by resistivity sounding would possibly be required.  
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Fig. 55. Three dimensional aquifer disposition in NCR, Haryana. 
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Fig. 56. Three dimensional view of aquifer disposition in Haryana State 

(based on VES). 
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Fig.  57. Ground water recharge feasibility in NCR, Haryana (dewatered aquifer thickness 

from 7 m to water level). 
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Table 21. Details of borehole geophysical logging results in NCR, Haryana State. 



114 
 

6.3 Lithological Variations 

 

Panipat-Sonipat-Rohtak Tract: The primary lithology of the alluvium deposits includes sand, 

clay, silt, kankar over a Pre-Cambrian bedrock formation. The lithological map of the Panipat-

Sonipat-Rohtak Tract is depicted in Fig. 58, and the lithological variations in various sections of 

this Tract are depicted in Fig.  59(a-d) along with their three dimensional disposition in the form 

of fence diagrams (Fig. 60).In the eastern part of the tract, there is a thick deposition of younger 

alluvium, and the lithology is more of sand (Fig. 59, D-D’) and less of clay and silt. The younger 

alluvium sits on the older alluvium at depth, however. On the central and western parts of the 

tract, on the other hand, the alluvium consists of more of clay-silt and kankar (Fig. 59,B-B’, C-

C’; Fig. 60).A three dimensional (3D)box model depicting the lithology is shown in Fig. 61. The 

lithology in dominated by the clay horizons with limited silt depositions, especially in the 

shallower levels. Thick calacareous kankar deposits are too very conspicuous. The fault-like 

transition between the sand and the kankar is due to the boreholes tapping these lithologies in 

different areas in the same alignment.  

 

Jhajjar-Rewari-Gurgaon Tract: This tract lies south of the NW-SE Delhi-Rohtak-Hissar-Sirsa 

axis (depth -200m), and the sediments being brought from the Siwaliks from the north get a 

check in its southward transport, although they eventually cross the crest of this ridge and get 

transported southwards.. Similarly, sediments transported from the southern parts of the NCR are 

mostly the eroded material from the Proterozoic rocks (schists, quartzites etc. with associated 

basic flows, tuffs, acid and basic intrusives) of the Delhi Super Group. Aeolian deposits form a 

major component of lithology in this tract. The lithological variations in this tract are shown in 

Fig. 62, and their cross-sectional views in three different directions in Fig. 63(a-c). A fence 

diagram showing these variations is shown in Fig. 64, and open fence diagram in a slightly 

different orientation is shown in Fig. 65. A 3-D box model is shown in Fig. 66. The central part 

of this tract is characterized by thick kankar beds (Fig. 63, A-A’, B-B’); the western part (Fig. 63 

C-C’) is no different. Many of the wells drilled in the western and southwestern parts of this tract 

generally encounter the Pre-Cambrian basement rocks (Fig. 63 A-A’, B-B’, C-C’).  

 



115 
 

Faridabad-Palwal-Mewat Tract: This tract too has similar Quaternary sedimentological 

history as that of the Jhajjar-Rewari-Gurgaon Tract. But this tract is bounded mainly by a 

Quartzite Ridge on the west and the Yamuna River on the East, and is mostly closed basinal 

type. The lithological variations in this tract are shown in Fig. 67, and their cross-sections in Fig. 

68 (a-d). Sand is confined only to the upper horizons, while in the central portion at depth kankar 

deposits are conspicuous. Bedrock is encountered in most wells, especially in the southern and 

western parts (Fig. 68 C-C’, D-D’). Fig. 69 presents a fence diagram presenting the three 

dimensional view of the lithological variations. Open fence diagrams showing different section 

are shown in Fig. 70 (a-b). Hard rock dispositions are clearly seen in these figures because of the 

north-south alignments of the Aravalli Ridges. A 3-D box model is shown in Fig. 71.  In this 

tract too most of the wells drilled generally encounter the Pre-Cambrian basement rocks and get 

ground water from the weathered and fractured zones.   
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Fig. 58. Lithology in Panipat-Sonipat-Rohtak Tract. 



117 
 

 
 

Fig. 59a. Lithology in cross-section A-A’ in N-S direction in Panipat-Sonipat-

Rohtak Tract. 

 

 

Fig. 59b. Lithology in cross-section B-B’ in E-W direction in Panipat-Sonipat-

Rohtak Tract. 
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Fig. 59c. Lithology in cross-section C-C’ in NE-SW direction in Panipat-Sonipat-Rohtak 

Tract. 

 

Fig. 59d. Lithology in cross-section D-D’ in NW-SE direction in Panipat-Sonipat-Rohtak 

Tract. 
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Fig. 60. Fence diagram of lithology in Panipat-Sonipat-Rohtak Tract. 
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Fig.61. Lithological 3D model of Panipat-Sonipat-RohtakTract . 
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Fig. 62. Lithology in Jhajjar-Rewari-Gurgaon Tract.



122 
 

 
 

Fig. 63a. Lithology in cross-section D-D’ in NW-SE  direction in  Jhajjar-Rewari-Gurgaon 

Tract. 

 

 

Fig. 63b. Lithology in cross-section B-B’ in N-S direction in Jhajjar-Rewari-Gurgaon 

Tract. 
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Fig. 63c. Lithology in cross-section C-C’ in NE-SW direction in Jhajjar-Rewari-Gurgaon 

Tract.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



124 
 

 
Fig. 64. Fence diagram of lithology in Jhajjar-Rewari-Gurgaon Tract. 
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Fig. 65. Open Fence diagram of lithology in Jhajjar-Rewari-Gurgaon Tract. 
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Fig. 66. Lithological 3D model of Jhajjar-Rewari-Gurgaon Tract. 
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Fig. 67. Lithology in the Faridabad-Palwal-Mewat Tract. 
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Fig. 68a. Lithology in cross-section A-A’ in N-S direction in the Faridabad-Palwal-Mewat 

Tract. 

 

 

Fig. 68b. Lithology in cross-section B-B’ in N-S direction in Faridabad-Palwal-Mewat 

Tract in the eastern boundary. 
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Fig. 68c. Lithology in cross-section C-C’ in E-W direction in Faridabad-Palwal-Mewat 

Tract. 

 

Fig. 68d. Lithology in cross-section D-D’ in NE-SW direction in Faridabad-Palwal-Mewat 

Tract. 
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Fig. 69. Fence diagram of lithology in Faridabad-Palwal-Mewat Tract. 
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Fig. 70a. Open Fence diagram of lithology in different sections of the Faridabad-Palwal-Mewat Tract. 
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Fig. 70b. Open Fence diagram of lithology in different sections of the Faridabad-Palwal-Mewat Tract. 
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Fig. 71. Lithological 3D model of the Faridabad-Palwal-Mewat Tract. 

 

 

6. 4 Aquifer Geometry 

 

 The lithological sequences described above indicate the multiple cyclic depositions that 

have occurred in the area in the geological past. Four groups of aquifers (Group I, Group II, 

Group III and Group IV) have been identified in the NCR of Haryana on the basis of lithology. 

Aquifer maps of the three identified Tracts, i.e., Panipat-Sonipat-Rohtak Tract, Jhajjar-Rewari-

Gurgaon Tract and Faridabad-Palwal-Mewat Tract have been prepared by the ROCKWORKS 16 

software. These maps have been described in different sections identified in these maps. Isopach 

maps have been prepared on the basis of thickness of the aquifers. Finally, fences as well as 

block diagrams (3D) have been prepared to depict the aquifer disposition in different tracts of 

NCR.  
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Panipat-Sonipat-Rohtak Tract: Fig. 72 shows the aquifer map of this tract. The dispositions of 

the four identified aquifers in different sections in this map are shown in Figs. 73 (a-e).Eastern 

part of this tract has thick alluvium with depth of exploration reaching more than 450 m. Along 

the Yamuna River too the Newer Alluvium is most conspicuous. The four aquifer groups (I to 

IV) have been distinctly identified in the lithological sections in different directions (Fig. 73, A-

A’, B-B’, C-C’, D-D’, E-E’). They are more prominently seen in the eastern part adjoining the 

Yamuna River (Fig. 73, E-E’). Fig. 74 shows the fence diagram of the four aquifer groups 

identified in the tract. These aquifer groups are seen linearly arranged being separated by clayey 

aquitards, which have been assigned the same yellow colour although separating different 

groups. The conspicuousness of the aquifer disposition reduces from east to the west. Open fence 

diagrams of these aquifers are shown in Fig. 75, which does not look different from that of Fig. 

74. . Box model of the aquifers are shown in Fig. 76. The fault-like features in this figure are due 

to the same lilthologies tapped in different boreholes at distance.  

 

Jhajjar-Rewari-Gurgaon Tract: Fig. 77 presents the aquifer map of Jhajjar-Rewari-Gurgaon 

Tract. The cross-sectional views of the various aquifer groups in diffent directions are shown in 

Figs. 78 (a-d). Aquifer groups I and II are tapped by almost all wells, but aquifer groups II seems 

to have limited extension towards the west and south (Fig. 78, A-A’, C-C’, D-D’). Aquifer group 

III has been tapped by the wells especially in the central valley (Fig. 78, A-A’ (EW at Nurgarh), 

B-B’ (EW at Pahari), C-C’, D-D’). This figure shows that not all wells in this tract encounter the 

aquifer group IV, which occurs at greater depth. Fig. 79 shows the fence diagram of the aquifers, 

while the box model is presented in Fig. 80.   

 

Faridabad-Palwal-Mewat Tract: The aquifer groups are not well-exposed in this tract. Only 

the first aquifer in patches is encountered at places. Water mostly is drawn from the weathered 

and fractured zones in the western part of the tract, while in the eastern part they are mainly 

drawn from the first aquifer.  Fig. 81 shows a fence diagram delineating weathered and fractured 

zones in this tract. 
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Summary of the Aquifer Dispositions: 

 The depth of occurrence and depth of disposition of each of the four aquifer groups 

encountered in the NCR on the basis of purpose-driven exploration work are summarised below: 

Aquifer Group I: This group extends up to of 150 mbgl (metres below ground level) and occurs 

all over the tract. The depth of occurrence in the Jhajjar-Rewari-Gurgaon Tract goes up to about 

120 m, and it is much shallower in the Faridabad-Palwal-Mewat Tract. This group is composed 

of relatively coarser sediments and is subdivided into two subgroups at places by occurrence of a 

sub-regional clay. It is underlain by a regionally extensive clayey horizon (aquitard) of about 4 to 

261 thick (10 to 145 m in the Jhajjar-Rewari-Gurgaon Tract) with its depth of occurrence 

between 20 and 305 m in the Panipat-Sonipat-Rohtak Tract and between 23 and 176 m in the 

Jhajjar-Rewari-Gurgaon Tract. This group occurs under unconfined to semi-confined conditions.  

Aquifer Group II: This group consists of numerous sand and clay lenses occurring at variable 

depths ranging from 45 m to 285 mbgl (186 mbgl in the Jhajjar-Rewari-Gurgaon Tract). It does 

not, however, occur in the Faridabad-Palwal-Mewat Tract. The sediments of this group are less 

than coarser and are occasionally mixed with ‘kankar’. Ground water occurs under semi-

confined to confined conditions. Another regionally extensive clayey horizon (aquitard) of 6 to 

221 m thick (7 to 114 m in the Jhajjar-Rewari-Gurgaon Tract) underlies this aquifer with its 

depth to occurrence between 80 and 307 m in Panipat-Sonipat-Rohtak Tract and between 76 and 

250 m in the Jhajjar-Rewari-Gurgaon Tract.  

Aquifer Group III: This group comprises of thin sand layers alternating with thicker clay layers 

occurring at variable depths ranging from 101 (180 m in the Panipat-Sonipat-Rohtak Tract) to 

421 mbgl (217 m in the Jhajjar-Rewari-Gurgaon Tract). The granular material of this group is 

generally finer in texture; kankar occurs in the southern parts. This aquifer is underlain by a thick 

clayey horizon (aquitard) of 7 to 100 m thick (9 to 76 m in the Jhajjar-Rewari-Gurgaon Tract) 

with a depth of occurrence between 222 and 467 m in the Panipat-Sonipat-Rohtak Tract and 108 

and 265 m in the Jhajjar-Rewari-Gurgaon Tract. In this aquifer group, ground water normally 

occurs under confined conditions. 

Aquifer Group IV: This Aquifer Group occurs between 168 (247 m in the Panipat-Sonipat-

Rohtak Tract) and more than 476 m depth (282 m in the Jhajjar-Rewari-Gurgaon Tract) under 

confined conditions. Thick clayey layer occurs below this aquifer group too, but this group is not 

fully investigated.  
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Fig. 72. Aquifer map of Panipat-Sonipat-Rohtak Tract. 
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Fig. 73a. Aquifer groups in Panipat-Sonipat-Rohtak Tract in A-A’ direction. 

 
 

Fig. 73b. Aquifer groups in Panipat-Sonipat-Rohtak Tract in E-W direction. 
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Fig. 73c. Aquifer groups in Panipat-Sonipat-Rohtak Tract in NW-SE direction. 

 

 
 

 

Fig. 73d. Aquifer groups in Panipat-Sonipat-Rohtak Tract in NE-SW direction. 
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Fig. 73e. Aquifer groups in Panipat-Sonipat-Rohtak Tract along the eastern boundary. 
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Fig. 74. Fence diagram of the aquifer groups in Panipat-Sonipat-Rohtak Tract. 
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Fig. 75. Open Fence diagram in different sections in Panipat-Sonipat-Rohtak Tract. 



142 
 

 
 

Fig. 76. Box model of the aquifer groups in Panipat-Sonipat-Rohtak Tract 

 (in different views). 
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Fig. 77. Aquifer map of the Jhajjar-Rewari-Gurgaon Tract.



144 
 

 
Fig. 78a. Aquifer groups in Jhajjar-Rewari-Gurgaon Tract in E-W direction. 

 

 
Fig. 78b. Aquifer groups in Jhajjar-Rewari-Gurgaon Tract in N-S direction. 

 

 
Fig. 78c. Aquifer groups in Jhajjar-Rewari-Gurgaon Tract in NE-SW direction. 
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Fig. 78d. Aquifer groups in Jhajjar-Rewari-Gurgaon Tract in NW-SE direction. 
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Fig. 79. Fence diagram of the aquifer groups in Jhajjar-Rewari-Gurgaon Tract. 
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Fig. 80. Box model of the aquifer groups in Jhajjar-Rewari-Gurgaon Tract. 
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Fig. 81. Fence diagram delineating weathered and fractured zones in the Faridabad-Palwal-Mewat Tract. 
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6.5 Aquifer Thickness 

 

The thickness of the Quaternary alluvial deposits decreases from north to the south and east 

to west in the NCR, Haryana. In Panipat-Sonipat-Rohtak Tract, the alluvium thickness goes 

beyond 450 m, and bedrock is not encountered. The maximum depth drilled (i.e., 476.56 m) is at 

Pathargarh (Kundla) in Panipat district. The thicknesses of the four aquifer groups in the Panipat-

Sonipat-Rohtak and Jhajjar-Rewari-Gurgaon Tracts as determined from the EWs drilled by 

CGWB and WAPCOS in the NCR are shown in Tables 22 and 23, respectively. Table 24 gives 

the ranges and average thickness of the aquifers in these tracts. Brief details are given below:  

 

Panipat-Sonipat-Rohtak Tract: The thickness of the Aquifer Group I in this tract varies 

between 20 (Madana Khurd) and 150 m (Namunda) with an average thickness of 88 m (Tables 

22, 24) (Fig. 82). Aquifer Group II has a thickness range of 06 to 154 m with an average of 61 m 

(Fig. 83). Aquifer Group III is thicker than Aquifer Group II with a range of 03 and 171 m and 

average of 59 m. Aquifer Group IV has a thickness range of 06 - 132 m with an average of about 

56 m. The thicknesses of the aquifer groups in the tract decreases gradually from east to the west, 

but mostly towards the south.     

 

Jhajjar-Rewari-Gurgaon Tract: In this tract, Aquifer Groups I and II mainly have been 

encountered. The thickness of the Aquifer Group I varies between 23 and 119 m and Aquifer II 

from 5 to 66 m with average thicknesses of 66 and 25 m, respectively (Tables 23, 24). 

Thicknesses of Aquifer Groups III and IV are in the order of 25-30 m wherever encountered. The 

thickness of Aquifer Group I is generally thinner (20-40 m) in the northern part of the tract in 

Jhajjar district and increases towards the east adjoining Delhi where thickness is in the order of 

60-80 m (Fig. 82). In the eastern part this aquifer has greater thickness ranging between 60-120 

m, but mostly 60-80 m. The thickness of the Aquifer Group II is mostly in the order of 25 – 65 m 

in most parts of this tract. The thicknesses of both Aquifer Group I and II go on decreasing not 

only towards the west but also towards the south.  

 

Faridabad-Palwal-Mewat Tract: In this tract, only Aquifer Group I is exposed, and is very 

thin. Much of the ground water is withdrawn from the weathered and fractures zones of the 

Precambrian hard rocks which form the basement (Fig. 81). 
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Table 22. Thickness of different aquifer groups in Panipat-Sonipat-Rohtak Tract. 

     
Location Long. 

(digital) 

Lat. 

(digital) 

Elevation (m 

above mean sea 

level) 

Total Depth 

Drilled (m) 

Aquifer 

Group  

I 

(m) 

Aquifer 

Group  

II 

(m) 

Aquifer 

Group  

III 

(m) 

Aquifer 

Group IV 

(m) 

Seenk 76.650 29.310 251.71 256.3 103 - - - 

Rakshera 77.107 29.185 227.02 470.37 124 34 74 82 

Patti Kalyana 77.026 29.207 229.42 474.28 124 60 71 60 

Naultha 76.890 29.302 242.98 456.72 150 56 98 30 

Pathargarh (Kundla) 77.103 29.440 250.17 476.56 108 43 94 84 

Namunda 76.940 29.237 244.99 467 150 123 121 - 

Mohali 77.033 29.388 246.74 459.25 82 62 93 78 

Mehmadpur 76.939 29.455 246.8 438.22 102 32 94 58 

Mahayudinpur Thirana 76.830 29.410 247.95 253.83 60 21 58 - 

Khajurnagar 

(Panipat Taraf Anwar) 

76.980 29.407 250.64 473.41 106 67 127 37 

Gela Kalan (Keera) 77.112 29.315 235.82 471.48 90 65 110 132 

Garhi Chhaju 77.060 29.260 233.59 395 109 36 93 - 

Chichrana* 76.718 29.143 232.92 405 59 22 46 20 

Chajpur* 77.050 29.383 230.825 458.89 99 64 5 47 

Dadlana* 76.897 29.492 238.44 454.53 83 112 93 59 

Israna* 76.853 29.278 231.16 319.43 34 84 31 116 

Bilaspur* 77.133 29.233 225.09 450 77 152 50 62 

Bhalgarh 77.102 28.953 231.03 457.99 68 154 101 63 

Thana Kalan(SH) 76.950 28.886 235.04 304.3 43 - - - 

Palra 77.158 29.014 229.24 448 82 140 111 - 

Bhakharpur 77.110 28.860 226.55 462.5 125 71 99 68 

Bhogipur 77.045 29.181 225.98 464.37 96 127 52 98 

Janti Khurd 77.151 28.850 219.11 435.4 80 132 74 82 

Dhaturi 77.077 29.063 218.72 467.59 92 74 86 80 

Manoli 77.185 28.917 223.45 451.01 96 125 110 80 

Khanpur Khurd(SH) 76.508 29.167 244.03 304.3 114 20 - - 
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*CGWB’s exploratory wells.  

 

 

 

 

 

 

 

Dhana Aladpur 76.508 29.103 242.51 284.3 124 27 57 - 

Pachhijatan* 76.973 29.075 221.22 461.2 76 70 35 30 

Pinana* 76.833 29.067 220.659 308.76 92 46 57 - 

Isapur Kheri* 76.585 29.212 225.86 304.8 92 49 57 - 

Chirana* 76.808 29.225 226.87 461.77 105 91 33 87 

Nahara* 77.008 28.875 222.01 433.12 95 75 38 47 

Rohat* 76.983 28.938 220.62 399 105 68 93 40 

Kheora* 77.121 28.967 215.57 301 127 35 31 17 

Khijarpur Jat* 76.922 29.032 224.94 462 92 71 62 40 

Kaliana* 76.906 29.124 229.2 462 136 8 3 6 

Barwasni* 77.058 29.054 226.32 452.46 59 126 171 42 

Kundli* 77.138 28.876 210.57 452 62 121 76 17 

Dighal* 76.625 28.767 216.981 308.15 124 62 15 - 

Madana Khurd (SH) 76.649 28.716 233.15 300 20 30 12 - 

Farmanakhas (SH) 76.342 29.055 246.96 301.66 61 6 - - 

Brahmanwas (SH) 76.628 28.977 235.48 310.5 22 36 41 - 

Kohhnor (SH) 76.478 28.757 237.28 288.3 34 33 - - 

Dattaur (SH) 76.762 28.817 229.9 306.66 67 19 - - 

Bahu Akbarpur (SH) 76.481 28.911 235.97 307 83 26 29 12 

Meham* 76.3 28.96667 215.51 274.32 46 7 10 - 

Kalanaur* 76.4 28.83333 217.51 305.1 49 10 35 - 

Jasia* 76.6833 29 219.379 307.31 80 13 23 - 

Bohar* 76.654 28.89583 218.5 224.85 122 7 15 - 

Chandi* 76.5 29.05 220.35 350.45 93 10 47 18 

Hassangarh* 76.838 28.8375 218.65 370.24 80 57 24 35 
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Table 23. Thickness of different aquifer groups in Jhajjar-Rewari-Gurgaon Tract. 

 

Location Long. 

(digital) 

Lat. 

(digital) 

Elevation (m 

above mean sea 

level) 

Total Depth 

Drilled (m) 

Aquifer 

Group 

I 

(m) 

Aquifer 

Group 

II 

(m) 

Aquifer 

Group 

III 

(m) 

Aquifer 

Group 

IV 

(m) 

Dehina* 76.383 28.3 257.022 139.5 75 9 - - 

Darauli* 76.425 28.333 241.763 170.03 105 18 - - 

Gokulgarh* 76.625 28.208 239.94 153.5 119 - - - 

Khaliawas* 76.742 28.208 239.94 169.47 53 - - - 

      Chandanwas* 76.58 28.211 245.45 203.85 23 47 - - 

Rampur 76.789 28.329 254.8 176.2 30 19 - - 

Shamaspur* 77.067 28.471 232.258 224.03 31 5 - - 

Musaidpur* 76.751 28.446 217 200 48 25 21 - 

Pahari* 76.717 28.308 231 200.76 49 16 7 29 

Nurgarh* 76.676 28.357 224.1 201 - 25 66 - 

Nawada Fatehpur 76.946 28.393 230 222.36 79 18 8 - 

Chandu* 76.931 28.429 219 208.7 60 14 41 - 

Juraula 76.86 28.403 220 201.6 87 36 - - 

Rathiwas* 76.858 28.275 242 192.4 95 18 - - 

Sector 56 HUDA* 77.082 28.446 222 236 90 29 - - 

Sector 29 HUDA* 77.119 28.464 225 229.86 85 48 - - 

Sector 45 HUDA* 77.067 28.456 230 250 78 68 - - 

Sector 38 HUDA* 77.042 28.435 230 249.85 95 30 - - 

DC Residence* 77.022 28.469 220 218.15 85 54 29 - 

Badshahpur* 77.044 28.397 228 249.3 68 56 - - 

WAPCOS SEC 18* 77.021 28.475 293 154.18 63 14 - - 

Gariharsaru 76.942 28.467 224 121.95 67 12 - - 

Bahu* 76.325 28.454 232.53 155.15 39 17 - - 

Jahangirpur* 76.742 28.575 215.146 308.76 59 16 38 17 

*CGWB’s exploratory wells.  
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Table 24. Ranges and average thickness of aquifers in different aquifer groups. 

Aquifer Group Panipat-Sonipat-Rohtak Tract Jhajjar-Rewari-Gurgaon Tract 

Range (m) Average (m) Range (m) Average (m) 

I 20 - 150 88 23 - 119 69 

II 6 - 154 61 5 - 68 27 

III 3 – 171 63 7 - 66 30 

IV 6 – 132 56 17 - 29 23 

 

 

6.6 Aquifer Parameters 

Aquifer parameters determined include the Hydraulic Conductivity (K) both of the zones 

tapped in different aquifer groups and the group itself as a whole, Transmissivity (T), Specific 

Yield (Sy) (in case of unconfined aquifer), Coefficient of Storage (S) (in case of confined 

aquifer) and Sustainable Yield (SY). Tables 25 - 27 give these values for all three tracts of the 

NCR, Haryana. Table 28 summarises these tables. The parameters are discussed individually 

below.  

 

6.6.1 Transmissivity (T) 

Table 25 shows the T values varying between 493 to 2340 m
2
/day in Aquifer Group I in the 

Panipat-Sonipat-Rohtak Tract, where it has its maximum thickness (avg. ~90 m). Southward, the 

T value goes on decreasing. In the Jhajjar-Rewari-Gurgaon Tract, the T value in the Aquifer 

Group I is in the range of 90 – 390 m
2
/day with the average thickness of this aquifer as 69 m. In 

Aquifer Group II, the only site where pumping test could be conducted for its determination, i.e., 

Garhi Chhaju in Panipat district, it was found to be 350 m
2
/day. Another site, where both Aquifer 

Groups I and II were tapped, i.e., Darauli in Rewari district, the T value was determined as 536 

m
2
/day. Aquifer Groups III and IV are encountered mainly in the eastern part of the Panipat-

Sonipat-Rohtak Tract where The T values vary between 47-513 m
2
/day (average thickness 63 m) 

and 165 – 725 m2
/day (average thickness 56 m), respectively. 

In Faridabad-Palwal-Mewat Tract, Aquifer Group I is very thin with T values varying 

between 150 – 1647 m
2
/day. The Precambrian basement hard rocks are the main aquifers in this 

tract with its T values ranging between 0.5 - 609 m
2
/day, respectively.  

A map showing T values as determined at various places is shown in Fig. 84. 
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Fig. 82. Isopach map of Aquifer Group I in NCR, Haryana. 
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Fig. 83. Isopach map for Aquifer Group II in NCR, Haryana. 
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Table 25. Aquifer parameters in various Aquifer Groups in Panipat-Sonipat-Rohtak Tract. 

Location Dist. Long Lat. RL of 

GL 

Depth 

drilled 

(m) 

Slot 

Bottom 

(m) 

Zone 

Range (m) 

Q 

(litres per 

minute, 

lpm) 

T 

(m2/day) 

Kzn 

(m/day) 

Kgp 

(m/day) 

S Aq. 

Gr. 

Garhi Chhaju Panipat 77.060 29.260 233.59 395 208 181-202 1559 350 23.3 9.2 4.1*10-5 II 

Geola Kalan (KHERA) Panipat 77.112 29.315 235.82 471.48 368 320 -360 1628 446 15 3.3 2.57*10-3 IV 

Khajurnagar (Panipat 

Taraf Ansar) Panipat 76.980 29.407 250.64 473.41 81 40 -77 1030 493 18.3 6 4.59*10-4 I 

Mahayudinpur Thirana Panipat 76.830 29.410 247.95 253.83 47 194-244 600 47 3 0.9 6.85*10-6 III 

Mehmadpur Panipat 76.939 29.455 246.8 438.22 370 273-364 1696 246 12.3 2.6 3.47*10-5 III 

Mohali Panipat 77.033 29.388 246.74 459.25 235 190-227 1875 225 14 2.4 7.0*10-5 III 

Namunda* Panipat 76.940 29.237 244.99 467 408 356-402 1400 395 15 3.3 7.4*10-6 III 

Naultha EW* Panipat 76.890 29.302 242.98 456.72 332 309-326 1400 308 16 3 1.17*10-6 III 

Pathargarh(Kundla) Panipat 77.103 29.440 250.17 476.56 245 208-239 1957 513 16 3 1.17*10-6 III 

Patti Kalyana Panipat 77.026 29.207 229.42 474.28 450 390-444 1060 165 8 3 5.81*10-5 IV 

Rakshera Panipat 77.107 29.185 227.02 470.37 436 368 - 430 1440 246 12.3 4 1.7*10-4 IV 

Naultha* Panipat 76.91 29.31 262.72 304.8 79.9 38.1-48 3258 580 19   7.2*10-4 I 

Bilaspur* Panipat 77.13 29.23 225.2 103.2 55.3 17.1 - 52.3 2661 1990 40   2.4*10-2 I 

Chajupur* Panipat 77.05 29.38 230.82 458.8 254.8 164 - 228 1741 350 3.95   1*10-3 II 

Dadlana* Panipat 76.89 29.49 237.48 460 372 286 - 366 605 390 4.9     III 

Bhakharpur Sonipat 77.110 28.860 226.55 462.5 87 52 - 81 1817 759 28 14 2.41*10-4 I 

Bhogipur Sonipat 77.045 29.181 225.98 464.37 441 357 -435 1817 289 10 3 2.17*10-4 IV 

DhanaAladpur Sonipat 76.508 29.103 242.51 284.3 80 42 - 74 1120 1354 38.68 22 9.4*10-4 I 

Manoli Sonipat 77.185 28.917 223.45 451.01 64 27 - 58 1559 1067 26 13 5.3*10-4 I 

Palra Sonipat 77.158 29.014 229.24 448 405 336 - 399 2074 725 19 6.5 7.02 * 10-4 IV 

Kheora* Sonipat 77.121 28.967 215.57 301 72 21- 68 4541 2340 36.3   21.5*10-2 I 

*CGWB’s EW. 
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Table 26.Aquifer parameters in different Aquifer Groups in Jhajjar-Rewari-Gurgaon Tract. 

Location District Long. Lat. RL of 

GL (m) 

Depth 

drilled 

(m) 

Slot 

Bottom 

(m) 

Zone Tapped 

Range (m) 

Q 

(lpm) 

T 

(m2/day) 

Kzn 

(m/da

y) 

Kgp 

(m/day) 

S Sustainable 

yield (lpm) 

Aq. 

Gr. 

Khol *(EW) Rewari 76.389 28.183 360.22 184.4 176.14 128 - 146,  

158 - 176.14 

102 5.47    100 Hard 

rock 

Chimnawas 

EW* 

Rewari 76.500 28.218 257.72 200 171 118-136, 

160-165.15 

126 124.5    190 Hard 

rock 

Dehina* Rewari 76.383 28.300 257.022 139.5 133.2 54.77 -133.20 2264 1060 37.8    Hard 

rock 

Darauli* Rewari 76.425 28.333 241.763 170.03 151.18 67.67 -151.18 2911 536 17.1    I,II 

Khaliawas* Rewari 76.742 28.208 239.94 169.47 54 21.34 - 53.04 701 390 12.4    I 

Badshahpur* Gurgaon 77.044 28.397 228 249.3 72 34 - 68 462 90.242     I 

Khoh (EW) Gurgaon 76.934 28.356 269.02 96.6 96 84-96 120 174.6    120 I 

Harchandpur 

Kohar* 

Gurgaon 78.047 28.689 229.2 186 126.28 84 - 96, 

 108-120 

162 63   1.02*10-3 162 Hard 

rock 

Bhondsi* Gurgaon 77.038

16 

28.377 248.97 183.5 165.55 69-81,  

141-153 

156 104   1.07*10-3 55 Hard 

rock 

Sehsaula (EW) Mewat 77.033

92 

28.237

88 

300.45 178.5 170.9 105.9 - 108.5, 

163 - 170.9 

120 66   5*10-2 250 Hard 

rock 

Piragpura* Rewari 76.526 28.133 259.547 114.65 105 21 - 1012 683    4.36*10-2   

Dawana* Rewari 76.398 28.242 275 168.66 166 41 -164 769 110   1.14*10-3   

*CGWB’s EWs.  
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Table 27. Aquifer parameters in different Aquifer Groups in Faridabad-Palwal-Mewat Tract. 

Location District Long. Lat. RL of GL 

(m) 

Depth 

drilled 

(m) 

Slot 

Bottom 

(m) 

Zone Tapped 

Range (m) 

Q 

 (lpm) 

T  

(m2/day) 

Kzn 

(m/day) 

Kgp 

(m/day) 

S Sustainable 

yield (lpm) 

Aquifer 

Group 

Paota (EW) FARIDABAD 77.1946 28.37272 279.54 137 119.7 28.45 - 40.60 150 35       175 Hardrock 

Lakarpur (EW) FARIDABAD 77.29086 28.47672 228.84 151 119.4 87 - 99 180 147       700 Hardrock 

Paoli (EW) FARIDABAD 77.25222 28.41049 272.84 200 75 63 - 69 126 155     1.25*10-3   Hardrock 

Immamuddinpur FARIDABAD 77.419 28.338 211.46 250.38 117 35 - 112 1060 408 7.4 4.4 1.02*10-5   I 

Chhainsa FARIDABAD 77.4773 28.25937 203.22 172 58 28-34, 43-52 1100 859     3.85*10-5   I 

Unchagaon* FARIDABAD 77.371 28.325 200 303 34 15-31 462           I 

Kheri Kalan* FARIDABAD 77.379 28.396 209 350 55 18-52 794 1049 29       I 

Dhauj* FARIDABAD 77.196 28.342 205 112 91 15-88 973 175         I 

Mujeri* FARIDABAD 77.350 28.349 201 212 52 27-48 487 136         I 

NIT NH V* FARIDABAD 77.304 28.399 200.3 249.25 87 46-83 216 136         I 

Sector 25* FARIDABAD 77.303 28.344 198 251 67 28-63 1365 691         I 

Boselva* FARIDABAD 77.343 28.419 201 203 87 36-83 1374 1034         I 

Dodasia I* FARIDABAD 77.369 28.469 200 205.32 50 12.00-47.00 2612 1258         I 

Hathagoan* FARIDABAD 78.61332 28.826 201 84 35 21-33 910 593     2.63*10-2   I 

NIT NH II* FARIDABAD 77.29556 28.40028 203.7 149 106 48-102 315           I 

NIT NH III* FARIDABAD 78.70114 28.95721 203.76 118.5 88 46-84 200 108         I 

Sector 8* FARIDABAD 79.92344 29.30738 199 212 60 34-56   962         I 

Sector 9* FARIDABAD 77.33472 28.37361 199 212 67 84-63 1079 1100         I 

Sujwari* PALWAL 77.42361 28.15833 197 346 94 30-91.50 1250 880 12.5       I 

Chandhat* PALWAL 77.45972 28.125 190 310.5 50 28-48 746 1647 8.4       I 

Bahin* PALWAL 77.2625 27.96806 198 186.26 22.5 10.00-18.00 753 150 9.5       I 

Thekraka* PALWAL 77.004 28.015 193 52.5 25.59 11.43 -22.63 850 609     1.5*10-3   Hardrock 

Dungeja (EW) MEWAT 77.09169 27.8378 230.34 200 165.9 37-43, 103-115 78 0.478       75 Hardrock 

Sohalpur (EW) MEWAT 76.954 27.744 226.43 200 174 174-174.5           25 Hardrock 

*CGWB’s EWs. 
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Fig. 84. Transmissivity (T) values at various locations aquifer-wise in NCR, Haryana. 
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Table 28. Aquifer parameters in different Aquifer Groups in NCR, Haryana. 

Panipat-Sonipat-Rohtak Tract 

 

Jhajjar-Rewari-Gurgaon Tract 

 

Faridabad-Palwal-Rewari Tract 

 

6.6.2 Hydraulic Conductivity (K) 

Transmissivity values have been divided by the aquifer zones tapped and the total thickness 

of the respective aquifer groups to give Conductivity (Kzn) of the aquifer zones tapped. 

WAPCOS too has determined the K values of the aquifer group (Kgp) by dividing the T value at 

a particular site with the thickness of the aquifer group tapped (Tables 25 – 27). In the Panipat-

Sonipat-Rohtak Tract, Kzn value ranges between 18.3 - 40 m/day in Aquifer Group I, 4 – 23 

m/day in Aquifer Group II, 3 – 16 m/day in Aquifer Group III and 8 – 19 m/day in Aquifer 

Group IV (Table 28). In this tract, Kgp values of the various aquifer groups are: 6 – 14 m/day 

for Aquifer Group I, 9.2 m/day for Aquifer Group II (only one well could be tested), 0.9 – 3.3 for 

Aquifer Group III and 3.3 – 6.5 for Aquifer Group IV. In Chapter 7, Kgp value has been 

considered for modelling purposes since it represents the whole aquifer group.   

Aquifer 

Groups 

T  

(m
2
/day) 

S Kzn 

(m/day) 

Kgp 

(m/day) 

SY 

(litres per 

minute) 

I 493 - 2340 2.41*10-4 - 21.5*10-2  18.3 - 40.00 6 - 22  

II 350 4.1*10-5 - 1*10-3  3.95 - 23.3 ~9.2  

III 47-513 1.17*10-6 - 7.0*10-5     3.00 - 16.00 0.9-3.3  

IV 165 - 725 5.81*10-5 - 2.57*10-5  8.00-19.00 3.3-6.5  

Aquifer 

Groups 

T  

(m
2
/day) 

S Kzn 

(m/day) 

Kgp 

(m/day) 

SY 

(litres per 

minute) 

I 90 - 390  ~12.4  ~120 

Hard Rocks 5.47 - 1060 1.02*10-3 - 5*10-2    55 - 250 

Aquifer 

Groups 

T  

(m
2
/day) 

S Kzn 

(m/day) 

Kgp 

(m/day) 

SY 

(litres per 

minute) 

I 150 - 1647 1.02*10-5 - 2.63*10-2  7.4 - 29   

Hard Rocks 0.478 - 609 1.25*10-3 - 1.5*10-3    25 - 700 
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In the Jhajjar-Rewari-Gurgaon Tract, Kzn value of only one site could be determined, and it 

was determined to be 12.4 m/day. This value possibly be representing the whole of the Aquifer 

Group II, but is indicative of its poor conductivity. At Darauli, Kzn values of the aquifer I and II 

jointly is found to be 17.1 m/day. Kzn value in the Faridabad-Palwal-Mewat Tract varies 

between 7.4 and 29 m/day. Sustainable yield of the wells in the hard rocks vary between 55-250 

litres per minute (lpm) in Jhajjar-Rewari-Gurgaon Tract and 25-700 lpm in Faridabad-Palwal-

Mewat Tract.  

Slug Tests too were conducted in the first aquifer group at shallow levels to estimate K 

values. The results of the 107 individual sites are given in Annexure XI, and are summarised in 

Table 29. The K values were determined by both Bouwer & Rice Method and Hvorslev Method 

and the average of these two methods was taken as the K value for the individual sites. Average 

K varied between 0.66 m/day in Gurgaon district to 11.01 m/day in Faridabad district. Figs. 85 – 

87 show the K values determined by slug tests in various parts of the NCR, Haryana.  In Panipat-

Sonipat-Rohtak Tract, the K value ranges between 0.29 and 10.1 m/day, in Jhajjar-Rewari-

Gurgaon Tract between 0.84 and 20.25 m/day and in Faridabad-Palwal-Mewat Tract between 

0.25 and 16.05 m/day.  

Table 29. Summary of the Slug Test tests carried out NCR, Haryana. 

Sl. 

No. 

District No. of Slug Tests K range (m/day) Average K 

(m/day) 

1 Panipat 13 0.29 – 10.1 2.27 

2 Sonipat 18 0.8 – 5.34 2.21 

3 Rohtak 14 0.78 – 6.83 2.19 

4 Jhajjar 08 0.84 – 6.1 2.26 

5 Rewari 14 0.67 – 20.25 5.875 

6 Gurgaon 10 0.29 – 1.39 0.664 

7 Faridabad 05 0.61 – 16.05 11.01 

8 Mewat 12 0.25 – 2.05 1.05 

9 Palwal 13 0.61 – 1.71 1.38 

 Total Tests 107   
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Fig. 85. Hydraulic Conductivity (K) as determined by Slug Test in Panipat-Sonipat-Rohtak 

Tract. 
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Fig. 86. Hydraulic Conductivity (K) as determined by Slug Test in Jhajjar-Rewari-

Gurgaon Tract. 
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Fig. 87. Hydraulic Conductivity (K) as determined by Slug Test in Faridabad-Palwal-

Mewat Tract. 
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6.6.3 Specific Yield (Sy) /Coefficient of Storage (S) 

The Specific Yield (Sy)/Coefficient of Storage (S) varies between 2.41*10
-4 

-
 
21.5*10

-2
, i.e. 

0.000241 - 0.215, in the 1
st
 Aquifer Group, in which ground water is in unconfined and semi-

confined to confined conditions (Tables 25-28). In Faridabad-Palwal-Mewat Tract, the specific 

yield of the unconfined aquifers has the maximum value of 0.0263. From Aquifer Group II and 

below ground water is in semi-confined to confined conditions with S varying from 4.1*10
-5

 to 

1*10
-3

 (i.e. 0.001) in whole of the NCR. In the Jhajjar-Rewari-Gurgaon Tract, ground water in 

the fractured rocks often occur in unconfined and semi-confined conditions with specific yield 

varying between 0.001 and 0.05 (1.02*10
-3 

-
 
5*10

-2
). In the Faridabad-Palwal-Mewat Tract, the S 

value is in the order of 0.00125 – 0.0015 (1.25*10
-3

 - 1.5*10
-3

).  

 

6.7. Bedrock Profile 

A two-dimensional (2D) depth to bedrock map has been prepared by WAPCOS based on 

VES and borehole logs (Fig. 88). A three- dimensional (3D) view of the bedrock profile has been 

prepared (Fig. 89) in SURFER 9 (Demo) by extracting the latitude-longitude and the respective 

bed rock depth mentioned in the 2D map of Fig. 88. It is to be noted here that the bedrock has 

not been tapped in the northern part of the Panipat-Sonipat-Rohtak Tract up to a depth of 450 m. 

Therefore, the reduced level of the bedrock depths north of the ‘>300 m’ bedrock depth zone 

mentioned in Fig. 88 has been taken as 450 m in general in this tract. This 450 m reduced level 

has been taken as the ‘reference level’ (i.e. ‘zero’) for preparing the 3D bedrock profile. Towards 

the south, the bedrock elevation increases from this ‘reference level’, and have been plotted 

accordingly at an interval of 20 m. For example, at a certain location, supposing the actual 

bedrock elevation is 370 m, then it will be shown as 80 m (i.e. 450 m – 370 m = 80 m) in the 3D 

profile map.  Three different views of the 3D profile prepared accordingly have are shown in 

Fig. 89 (a-d).  

The Delhi-Sargodha ridge with its axis along Delhi-Rohtak-Hissar   Sirsa occurs at a depth of 

about 200-250 m (CGWB, 1998). This ridge checks the southward transport of sediment from 

the north, but the transport continues above its crest until full halt of such transport is caused by 

the elevated Pre-Cambrian formations south of the Jhajjar-Rewari-Gurgaon Tract. Sediment 

transport northward also is caused by the erosion of these Pre-Cambrian rocks, but much of the 

transport from the south is of aeolian nature. The Aravalli Hill ranges with their N-S extensions 

are well picked-up by the bedrock profile.  
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Fig 88. Depth to bedrock map by WAPCOS based on VES and borehole logs. 
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Fig.  89 a. A bedrock profile (in m) of the NCR, Haryana (View I from the top). 
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Fig. 89 b. A bedrock profile (in m) of the NCR, Haryana (as viewed from the East). 
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Fig. 89 c. A bedrock profile (in m) of the NCR, Haryana (as viewed from the East). 
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6.8 Aquifer Vulnerability Maps 

The vulnerability maps for the Panipat-Sonipat-Rohtak Tract, Jhajjar-Rewari-Gurgaon 

Tract and the Faridabad-Palwal-Mewat Tract are shown in the Figs. 90-96. These maps have 

been prepared based on e-logs of the boreholes drilled in the area by CGWB as a regular activity 

of its mandate as well as by WAPCOS in this NCR Project.  

In the Panipat-Sonipat-Rohtak Tract, fresh ground water is available mainly in the eastern 

part of the tract in the newer alluvium areas, while in the western parts, the ground water is 

mostly brackish to saline (Fig. 90). Fence diagrams in different views are shown in Figs. 91a 

and 91b.  

In the Jhajjar-Rewari-Gurgaon Tract, ground water is brackish to saline in most parts of 

the tract (Fig. 92). Fence diagram in different sections of the tract is shown in Fig. 93. Fig. 94 

shows the salinity variation along a cross-sectional area. In the eastern parts and on the surficial 

levels ground water is relatively fresher.  

In the Faridabad-Palwal-Mewat Tract, fresh ground water is confined mainly to the 

surficial zones (Fig. 95). An open fence diagram is shown in Fig. 96 in different sections.      
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Fig. 90. A fence diagram showing fresh water and saline areas in the Panipat-Sonipat-Rohtak Tract. 
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Fig. 91a. An open fence diagram showing fresh water and saline areas in the Panipat-Sonipat-Rohtak Tract diagonally in 

different sections.  
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Fig. 91b. An open fence diagram showing fresh water and saline areas in the Panipat-Sonipat-Rohtak Tract in different 

sections.  
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Fig. 92. A fence diagram showing fresh water and saline areas in Jhajjar-Rewari-Gurgaon Tract. 
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Fig. 93. An open fence diagram showing fresh water and saline areas in Jhajjar-Rewari-Gurgaon Tract in different sections. 
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Fig. 94. An open fence diagram showing fresh water and saline areas in Jhajjar-Rewari-Gurgaon Tract in a diagonal section. 
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Fig. 95. A fence diagram showing fresh water and saline areas in Faridabad-Palwal-Mewat Tract (depth up to 200m).
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Fig. 96. An open fence diagram showing fresh water and saline areas in Faridabad-Palwal-Mewat Tract in different sections. 
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7 STATUS OF GROUND WATER DEVELOPMENT 

 

There are 9 districts and 43 administrative blocks in NCR, Haryana (Fig. 2, Table 1). 

CGWB (2014a, b) has done detailed assessment of the dynamic ground water resources of 

these blocks (Annexure XII). The norms defined by the Ground Water Estimation 

Committee (GEC 1997) (GoI, 2009) have been adopted while making estimates under 

different heads for ground water recharges and discharges.  

The primary source of recharge in the area is the rainfall, and the other sources are 

from seepages from canals, tanks and ponds and return flows from the agricultural fields after 

applied irrigation. These recharges have been estimated for both monsoon and non-monsoon 

seasons (Table 30). The primary source of ground water discharge (draft) is agricultural 

abstractions, apart from usages due to domestic and industrial needs.  The district-wise 

summary of these estimates are given in Table 31. Block-wise details on recharges and 

discharges are in Annexure XII (A and B). 

The net annual ground water recharge after all natural discharges in the NCR is 

estimated at 330369 ham (100 ham = 1 MCM), while the total ground water discharges/draft 

is estimated at 391366 ham out of which 363160 ham (93%) is due ground water abstraction 

by irrigation wells and 28206 (7%) ham is the existing ground water usage for domestic and 

industrial needs.  On the basis of the current usages, provision has been made for an amount 

of 29667 ham for the ground water usages for domestic and industrial needs in 2025. When 

this figure is deducted from the net ground water availability along with the existing gross 

ground water draft for irrigation, a negative figure, i.e., (-) 62408 ham is obtained, signifying 

that all dynamic ground water resources have been used up. Thus, the region is currently 

using waters from the static ground water resources, which are generally reserved for the 

future generations. This is a very serious issue and needs immediate attention.   

A perusal of Table 32 indicates that out of the 43 blocks in the NCR, Haryana, 20 

blocks are already over-exploited, 8 blocks are under critical condition, 4 blocks are under 

semi-critical condition while 11 blocks fall under safe category (CGWB, 2014b). Fig. 97 

shows the different categories of these blocks. All the blocks in Panipat district and are over-

exploited, so do the eastern blocks of the Sonipat district. Similarly, in the southern parts, all 

blocks of Rewari district, except Jatusana, and Gurgaon districts are over-exploited. The 

central part covering most of Rohtak and Jhajjar districts fall under safe category possibly 

due to limited abstraction of ground water due to salinity problems.           
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Table 30.   District-wise ground water recharges from different sources in NCR, Haryana (2006-2010) (units are in hectare metre: ham).  

District Recharge from 

rainfall during 

monsoon season 

Recharge from 

other sources 

during monsoon 

season 

Recharge from 

rainfall during 

non-monsoon 

season 

Recharge from 

other sources 

during non-

monsoon season 

Total Annual 

Ground Water 

Recharge 

[(2)+(3)+(4)+(5)] 

Provision 

for 

Natural 

Discharges 

Net Annual 

Ground 

Water 

Availability 

[(6)-(7)] 

1 2 3 4 5 6 7 8 

Panipat 12814 8687 2597 10441 34539 3452 31087 

Sonipat 22272 25405 5955 31921 85553 8555 76998 

Rohtak 10823 15309 4179 17653 47964 4193 43771 

Jhajjar 12543 13043 2822 16899 45307 4069 41238 

Rewari 13018 3609 3075 11844 31546 3154 28392 

Gurgaon 12560 3023 4440 6697 26720 2672 24048 

Faridabad 9059 3975 3256 5448 21738 2174 19564 

Palwal 12683 13076 2497 17948 46204 3297 42907 

Mewat 10254 4243 4280 5531 24308 1944 22364 

        

Total NCR 116026 90370 33101 124382 363879 33510 330369 
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Table 31.   District-wise ground water discharges and net availability in NCR, Haryana (2006-2010) (units are in hectare metre: ham).  

District Net Annual 

Ground 

Water 

Availability 

Existing 

Gross 

Ground 

Water 

Draft  for 

irrigation 

Existing 

Gross 

Ground 

Water Draft  

for domestic 

and industrial 

water supply 

Existing 

Gross 

Ground 

Water 

Draft  for 

all uses 

(3+4) 

Provision for 

domestic, and 

industrial 

requirement 

supply to 2025  

Net Ground 

Water 

Availability 

for future 

irrigation 

development 

(2-3-6) 

Stage of Ground Water  

Development in per cent. 

{(6/3) * 100} (%) 

1 2 3 4 5 6 7 8 

Panipat 31087 50148 496 50644 496 -19507 163 

Sonipat 76998 102617 4630 107247 4639 -30258 139 

Rohtak 43771 30488 100 30588 117 13166 70 

Jhajjar 41238 40768 291 41059 339 131 100 

Rewari 28392 31999 116 32115 126 -3733 113 

Gurgaon 24048 36266 18152 54418 18152 -30370 226 

Faridabad 19564 12691 2232 14923 2733 4140 76 

Palwal 42907 40597 999 41596 1310 1000 97 

Mewat 22364 17586 1190 18776 1755 3023 84 

        

TOTAL NCR 330369 363160 28206 391366 29667 -62408 119 (avg.) 
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Table 32.   Block-wise status of ground development in NCR, Haryana in 2009 and 2011. 

Sl. No. Assessment Unit 

(Block) 

Stage of 

Ground Water 

Development 

(%) 

Category (2011) Category  (2009) 

   
(Safe/ Semi-critical/ Critical/  

Over-exploited) 

(Safe/ Semi-critical/ Critical/  

Over-exploited) 

Panipat Bapoli 185 Over exploited Over exploited 

 Israna 124 Over exploited Over exploited 

 Madlauda 136 Over exploited Over exploited 

 Panipat 178 Over exploited Over exploited 

 Samalkha 219 Over exploited Over exploited 

Sonipat Ganaur 141 Over exploited Over exploited 

 Gohana 149 Critical  Critical  

 Kathura 88 Safe Safe 

 Kharkhoda 156  Semi critical   Critical  

 Mundlana 89 Safe  Safe  

 Rai 229 Over exploited Over exploited 

 Sonepat 145 Over exploited Over exploited 

Rohtak Rohtak 100 Safe Semi critical  

 Kalanaur 67 Safe Safe 

 Lakhan Majra 116 Semi critical  Semi critical  

 Meham 54 Safe Safe 

 Sampla 38 Safe Safe 

Jhajjar Bhadurgarh 93 Semi critical  Semi critical  

 Beri 78 Safe  Safe  

 Jhajjar 125 Safe Critical  
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 Matanhail 90 Safe Safe 

 Salhawas 113 Safe  Semi critical  

Rewari Bawal 44 Over exploited Over exploited 

 Jatusana 104 Critical Critical 

 Khol 204 Over exploited Over exploited 

 Nahar 101 Over exploited Over exploited 

 Rewari 171 Over exploited Over exploited 

 Gurgaon Farukhnagar 232 Over exploited Over exploited 

 Gurgaon 308 Over exploited Over exploited 

 Pataudi 164 Over exploited Over exploited 

 Sohna 193 Over exploited Over exploited 

Faridabad Ballabhgarh 75 Critical  Critical  

 Faridabad 77 Critical  Over exploited 

Palwal Hassanpur 126 Over exploited Over exploited 

 Hathin 84  Critical  Critical 

 Hodel 62  Critical Over exploited 

 Palwal/Prithla 107 Over exploited Over exploited 

Mewat Ferozepur Zhirka 75 Critical Over exploited 

 Nagina 47 Safe Safe 

 Nuh 73 Critical Safe 

 Punhana 99 Semi critical Critical 

 Tauru 151 Over exploited Over exploited 
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Fig. 97. Ground water resources development in the NCR, Haryana. 
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8 AQUIFER RESPONSE MODELLING AND AQUIFER MANAGEMENT PLAN 

  

8.1. Introduction 

 Ground water simulation / response models are the most appropriate and advanced tool 

for indepth understanding of the aquifer dynamics, response for various stresses in time and 

space as well as for making futuristic predictions. In commensuration with the objectives of the 

present study, sincere effort has been made to collate the data and develop a ground water 

simulation model for parts of the study area. Within the constraints of the data availability in 

terms of aquifer parameters and river stages, a sensible and justified attempt has been made to 

calibrate the model and test the prespecified future scenarios to assist decision makers in arriving 

at the optimal management options.  

 

Identification of problems and issues within the Model Area 

 As already elaborated, the study area encompasses parts of the NCR falling in the State of 

Haryana. Depending upon the hydrogeological complexities and ground water related issues, the 

study area has been divided into three tracts, such as Panipat-Sonipat-Rohtak Tract, Jhajjar-

Rewari-Gurgaon Tract and Faridabad-Palwal-Mewat Tract (Fig. 46). The study area has 

divergent issues related to ground water, and as a first step attempt has been made to develop a 

mathematical model for the Panipat-Sonipat-Rohtak Tract (Fig. 46, 58, 72), which forms parts of 

the Upper Yamuna Basin and inland alluvial basin located between the north latitudes 28.49
o
 to 

29.52
o
 and east longitudes 77.21

o
 to 77.23

o
 covering eastern, central and southwestern parts of 

the state of Haryana. The total geographical area of the model area is 5937.73 sq. km. The Model 

area covers 19 administrative blocks falling in Panipat, Sonepat, Rohtak and Jhajjar (Bahadurgrh 

and Beri blocks) districts. 

After the green revolution, the model area faced change in cropping pattern wherein high 

return crops like paddy and sugarcane, which are water intensive crops, are being cultivated. 

This has resulted in decline in the water levels, thus forcing to exploit the relatively deeper zones 

of Aquifer Group I. Increase in the population as well as the development of industries with time 

in this area have resulted in the increase in the demand of water for industrial and domestic uses. 

Due to heavy withdrawal ground water by industries and urbanization, troughs have been created 

in industrial and urban clusters. The long term fluctuation of the water levels show a general fall  
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of 10-16 m in the last 20 yrs. The fall is generally observed in the central, north and all along the 

areas adjoining the Yamuna River. However, in Rohtak and Jhajjar districts, the scenario is quite 

different where irrigation is done by shallow tubewells and canals. Irrigation from shallow 

tubewells is done by utilizing fresh water resulting from return flows, rainfall recharge and canal 

seepages. For irrigation purposes, canal water has a major share than ground water in these two 

districts, and owing to excessive canal irrigation and less abstraction of ground water, water 

logging conditions prevail in these districts.  

The development of ground water is directly related to availability of fresh ground water 

which can be readily utilized for various uses. The poor development of ground water in the 

administrative blocks is due to presence of marginal to saline ground water and dense network of 

canals. For example, in Sampla block of Rohtak district, development of ground water is very 

low (38%) (CGWB, 2014) as it falls in saline ground water area. 

It has been observed that out of the 19 blocks of the model area, 7 blocks fall in safe 

category, 3 blocks in semi critical, 1 in critical, and 8 in over-exploited category (Fig. 97). Most 

of the blocks with overexploited category fall in the districts of Panipat and Sonepat. In Rohtak 

and Jhajjar (two blocks), ground water is slightly brackish hence canal water is preferred than 

ground water for domestic, industrial and irrigational needs. 

 

Requirements of the Model 

One of the prerequisites for any modeling exercise is to identify the issues and problems 

in the model area related to ground water, which can be addressed through simulation model. In 

view of this, effort has been made to identify the groundwater problems/issues in the model area, 

which are as follows: 

1. Over-exploitation of groundwater has led to the depletion of the groundwater resources in 

several administrative blocks (Fig. 23). 

2. Water logging and deterioration in ground water quality are possibly due to inequitable 

distribution of canal water coupled with the poor surface drainage and subsurface 

movement of groundwater in the districts of Rohtak and Jhajjar (Figs. 90 and 91). 

3. Non-utilization of poor quality water (brackish/saline) has resulted in the reduction of 

natural recharge to the ground water with time, thus the area under poor ground water 

quality has increased. 
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8.2. Ground Water Flow Modelling 

 The ground water flow modelling includes the development of a mathematical model to 

simulate hydrogeological conditions of ground water flow systems in the area. The heads 

produced after the calibration of the model are used to develop various scenarios. For success of 

any simulation studies, it is necessary that the input data should be precise and accurate and the 

monitoring data used for the model are of long duration, with a reasonable frequency for desired 

accuracy of prediction. The steps involved in groundwater simulation studies are devising a 

model and calibration of the model.  

Devising a model involves developing a conceptual model using the data available as 

mentioned above, including finalization of the boundary conditions, the hydro-stratigraphic units 

and the flow system. The modeling steps include laying out the grid, defining model layers, 

orientation of the grid, assignment of aquifer parameters, assignment of initial heads, finalization 

of packages and assigning data as per the requirement of these packages, assigning stress period 

and then finally running the model. After calibration of the model, the calibrated model is used 

for further running it to generate alternate management scenarios and develop optimal allocation 

of water resources.  

 

8.3. Model Conceptualization 

In order to define the conceptual model, the most essential component is to outline the 

hydrogeological framework which inter alia includes delineating the aquifer geometry, boundary 

conditions and specifying the hydraulic properties to respective aquifers. In the western and 

south-western parts of the model area, aquifers are mainly brackish in nature. These areas have 

shallow water levels to water logged conditions. At certain places in Sonepat district, fresh water 

is overlain by brackish water. In northern parts fresh water sediments are available up to a depth 

of more than 476 m, the deepest exploratory well drilled by CGWB in the NCR, Haryana. 

Towards south and south west, the thickness of fresh sediments decreases gradually and fresh 

water is hardly available in Rohtak and Jhajjar districts. All along the areas adjoining the 

Yamuna River, fresh ground water occurs up to quite deeper level compared to the area away 

from the river (Fig. 90). The master slope of water table is from north to south with lateral slopes 

away from the ground water ridges (Fig. 24). There is a prominent ground water trough all along 



188 

 

the areas adjoining the river Yamuna, Panipat, Sonepat and Samalkha city, but this departs 

westwards. 

8.3.1. Grid Design 

The area has been divided into 20 columns and 23 rows with a uniform grid size of (5000 

m X 5000 m) dividing into 4 vertical layers containing 2 main aquifers (Layer 1 and Layer 3 

(Aquifer 1 and Aquifer 2). The bottom of layer 4 is an aquitard layer and has been considered as 

the base of modeling depth. Spatial and vertical variations in hydrologic characteristics in the 

aquifer framework were represented by discrete values in each of the model cells. Model cells 

extend vertically into the aquifer and divide the aquifer into discrete volumes of aquifer material 

that are assumed to have uniform hydrologic characteristics. The model grids showing the active 

and inactive cells are shown in Fig 98. 

The ground elevation data available for 43 stations within the study area have been 

assigned and these were interpolated for other locations through natural neighborhood technique. 

In a similar manner, the elevation for other layers were also assigned for known locations and 

were interpolated. 

8.3.2. Hydrogeological Framework  

The integration of data generated by various agencies using advanced tools of GIS has 

helped in outlining the hydrogeological framework and conceptual model of the model area.  

Exploratory drilling and bore hole logging have revealed existence of multi-layered aquifer 

systems (Aquifer Groups I, II, III and IV) down to 475 m depth. At most of the sites four distinct 

groups of permeable horizons were identified as under.  

 Aquifer Group I: The aquifer-I is unconfined in nature with thickness varying between 

20 to 150 m.  The aquifer-I is composed of relatively coarser sand with intercalation of 

sandy clay and is underlain by a clayey horizon, 4 to 181 m thick, which is more to less 

regionally extensive except in Jhajjar and Rohtak districts.  The ground water level varies 

from 23 m to 1.5 mbgl. This group is under unconfined to semi-confined conditions. 

 Aquifer Group II: The aquifer-II is semi-confined to confined in nature with thickness 

varying between 6 to 154 m. It is composed of numerous sand and clay lenses occurring 

at variable depth ranging from 45 m to 284 m bgl. The sediments of this group are less 

coarse and are occasionally mixed with kankar and are underlain by another clayey  
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Fig. 98. Model showing active and inactive cells. 
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horizon (6 to 221 m thick) which is considerably thick at places and appears to be 

regionally extensive. 

 Aquifer Group III: This group comprises of thin sand layers alternating with thicker 

clay layers occurring at variable depths ranging from 179 to 421 mbgl. The granular 

material of this group is generally finer in texture; kankar occurs in the southern parts. 

This aquifer is underlain by a thick clayey horizon (7 to 100 m) which, in turn, is 

underlain by another permissible horizon. In this aquifer group, the ground water 

normally occurs under confined conditions. 

 Aquifer Group IV: This Aquifer Group occurs between 247 and more than 476 m depth 

under confined conditions in Panipat and Sonipat districts. This aquifer group is not fully 

investigated.  

 

Only Aquifer Groups I and II were considered for simulation studies of which Aquifer I is the 

most potential and prolific aquifer.  

 

8.3.3. Aquifer Geometry  

The information regarding the aquifer geometry including geologic maps, cross sections 

and well logs are combined with information on hydrogeological properties to define 

hydrostratigraphic units for the conceptual model (Anderson and Woessner, 2002). The 

Lithological data, VES data and Logging data of boreholes from the study area were utilized for 

sketching horizontal and vertical disposition of aquifers and aquitards in the study area to a depth 

of 300 m bgl (Fig. 99).  

 

 

Fig. 99. Hydro geological cross-section along row 15 representing 4 layers system. 
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8.3.4. Boundary Conditions  

Boundary conditions are defined along the edges of the simulation domain including the 

top and the bottom. Their main function is to separate the model region from the rest of the area 

and are required for solution of the groundwater flow equation. Model boundaries are either 

physical (real) and hydraulic (artificial). While the physical boundaries are well defined geologic 

and hydrologic features that permanently influence the pattern of groundwater flow, hydraulic 

boundaries are artificial and are derived from groundwater flow nets (Kresic, 1997). 

Mathematically, they are necessary for arriving at a unique solution of a differential equation. 

Conceptually, they can be visualized as the influence of the hydraulic conditions occurring 

across the boundary of the domain of the solution. Thus, to obtain a unique solution of the 

differential equation, it is necessary to define the boundary conditions all along the domain 

boundary. The boundary condition may either be a known head (head assigned) or a known flow 

rate (flow assigned) across the boundary. It can be thus concluded that for obtaining a unique 

solution, it is necessary to know either the head or normal flows all along the boundary. In 

general there are two commonly used boundary conditions: (a) specified hydraulic head 

boundaries and (b) specified flow boundaries. A no-flow boundary is a special case of specified 

flow boundary and a constant head boundary is a special case of specified head boundary. Out of 

the two types of boundary conditions, the head assigned boundaries are more suitable for 

forecasting since the water elevations in the hydraulically connected water bodies may generally 

not be significantly influenced by the pumping/recharge pattern in the aquifer. With head 

assigned boundaries the known prevalent water elevations may be assumed to hold good under 

the projected conditions (i.e., the pumping/recharge rates different from the prevalent ones), and 

as such, the same has been used in the present study. On the other hand, the lateral inflows across 

the boundary are very sensitive to any change in pumping/recharge. Thus, the inflow rates under 

the projected conditions may vary significantly from the prevailing ones. In other words, the 

known prevalent inflow rates may not provide the necessary boundary conditions.  

The eastern and western boundaries of the model area are  such that in the eastern portion 

of the model area, the river Yamuna is taken as river boundary as the Yamuna is influent in 

nature and the western boundary is taken as no flow boundary. For the period under the projected 

scenario, the mean half yearly stage of the river Yamuna for the pre-monsoon and post-monsoon 

period has been assigned.  



192 

 

The river Yamuna constituting the eastern boundaries of the study area for Layer I have 

been assigned river boundary for different time steps. This river is perennial in nature, so river 

boundary is well justified. For Layers 1 and 3, the northern and southern boundaries have been 

taken as flow boundary and flux has been assigned along the boundaries. The flux to the layers 

has been estimated using the TIL equation for different segments in Layer 1 (Aquifer 1) and 

Layer 3 (Aquifer 2). The estimated flux has been assigned by adding recharge wells along the 

boundary. 

Some of the important findings of the earlier studies (CGWB, 1982) relevant to the 

present area and modeling exercise has been considered during the present study and are 

elaborated below.  

i. The river Yamuna has a distinct relationship with the aquifers. Significant head 

difference between stage of river and ground water head and presence of a permeable 

formation at the bottom of river bed indicate influent nature of the Yamuna. 

ii. Ground water table does not show declining trends along the flood plain despite 

heavy withdrawal of ground water for paddy and sugarcane cultivation. 

iii. The quantum of ground water draft from Aquifer Group I is having little deleterious 

effect on the confined aquifers below and can be attributed to the presence of thick 

confining clay layer, which acts as aquitard. 

 

8.3.5. Model Input Parameters  

A. Range of Conductivity/ Transmissivity and Storage Parameters  

The exploratory wells drilled by CGWB (Inhouse and through WAPCOS) in the model area 

reveal significant potentiality of the aquifer of the area as the transmissivity values for layer 1 

ranges between 493 to 2340  m
2
/day. The hydraulic conductivity (K) has been found between 6 

to 40 m/day corresponding to medium grained to fined grained sand of the study area (Fig. 100). 

However, when the whole aquifer group is considered, K values is in the order of 6-22 m/day; 

Hydraulic conductivity values for Aquitards have been taken to be one 100
th

 of conductivity 

values of these layers. Layer 3 (Aquifer 2) shows perceptible decline in the hydraulic 

conductivity value on account of fining of the aquifer material (Fig. 101). Conductivity values 

ranges from 4 to 10 m/day. Vertical conductivity in both the layers has been taken 10% of the 

horizontal conductivity values of the respective layers. 
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Fig. 100. Conductivity value assigned in the model (Layer 1). 

 
Fig.7.3: Zone wise distribution of hydraulr Layer1) 
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Fig. 101. Conductivity value assigned in the model (Layer 3). 

 

B. Distribution of Storage Parameters  

The values of Specific Storage (Ss) have been computed by dividing the field determined 

Storativity values with the thickness of the aquifer. As the number of Storativity values 

determined through pumping test is limited in the study area, an attempt has been made to 

estimate the Specific Storage based on the lithology (Younger 1993) and past experience of the 

project studies conducted by CGWB (CGWB, 1982) (Figs. 102 and 103). 

Fig.7.3: Zone wise distribution of hydraulr Layer1) 
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Fig. 102. Zone-wise distribution of storage parameter (Layer 1). 
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Fig. 103. Zone-wise distribution of storage parameter (Layer 3). 

 

Where the predominant lithology is fine-to-medium sand, the Ss has been considered as 

1.6 X 10 
-3

 while for the predominant lithology of medium to coarse sand and fine gravels, Ss has 

been considered as 1.05 X 10
-6

 (Younger 1993). The specific storage has been found varying 

over 3 orders of magnitude in the study domain between 10
-3

 and 10
-6

.  
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C. Recharge  

This package is used to simulate surgical distributed recharge to the groundwater system. Annual 

precipitation within the study area averages about 600 mm, part of which seeps through the fine-

grained material overlying the aquifer to the water table. Areal recharge to the aquifer is equal to 

precipitation minus (1) runoff to streams, (2) evaporation, and (3) evapotranspiration from plants 

in the soil zone. Infiltration of precipitation probably accounts for the largest amount of recharge. 

Recharge estimates are a function of vertical hydraulic conductivity which is a function of 

geology. Hence, surficial geologic units are likely to represent a reasonable initial distribution of 

recharge (Fig. 104) 

 

Fig. 104. Block-wise recharge input in the model. 

 



198 

 

For the purpose of calculation, recharge from the other sources e.g. canal irrigation and 

return flow from ground water irrigation has also been taken into account. In order to simulate 

realistic picture of the recharge in the area, water table fluctuation data have been used to 

calculate recharge. Recharge calculation have been made for each block separately. On this basis 

the whole area was divided into 19 recharge zones block wise. 

 

D. Groundwater Draft:  

Domestic water demand is the daily demand of water for human consumption (drinking) and for 

all their domestic activities such as cooking, bathing, washing, rinsing and cleaning, sanitation, 

gardening and cooling. The total block-wise demand of water for domestic consumption for rural 

area and urban towns for the districts falling in  the model area has been computed based on the 

Census Data for the year 2001 given in the Statistical Abstract of Govt. of Haryana.  The 

demand for domestic water has been calculated by considering 70 litres/capita/day (lpcd) for 

rural population and 130 lpcd for urban population. The demand for domestic consumption for 

the year 2006 was 77 MCM. 

Paper & Pulp, Distilleries and Breweries, Food Processing, Soft Drinks, Textiles and 

Yarn, Pharmaceuticals and Basic Drugs, Milk and Milk Products, Refineries, Petrochemical, 

Thermal Power Plant etc. are the main water intensive industries in the model area. 

Concentration of these industries is mainly in the districts of Panipat and Sonepat. The block-

wise details of industries (small, large & medium scale) are not available with the Govt. 

Agencies. However, for computational purposes, the present industrial water demand and future 

projections have been taken as 10 % of domestic water demand / requirement. The perusal of 

data reveals that the total water demand of industrial sector is 7 MCM. The demand for the base 

year (2006) has been taken from resource estimation report of CGWB (CGWB, 2014a).  

In Command areas, various crops are grown in different seasons of the year. The growth 

of the crops depends upon the area, climatic conditions and water resources available for 

irrigation. Kharif crops include paddy, bajra, sugarcane, cotton and pulses etc. Rabi crops 

includes wheat, gram, oil seeds and pulses etc. Other crops include jowar, barley, fodder, 

vegetables etc. which are also grown, but the areas covered by these crops are insignificant as 

compared to the major crops (Kharif and Rabi). Wheat is a major Rabi crop and Paddy is the 

major Kharif crop. Water requirements vary from crop to crop and from time to time for the 
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same crop depending upon their physiological growth stages. An attempt has been made to work 

out the irrigation water demand based on the block wise number of M.I. (minor irrigation) units 

taken from the Statistics Department, Govt. of Haryana from 2006 to 2014. Accordingly, the 

water demand for irrigation sector for the year 2006 has been calculated as 1914.27 MCM. 

 

8.4. Model Calibration 

An important part of any groundwater modelling exercise is the model calibration 

process. In order to ensure that groundwater model is to be used for  predictive purpose, it must 

be demonstrated that the model can successfully simulate observed aquifer behaviour. 

Calibration is a process wherein certain parameters of the model such as recharge and hydraulic 

conductivity are altered in a systematic fashion and the model is repeatedly run until the 

computed solution matches field-observed values within an acceptable level of accuracy. The 

purpose of model calibration is to establish that the model can reproduce field measured heads 

and flows. Calibration is carried out by trial and error adjustment of parameters or by using an 

automated parameter estimation code. In this study, trial and error adjustment has been used. 

 

8.4.1. Steady State Calibration 

Steady state conditions are usually taken to be historic conditions that existed in the 

aquifer before significant development have occurred (i.e., inflow are equal to outflows and there 

is no change in aquifer storage). In this model, quasi-steady state calibration comprised the 

matching of observed heads in the aquifer with hydraulic heads simulated by MODFLOW 

during a period of unusually high recharge.  

The initial head of the year May 2006 is given as input to the model. The year 2006 has 

been taken since the period has experienced the normal rainfall. The steady state simulation was 

carried for 365 days. The simulated and the computed water levels almost matched. 

Calibration involved making minor adjustments to the hydraulic conductivity of the 

different layers and the river bed hydraulic conductivity levels until the steady state model was 

calibrated to a reasonable satisfaction. The preset calibration targets in the present study included 

a root mean square error between measured and simulated heads of less than 2 m and a good 

visual match between the measured and the simulated potentiometric surfaces of Aquifer I and 

Aquifer II and also correct flow directions and flow gradients. The computed water level 
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accuracy was judged by comparing the mean error with mean absolute and Root Mean Squared 

(RMS) error (Anderson and Woessner, 1992). Mean error is -4.982 m. RMS error is the square 

root of the sum of the square of the differences between calculated and observed heads, divided 

by the number of observation wells, which in the present simulation is 7.942 m .The absolute 

residual mean is 6.5 m. The figure showing contours of observed vs calculated head of the model 

is shown in Fig. 105 (a, b). 

 

8.4.2. Transient State Calibration 

In Transient state, head changes with time. Transient state is also called time dependent, 

unsteady, non-equilibrium, or non-steady state problem. 

After steady state calibration, the model was run under transient condition up to May 

2015, i.e., 8 years period, by taking two stress period in a year (monsoon and non-monsoon). 

Several runs were taken to calibrate the model parameters, initially at steady state and then in the 

transient state. 

Visual MODFLOW uses boundary conditions imposed by the user to determine the 

length of each stress period. After a number of trial runs, the input/output stresses were varied till 

the computed water levels matched fairly reasonably to observed values.  
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Fig. 105a. Contours of observed vs. calculated head of the model (May 2006). 
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Fig. 105b. Calculated versus observed heads of aquifer-1 (May 2006). 

 

 

8.5. Model Validation/Verification 

A calibrated model uses selected values of hydrogeological  parameters, sources and 

sinks and boundary conditions to match field conditions for selected calibration time periods 

(either steady-state or transient). However, the choice of the parameter values and boundary 

conditions used in the calibrated model is not unique, and other combinations of parameter 

values and boundary conditions may give very similar model results. History matching uses the 

calibrated model to reproduce a set of historic field conditions. This process is also referred to as 

“model verification”. The most common history matching scenario consists of reproducing an 

observed change in the hydraulic head over a different time period, typically one that follows the 

calibration time period. The best scenarios for model verification are ones that use the calibrated 

model to simulate the aquifer under stressed conditions. The process of model verification may 

result in the need for further calibration refinement of the model.  
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After the model has successfully reproduced measured changes in field conditions for 

both the calibration and history matching time periods, it is ready for predictive simulations. If 

validation is done for transient data set with changing boundary conditions and associated 

stresses and the model is found to produce head distribution that closely matches the observed 

data set, the model is said to be verified. However, if at this stage there is a need to modify any 

calibrated model parameter, the verification is not complete. Rather, it is another calibration and 

thus requires a new independent data set for verification. Transient verification offers a better 

insight into the aquifer responses to time-varying stresses.  

In order to validate the flow model, the computed altitudes of water levels were 

compared with the observed water-table. The water level observations for the period of May-

2006 to May 2015 were used for validating the model. The hydrographs of selected stations for 

the periods under transient calibration and validation are shown in Fig. 106. 
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Fig. 106. Comparison between computed and observed ground water heads. 
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8.6. Testing of Various Management Options through Model Prediction  

The main purpose of the model is to test various management options and 

accordingly make future predictions. For that  it is essential to establish that the model 

can reproduce field-measured heads and flows.  The base year for the model is taken as 

May-2006. After steady state calibration, the model was run up to 2015 under transient 

state. In order to bring out the response of the aquifers under various conditions and to 

bring out efficient aquifer management plan, the model was run up to 2025 with different 

stress scenarios. 

Scenario 1 

The model area is multilayered aquifer system with Aquifer Group 1 being the 

most stressed aquifer due to intensive irrigation for agricultural activities. In scenario 1, 

the model was run upto 2025 by keeping same recharge and ground water draft as that of 

year 2015. The model predicted continual rise in ground water levels in the areas where 

water logging conditions exist and declining trends of ground water levels in the 

remaining parts. The drawdown hydrographs of prediction of Scenario 1 at different sites 

are shown in Fig. 107. 
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Fig. 107. Drawdown hydrographs of prediction in Scenario 1. 
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Scenario 2 

Since the model area is under intensive irrigation coupled with expansion of 

industries and population, demand of ground water is likely to increase in the future. 

Keeping this future scenario in mind, the scenario 2 was developed by increasing the 

pumping rate to 5% annually up to the year 2025 by keeping recharge rate as that of the  

year 2015. The model shows continuous rise in water level along water logging area and 

declining water level trends in the remaining areas. 

The drawdown hydrographs of prediction of Scenerio 2 at different sites are 

shown in Fig. 108. 
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Fig. 108. Drawdown hydrographs of prediction in Scenario 2. 

 

 

 

 

 



214 

 

 

 

 

 



215 

 

 

 

Scenario 3 

The model area has many urban and industrial clusters which may grow 

continuously with rapid pace. As a result, the demand for ground water for drinking and 

industrial sectors would increase. Keeping this in view, the model prediction was done by 

increasing the ground water discharge by 20% from the current rate of pumping. It was 

found that in the next ten years the cone of depression in Panipat city and the surrounding 

areas would increase by 2-3 m in comparison to scenario 1 with decline in water level of 

3 m around Panipat city. In the water logged area of blocks Meham, Rohtak, Kalanaur 

and Beri, marginal decline in ground water level by 3 m was observed.    

The drawdown map of prediction of Scenerio 3 is shown in Fig. 109. The 

response of the model developed under different hydrogeological stresses in different 

scenarios (1, 2 and 3) is given in Table 33.  
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Fig. 109. Drawdown map of prediction in Scenario 3. 
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Table 33. Response of the aquifers under different hydrogeological stresses. 

Scenario Aquifer Group I Aquifer Group 

II 

Remarks 

Scenario-I 

Model prediction up to 2025 

with the present rate of pumping 

a. Decline in ground water levels by 

8-10 m in a decade. 

b. Rise in the ground water levels in 

the administrative blocks of south-

western parts. 

No significant 

change in 

ground water 

levels. 

1. The Aquifer Group I is a highly 

potential aquifer and is the user 

aquifer where ground water is 

being tapped by all sectors. 

 

2. The Aquifer Group II is 

confined in nature, but ground 

water is not tapped from this 

aquifer. 

 

3. Almost 25% of the Aquifer 

Group I as ground water which is 

brackish in nature underlying the 

fresh ground waters.  

Scenario-II 

Model prediction up to 2025 

with increase in pumping by 5% 

annually from the present rate of 

pumping 

a. Decline in ground water levels by 

10 m to 12 m in a decade. 

b. The water logging conditions in 

the south-western parts to continue. 

No significant 

change in 

ground water 

levels. 

Scenario-III 

Model prediction up to 2025 

with increase in pumping by 

20% annually from the present 

rate of pumping in Urban and 

Industrial areas. 

a. Decline in ground water levels by 

3 m in the area around Panipat city 

and 1 m around Bahadurgarh town 

which exists in water logged regions. 

No significant 

change in 

ground water 

levels. 
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8.7.  Zone Budget of the Model Area. 

 

 The zone budget of the area under modeling is given below (Table 34).  

 

Table 34. Zone budget of the model area. 

Aquifer 1, Layer-1 

Input (m
3
/day) Nov. 2014  

(3285)  

May 2015 

(3465) 

May 2024  

(6750) 

Nov. 2024 

(6930) 

Storage 22295 494330 465800 21386 

Recharge 35611000 27323000 2733000 35611000 

River Leakage 3221500 3244200 1607000 1398200 

2 to 1 509260 2406200 2137300 324600 

3 to1 1.6621 1.66 237.07 239.72 

4 to 1 421.72 424 518.52 524.6 

Total 39364000 33468000 31533000 37356000 

Output (m
3
/day)   

Storage 1889900 351460 202180 1751700 

Wells 1609800 7656500 7656500 1609800 

ET     

1 to 2 35842000 25437000 23654000 33923000 

1 to 3 21701 21780 17641 17227 

1 to 4 388.3 389.25 333.65 328.2 

Total 39363000 33468000 31533000 37355000 

Aquifer II, Layer-3 

Input (m
3
/day)   

Storage 340220 753920 706100 320430 

1 to 3 21701 21780 17641 17227 

2 to 3 29541000 24776000 23166000 27749000 

4 to 3 69570 71625 92763 93107 

Total 29973000 25624000 23982000 28180000 

Output (m
3
/day)   

Storage 29559000 24771000 23164000 27751000 

ET     

3 to 1 1.6621 1.6639 237.07 239.72 

3 to 2 342110 780090 724710 333310 

3 to 4 71587 7274 93949 95194 

Total 29973000 25624000 23983000 28180000 

The total volume of water (Year 2015) in Aquifer Group I (user aquifer) is 13,306 

MCM. From the model it is inferred that Aquifer Groups  I and II are hydraulically 

connected as vertical leakage exists between these two aquifer groups and vice versa. The 

river Yamuna contributes huge quantum of water to the Aquifer Group I. Hence, any 

change in the in the flow of water in the river Yamuna shall have adverse impact on the 

Aquifer Group I (Fig. 110). 
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Fig. 110. Zone Budget of Aquifer Groups I and II. 
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8.8. Proposed Ground Water Management Plans 

 

The study area is basically under intensive irrigated agriculture by groundwater 

and by canals. Paddy and sugarcane are the important crops cultivated in the region. In 

major part of the area, farmers depend only on groundwater for cultivation of these crops 

during all seasons. Any reduction in the yield of the tubewells due to decline in ground 

water levels shall adversely impact the production of the food grain. Though the study 

area has multilayer aquifer system, the Aquifer Group I is highly potential in nature and 

holds fresh water. Aquifer Group I cater to the needs of drinking water supply, 

agriculture and industries.  

The urban agglomeration also depends on Aquifer Group I for their water 

requirements. The model results have shown the ground water decline in most of the 

areas under irrigation as well as in the urban areas. Therefore, there is a need for efficient 

management of the aquifer system for sustenance of the tubewells. Aquifer Management 

Plan for the NCR part of Haryana is brought out keeping in view the above field 

conditions. 

For the purpose of management the entire NCR part of Haryana is categorized as 

Zone „A‟, Zone „B‟, Zone „C‟ and Zone „D‟. Zone „A‟ region comprises of urban and 

industrial centres, Zone B comprises of agricultural area, Zone C is under poor quality 

ground water with limited thickness of granular zones and zone D is under intensive 

irrigation. Paddy, sugarcane and wheat are cultivated mostly by ground water resources. 

Zones A and D fall under „overexploited‟ category (Fig. 111). 

The ground water levels in zone A show alarmingly continuous decline in ground 

water levels, so emphasis is to be given for withdrawal of ground water from Aquifer 

Group II for drinking and industrial sectors. Under Zone B, the present rate of pumping 

can continue in the future too because the declining rate is relatively low. Region under 

Zone C has poor ground water quality and represents water logged areas where ground 

water withdrawal is minimal and irrigation primarily depends on canal water. In the 

region under Zone D, ground water withdrawal may take place with same rate because of 

low rate of decline. Since major parts of the model area are categorized as over-exploited 

blocks with ground water development of more than 100%, artificial recharge schemes 

through dug-wells, percolation pond and recharge shafts are recommended in these zones 



222 

 

depending on the availability of source water. Fig. 57 identifies the areas suitable for 

artificial recharge of ground water. As industries are located within these urban 

agglomeration due care must be taken to avoid pollution of aquifers in planning any 

artificial recharge structure. 

Although the ground water level declines at the rate of 0.2 to 0.6 m per year 

annually in most of the areas, the groundwater that is being withdrawn for irrigation 

purposes may not be reduced as it shall effect the livelihood of thousands of farmers and 

lead to decrease in crop production. However, production of crops that utilize less ground 

water may be encouraged. 

Fig. 111 and Table 35 present the various management options suitable for the 

model area.   

 

Fig. 111. Aquifer Management Plan for the Model Area. 
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Table 35. Aquifer Management Plan for the Model Area. 

Aquifer Management Plan Aquifer Group I Aquifer Group II 

Zone A 

The area represents intensive 

irrigation as well as industrial and 

urbanized zones. Ground water 

meets the requirements for all three 

sectors. 

i. The ground water level is deep (20 to 30 m. bgl) 

ii. Decline in water level is at the rate of 0.90 m/yr 

iii. Regions around Panipat city shows alarming 

decline in ground water level of 10 m in a decade. 

iv. The blocks within this zone ‟A‟ are categorized as 

overexploited blocks.  

No significant change in 

ground water level. 

Management Plan i. No further ground water development but present 

pumping rate may continue. 

ii. Artificial recharge schemes may be taken up in major 

urban and industrial areas. 

The ground water from 

Aquifer Group II may be 

tapped for industrial and 

domestic purposes. 

Zone B 

The area is under intensive irrigation. 

Paddy, sugarcane and wheat are 

cultivated mostly by ground water. 

The ground water level is shallow and decline is 

almost negligible. 

 

No significant change in 

ground water level. 

 

 

Management Plan Present ground water withdrawal may continue. The ground water from 

Aquifer Group II may be 

tapped for industrial and 

domestic purposes. 
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Zone C 

The area is under intensive irrigation 

mostly by surface water than by 

ground water resources; water 

logging conditions prevail. 

i. Ground water level is shallow ( 0.5 to 2 m. bgl) 

and most places are water logged.  

ii. Fresh water lenses of 8 to 20 m floats over 

underlained brackish water  

No significant change in 

ground water level. 

Management Plan Cyclic use of canal and ground water with emphasis on more 

withdrawal of ground water. 

The ground water abstraction structures should be limited 

within 25 m. bgl 

As ground water is brackish 

in nature, the industries that 

withdraw brackish water as 

raw material may be 

encouraged. 

Zone D 

The area is under intensive irrigation. 

Paddy, sugarcane and wheat are 

cultivated mostly by ground water. 

i. The ground water level is deep (20 to 30 m bgl). 

ii. Decline in water level is at the rate of 0.30 to 0.40 

m/yr. 

iii. The blocks within this zone ‟D‟ are categorized as 

overexploited blocks. 

No significant change in 

ground water level. 

 

 

Management Plan Ground water draft may be continued with same pace. 

Artificial recharge schemes may be taken up in major Urban 

and industrial areas. 

 

The ground water from 

Aquifer Group II may be 

tapped for industrial and 

domestic purposes. 
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8.9. Limitations of the Model 

In general, there is a good agreement between the observed and computed heads 

in space and at different time steps. Computed water levels almost matched with 

observed water levels in most parts of the area; there was some mismatch observed at few 

pockets to the extent of 2 to 3 m. Due to data constraints, the nearest appropriate aquifer 

parameters (hydraulic conductivity and specific yield) have been assumed to calibrate the 

model. The limitation with respect to aquifer parameters is that the intervening aquitard 

layer at times influences the volumetric budget as also exchange of water between layers, 

hence volumetric budget may be interpreted with caution. Further hydrogeological data 

generation in the NAQUIM programme shall enable to refine the parameters where 

mismatch between the observed and computed heads exist. Further studies with 

applications of Isotope (O18, C14) technique are required so as to understand the 

recharge and discharge mechanisms that occur within the model area and also to identify 

the prominent natural recharge zones within the aquifer systems. As there exists variation 

in ground water quality (moderately fresh to brackish), which is of geogenic nature, 

geochemical studies are to be taken up aquifer-wise so as to understand the geochemical 

mechanisms within the aquifer systems, and accordingly  the model could be refined with 

different fluid parameters. There is also a need to further enhance the capacity of the 

officers involved in modeling through collaboration with renowned experts and exposure 

trips. 



226 
 

9 SUMMARY AND RECOMMENDATIONS 

 

NCR part of the Haryana State has a complex hydrogeological situation that varies from area 

to area. Therefore, on the basis of hydrogeology primarily, the NCR, Haryana has been divided 

into three different tracts, namely Panipat-Sonipat-Rohtak Tract, Jhajjar-Rewari-Gurgaon Tract, 

and Faridabad-Palwal-Mewat Tract (Fig. 46).  Following recommendations are made based on 

the studies. 

1. There is a great variation in the thickness of the four aquifer groups encountered in the 

region. The depth of occurrence of Aquifer Group I varies between 9 and 150 m with an 

average of thickness 88 m in the Panipat-Sonipat-Rohtak Tract. Ground water is being 

rampantly used causing declining trends of water levels in this tract. Keeping 

sustainability in the perspective, while ground water usage in this tract needs to be 

restricted giving time for its recuperation, artificial recharge of the aquifers in this tract 

shall be extremely useful. Fig. 57 shows the areas feasible for artificial recharge of 

ground water in the whole of NCR.   

2. The Aquifer Management Plan designed for the Panipat-Sonipat-Rohtak Tract in Table 

35 (Chapter 7) recommends use of Aquifer Group II for industrial and domestic purposes.  

This tract is subdivided in four different zones (Fig. 111) and a management plan is 

recommended accordingly depending on the current ground water usage.  Aquifer Group 

II has a thickness of 61 m in this tract which varies between 6 and 154 m with its depth of 

occurrence as 52 to 284 m. Although keeping the sustainability issues  in the background, 

Aquifer Groups II, III, and IV, which occur mostly in confined conditions, should be 

reserved for the future, it is essential that stress on Aquifer Group I in this tract is released 

to bring it to normalcy in the visible future.  The model generated in Chapter 7 does not 

recommend Aquifer Group II and other aquifer groups for use in irrigation.    

3. The Aquifer Group I has a thickness of 67 m in the Jhajjar-Rewari-Gurgaon Tract with its 

depth of occurrence up to about 120 m. Fresh water occurrence is confined to the upper 

shallower zone only (Fig. 49). This tract has water logging problems, which is partly due 

to non-utilization of ground water resources. Agriculture in this tract is mainly from the 

canal irrigation with limited abstraction of ground water. While conjunctive use of water 

resources is strongly recommended for this tract, more emphasis may be put on the 
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ground water utilization in order to create a drawdown for induced recharge from the 

freshwater areas, especially from the eastern parts.  

4. There are geological reasons for the ground water salinity in the NCR. Ground waters do 

not have an outlet to flow, except upward abstraction by farmers, and are under 

confinement in the central valley portion covering southern part of the Panipat-Sonipat-

Rohtak Tract and northern part of the Jhajjar-Rewari-Gurgaon Tract. Haryana 

Government has made provisions, and efforts still continue, for several drainage systems 

for discharge of the waters from this area. This drained out water may be used in other 

areas along the drains or may be used as a source for artificial recharge.  

5. The poor circulation of the ground water in the central valley area is one of the reasons 

for its increasing salinity. Salinity level increases with depth. There is apprehension that 

the saline areas have been spreading to the non-saline areas gradually. This, if true, is 

certainly not a good sign for the region, and immediate necessity is to use ground water 

in saline areas as much as possible, if not for irrigation for other uses, such as industrial 

and domestic purposes.  

6. There is alarming decline in ground water levels in cities, such as Gurgaon, where ground 

water exploitation has gone up to 300% and even more (CGWB, 2014). Since the ground 

water abstractions continue unabated, not only there are declining trends in ground water 

levels, but also there is upwelling of the saline waters from the deeper zones. Immediate 

necessity is to restrict ground water usage in these areas and allow ground water to 

recuperate. Ground water abstraction from Aquifer Group II too should be encouraged in 

such areas for industrial and domestic purposes, similar to the Panipat-Sonipat-Rohtak 

Tract. Also, aquifer storage and recovery may be an answer to such problems. Fig. 57 

shows the areas suitable for artificial recharge in this tract.      

7. Aquifer Group I is very shallow and discontinuous in the Faridabad-Palwal-Mewat Tract 

and Aquifer Groups II, III and IV do not have presence in this area. Similar to southern 

parts of Rewari and Gurgaon districts, in this tract too much of the ground waters are 

drawn from the weathered and fractured portions of the basement rocks. While restricted 

use of ground water is desired for the cities, such as Faridabad, conjunctive use of water 

resources is an answer for the agricultural development in this tract. Deeper waters, 

which have salinity problems, may be used for industrial and other domestic purposes. 
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Ground water abstraction, in massive scale, is required adjoining in the Yamuna River in 

this tract to create a drawdown for induced recharge from the river.   

8. Green revolution in the 1970s boosted the agricultural development in Haryana State causing 

ground water levels to decline in certain pockets. While many areas became canal water 

dependent, ground water levels in these areas started to rise, causing water logging problems. 

While a balance of the two, i.e., surface water irrigation and ground water irrigation, is 

required for the region as a whole, Government may make a provision for cyclic release of 

canal water forcing farmers to use part of their irrigational needs through ground water alone.  

9. Current trends in cropping pattern show that the farmers are shifting more towards 

cultivation of cash crops, such as rice, which are more water intensive. The area under 

pulses and cereals other than rice and wheat has reduced drastically. This trend has 

reflected in the scarcity of ground water resources. Farmers ought to diversify their 

cropping pattern and use the varieties that consume minimal water. More of salt-

tolerant crops need to be practiced in the brackish/saline water zones.  

10. It is observed that farmers tend to use flooding method of irrigation while watering 

their lands. This causes unnecessary wastage of water. The world has progressed too 

far, and farmers must adhere to water use efficiency and use latest technologies, such 

as drip irrigation, for making the ground water resources sustainable in the region. 

Desalination plants in domestic level is no more a costly affair, and people who 

could afford such plants may be encouraged to draw saline ground waters and 

dispose the rejects at greater depths as fixed by the Government. 

11. Government of India has been making all possible effort to make the people 

understand the value of water and use it judiciously. The rural economy of Haryana 

primarily lies in agriculture, and people ought to cooperate for the judicious use of 

this natural resource.  

12. This effort of aquifer mapping in NCR was made prior to the National Aquifer 

Mapping Programme (NAQUIM) currently in progress across the country, and 

therefore did not exactly follow the NAQUIM pattern of work activities, such as 

drilling of well fields, sampling in each quadrant for chemical parameters etc. The 

data integration work was mainly achieved through use of the software such as 

ROCKWORKS 16, MODFLOW etc. The limitations identified in this study are vital 
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and more work should be undertaken for preparing ground water management plans. 

Some of the activities that could be further taken up in the NCR , Haryana are:     

(i) Generation of three dimensional models, in collaboration with the Geological 

Survey of India, for the complex geological situations in the southern districts, 

encompassing Rewari, Gurgaon, Faridabad, Palwal and Mewat. 

(ii) Aquifer-specific geochemical study with selected core-drilling activities so as to 

understand the genesis of the ground water salinity in the region. The present 

geochemical study was primarily for the first aquifer being used by the region. 

(iii) Isotope and C-14 studies for aquifer relationships.  

(iv) Solute transport modeling in the quality affected areas.  
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