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EXECUTIVE SUMMARY 

 

1. National Capital Territory of Delhi (NCT Delhi) occupies an area of 1483 sq km. For 

administrative purposes, NCT Delhi is divided into 9 districts and 27 tehsils.  

2. The normal annual rainfall of NCT Delhi is 611.8 mm. The rainfall increases from the 

southwest to the northeast.  About 81% of the annual rainfall is received during the 

monsoon months July, August and September.  The rest of the annual rainfall is 

received as winter rain and as thunderstorm rain in the pre and post monsoon months.  

3. NCT Delhi is occupied by quartzite inter-bedded with mica schist belonging to Delhi 

Super Group (Delhi ridge) overlain by unconsolidated sediments of Quaternary to 

Recent age. The thickness of overlying alluvium is highly variable on eastern and 

western side of the ridge. It is generally thicker (>300m) on west of the ridge.  

4. The Quaternary deposits in the form of aeolian and alluvial deposits constitute the 

major repository of ground water in the area. Delhi ridge acts as the recharge zone for 

surrounding areas of Delhi.   

5. A number of micro-watersheds originate from the quartzite ridge. The geographical 

area of NCT Delhi is broadly divided into seven drainage basins, ultimately 

discharging into the river Yamuna. Swampy areas are common along the flood plains 

of Yamuna.  

6. Aquifer mapping programme has been taken up by Central Ground Water Board 

during the XII Five Year Plan for sustainable development and management of ground 

water resources with the objective of generating micro level hydrogeological data for 

understanding the ground water system, to prepare Aquifer maps on 1:50,000 scale, 

depicting the extent and geometry of the aquifer system and to formulate suitable 

aquifer management plans. 

7. All the available scientific data generated so far during the course of various scientific 

studies was compiled and data gap analysis was carried out to identify the data gaps. 

Based on the outcome of data gap analysis, Vertical Electrical Soundings, Soil 

infiltration tests and slug tests were carried out by WAPCOS at 13, 45 and 12 

locations respectively.   

8. VES data indicates that fresh water sediments are followed by the saline water 

sediments. The thickness of fresh water sediments is thin in major parts of NCT 

Delhi.  The depth to fresh-saline water interface varies from 10 mbgl to 80 metres 



 

ix 
 

below ground level (mbgl). Ground water quality below fresh-saline water interface is 

saline all through upto the bedrock.  At a few locations like Dhansa, Qutabgarh and 

Bankner saline ground water is present at a very shallow depth range.   

9. The depth to water level recorded in NCT Delhi during May 2015 varied from 1.20 to 

62.22 mbgl. Ground water level data of 114 observation wells have been analyzed 

district wise. Deepest water levels were observed in South District and shallow water 

levels were observed along the river Yamuna.  In the entire Yamuna flood plain, the 

water levels varied between 2 and 5 mbgl.  

10. The depth to water level recorded in the NCT Delhi during November 2015 varied 

from 0.72 to 61.13 mbgl. Deepest water levels were observed in South District (> 40 

mbgl) and shallow water levels were observed along the river Yamuna.  In the entire 

Yamuna flood plain, the water levels varied between 2 to 5 mbgl.  

11. Trend analysis of Pre-monsoon water level during the past decade (2005 – 2014) 

indicates declining trend of ground water levels in most parts of the State. Majority of 

wells analysed have registered declining trend of less than 1 m/year. Declining rate 

between 2 and 2.99 m/year has been observed in isolated pockets in Chhattarpur basin 

and more than 3 m/year has been recorded in isolated pockets of New Delhi and 

Northwest districts. Rising trend in ground water levels has been observed in parts of 

South, East, Northeast, North and Northwest districts along river Yamuna and New 

Delhi, West and Southwest districts.  

12. Based on the water table elevation data of NCT Delhi, recharge areas have been 

identified. The Yamuna flood plain and the Delhi ridge act as the recharge areas. 

Recharge components include natural recharge from rainfall, seepages from canal, 

irrigation, water conservation structures, artificial recharge, etc. 

13. Electrical conductivity value of ground water in Delhi has been found to vary from 

291 to 15,220 µS/cm at 25ºC. EC in excess of 3000 µS/cm
 
value has been observed in 

parts of Northwest, North, West and Southwest districts.   

14. Sulphate concentration in excess of maximum permissible limit of 200 mg/l has been 

reported from isolated pockets in parts of Northwest, North, West and Southwest 

districts.  The observed high concentration in some samples indicates the effects of 

industrial and anthropogenic activities in the area. 

15. Nitrate in excess of maximum permissible limit of 45 mg/l has been reported from 

localised pockets in Northwest, Northeast, West, North, East, Central, Southwest, 



 

x 
 

New Delhi District and South districts.  Higher nitrate concentration in ground water 

has been reported along the drains carrying sewage.  

16. Excess Fluoride (>1.0 mg/l) has been reported from major parts of Northwest and 

Southwest districts and isolated pockets in Northeast, West, North, East, Central and 

South districts.   

17. Iron in excess of maximum permissible limit of 0.3 mg/l has been reported from 

Northwest, North, Northeast, West, East, Central, Southwest and South districts of 

NCT, Delhi. Sporadic occurrences of excess Manganese (>0.1 mg/l) have been 

reported from parts of North, Northwest, West, South West and East Districts.  

Aluminium in excess of maximum permissible of 0.03 mg/l limit has been reported 

from parts of Northwest and Southwest districts. Sporadic instances of excess 

Aluminium have been reported from North, East, Central and New Delhi districts.  

18. Sporadic instances of Chromium concentration exceeding the maximum permissible 

limit of 0.05 mg/l have been reported from East, Northwest, North and West districts. 

Sporadic instances of excess Nickel (>0.02 mg/l) in ground water have been reported 

from Northwest and West districts. Instances of excess Cadmium (>0.003 mg/l), lead 

(>0.01 mg/l) have been observed in Northwest, North, West and Southwest districts. 

19. Selenium concentration in excess of maximum permissible of 0.01 mg/l limit has 

been reported from isolated pockets in Northwest, West, Southwest and South 

districts. Sporadic occurrence of excess Lead (> 0.01 mg/l) reported from parts of 

Northwest, North, Southwest, West and New Delhi districts.   

20. All the available data as well as data generated during the course of present study 

were integrated and aquifer disposition maps were prepared.  

21. Aquifer disposition shows presence of quartzite rock (ridge) running in the NE-SW 

direction and presence of thick pile of alluvial sediments on both sides of the quartzite 

ridge. Sand is in abundance towards the eastern side along the river Yamuna. Clay is 

abundant in Northern and Northwestern parts, while silt/ silt with kankar is in 

abundance in the Southwestern and Southern parts of Delhi. In alluvium, sand and silt 

with kankar form the potential aquifer zones.  In quartzite, weathered and fractured 

zones form potential aquifers. 

22. The Delhi Quartzite forms the bedrock, which is exposed in some parts and is 

overlain by alluvial sediments in the remaining parts of the NCT Delhi.  Thickness of 

alluvium overlying the quartzites increases away from the outcrops. The basement 

topography of NCT Delhi is highly uneven depicting the presence of sub-surface 
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ridges and valleys because of folding of the geological formations during the Pre-

cambrian and subsequent periods. 

23. Yield of exploratory tubewells drilled in older alluvium has been found to vary from 8 

to 35 m
3
/ hour with drawdown ranging from 6 to 24 m. Tubewells drilled in younger 

alluvium generally have yield of 100 to 210 m
3
/ hour with drawdown of 5 to 11 

metres. Further, the tubewells drilled in the Chhattarpur basin have recorded yield of 7 

to 14 m
3
/ hour with drawdown of 12 to 20 m.    

24. The average hydraulic conductivity has been found to be varying from 1.08 m/day to 

8.17 m/day with an average of 2.04 m/day. Relatively higher hydraulic conductivity 

(K) values were obtained at sites Jagatpur, Rajaouri and Dhansa and low K value at 

Mahipalpur, Bhatikurd and Khanpur sites.  

25. Transmissivity of Delhi Quartzite varies from 5 to 135 m
2
/ day. The Older alluvium 

has transmissivity ranging between 130 and 400 m
2
/day while the transmissivity of 

younger alluvium has been estimated to vary from 1300 and 2000 m
2
/day. Higher 

values of transmissivity have been observed in the Yamuna flood plain and in part of 

Northwest district. In the remaining parts of the State, lower transmissivity values 

have been recorded. 

26. The net ground water availibilty is 30650 ham. The total annual ground water 

recharge has been estimated as 33905 ham. Maximum recharge has been estimated in 

Najafgarh, Narela and Saraswati Vihar tehsils where recharge from other sources 

contribute more than rainfall recharge. Central district experiences least ground water 

recharge annually. The annual ground water draft (as on 2013)  has been estimated to 

be 38777 ham., highest being in Najafgarh tehsil followed by Narela and Saraswati 

Vihar tehsils where industrial and irrigation drafts are significantly higher. 

27. Out of 27 tehsils in the State, five are in ‘Safe’ category, 7 are in ‘Semi-Critical’ 

category, and remaining 15 tehsils are under ‘Over-exploited’ category. 

28. A total of 45 infiltration tests at different sites have been conducted by WAPCOS in 

the NCT Delhi region. The average infiltration rate for the NCT Delhi is estimated as 

135 mm/hr.  

29. The DRASTIC analysis has indicated that areas along Yamuna flood plain and 

shallow water level areas are prone to ground water pollution. Overall potential for 

ground water becoming polluted is lowest in Delhi ridge area.  

30. Aquifer response model was developed for steady state and transient state. For modeling 

purpose, phreatic aquifer comprising alluvium and weathered zones have been considered. 
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Therefore, single layer model is conceptualized. Alluvium and weathered quartzite are 

hydraulically connected and do not show significant change in phreatic water level. 

31. The simulated depth to water level for the year 2020 shows that water level continues 

to rise in southwestern part of NCT Delhi, as it gets recharge from Najafgarh Jheel. 

Cone of depression forms around Mayapuri, Ashok Vihar, Peera Garhi and Mongol 

Puri. Decline of about 10 meter is observed in Chhattarpur basin around Satbari and 

Bhatti mines. 

32. In the year 2030 simulated depth to water level indicates decline of about 10 meter 

around Sainik Vihar, Mayapuri, Ashok Vihar, Peera Garhi and Mongolpuri. Around 

JNU and Jamali Kamali, decline in water level continues with respect to year 2020. 

Ground water levels in southwestern part of Delhi are expected to remain stable. Rise 

in water level for about 10 meter is observed in Defence Colony tehsil. This could be 

due to less ground water withdrawal than the recharge. 

33. The estimated total fresh ground water resource up to explored depth of alluvium (250 

m) of NCT Delhi is 3200 MCM and saline ground water resource is 10284 MCM. 

The total fresh ground water resource in hard rock up to explored depth of hard rock 

(200 m) is 1940 MCM. 

34. It is estimated that 10284 MCM out of 13491 MCM of total ground water resources is 

saline. Poor quality resource is present in Saraswati Vihar, Punjabi Bagh, Najafgarh, 

Civil lines, Defence Colony, Delhi Cantonment, Model Town, Narela, Patel Nagar, 

Preet Vihar, Rajouri garden, Seelampur, Seema Puri, Shahdara, Vasant Vihar and 

Vivek Vihar. 

35. Ground water flow modelling results reveal that the general ground water flow path is 

towards southeastern direction. The ground water recharge area has been identified 

along northwestern boundary. Comparison of predicted water levels during increased 

pumping to previous model-simulated results indicates that the maximum head 

decline in the Alluvium aquifer will be approximately 10 meters by 2030. 

36. Anthropogenic activities are the major cause of ground water pollution. Occurrence of 

nitrate has been reported near drains, agricultural lands and landfill sites. Similarly, 

presence of heavy metals (beyond permissible limits) is mostly restricted to industrial 

areas, landfill sites and Najafgarh Drain. Pesticides and bacteriological parameters 

have also been reported in isolated pockets in Khanpur, Kanjhawala, Jagatpur, Rajauri 

Garden, Dhansa, Mahipalpur and Greater Kailash. 
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37. Eleven  tehsils viz. Civil Lines, Darya Ganj, Sadar Bazar, Kotwali, Defence Colony, Gandhi 

Nagar, Kalkaji, Model Town, Preet Vihar, Connaught Place and Seelam Pur  having  shallow 

water levels have been identified for ground water development in Yamuna flood 

plains. It is estimated that ~70 MCM ground water can be safely withdrawn.  

38. In addition there are shallow water level areas in Najafgarh tehsil of Southwest 

District and Sarswati Vihar and Punjabi Bagh tehsils of West District, where ground 

water withdrawal is limited due to presence of poor quality water. Ground water 

withdrawal is recommended for its use after blending. It is estimated that 47 MCM of 

poor quality resource is available for development. This will create void space in 

aquifer, which would be recharged during subsequent monsoon and help in improving 

ground water quality.   

39. In areas, where fresh ground water is underlain by saline water, it is recommended 

that saline water occurring at deeper levels may be withdrawn and used after blending 

or may be used for uses other than drinking and domestic.   It is estimated that 10284 

MCM of saline resource is available, which if utilized, may cut down on the demand 

for fresh water.      

40. Rain water harvesting and artificial recharge measures are recommended in areas 

showing declining ground water levels and also in tehsils showing rise in ground 

water levels but having water levels deeper than 8 mbgl.     

41. To avoid ground water pollution along the drains, it is suggested that only treated 

waste water must be allowed to flow in the drains. Lining of drains is also 

recommended. Instances of pollution have also been reported around landfill sites and 

industrial belts. Necessary measures to protect ground water quality should be taken 

by the concerned State agencies by locating and designing landfill sites in proper 

scientific manner and strict monitoring and random checking of water quality around 

industrial belts.  

--------------------------------- 
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1.  INTRODUCTION 

 

In today’s scenario, increasing population, rapid urbanization and industrial development and 

human interventions in the ecosystem pose a challenge for water resource managers. Any 

strategy for management of ground water resources on sustainable basis depends on proper 

understanding of the characteristics of the aquifer system. In view of the emergent challenges 

in the ground water sector in the country, an urgent need was felt for comprehensive and 

realistic information pertaining to various aspects of ground water resources available in 

different hydro-geological settings through a process of systematic data collection, 

compilation, data generation, analysis and synthesis.  

 

In view of this the micro level aquifer mapping programme has been taken up by Central 

Ground Water Board (CGWB) during the XII Five Year Plan. Aquifer mapping is a 

multidisciplinary scientific process wherein a combination of geological, hydrogeological, 

geophysical, hydrological, and quality data are integrated to characterize the quantity, quality 

and movement of ground water in aquifers.  

 

The delineation of aquifers along with their extent and potential through ground water 

surveys, exploration and monitoring is an on-going activity of Central Ground Water Board. 

The entire country including the NCT Delhi has already been covered under Systematic 

Hydrogeological Surveys to generate basic hydrogeological data. Reappraisal 

Hydrogeological Surveys/ Ground Water Management Studies have been conducted to study 

the changes in the groundwater regime over a period of time.  The hydrogeological map of 

the entire country was compiled on 1: 2,000,000 scale and was first published in 1984. 

Subsequently, it was revised and again published in 2002 based on the data collected by 

CGWB through ground water survey, investigation and exploration program supported by 

exploratory drilling, geophysical investigations and hydro chemical studies.  Aquifer Atlas of 

NCT Delhi was prepared on 1:250,000 scale. 

 

Central Ground Water Board (CGWB) has implemented the Aquifer Mapping 

Programme/Project in the National Capital Region of Delhi, Haryana and Uttar Pradesh (Fig. 

1.1) 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-
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house capacity of CGWB and partly through outsourcing by the WAPCOS Ltd., New Delhi 

for generation of micro-level hydrogeological data. This report primarily deals with the Delhi 

part of National Capital Region. 

 

Fig. 1.1:  National Capital Region (NCR) under Aquifer Mapping Programme 

 

1.1      Objective 

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

systems in horizontal and vertical domain and characterize them, to work out the 

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

simulation model. 

1.2 Scope of the study 

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

Management Programme (NAQUIM) being implemented by CGWB. There are four major 

components of this activity viz.: (i) Data collection /compilation (ii) Data gap analysis (iii) 

Data generation, and (vi) Preparation of aquifer maps and management plan.  

Data compilation included collection, and wherever required procurement, of all the maps 

from 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.  
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Identification of Data Gap was included to ascertain the requirement for further data 

generation in respect of hydrogeological, geophysical, chemical, hydrological, 

hydrometeorological studies, etc. 

 

Data generation included those pertaining to hydrometeorology, soil infiltration, sub-surface 

geophysics, chemical quality of ground water and geophysical survey.  Generation of 

chemical quality data of ground water 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 and borehole logging. 

In addition, soil infiltration tests were carried out to ascertain the soil infiltration rate and slug 

tests were carried out at a number of sites for determination of hydraulic conductivity of the 

aquifers.  

 

Based on integration of data generated from various studies of hydrogeology & geophysics, 

aquifers have been delineated and characterized in terms of quality and potential. Various 

maps have been prepared bringing out Characterization of Aquifers, which can be termed as 

Aquifer maps providing spatial variation (lateral & vertical) in reference to aquifer 

extremities, quality, water level, potential and vulnerability (quality & quantity). Finally, a 

suitable strategy for sustainable development of the aquifer in the area has been evolved 

based on the acquired data. 

 

1.3 Approach and Methodology 

The approach and methodology adopted to achieve the major objective have been shown in 

the form of a flow chart given below. 

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 Study Area 

The National Capital Territory of Delhi, occupying an area of 1483 sq.km., lies between 

latitudes  28°24’15” and 28°53’00” N and longitudes 76°50’24” and 77°20’30” E.  The area 

is covered under Survey of India Toposheet Nos. 53D and 53H. For administrative purposes, 

NCT Delhi is divided into 9 districts (Fig. 1.2). Each district is further sub-divided into 3 

tehsils. As per the census of India (2011), NCT Delhi has 3 Statutory Towns, 110 Census 

Towns and 112 Villages. Population of Delhi has increased at a rate of 2.1% per annum 

during the decade 2001-2011. Demographic details of NCT Delhi as per census 2011 are 

given in Table 1.1. 

Table-1.1 Demographic details of NCT, Delhi (as per Census, 2011) 

Sl. No. Name of the district Area  (sq.km.) Population in lac Density of population 

per   sq. km. 

1. North West 443 36.57 8,254 

2. North 61 8.88 14,557 

3. North East 62 22.42 36,155 

4. East 63 17.09 27,132 

5. New Delhi 35 1.42 4,057 

6. Central 21 5.80 27,730 

7. West 130 25.43 19,563 

8. South West 421 22.93 5,446 

9. South 247 27.32 11,060 

 Total 1483 167.87 11,320 

 

1.5  Data Availability & Data Gap Analysis 

The data pertaining to various attributes of ground water were collected from available 

literature of Central Ground Water Board, State Departments and other agencies. The 

compiled data were plotted on 1:50,000 scale map and analysis of Data Gap was carried out 

for ascertaining additional requirement of Hydrogeological, Hydrological, Hydro-chemical, 

and Geophysical Studies.  Data Requirement, Data Availability and Data Gap Analysis is 

summarized in Table 1.2.  
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Fig. 1.2: Administrative map of NCT Delhi 
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Table 1.2: Data Availability and Data Gap Analysis for Aquifer Mapping in NCR, UP 

S. 

No. 

Study Aspect Data Requirement Data Availability Data Gap 

1 Rainfall and Other 

Climatic data  

12 IMD Meteorological 

Stations in the area   

Data Partially 

Available  

Rainfall data  study 

area 

2 Soil Soil Map and Soil  

infiltration rate  

Soil Map  Soil Infiltration rate 

across the area  

3 Land Use Latest land use Pattern in 

GIS Platform   

Land Use as in 

CGWB Report  

Latest data in GIS 

platform required  

4 Geomorphology  Digitized 

Geomorphological Map  

Not Available  Digitized 

Geomorphological 

Map  

5 Geophysics  Geophysical Survey in all 

toposheets 

Not Available  13 VES Required 

 

6 Exploration  Exploratory wells along 

with aquifer parameters   

Exploratory wells 

along with aquifer 

parameters are 

available  

Slug tests needed for 

determination of 

hydraulic 

conductivity 

7 Recharge 

Parameters  

Recharge parameters of 

different soil and aquifer 

types based on field 

studies 

Recharge 

parameters are 

given in  Ground 

Water resource 

estimation  

- 

8 Discharge 

Parameters  

Discharge parameters for 

different GW abstraction  

structures 

Discharge 

parameters are 

given in  Ground 

Water Resource 

Estimation 

- 
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2. CLIMATE AND RAINFALL 

 

The climate of NCT Delhi is mainly influenced by its inland position and the prevalence of 

air of the continental type during the major part of the year. Delhi has a humid sub-tropical 

climate with long and hot summers and cold winters.  Only during the three monsoon months 

i.e., July, August and September, the air of oceanic origin penetrates to this region and causes 

increased humidity, cloudiness and precipitation. The year can broadly be divided into four  

seasons. The cold season starts in late November and extends till the beginning of March.  

This is followed by the hot season, which lasts till about the end of June terminating with the 

onset of monsoon. The monsoon continues till the last week of September.  The end of 

monsoon marks the arrival of a transition season. The two post monsoon months October and 

November constitute a transition period, called autumn, from the monsoon to winter 

condition. 

 

2.1 Temperature 

The cold season starts towards the later half of November when both day and night 

temperature drop rapidly with the advance of the season.  January is the coldest month with 

the mean daily maximum temperature at 21.3ºC and the mean daily minimum at 7.3ºC.  

Occasional cold waves affect 

the State in the winter months 

in the wake of western 

disturbances passing across 

north India. During such 

periods, the minimum 

temperatures may sometimes go 

down to the freezing point of 

water.  From about the middle 

of March, temperature begins to 

rise fairly rapidly.  May and 

June are the hottest months.  

While day temperature is higher 

in May, the nights are warmer in June.  From April the hot wind known locally as ‘loo’ blows 

and the weather becomes unpleasant. In May and June maximum temperature may 
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sometimes reach 46 or 47ºC.   With the advance of the monsoon into the area towards the end 

of June or the beginning of July, day temperatures drop appreciably while the night 

temperatures remain high.  In October the day temperatures are as in the monsoon months but 

the nights are cooler. 

 

2.2 Humidity 

The air over Delhi is dry during the greater part of the year.  Humidity is high in the monsoon 

months.  April and May are the driest months with relative humidity of about 30% in the 

morning and less than 20% in the afternoons.The average annual relative humidity is 54%.  

 

2.3 Cloudiness 

During the monsoon especially in July and August, skies are heavily clouded and often 

overcast.  In the rest of the year, skies are clear or lightly clouded.  But in the months of 

January, February and early March, skies become cloudy and overcast when the district is 

affected by western disturbances.  

 

2.4 Winds 

Winds are generally light during the post monsoon and winter months.  They strengthen 

during the summer and monsoon months.  Except during the monsoon months, winds are 

predominantly from a westerly or northwesterly direction and tend to be more northerly in the 

afternoon.  Easterly and southeasterly winds are more common in the monsoon months. 

 

2.5 Special Weather Phenomena 

April to June is the period with the highest incidence of thunderstorms and dust storms.  

Some thunderstorms give rise to violent squalls (Andhis).  While some of the thunderstorms 

are dry others are accompanied with heavy rain and less frequently with hail. Thunderstorms 

Relative Humidity in New Delhi, India 

 

Jan Feb Mar Apr  May Jun Jul Aug  Sep Oct Nov Dec Annual 

Relative Humidity (%) 63 55 47 34 33 46 70 73 62 52 55 62 54.3 

Average Dew Point 

Temperature °C ( °F) 

7.4 

(45.2) 

7.7 

(45.9) 

10.5 

(50.8) 

11.4 

(52.5) 

14.2 

(57.5) 

20.2 

(68.4) 

24.7 

(76.4) 

24.6 

(76.3) 

21.5 

(70.6) 

15.7 

(60.2) 

11.4 

(52.6) 

8.4 

(47.2) 

14.8 

(58.6) 

http://www.new-delhi.climatemps.com/january.php
http://www.new-delhi.climatemps.com/february.php
http://www.new-delhi.climatemps.com/march.php
http://www.new-delhi.climatemps.com/april.php
http://www.new-delhi.climatemps.com/may.php
http://www.new-delhi.climatemps.com/june.php
http://www.new-delhi.climatemps.com/july.php
http://www.new-delhi.climatemps.com/august.php
http://www.new-delhi.climatemps.com/september.php
http://www.new-delhi.climatemps.com/october.php
http://www.new-delhi.climatemps.com/november.php
http://www.new-delhi.climatemps.com/december.php
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also occur in the winter months in association with western disturbances.  Sometimes dense 

Fogs occur in the winter months. 

 

2.6 Rainfall Pattern 

Records of rainfall in the State are available for 13 stations for sufficiently long periods.    

The normal annual rainfall in the State is 611.8 mm. About 81% of the annual rainfall is 

received during the monsoon months July, August and September.  The rest of the annual 

rainfall is received as winter rain and as thunderstorm rain in the pre and post monsoon 

months.  There is large variation of rainfall from year to year.  During the 113 year period 

1901-2013, 1933 was the year with the highest annual rainfall, which amounted to 251% of 

the normal.  During 1951, the year with the lowest rainfall, only 44% of the normal annual 

rainfall was received.   
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        Fig. 2.1:  Isohyetal Map of NCT Delhi        
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On an average, rainfall intensity of 2.5 mm or more falls on 27 rainy days in a year. Of these, 

19 days are during the monsoon months.  Two to three days in June are rainy.  In other 

months, except in November and in  the first half of December when it is practically rainless, 

rain falls on a day or two only in each month. The heaviest rainfall in 24 hours recorded at 

any station in the State was 495.3 mm at Delhi (Safdarjung) on September 9, 1875. The 

rainfall in NCT Delhi increases from the Southwest to the Northeast (Fig. 2.1).  However, 

slight increase in rainfall is observed towards Yamuna River. A perusal of spatial distribution 

of average annual rainfall in NCT Delhi (Table 2.1, Fig. 2.2) shows that Delhi University 

hydro meteorological station receives maximum rainfall (average annual rainfall is 887.6 

mm) and Nangloi station receives least rainfall (average annual rainfall is 337.2 mm). Month-

wise Normal Rainfall with Rainy days and Evaporation losses are given in Table 2.2. The 

average annual evaporation losses are 2224 mm. 

 

 

 

Fig. 2.2: Spatial variation of AverageAnnual Rainfall in NCT, Delhi 
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Table 2.1: Normal and Extremes of Rainfall 

Stations  No. of 
Years 

of  

DATA 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL HIGHEST     LOWEST 
ANNUAL     RAINFALL  

AS %   OF   NORMAL  & 

(YEAR)* 
 

HEAVIEST 
RAINFALL 

 In 24 HOURS      

 Amount         Date 
    (mm) 

Chandrawal 

(obsy) 

20   a 

       b 

8.5 

0.6 

15.3 

  1.2 

16.7 

  1.2 

5.5 

0.5 

18.2 

  1.5 

47.6 

  2.2 

329.8 

  10.5 

308.4 

  10.4 

102.3 

    3.9 

14.4 

  0.9 

8.2 

0.2 

11.6 

  0.8 

886.5 

  33.9 

163 64 

     (1977)          (1969) 

171.0   1976 Aug 08 

New Delhi 
(Safd) 

79   a 
       b 

20.5 
  1.8 

20.1 
  1.5 

13.3 
  1.2 

7.8 
0.8 

12.5 
  1.4 

62.2 
  3.6 

203.2 
    9.2  

202.2 
    9.5 

137.6 
    5.1 

21.7 
  1.0 

3.1 
0.2 

8.0 
0.7 

712.2 
  36.0 

215 43 
     (1933)          (1905) 

495.3   1875 Sep 09 

Delhi  

(University 
obsy) 

29   a 

       b 
 

20.7 

  1.6 

18.3 

  1.4 

19.1 

  1.5 

5.1 

0.7 

16.4 

  1.5 

62.2 

  2.8 

281.6 

  10.3 

263.5 

  10.5 

147.4 

    5.2 

41.6 

  1.6 

4.1 

0.2 

7.6 

0.8 

887.6 

  38.1 

209 52 

     (1957)          (1974)  

250.0   1963 Sep 16 

New Delhi 

Palam 

22   a 

       b 

14.7 

  1.3 

14.1 

  1.5 

9.3 

1.0 

6.1 

0.6 

18.9 

  1.5 

54.2 

  3.5 

241.1 

  10.9 

284.3 

  10.7 

119.4 

    4.9 

16.8 

  1.4 

6.4 

0.2 

8.6 

0.6 

793.9 

  38.3 

164 51 

     (1967)          (1965) 

265.8    1972  Jul  09 

Okhala 
(obsy) 

21   a 
       b 

9.6 
0.9 

11.9 
  1.3 

14.7 
  0.9 

2.6 
0.3 

17.1 
  1.4 

66.9 
  3.4 

212.5 
    9.3 

296.3 
  10.7 

124.6 
    5.1 

23.2 
  0.9 

5.7 
0.3 

7.3 
0.6 

792.4 
  35.1 

159 66 
     (1964)          (1974) 

190.0    1967  Aug 26 

Mahruali 

 

33   a 

       b 

13.9 

  1.1 

10.1 

  0.7 

7.3 

0.6 

9.4 

0.6 

3.6 

0.3 

28.3 

  1.5 

159.9 

    5.8 

152.5 

    5.9 

98.7 

  3.0 

11.5 

  0.3 

1.5 

0.2 

2.3 

0.3 

499.0 

  20.3 

197 42 

     (1944)          (1954) 

177.8   1911  Sep 28 

Delhi Sadaer 38   a 
       b 

22.6 
  1.9 

17.5 
  1.4 

13.0 
  1.4 

8.8 
0.6 

9.6 
0.9 

44.8 
  2.4 

184.3 
   7.6 

180.0 
    8.9 

132.3 
    4.7 

26.1 
  1.0 

3.5 
0.3 

5.1 
0.6 

647.6 
  31.7 

194 42 
     (1964)          (1903) 

224.8  1942  Sep  05 

Nangloi 25   a 

       b 

8.5 

0.8 

4.6 

0.3 

1.1 

0.2 

4.0 

0.2 

2.4 

0.3 

19.8 

  1.1 

100.3 

    4.6 

121.6 

    5.4 

69.0 

  3.1 

5.0 

0.4 

0.4 

0.0 

0.5 

0.0 

337.2 

  16.4 

246 21 

     (1964)          (1950) 

120.0  1964  Aug  14 

Sahadra 12   a 
       b 

15.5 
  0.7 

17.9 
  0.8 

5.6 
0.7 

5.3 
0.3 

2.8 
0.5 

24.8 
  1.4 

170.7 
    6.1 

125.8 
    5.0 

74.9 
  2.8 

7.9 
0.3 

0.0 
0.0 

0.6 
0.1 

451.9 
  18.7 

206 42 
     (1944)          (1948) 

129.5  1944  Sep  04 

Najafgarh 23   a 

       b 

8.9 

0.8 

8.2 

0.7 

4.7 

0.2 

4.2 

0.4 

3.0 

0.4 

25.1 

  1.3 

122.0 

    5.5 

122.8 

    5.6 

75.9 

  3.2  

21.7 

  0.8 

0.5 

0.0 

1.8 

0.2 

398.9 

  19.1 

171 10 

      (1942)         (1959) 

139.7  1954  Oct  01 

Badli 23   a 

       b 

13.7 

  1.0 

8.6 

0.7 

9.6 

0.6 

3.6 

0.4 

1.4 

0.2 

21.8 

  1.1 

154.2 

   5.8 

181.3 

   6.4 

88.2 

  3.7 

32.9 

  0.8 

0.8 

0.0 

0.0 

0.0 

516.1 

  20.7 

257 37 

      (1961)         (1951) 

205.7  1962 Jul  17 

Alipur 21   a 

       b 

11.7 

  1.3 

10.6 

  0.7 

3.3 

0.4 

3.6 

0.4 

6.0 

0.4 

26.7 

  1.5 

146.1 

    4.7 

137.1 

    6.0 

87.7 

  2.9 

13.7 

  0.7 

1.3 

0.1 

1.1 

0.1 

448.9 

   19.3 

202 12 

      (1961)         (1959) 

162.1   1961  Jul  17 

Narela 19   a 

       b 

19.9 

  1.5 

14.5 

  0.9 

10.6 

  1.1 

4.9 

0.6 

7.2 

0.4 

20.6 

  1.6 

184.7 

    6.4 

190.4 

   8.2 

111.2 

    4.0 

14.8 

  0.5 

1.1 

0.1 

1.4 

0.2 

581.3 

  25.3 

196               29 

      (1961)         (1965) 

184.1    1947  Sep  15 

Delhi 
(District) 

       a 
       b 

14.5 
  1.2 

13.2 
  1.0 

9.9 
0.8 

5.5 
0.5 

9.2 
0.8 

38.8 
  2.1 

191.6 
   7.4 

197.4 
    7.9 

105.3 
    4.0 

19.3 
  0.8 

2.8 
0.1 

4.3 
0.4 

611.8 
  27.0 

251 44 
      (1933)         (1951) 

 

(a) Normal rainfall in mm. 

(b) Average number of rainy days (i.e. days with rainfall of 2.5 mm or more) 

* Years given in brackets.
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Table 2.2:   Rainfall and Evaporation Losses 

 

Rainfall data of last thirty years from 1984 to 2013 is presented in Table 2.3. A comparison of 

annual  rainfall data with the Normal rainfall of NCT Delhi shows that the  NCT received deficit 

rainfall during the years 1986, 1987, 1989, 1999, 2002, 2004 and 2012 while 1988, 1993, 1996, 

2003, 2008, 2010 and 2013 were excess rainfall years. Normal rainfall had occurred during the 

remaining 16 years. Analysis of rainfall during the period 1984 – 2013 is given in Table 2.4 and 

is graphically presented in Fig. 2.3.  Maximum deficit rainfall (-57.4%) had occurred during 

1989 while maximum excess rainfall (+ 114.7) was received during 2013. Rainfall in Delhi is 

thus highly variable with deviations from –57.4% to + 14.7 % from normal rainfall which in turn 

affects the natural recharge to ground water from year to year. 

Table 2.3:  Annual rainfall data of NCT Delhi and rainfall characterization during 

1984 – 2013 

Year Rainfall 

Deviation from 

Normal (%) Characterization Rainydays 

1984 579.2 -18.8 Normal 29 

1985 771.6 8.2 Normal 45 

1986 446.4 -37.4 Deficit 27 

1987 434.2 -39.1 Deficit 24 

1988 1025.2 43.7 Excess 48 

1989 303.6 -57.4 Deficit 23 

1990 800.6 12.3 Normal 41 

1991 614.7 -13.8 Normal 35 

1992 641.6 -10.0 Normal 35 

1993 861.4 20.8 Excess 38 

1994 784.6 10.0 Normal 38 

1995 827.6 16.0 Normal 34 

1996 974.6 36.7 Excess 39 

1997 617.4 -13.4 Normal 46 

1998 835.3 17.1 Normal 40 

1999 544.2 -23.7 Deficit 25 

Month Jan Feb Mar Apr. May Jun July Aug Sep Oct Nov. Dec. Annual 

Normal 

Rainfall 

(in mm) 

14.5 13.2 9.9 5.5 9.2 38.8 191.6 197.4 105.3 19.3 2.8 4.3 611.8 

Rainy days 1.2 1.0 0.8 0.5 0.8 2.1 7.4 7.9 4.0 0.8 0.1 0.4 27.0 

Evaporation 

(in mm) 
71 101 177 300 400 333 233 133 147 149 102 78 2224 

Source: Indian Meteorological Department 
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2000 808 13.3 Normal 39 

2001 646.2 -9.4 Normal 40 

2002 459.5 -35.6 Deficit 22 

2003 925.9 29.8 Excess 42 

2004 531.5 -25.5 Deficit 25 

2005 603.3 -15.4 Normal 34 

2006 618.7 -13.3 Normal 27 

2007 588 -17.6 Normal 34 

2008 852.8 19.6 Excess 42 

2009 595.6 -16.5 Normal 30 

2010 951.9 33.5 Excess 44 

2011 661.8 -7.2 Normal 40 

2012 559.4 -21.6 Deficit 33 

2013 1531.4 114.7 Excess 53 

Mean 713.2     35.7 

SD 234.7     8.0 

CV 32.9     22.5 

 

Table 2.4 :  Number of excess, normal and deficit rainfall years during 1984 – 2013.   

  Excess Normal Deficit Total  

Annual 7 16 7 30 

Seasonal SW 8 14 8 30 

NE 7 3 20 30 

HOT 8 7 15 30 

Winter 10 5 15 30 

 

 

Fig. 2.3 : Pie diagram showing number of years with normal, excess and deficit rainfall 

during 1984 - 2013 

 Deviation (%  of Annual)  

Excess (%) 

Normal (%) 

Deficit (%) 
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Frequency distribution analysis of occurrence of average annual rainfall between 1984 to 2013, 

shows that average annual rainfall  between 801 mm to 1000 mm occurred for 9 years, followed 

by average annual rainfall of 601 to 800 mm (Table 2.5). More than 1000 mm rainfall had 

occurred during 2 years. 

Table2.5: Frequency of annual rainfall in NCT Delhi (1984 to 2013) 

 

 

 

 

 

 

  

Rainfall 

 (Range in mm) 

No. of Years 

 

200 - 400 1 

401 - 500 3 

501 – 600 6 

601 – 700 7 

701 – 800 2 

801 – 1000 9 

>1000 2 
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3. PHYSIOGRAPHIC SET UP 

3.1  Physiography 

Physiographically the area represents a mature topography with vast gently undulatory plains, 

low linear ridges and isolated hillocks. Physiography of Delhi is dominated by the river Yamuna, 

the Aravalli range, and the plains in between, formed by alluvium deposits of Recent age. The 

SSW- NNE trending Aravalli Ranges, designated as Delhi Ridge, occupy the south central part 

of Delhi and extend up to western bank of Yamuna River near Okhla in the south and Wazirabad 

in the north-east. Ecologically, the Ridge acts as a barrier between the Thar desert and the plains 

and slows down the movement of dust and wind from the desert.  The ridges are covered with 

forests and are the city’s lungs and help maintain its environment. This green belt, a natural 

forest, has a moderating influence on temperature, besides bestowing other known benefits on 

the people.   

 

The area towards east of ridge has a gentle slope of 3.5 m/km towards Yamuna. The area 

towards west of ridge representing Older Alluvial Plain is mostly covered by sand dunes and has 

a westerly slope. Yamuna River flows across Delhi in a south-southeasterly direction with vast 

flood plain, marked by a bluff of 3 to 4 m on either bank. Digital Elevation Model Map of Delhi 

is presented in Fig. 3.1. Surface elevation varies from 332 m above mean sea level at the ridge to 

62 m above mean sea level at river Yamuna.  The low-lying Yamuna flood plains, with an 

elevation as low as 198 m above mean sea level,  provide fertile alluvial soil suitable for 

agriculture but are prone to recurrent floods.   

 

3.2 Geomorphology 

The ground water availability in NCT, Delhi is controlled by the hydrogeological situation 

characterized by occurrence of different landforms developed on different geological formations. 

Geomorphological map of Delhi is presented in Fig. 3.2. Entire area of NCT, Delhi can be 

grouped into three broad geomorphic units: 

 Rocky surface  

 Older Alluvial Plain  

 Flood Plain of Yamuna River  
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Fig. 3.1 : Digital Elevation Map of Delhi 
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Fig 3.2 Geomorphological map of NCT Delhi 
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Rocky Surface: The rocky surface represents structurally controlled relict linear ridges and 

isolated hillocks comprising of rocks of Delhi Supergroup and isolated hills mostly occurring in 

the south and south central parts, and extends from Mahipalpur to Wazirabad in the north. 

Towards south of Mahipalpur the ridge gets bifurcated, one arm extends towards Mandi and 

further south while the other arm takes a turn towards southeast and extends upto  Tughlakabad- 

Greater Kailash-Nehru Place and Okhla. It attains a maximum elevation of 362 m above m.s.l. 

which gradually diminishes towards north where rocks are exposed on the western bank of 

Yamuna near Wazirabad.  

 

Older Alluvial Plain: The gently undulatory terrain on either side of the rocky surface is 

described as Older Alluvial Plain. This surface is separated from the Yamuna Flood Plain by a 

bluff. Depending upon the morphological expressions / features, this unit is further divided into 

different subunits: (i) Najafgarh Older Alluvial Plain (ii) Delhi Older Alluvial Plain and (iii) 

Maidan Garhi Plain. Najafgarh Older Alluvial Plain occupying western and southwestern part of 

the region is partly covered by sand dunes and sandy sheets. The gently sloping surface including 

the covered pediment along the eastern flank of the ridge represents the Delhi Older Alluvial 

Plain. Maidan Garhi Plain is a relatively higher plain surface and forms part of Chhatarpur Basin. 

A narrow zone of badland has formed mostly along the western margins of structural ridges due 

to intense development of gullies and rills.  

 

Flood Plain of river Yamuna: The low-lying flat surface representing the Flood Plain of river 

Yamuna occupying northern, northeastern and eastern parts of the NCT is an important 

geomorphic unit. North of Narela, the width of flood plain varies from 15 to 17 km. The wider 

Older Yamuna flood plain indicates lateral migration of river Yamuna over large areas.  This belt 

has good potential for ground water development. It forms the erosional terrace. The Yamuna 

Active Flood Plain represents the wide belt bounded on both the sides by Eastern and Western 

bunds and is naturally prone to annual/periodic floods being in the flood way and flood fringe 

zone of river Yamuna. It forms depositional terrace and is characterized by abandoned channels, 

cut-off meanders, meander scrolls, point bars and channel bars. Presence of number of cut- off 

meanders in the Yamuna Flood Plain suggests oscillatory shifting of river. The lakes near 

Bhalsawa, Kondli and Khichdipur are remnants of large meanders.  
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3.3  Landuse 

The landuse/ land cover map of NCT, Delhi has been prepared using  IRS LISS-III data of 

March, 2012 (resolution  23.5 m) (Fig. 3.3). The detail land use classes have been taken from 

LISS III data. It is observed that of the total geographical area of 1483.716 sq km, urban area 

constitutes 728.478 sq km area covering 49% of the NCT. About 38% of the total land area 

covering most parts of Southwest and Northwest districts falls in agricultural landuse (Table 

3.1). The land use distribution of Delhi is graphically presented in Fig.  3.4. Land utilization has 

changed drastically over the years. The most distinguishing land cover of Delhi is its ridge which 

constitutes 6.79 % of the total land cover. The agricultural land use is repeatedly modified and 

more & more areas are shifted from cultivation and being utilized for other uses. 

Table 3.1:  Landuse Data of NCT, Delhi  

Landuse Class Area (sq km) Percentage of total area 

Agriculture Land 572.242 38.57 

Forest Area (Ridge) 100.776 6.79 

Rural Habitation 46.762 3.15 

Wasteland 9.383 0.63 

Water Body 26.075 1.76 

Urban  728.478 49.10 

 Total  1483.716  

 

As per the draft regional plan of NCR prepared by National Capital Regional Planning Board, 

about 11000 ha of land is earmarked for agricultural activities in NCT, Delhi by 2021. The rest 

of the land is earmarked for urbanization with the supporting amenities like disposal of solid 

waste, metro services etc. Thus by 2021, about 92.6% of NCT Delhi will be urbanized (Table 

3.2). 

Table 3.2:  Growth of urban area in Delhi (Source- Draft Regional Plan-2021 NCRPB) 

Year  1951 1981 1986 1993 1999 2005 2021 

Urban area 

(ha) 

17287.45 

(11.7%) 

48,777  57880 60340 70162 

(~50%) 

75000 137300 
(~ 92.6%) 
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Fig.3.3: Map showing land use pattern in NCT Delhi 
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3.4 Soil 

The soils of the Delhi area are mostly light with subordinate amount of medium texture soils. 

The light texture soils are represented by sandy, loamy, sand and sandy loam; whereas medium 

texture soils are represented by loam and silty loam. The soils that occur in theentire NCT are 

generally suitable for irrigating moderately salt resistant crops such as wheat, barley and 

mustard. Soil map of Delhi is presented in Fig. 3.4. Area occupied by different types of soils is 

given in Table 3.3. 

 

Table 3.3 : Area covered by different types of soils 

Soil type Area (sq km) 

Fluventic Ustochrepts & Typic Ustifluvents 24.46 

Lithic Ustorthents & Typic Ustorthents 32.58 

Typic Ustifluvents & Typic Ustipsammen  28. 22 

Typic Ustochrepts & Typic Ustpsammen  25.50 

Typic Ustochrepts & Typic Ustochrepts 697.31 

Typic Ustochrepts & Typic Ustorthents 49.07 

Typic Ustochrepts & Typic Ustochrept 44.70 

Typic Ustorthents  & Lithic Ustorthents 21.84 

Typic Ustorthents & Typic Ustipsammen 25.19 

Typic Ustorthents & Typic Ustorthents 19.41 

 
 

Fig. 3.4:  Landuse distribution in NCT Delhi 
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Fig. 3.5 : Soil map of Delhi 
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3.4.1 Soil Infiltration Test 

Soil infiltration is the process by which water on the ground surface enters into the soil. 

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

irrigation water. Infiltration rate defined the volume flux of water flowing into the soil profile per 

unit of soil surface area and measured in inches per hour or millimeters per hour. It is usually 

measured by the depth (in mm) of the water layer that can enter the soil in one hour. The 

infiltration rate decreases as the soil becomes saturated. Infiltration rates decline to a steady or 

quasi-steady state as soil becomes increasingly moist over the period of a storm or experimental 

wetting. Infiltration rate usually shows a sharp decline with time from the start of the application 

of water. The constant rate approached after a sufficiently large time is referred as the steady-

infiltration rate. In dry soil, water infiltrates rapidly in initial phases and called as 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 to water table. 

 

Determination of infiltration rates is essential for reliable prediction of surface runoff, saturated 

hydraulic conductivity of the surface layer and groundwater recharge, and in developing or 

selecting the most efficient irrigation methods. Quantifying the soil infiltration capacity is of 

great importance to understanding and describing the hydrologic analysis and modeling. The 

measure of infiltration of water into the soil is an important parameter, which helps in planning 

recharge interventions. The classification of infiltration rate is given in Table 3.4. 

 

Table-3.4 : Classification of Soil  Infiltration Rate 

 

 

 

 

 

 

 

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. 

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. 3.6: Rate of Soil Infiltration in NCT, Delhi 
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In most cases, maintaining a high infiltration rate is desirable for a healthy environment. 

However, soils that transmits water freely throughout the entire profile need proper chemical 

management to ensure the protection of groundwater and surface water resources. Soils that have 

reduced infiltration can become saturated at the surface during rainfall. Saturation decreases soil 

strength, increases detachment of particles, and enhances the erosion potential. In some areas that 

have a steep slope, surface material lying above a compacted layer may move in a mass, sliding 

down the slope because of saturated soil conditions. Decrease in infiltration or increase in 

saturation above a compacted layer can also cause nutrient deficiencies in crops. Either condition 

can result in anaerobic conditions, which reduce biological activity and fertilizer use efficiencies.  

 

Soil infiltration tests using double ring infiltrometer were carried out at 45 locations in the 

National Capital Territory of Delhi. Wide variation in the infiltration rate has been observed in 

the entire area. The initial infiltration rate in NCT - Delhi varies from 90 mm/hr to 600 mm/hr 

and the final infiltration rate between 2 mm/hr and 267 mm/hr. The average initial and final 

infiltration rate for the NCT - Delhi is found to be 237 mm/hr and 33 mm/hr respectively. The 

average infiltration rate for the NCT- Delhi region is estimated as 135 mm/hr. The observed low 

basic infiltration rates at certain sites indicate poor percolation of excess water through sub-

surface due to presence of hard pan and ultimately causing water logging problem in the area. 

The clay percentage in the soil also influences 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.  

 

Higher infiltration rates have been observed at sites Narela, Palla, Tikri Kalan, Shakti Nagar, 

Bela Estate, Dilshad Garden, Vikashpuri, Mansarovar Garden, Firoz Shah Kotla Fort, Laxmi 

Nagar, Chanakyapuri, Rangpuri, Greater Kailash and Ghitorni indicating sandy nature of local 

soils. Sandy loam soil is known to have high infiltration rates while clay loam and sandy clay 

soils are known to have very low infiltration rates.  

 



 

 27 

3.5 Hydrology and Drainage 

Drainage is an important element of physical infrastructure and constitutes removal and disposal 

of surplus rain/irrigation water from the land. It has two aspects namely flood protection and 

removal of storm water. National Capital Region in general, is a part of well integrated drainage 

system of the Ganga basin. The perennial Yamuna River, which flows in the eastern boundary of 

the state from north to south, plays an important role in groundwater system of Delhi. The 

Yamuna River and terminal part of the Aravalli hill range are the two main geographical features 

of the city. The extremely gentle gradient that spreads almost all over the region restricts the 

degradational activities of the streams/drains.  

 

The Yamuna river originates from the Yamunotri glacier in the lower Himalayas at an elevation 

of about 6387 m above mean sea level. From Tajewala, the river sluggishly meanders via Delhi 

to its confluence with the Ganga at Allahabad after flowing a distance of about 1200 km. The 

total  length  of  the  river  from origin to  the  confluence  point  at  Allahabad  is 1376 km.  The 

catchment of the Yamuna river system covers parts of Uttrakhand, Uttar Pradesh, Himachal 

Pradesh, Haryana, Rajasthan, Delhi and Madhya Pradesh. 

 

The river Yamuna passes through the eastern part of Delhi area. The river has oscillated laterally 

along a N - S axis. At the initial stages, it migrated steadily to the East and subsequently in the 

last phase to the West and got contained there because of the depression caused by a N-S 

trending fault (Thussu, 2001). The right palaeobank of the Yamuna River is in the North of Delhi 

around Narela, and from there it turns almost East – West at Wazirabad and follows the 

boundary of the ridge to further South (Thussu, 2001). There are a large number of 

paleochannels and abandoned channels of river Yamuna North of Delhi.  

 

The river Yamuna is the only perennial river flowing in southerly direction. Either side of the 

river Yamuna is marked by the extensive alluvial flood plain. The aerial extent of active flood 

plain in NCT Delhi is 97 sq. km. covering five districts namely North West, North, Central, 

North East and South districts. In general, alluvial flood plain slope is towards south. The 

average slope of the Yamuna river bed from north to south is 0.4 m/km.  Eastern and Western 

canal and Agra canal are the three major canals originating from the river with Bawana, Rajpur 
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and Lampur distributaries. Auchandi, Budhanpur, Sultanpur, Mundka, Mongolpur, Nahari, 

Dhansa and Surkhpur are some of the important minors.  The Agra canal originates from Okhla, 

about 12 km South of Delhi. A dense network of lined canal system exists in the north western 

part of the state (Fig. 3.6). 

 

Fig. 3.7: Drainage map of NCT, Delhi 
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A number of micro watersheds originate from the quartzite ridge. The drainage on the east of the 

ridge enters river Yamuna, whereas on the west, it enters natural depressions located in 

Najafgarh Tehsil of Southwest district, which forms an inland basin drained by Sahibi and 

Najafgarh drains and their tributaries such as Mundela khurd, Mungashpur, Madanpur, Nangloi 

and Palam nalas. The area is characterized by very fine textured dendritic drainage pattern. 

 

The NCT, Delhi can be  broadly divided into seven drainage basins, ultimately discharging into 

the river Yamuna – (i) The Najafgarh Drain is about 39 Km long, flows north-easterly and joins 

Yamuna river at Wazirabad in north Delhi. (ii) Supplementary drain, (iii) Barapullah drain. (iv) 

Wild life sanctuary area, (v) Drainage of Shahdara area, (vi) Bawana drain basin, (vii) 

Otherdrains directly falling into river Yamuna on right bank. Swamp areas are common along 

the flood plains of Yamuna. 
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4.  HYDROGEOLOGICAL FRAMEWORK 

 

4.1  Geology 

The rock formations exposed in the National Capital Territory of Delhi are mainly quartzite of 

the Alwar series of the Delhi Supergroup that are interbedded with thin micaceous schist bands. 

Srivatava et al. (1980) grouped these rocks of Delhi area as the Alwar formation of Delhi Super 

group while Kachroo and Bagchi (1999) have classified them as Barkhol formation of the 

Ajabgarh Group of the Delhi Supergroup. Proterozoic rocks occur along the ridge, extending 

from Harchandpur (Haryana) in the South to Wazirabad (Delhi) in the North. Quaternary 

sediments directly overlie the Proterozoic rocks. The Stratigraphic succession of these rocks 

reviewed by Kachroo and Bagchi (1999) is given in Table 4.1.  

 

Table 4.1: Stratigraphic succession of rocks in Delhi area (modified after Kachroo and 

Bagchi, 1999).  

 

 

 

 

Holocene 

Yamuna channel 

alluvium 

Grey, fine to medium sand, 

grit with coarse sand, silt and 

clay 

Point bars, channel 

deposits 

Yamuna Older 

Flood Plain & 

Terraces 

Grey sand, coarse grit, pebble 

beds and minor clays 

Palaeochannels, 

meander scrolls, ox-

bow lakes 

Older Alluvium Sequence of sand-silt-clay 

with yellowish brown medium 

sand with silt, kankar with 

brown Aeolian sand 

Abandoned channels, 

meander scrolls 

                                                                  Unconformity  

Neoproterozoic Post Delhi 

Intrusives 

Pegmatitic, tourmaline-quartz 

veins and quartz veins 

 

Mesoproterozoic Delhi Supergroup  Ajabgarh  Group – Bharkol 

Formation 

Quartzite with minor 

schist, tuff and ash 

beds 

 

Srivastava et al. (1974) and Kachroo and Bagchi (1999) have carried out systematic geological 

and geomorphological mapping of  Delhi  and identified three distinct surfaces. The highest is 

the erosional surface forming the top of denudational hills. The second surface is Older Alluvial 

plain and the third is depositional Younger Alluvial plain (Yamuna). The geomorphologic 
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features have undergone changes due to widespread and uncontrolled urban activity. The 

geological map of Delhi after Kachroo and Bagchi (1999) is shown in Figure 4.1.  

 

 

Fig 4.1: Geological map of NCT Delhi 

The Delhi Quartzite ridge acts as the recharge zone. The Quaternary deposits in the form of 

aeolian and alluvial deposits constitute the major repository of ground water in the area. In the 

East of the ridge, the thickness of unconsolidated sediments gradually increases away from the 

ridge, with the maximum reported thickness being 170m. In the Southwestern, Western and 

Northern parts of the area, the thickness of sediments is more than 300 m except at Dhansa 

where the bedrock has been encountered at 297 m below land surface. In Chhattarpur basin, the 

maximum thickness of sediments   is 116 m. The aeolian deposits are mainly comprised of loam, 

silty loam and sandy loam. The bedrock is overlain by these deposits. Older alluvial deposits 

consist mostly of interbedded, lenticular and inter fingering deposits of clay, silt, and sand along 
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with kankar. These deposits overlay the aeolian deposits and are in turn overlain by the newer 

alluvium, which occurs mostly in the flood plains of river Yamuna. 

 

The rocks of Delhi system have undergone multiple folding and different phases of 

metamorphism with time (Naha et al., 1984 and 1987 and Roy, 1988). Three generations of 

folding have been found in the rocks of Delhi (Gangopadhyay and Sen, 1968). The fold axes of 

first generation folds follow the trend of main ridge i.e. NNE-SSW, the second generation folds 

trending NE-SW are observed at Tughlaqabad - Mehrauli area, and third  generation fold 

trending NW-SE is observed at Anand Parbat. The rocks are highly jointed and two sets of 

conjugate vertical to sub-vertical joints have been reported (Kachroo and Bagchi, 1999). These 

are NNE-SSW and WNW-ESE joints conforming to the older and newer structural trends. 

Srivastava et al. (1980) have inferred a number of faults trending NNE-SSW, NE-SW and 

WNW-ESE.  

 

4.2  Ground Water Exploration 

Central Ground Water Board had been engaged in Ground Water Exploration in National Capital 

Territory of Delhi since its inception in 1972. In the first phase, the work was undertaken during 

1972-74 and was resumed in 1985-86, which continued till 1991-92. Exploratory drilling was 

again taken up in 1994-95. Ground Water Exploration since 1994-95 was mainly concentrated in 

Yamuna Flood Plain area for detail study considering the importance of the area from ground 

water point of view. A number of piezometers were constructed with an aim for monitoring the 

ground water levels of the state. In addition, 89 high capacity tube wells were constructed in 

Yamauna flood plain near Palla area in North district on cost deposit basis till March 2003 for 

Delhi Jal Board.  

 

During the different periodsbetween1972 and 2010,  a total of 327 boreholes were drilled out of 

which 151 are Exploratory wells (EW), 176 are Observation welsl (OW)/ Piezometers (Pz)/ Slim 

holes. Central Ground Water Board, North Western Region had brought out consolidated reports 

in 1996 and 2009 highlighting development and augmentation of ground water resources in NCT 

Delhi. Basic data report (BDR) of all boreholes drilled was issued. A report on Ground Water 

Exploration and Resource Estimation of Aquifers underlying Yamuna Flood Plain, NCT Delhi 
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was also prepared and issued. Locations of exploratory boreholes are shown in Fig. 4.2. District 

wise details of ground water exploration are given in Table 4.3. 

 

Fig. 4.2:Map showing locations of Exploratory wells 
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Table 4.3:  District wise details of Ground Water Exploration, NCT Delhi 

Formation : Alluvium 

Sl. 

No. 

District EW Pz 

/OW 

SH Depth of 

the well  

(mbgl) 

Discharge  

m
3
/hr 

Drawdown  

(m.) 

Transmissivity/  

(m
2
/day) 

1 North West 26 30 2 24-178 10-169 <1 -17 125-700 

2 North 07 07 01 23-88 18-313 3-20 1800 

3 North East 06 08 00 24-66 10-138 2-14 928-2785 

4 East 27 17 00 15-83 36-133 2-10 300-4000 

5 New Delhi 09 11 00 20-100 7-26 9-31  

6 West 06 09 02 33-60 14-49 1-18 39-737 

7 South West 29 44 00 29-200 7-65 2-11 13-191 

8 South 23 27 00 17-119 7-93 1-12 50-1400 

Formation : Quartzite 

Sl. 

No. 

District EW Pz 

/OW 

SH Depth of 

the well  

(mbgl) 

Discharge  

m
3
/hr 

Drawdown  

(m.) 

1 New Delhi 03 04 00 53-106 6-13 7-19 

2 South West 07 06 00 34-147 4-25 3-20 

3 South 08 08 00 51-200 5-31 2-12 

 

In Northwest district, ground water exploration carried out till the depth of 350 m has revealed 

the presence of Quaternary alluvium comprised of alternate bands of clayey and sandy materials. 

Quaternary deposits include very fine to medium grained sands, silt, clay and kankars. Both 

sandy and clayey horizons are admixed with silt and kankars.The depth of Fresh - Saline water 

interface varies from 20 m to 70 m. At places like Sultanpuri and Kadipur, Fresh – Saline water 

interface has been encountered at 13 and 16 m bgl respectively.  The depth of wells constructed 

ranges between 24 and 178 m. The discharge of the exploratory wells varies between 10 to 169 

m
3
/hour with a drawdown of <1 to 17 m. The Transmissivity value ranges between 125 and 700  

m
2 

/ day. 

 

In North district, exploratory wells drilled down to depth of 23 to 303 m have indicated presence 

of Quaternary alluvium underlain by Dehli Quartzite. The alluvium cover is dominant with 

clayey-silt followed by buff coloured semi plastic clay and on the margin of bedrock angular 

gravels with fine to coarse sand occur. The depth to bedrock varies from 28 – 167. The bedrock 

encountered has suffered moderate to high weathering in this area. The borehole logs of the 
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Yamuna Flood Plain are characterized by the granular zones consisting of fine to medium 

Yamuna sand. The Percentage of silt and clay in flood plain are on the lower side than sand.The 

depth of tube wells constructed varies from 23 to 88 m. The yield of tubewells varies from 18 to 

313 m
3
/hour for a drawdown of 3-20 m. Transmissivity of one Exploratory well has been 

computed to be 1800 m
2
/day.  

 

In Northeast district, drilling of boreholes down to depth of 30 – 242 m has shown presence of 

thick fine sand and sandy silt strata at shallower depth i.e. up to 60 mbgl. The finer sediments 

like clayey–silt, silty-clay and buff coloured clay along with kankars also exist, as parting 

between granular zones. The deeper zones beyond 60 m depth are characterized by fine material 

and are lacking in granular zone. Basement rock along the Yamuna Flood Plain in this district 

occurs at shallow depth ranging from 54 mbgl  at Mandaoli to 67 mbgl at Usmanpur. Further east 

the depth of basement rock increases. The depth to water level in major part of the district is 5 to 

8 mbgl. The discharge of tube wells in varies from 10 – 138 m
3
/hour with a draw-down of 2 to 

14 m. The transmissivity of the formation varies from 928 – 2785 m
2
/day. The depth of Fresh –

Saline water interface varies from 26 m bgl at Sonia Vihar to 56 m bgl at Dilshad Garden. 

 

Ground water exploration in East district down to depth of 35 – 203 m bgl has revealed presence 

of alluvial deposits comprised of clay, sandand silt with kankars. Occurrence of clayey sediments 

is frequent below 70m depth. The aquifer system consists of sand which is fine to medium 

grained along with mica flakes, gravels, kankars which are coarse grained in nature and very 

little amount of clay. The depth of tubewells constructed varies from 15 to 83 m. The discharge 

of tubewells varies from 36- 133 m
3
/hour with drawdown of 2 – 10 m. Transmissivity of the 

formation ranges from 300 to 4000 m
2
/day. The depth of Fresh –Saline water interface varies 

from 35 m bgl at Anand Vihar to 56 m bgl at Patpar Ganj Industrial Area.      

 

In New Delhi district, the exploaration has been carried out down to depth of 54 – 125 m in hard 

rock and 43  - 151 m in alluvium and depth of tubewells constructed varies from  53 to 106 m in 

hard rock and  20 to 100 m in alluvium. The alluvium consists of clay, silt and fine to medium 

sand. A substantial amount of kankar is also admixed with the clay and silt below 20 m depth. 
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The discharge of wells in hard rock varies between 6 and 13 m
3
/hour with drawdown of 7 to 19 

m and that of alluvial formation varies from 7 - 26 m
3
/hour with drawdown of 9 – 31 m.  

 

In West district, exploratory drilling has been carried out down to depth of 60 to 308 m. The 

depth of wells constructed ranges from 33 to 60 m.  Quaternary alluvium comprised of sand, 

clay, silt, gravels/pebbles, kankars has been encouontered in these wells. The aquifer system 

includes fine to coarse grained sand admixed with kankars, clay and silt with kankar. The 

discharge of wells varies between 14 and 49 m
3
/hour for a drawdown of 1-18 m.  The depth of 

Transmissivity of the formation ranges from 39-737 m
2
/day. Fresh-Saline interface varies from 

25 m to 50 m at different places.  

 

In Southwest district, depth explored varies from 40 – 325 m in  alluvium and 40 – 165 m in hard 

rock and depth of tubewells constructed varies from 29 – 200 m in alluvium and 34 – 147m in 

hard rock.  Nearly fine to medium and silt grade sediments are frequent up to the depth of 50 m 

along with buff coloured clayey bed admixed with coarse kankars. After the depth of 50m, 

thickness of silty–clay and clay beds with kankars increases with depth. The discharge of wells 

in alluvium varies from 7- 65 m
3
/hour in alluvium and 4 – 25 m

3
/hour in hard rock for a 

drawdown ranging from 2 – 11 m in alluvium and 3 – 20 m in hard rock. Transmissivity of 

alluvium varies from 13 – 191 m
2
/day. The depth of Fresh-Saline water interface varies greatly 

in the district.  All along the Najafgarh drain and two depressions viz. Gummanhera Village & 

Pindwalan Kalan thickness of fresh water layer is up to 35 mbgl while in rest of the area 

thickness of fresh water exists down to depth of   25 to 28 mbgl only. The depth of fresh-saline 

water interface varies from35 m at Shikarpur to 150 m at Rajokri. In the Eastern rocky area the 

Fresh - Saline interface lies in the depth range of 80 to 90 mbgl.  

 

In South district, depth explored varies from 18 to 207 m in alluvium and 51 to 200 m in hard 

rock.  In areas underlain by hard rock, the ferruginous and gritty quartzites, on weathering and 

subsequent disintegration, produce coarse sands commonly known as Badarpur. The overburden 

is comprised of unconsolidated clay, silt, sand and varying proportions of kankars. The depth of 

fresh / saline water interface in the alluvial aquifers away from the ridge varies from 27 m near 

Okhla barrage to 58 m in Sarita Vihar. Tubewells constructed in alluvium varying in depth from 
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17 – 119 m have yielded 7 – 93 m
3
/hour  for drawdown of 1-12 m. Transmissivity of alluvium 

varies from 50 – 1400 m
2
/day. Tubewells constructed in hard rock down to depth of 51 to 200 m 

have yielded discharge of 5 to 31 m
3
/hour with drawdown of 2-12 m.  

 

4.3  Geophysical investigations 

Both surface and borehole geophysical techniques have been used to decipher the aquifer 

disposition of NCT Delhi. Surface geophysical techniques are generally used as a predictive tool, 

by detecting the anomalies in physical properties and interpreting in terms of surface geophysical 

and/or hydrogeological conditions responsible for producing the anomalies, whereas the 

borehole geophysical techniques are used after drilling of water well in order to demarcate 

suitable granular zones in a borehole for optimum development of resources. 

 

During the course of exploratory drilling by Central Ground Water Board, boreholes were 

electrically logged and depending on the granular zones with fresh ground water identified by 

lithologs and geophysical logs, assembly to be lowered in the boreholes was recommended. 

Resistivity surveys along the Najafgarh drain and Dwarka have been carried out by CGWB in 

the past.   Surface resistivity surveys (VES) have been carried out by WAPCOS under NAQUIM 

at 13 locations in Northwest, Southwest, South and East districts Delhi. VES could not be carried 

out in remaining parts of the NCT because of highly urbanized landuse, which restricts the 

spread of electrodes.   

 

The Vertical Electrical Sounding (VES) method is effective for determining the variation of 

Resistivity layering with depth at a given location. This method is based on the response of the 

earth to the flow of electrical current. Measurement of resistivity is, in general, a measure of 

water saturation and connectivity of pore spaces. Depth of penetration of resistivity 

measurements depends on the separation of the potential and current electrodes in the survey and 

is interpreted in terms of a lithologic and/or geohydrologic model of the subsurface. Data are 

termed Apparent Resistivity because the resistivity values measured are actually averages over 

the total current path length but are plotted at one depth point for each potential electrode pair. 
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The resistivity data has been interpreted (analyzed) in terms of physical parameters viz. 

resistivity and thickness of the litho units. These parameters in turn, along with known 

subsurface geological information have been used to infer the nature of subsurface formations. 

The general ranges of resistivity for different layers in NCT, Delhi are given in Table 4.4.  

Table 4.4: Formation/ quality wise range of resistivity in NCT Delhi 

Lithology/ Quality of ground water  Resistivity 

Top layer with clay Upto 60 ohm m 

Dry sand  >  80 ohm m 

Predominantly sand saturated with fresh water >15 to 50 ohm m 

Predominantly sand mixed with clay saturated 

with fresh to brackish water 

10-15 ohm m 

Sand mixed with clay saturated with saline 

water 

< 10 ohm m 

Finer sediments with saline water  < 4 ohm m 

Hard rock  Rising trend of 

curve 

 

The results of geophysical surveys are  summarized in the following paragraphs. 

4.3.1  Geophysical Studies (VES) along  Najafgarh Drain 

Electrical Resistivity measurements were carried out employing Schlumberger Configurations all 

along the Najafgarh Drain to demarcate the fresh/ saline interface.  In total, 30 VES soundings 

were conducted with maximum electrode separation ranging from 100 to 300 m in the area.  The 

VES curves obtained are mostly H, K and HK type. In case of H type curve, a low resistivity 

layer is sandwitched between two high resistivity layers and in K type curve, high resistivity 

layer is sandwitched between two low resistivity layers whereas in HK type H type sequence 

underlies a low resistivity layer.  The VES data was interpreted in correlation with borehole and 

chemical data.  The data interpreted have revealed three geo-electric layers in general.  The first 

layer i.e. top layer varies in thickness from 0 to 5 m with resistivity values ranging from 5 to 40 

ohm m. Lower resistivity values indicate predominance of clay whereas higher values indicate 

predominance of sand.  The second layer varies in thickness from 10 to 60 m with resistivity 

values varying from 10 to 40 ohm-m indicating predominance of sand in the formation. 

Resistivity less than 15 ohm-m indicates sand filled with saline water, whereas resistivity more 

than 15 ohm-m indicates sand filled with fresh water.  The third and bottom layer with resistivity 

value of  2 ohm-m  indicates predominance  of clay and kankar.  In general, the quality of ground  
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Fig. 4.3: A cross section showing disposition of aquifers and fresh/ saline water interface 

along Najafgarh drain.  
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water is fresh at shallow depth in the range of 10 to 30 mbgl and deteriorates below this depth.   

There is marked variation in ground water quality within shallow depth throughout the stretch of 

Najafgarh drain in NCT Delhi. From the entry point of this drain in the western part near 

Gummanhra, the fresh and brackish water interface is at around 10 mbgl.  This interface 

becomes deeper and is observed at 30 m bgl towards northern part.  Further, it is also supported 

by the fact that in the eastern side, the extent of good quality water is large compared to western 

side since the general ground water flow is in the same direction and Najafgarh drain also 

recharges ground water.  Fig 4.3 depicts a cross section, prepared based on interpreted resistivity 

data and borehole data (drilled by CGWB in the past) and ground water quality data, showing 

disposition of aquifer and quality of ground water (Fresh/Marginal/Saline) along Najafgarh 

drain. In general, the quality of ground water is fresh at shallow depth varying from 10 m to 30 

m bgl and deteriorates below this depth.  Formation is highly saline below 65 m depth in the 

western part whereas it is good in the eastern part of the drain.  

4.3.2 Geophysical Studies (VES) at Dwarka 

Electrical Resistivity measurements employing Schlumberger Configurations had been carried 

out by CGWB in Dwarka area at 48 locations with current electrode separation in the range of 

300 to 500 m in general in different orientations. Generally, K & Q type multi-layered VES 

curves were obtained.  Table 4.5 describes the general classification of resistivity data based on 

the correlation of   resistivity data of most of the VES in Dwarka area with hydrogeological data 

of existing exploratory boreholes drilled by CGWB.  

 

Table : 4.5: General classification of resistivity  data  

Lithology Resistivity 

Top layer with clay Within 50 ohm m 

Sand mixed with clay, silt and kankar saturated 

with fresh water 

10 to 30 ohm m 

Sand mixed with clay and kankar saturated 

with saline water 

< 10 ohm m 

Formation containing more saline water  < 4 ohm m 
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Fig. 4.4: Panel diagram showing distributionof fresh/ saline water interface in Dwarka area 
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The panel diagram (Fig. 4.4) was prepared to know the distribution of fresh and saline aquifers 

and obtain the general picture depicting the extent of  the fresh/saline interface in  Dwarka area. 

Three geo-electrical layers have been delineated on the basis of resistivity values. The  geo-

electrical layers having resistivity upto 50 ohm m is for top soil with clay, 10 to 30 ohm m for 

fresh water horizons comprising of sand and kankar and less than 10 ohm m for saline horizons 

comprising of sand mixed with kankar, clay and silt.  Top soil with clay occurs  within 8 m and 

is distributed throughout the area investigated.   The thickness of  fresh water zone is more in the 

western, south-western and central parts of the area and is limited in the northern, north-eastern 

and eastern parts. The thickness of fresh water zone varies from 22 to 30 m. No fresh water 

occurs below 60 m. 

 

The results reveal that sector 9 and 10 indicate possibility of encountering fresh to marginally 

saline water down to depth of 33 to 50 mbgl having thickness of fresh water zone varying 

between 25 and 49 m.  The quality of ground water is expected to deteriorate below this depth.  

The resistivity data of Sector 16 D area around sewage treatment plant indicates possibility of 

fresh to marginally saline water down todepth of 37mbgl.  The quality of ground water 

deteriorates below 37 mbgl.  Areas  adjacent to the Najafgarh and Palam drains around Sectors 

18 and 19, Goyala and Kakraula indicate possibility of fresh to marginally saline water between 

the depth of 30 to 50 m bgl with fresh water thickness of 25 to 40 m. Deterioration of quality of 

ground water below 30 to 50 m depth is expected in these areas and is likely to deteriorate 

further as deciphered by very low resistivity (<2 ohm m).   The results of Sector 6 area show 

variation in the depth of interface of fresh and  saline aquifers due to existence of Palam drain.  

The quality of ground water deteriorates towards southeast direction of the drain. Severe 

deterioration in quality of ground water is observed at shallow level, which is also confirmed by  

EC of water sample of nearby tube-well which is 6900 microseimens  per cm.  Similarly as per 

the results in south of Pochanpur village, the depth to fresh saline interface is expected at 33 m 

while in north of Pochanpur in sector 23 it is within 5 m.  The results of VES conducted in 

Subhash Institute of technology area in sector 3 show that the entire area of the institute is 

affected with ground water salinity at shallow level within 5 m bgl except towards east of the 

institute where the fresh/saline interface is at 16 m.  The results of Sector 4 indicate deterioration 

of ground water quality right from the top. 
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Overall the depth to fresh/ saline interface in Dwarka area varies between 30 to 50 m bgl in the 

western and southwestern part along the Najafgarh  and Palam drains in Sectors 9,10,16-D, 18 

and 19  near Goyala and Kakraula villages.  Thickness of granular zones is expected to be 20 to 

30 m at these places.  At other places, particularly in the eastern and northeastern parts in Sectors 

1, 2, 3, 4, 6, 7, 8, 11, 12, 13 and 14, 17, 20 and 21, the depth to fresh/ saline interface  varies 

within 10  to 20 m with limited thickness of fresh water aquifer (within 20 m).  

 

4.3.3 Aquifer disposition of NCT, Delhi based on VES andBorehole logging data  

VES data & borehole logging data generated by CGWB and WAPCOS have been used for 

preparation of the fence diagram showing aquifer disposition for NCT, Delhi (Fig. 4.5).  It has 

been observed that resistivity values greater than 10 ohm m to 50 ohm m are representing 

predominately sand with fresh ground water. Resistivity less than 10 ohm m indicates 

predominately clay and kankar with saline water.  Further lowering of resistivity values to 1 ohm 

m indicates further deterioration of water quality with depth. Resistivity of the order of 50 to 500 

ohm m in hard rock (quartzite) area is represented by weathered/ fractured/ jointed quartzite 

which forms potential aquifer with potable water.  

In general, it is clear that fresh water sediments are followed by the saline water sediments. The 

thickness of fresh water sediments is thin in major parts of NCT, Delhi.  The depth to fresh – 

saline water interface varies from 10 m bgl to 80 m bgl. Ground water quality below fresh saline 

water interface is saline all through upto the bedrock.  At a few locations like Dhansa, Qutabgarh 

and Bankner, saline ground water is present at a very shallow depth range.  

In the Southwest district of NCT Delhi, bedrock has been encountered at many places i.e. in 

Dhansa, Samalkha, Kabul lines, Jhuljhuli. The line of fresh/saline water interface also varies 

greatly in entire area. All along the Najafgarh Drain and two depressions i.e Gummanhera & 

Pindwalan Kalan, fresh water layer is somewhat deeper i.e. up to 35 m bgl but rest of the area is 

having thin layer of fresh water i.e. up to the depth 25 to 28 m bgl only. In the western parts of 

the district, the thickness of fresh water zone is limited.  At a few locations like Dhansa, the 

saline ground water is present at a very shallow depth and as we move towards areas in the 

eastern part of the district, where hard rock is present, the thickness of fresh water aquifers is 
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more and fresh/saline water interface occurs at deeper depth i.e. generally around 80 to 90 m bgl. 

At Rajolkri, the depth of fresh/ saline water interface has been observed to be 150 m bgl.  

 
Fig. 4.5: Panel diagram showing aquifer disposition in NCT,  Delhi 
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In West district, the depth of fresh/saline interface varies from 25 to 50 m bgl.  The depth of 

fresh water zone varies from 10 to 45m.  At places like Dichau Kalan and Kakrola, the thickness 

of fresh water aquifers is more and fresh/saline interface is at deeper depths while in the areas 

around Janakpuri, Mundka, the saline water is present at shallow depths. 

 

In South district, depth of fresh/ saline water interface varies from 75 to 100 m. The thickness of 

fresh water zone varies from 30 to 85 m.  At locations like Gadaipur, Bhatti and  Munirka, fresh 

water aquifers are followed by hard rock (Delhi quartzite).   At places around Madanpur Khadar, 

the thickness of fresh water zones is limited.  Here, fresh water aquifers are followed by saline 

water zone and  bedrock  is encountered at depth of around  of 300 m.  

 

In North West district, the depth of fresh/ saline water interface varies greatly. The thickness of 

fresh water aquifers is limited in this district.  At locations like Auchandi, Qutabgarh & Bankner, 

the saline water is present at shallower depths.  In areas along Yamuna Flood Plain fresh/ saline 

water interface is at deeper depth i.e around 40 to 70 m bgl, whereas in rest of the area it is 22 to 

40 m. No bedrock has been observed upto the depth of 250 m.  

 

In Northeast district, thickness of fresh water aquifers is more in areas around Yamuna Flood 

Plain.  The depth of fresh/ saline water interface in Yamuna Flood Plain ranges between 32 and 

50 mbgl whereas in rest of the area, it ranges from 25 to 38 m bgl.  

 

In New Delhi and Central Districts, fresh water sediments are followed by saline water and then 

by quartzites (Delhi Ridge).  In East district, thickness of fresh water aquifers is more at 

locations like Kalyanpuri, Kondli and Shakarpur up to 60 m bgl.   

 

4.4 Ground  Water Dynamics 

Water levels have been monitored through a network of 116 observation wells distributed 

throughout the State. Water levels were monitored during Pre-monsoon (May) and Post-

monsoon (November). Locations of observation wells are  shown in Fig. 4.6.  
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Fig.  4.6: Map showing locations of observation wells 
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4.4.1  Water level behaviour 

Depth to water level during Pre-monsoon (May, 2015)  

The Depth to water level recorded in NCT Delhi during May, 2015 ranges from 1.20 to 62.22 

metres below ground level (mbgl). Ground water level data of a total of  114 observation wells  

have been analyzed district wise. It is observed that 50% wells of South district have shown 

water level more than 40 mbgl and around 19% wells had water level in the range of 20 to 40 

mbgl. In New Delhi and Southwest districts, about 57% and 35% of the wells have registered 

water levels ranging from 10 to 20 mbgl respectively (Fig. 4.7). In 40% and 46% of the wells in 

East and Northwest districts respectively, water level varied  from  5 to10 mbgl. In the entire 

Yamuna flood plain, the water levels varied between 2 and 5 m.  

Depth to water level during Post-monsoon (November, 2015) 

The Depth to water level recorded in the NCT Delhi during November, 2015 varied from  0.72 to 

61.13 mbgl. It is observed that 50% of the wells monitored in South district had water levels 

more than 40 mbgl and 13% had water level ranging in depth from 20 to 40 mbgl.  In New Delhi 

and Southwest districts, 57% and 35% of the wells respectively had shown water levels in the 

range of 10 to 20 mbgl (Fig. 4.8). In 40% and 34% of the wells in East and Northwest districts 

respectively, the water levels varied in depth from 5 to10 mbgl. In the entire Yamuna flood plain, 

the water levels varied between 2 to 5 m.  

Seasonal water level fluctuation: 

The fluctuation of water levels between Pre-monsoon (May, 2015) and Post Monsoon 

(November, 2015) shows 0.01 to 10.15 m fall in 33% of the wells. Most parts of the State have 

registered rise in water levels, which varies from 0.01 to 8.82 m. A few localized pockets in 

Southwest, South, West, New Delhi, East and major part of Northeast and Northwest districts 

have registered decline (Fig. 4.9).  

Decadal Fluctuation 

On comparing data of May, 2015 with decadal mean water level of May (2005 – 2014), it is 

observed that 63% of the wells analysed in the State have registered fall in the range of 0.24 to 

more than 10.10 m. About 32% wells located in parts of East, North, Northwest, West, South, 
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Southwest and New Delhi have  been  observed  to  show  rising condition  in the  range of  0 to 

2 m. The maximum fall has 
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Fig. 4.7: Depth to Water Level Map (May, 2015) 
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Fig. 4.8 : Depth to Water Level Map (November, 2015) 
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Fig. 4.9: Water Level Fluctuation Map (May -November, 2015) 
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taken place in districts of South and Southwest (i.e. 6.19 to 8.99 m) (Fig. 4.10). The rise in water 

levels  is mainly limited to Yamuna flood plain areas and areas in the Northwest and Southwest 

districts and part of South and New Delhi districts. In Northwest and Southwest districts, rise in 

ground water levels could be attributed to less withdrawal of ground water due to its inferior 

quality. In parts of South and New Delhi districts towards eastern side of the ridge, rise in ground 

water levels has been observed as withdrawal of ground water in these areas is limited due to 

adequate supply of Water from Delhi Jal Board (CGWB report, 2015).  

 

On comparing water level data of November 2014 with decadal mean water level of November 

(2005-2014), it is observed that 64% of the wells have shown fall in the range of 0.01 to 7.27 m. 

Only 33% wells of North-West, South, Southwest, New Delhi. North and West districts have 

registered rise in water levels in the range of 0 to 2 m. The maximum fall (7.27 to 7.13 m) has 

taken place in  South and Southwest districts (Fig. 4.11). The fall during post monsoon period in 

2014 as compared to decadal mean water level has been due to deficient rainfall during 2014. 

Rise in water levels in the Northwest and Southwest districts can be attributed to less withdrawal 

of ground water due to its inferior quality. Further rise in part of South district on the eastern side 

of the ridge could be attributed to very less withdrawal of ground water as these areas have 

adequate supply of water from Delhi Jal Board.   

4.4.2 Decadal  water level trend 

Pre-monsoon water level trend analysis during the past decade (2005 – 2014) indicates declining 

trend of ground water levels in most parts of the State (Fig. 4.12). Rate of decline varies from 

0.006 m/year at Alipur, Northwest district to 3.604 m/ year at Talkatora, New Delhi district. In 

Northwest district, maximum rate of decline (3.42m/year) has been registered at Lawrence Road 

and in New Delhi district, minimum rate of decline of 0.135 m/year has been observed at Lodhi 

Garden.  In Central district, declining trend of 0.13 m/ year has been registered at Rajghat.  In 

East district, rate of decline has been found to vary from 0.071 m/year at Mayur Vihar, Phase II 

to 0.383 m/ year at CBD, Shahdara. In North district, rate of decline varies from 0.244 at 

Kingsway Camp to 0.476 m/year at Majnu ka tila. Rate of decline registered in Northeast district  

varies from 0.151 m/yr at G T Road Shahdara to 0.279 m/year at Wazirabad. In South district, 

falling rate has been observed to vary from 0.05 m/year at Sanjay Van to 2.41 m/year at 

Sultanpur.  In Southwest district, the rate of fall has been found to vary from 0.015m/year at 
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Dwarka, Sector 16 to 1.6 m/year at Papankalan. Declining rate ranging from 0.09 m/year at 

Peera Garhi  to 0.668  m/year has been registered in West district.   

 

     Fig. 4.10 : Decadal Pre-monsoon Water Level Fluctuation Map  
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Fig. 4.11 : Decadal Post-monsoon Water Level Fluctuation Map 
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Fig. 4.12: Map showing Pre-monsoon Water Level Trend (2005-2014) 
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As can be seen from the map (Fig. 4.12), majority of wells analysed have registered declining 

trend of less than 1 m/year. Declining rate of 1 to 1.99 m/year has been experienced in Southwest 

and South districts. Declining rate between 2 and 2.99 m/year has been observed in isolated 

pockets in Chhattarpur basin and more than 3 m/year has been recorded in isolated pockets of 

New Delhi and Northwest districts.  

 

On  the other hand, rising trend in ground water levels has been observed in parts of South, East, 

Northeast, North and Northwest districts along river Yamuna and New Delhi, West and 

Southwest districts. Rising trend varies from 0.02 m/year at Rohini Sector 28, Northwest district 

to 0.75 m/year at Jamali Kamali, South district. Rate of rise in water level varying from 0.41 to 

0.75 m/year has been registered in isolated pockets in Northwest, Southwest and South districts. 

Rising rate between 0.21and 0.40 m/year has been observed in parts of Northwest, Southwest, 

East and isolated pockets of West, South and Northeast districts.  A few representative 

hydrographs showing pre-monsoon and post-monsoon water level trends during 2005-2014 are 

depicted in Fig. 4.13 and 4.14 respectively.  

 

4.4.3  Ground water flow 

Water table contour map of May 2014 is presented in Fig. 4.15. The perusal of the map shows 

that the water table elevation follows the topography of the area and ground water flow direction 

is towards major drainage lines. The Delhi ridge and Yamuna flood plains act as the recharge 

zones. Ground water flows eastwards from the ridge towards the river Yamuna and westwards 

towards the depressions. In the East of Yamuna river, eastward flow of groundwater is indicative 

of huge amount of ground water withdrawal. Closely spaced contours on the eastern side of the 

ridge indicate steep slope and high rate of flow of ground water, while widely spaced contours 

on the western side of the ridge indicate gentle slope.  In the Northwest, there occurs a water 

divide from where water flows to the Northeast and Southwest directions.  
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Fig   4.13 :  Hydrographs showing declining trend in pre-monsoon ground water level at 

Gadaipur and rising trend at Chilla Saroda during 2005 - 2014 
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Fig. 4.14: Hydrographs showing declining trend in post-monsoon ground water level at 

Sector 16, Dwarka and rising trend at Sunder Nursery during 2005 - 2014 
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Fig. 4.15:  Water Table Contour Map (May, 2015) 
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5. WATER QUALITY 

 

The water quality samples were collected under NAQUIM Programme from 97 locations 

distributed throughout the NCT Delhi (Fig. 5.1). In addition, data on ground water quality   

available with Central Ground Water Board has also been utilised for the present study.   

Summarised data of basic parameters is furnished in Table 5.1.  

 

Table 5.1 : Summary of chemical analysis data for basic parameters 

 Electrical 

conductivity 

(µsiemens/cm 

at 25ºC) 

Cl (mg/l) SO4 (mg/l) F (mg/l) NO3 (mg/l) 

Range  291 – 15220 15 - 4200 3.2 – 2054 0.09 – 8.19 <1 to 211.4 

Maximum 

permissible limit as 

per BIS (IS-

10500:2012) 

-- 1000 400 1.5 45 

Samples having 

basic parameter in 

excess of 

Maximum 

Permissible Limit 

(%) 

19 8 11 34 30 

 

5.1  pH and Turbidity 

The pH of the analysed samples varies from 6.59 – 8.32 indicating mildly acidic to alkaline 

nature of the ground water. The pH values are well within the safe limit of 6.5 - 8.5, prescribed 

by BIS for drinking water (IS 10500:2012). Turbidity is one of the important physical parameters 

defining the presence of suspended solids in water and causes the muddy or turbid appearance of 

water body. Consumption of highly turbid water may cause a health risk as excessive turbidity 

can protect pathogenic microorganisms from effects of disinfectants and stimulate the growth of 

bacteria during storage. In the study area, the turbidity exceeds the recommended desirable and 

maximum permissible limit of 1 NTU and 5 NTU respectively (IS – 10500:2012) in 25% and 6% 

of total analysed groundwater samples.  Turbidity in excess of maximum permissible limit has 

been reported in isolated pockets in Northeast, East, Southwest and South districts. 
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Fig. 5.1 : Map showing water quality sampling locations 
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5.2 Total Hardness (TH) 

Classification of ground water samples based on Total Hardness (TH) is given in Table 5.2. TH 

has been found to vary between 101 mg/l and 3453 mg/l, indicating hard to very hard type of 

ground water. High hardness may cause precipitation of calcium carbonate and encrustation on 

water supply distribution systems. Long term consumption of extremely hard water might lead to 

an increased incidence of urolithiasis, anencephaly, parental mortality and cardio-vascular 

disorders.  In Delhi, Total Hardness exceeds the recommended maximum permissible limit of 

600 mg/l (IS-10500: 2012) in 26% of total analysed ground water samples. Total hardness in 

excess of the maximum permissible limit has been reported from parts of Northwest, North, 

West, New Delhi, Southwest and South districts.  

Table 5.2: Hardness Classification of water 

Hardness (mg/l) Water Class % Sample 

0-75 Soft Nil 

75-150 Moderately Hard 7.2% 

150-300 Hard 22.7% 

>300 Very Hard 70.1% 

 

5.3  Total Dissolved Solids (TDS) 

Total Dissolved Solids (TDS) in water include all dissolved materials in solution, whether 

ionized or not. It is numerical sum of all mineral constituents dissolved in water and is expressed 

in mg/l. The TDS contents of ground water are controlled by the mineral dissolution rate, 

chemical character of ground water and ionic saturation status of solution. The concentration of 

total dissolved solids in the ground water has been found to vary generally between 202 mg/l to 

9967 mg/l. TDS of 39% of analyzed water samples falls in the category of fresh water, while 

61% samples have TDS in the range of 1000 - 10,000 mg/l and fall in brackish water category 

(Table 5.3).  TDS in excess of the maximum permissible limit of 2000 mg/l (IS-10500:2012) has 

been reported from parts of Northwest, Southwest, North and West districts.  

Table 5.3: Classification of water based on Total Dissolved Solids 

TDS (mg/l) Water Quality             % Samples 

0- 1000  Fresh water 39 

1000-10,000 Brackish water 61 

10,000-100,000 Saline water Nil 

>100,000 Brine Nil 
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5.4   Electrical Conductivity (EC) 

Distribution of Electrical Conductivity in ground water in Delhi is shown in Fig. 5.2.  

 

Fig. 5.2 :  Distribution of Electrical Conductivity in NCT Delhi 
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       Fig. 5.3: Contribution of anions towards the total anionic charge balance 

 

Electrical conductivity is a measure of total mineral contents of dissolved solids in water. It 

depends upon the ionic strength of the solution. An increase in dissolved solids causes a 

proportional increase in electrical conductivity. The electrical conductivity value of ground water 

in Delhi has been found to vary from 291 to 15,220 µS/cm at 25ºC. Maximum concentration of 

15,220 µS/ cm has been reported from Kanjhawala, Northwest District. The spatial variation of 

EC shows relatively higher value at some sites.  EC in excess of 3000 µS/cmvalue has been 

observed in parts of Northwest, North, West and Southwest districts.  Because of finer sediments 

in the aquifer, flushing of ground water is not proper and longer residence time of water in the 

aquifer results in dissolution of salts from the aquifer material, which leads to higher TDS 

content and in turn higher EC.     

 

5.5  Major Anions (F
¯
, Cl¯, HCO3¯, SO4

2
¯ and NO3¯) 

The anion chemistry of the analysed samples shows that HCO3¯and Cl¯ are the dominant anions 

both in shallow and deep aquifers and follow the abundance order of 

HCO3¯>Cl¯>SO4
2
¯>NO3¯>F¯in majority of the groundwater samples. Contribution of anions 

towards the total anionic charge balance is shown in Fig. 5.3. 

 

 

Bicarbonate (HCO3¯) is the most dominant anion, contributing 43% of the total anionic (TZ
-
) 

mass balance in equivalent units (Fig. 5.3). Concentration of bicarbonate varies from 102 mg/l to 

658 mg/l. Highest concentration of bicarbonate has been reported from Bamnauli, Southwest 
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District. Bicarbonates are derived mainly from the soil zone CO2 and at the time of weathering of 

parent minerals or from dissolution of carbonates and/or silicate minerals by the carbonic acid. 

 

Chloride (Cl¯) concentration varies between 15 and 4200 mg/l. On an average, chloride is 

contributing 36% to the total anionic mass balance in equivalent units (Fig. 5.3). The large lateral 

variation in the chloride concentration and observed high concentration in some samples indicate 

local recharge and may be attributed to contamination by untreated industrial and domestic waste 

effluents from nearby areas. Higher concentration of Cl¯ in drinking water gives a salty taste and 

has a laxative effect in people not accustomed to it. Concentration of Cl¯ exceeds the desirable 

limit of 250 mg/l (IS-10500: 2012) in 38% of analysed samples and maximum permissible limit 

of 1000 mg/l in only 8 analysed samples.  Chloride concentration more than maximum 

permissible limit has been reported from localized pockets in Northwest, North, West  and  

Southwest districts. 

 

Concentration of sulphate (SO4
--
) varies from 3.2 mg/l to 2054 mg/l and it accounts for 17% of 

the total anionic charge balance (Fig 5.3). Sulphate concentration exceeded the desirable and 

maximum permissible drinking water limits of 200 mg/l and 400 mg/l values respectively (per 

IS-10500:2012) in 34% and 11% of total analysed samples. Sulphate concentration in excess of 

maximum permissible limit has been reported from isolated pockets in parts of Northwest, 

North, West and Southwest districts.  The observed high concentration in some samples indicates 

the effects of industrial and anthropogenic activities in the area. High sulphate concentration may 

have a laxative effect with excess of Mg in water. Waters with 200 - 400 mg/l of sulphate have 

bitter taste and those with 1000 mg/lor more of sulphate may cause intestinal disorder and 

respiratory problems. Sulphate may also cause corrosion of metals in the distribution system, 

particularly in water having low alkalinity.  

 

Concentration of nitrate (NO3
-
) has been found to vary from <1.0 mg/l to 211.4 mg/l.  On an 

average, nitrate is contributing 3% to the total anionic charge balance (Fig 5.3). Nitrate 

concentration marginally exceeds the maximum permissible limit of 45 mg/l in drinking water 

prescribed by BIS (IS-10500:2012) in around 30% of the total ground water samples.  Nitrate in 

excess of maximum permissible limit has been reported from localised pockets in Northwest, 



 

 66 

Northeast, West, North, East, Central, Southwest, New Delhi District and  South districts. Higher 

nitrate concentration in ground water has been reported along the drains carrying sewage and 

thus can be attributed to contamination from domestic sewage (Fig.5.4). Excess nitratein 

drinking water can cause methaemoglobinaemia in infants, gastric cancer, goiter, birth 

malformations and hypertensions.  

 

Fig. 5.4 : Distribution of Nitrate in groundwater in Delhi  
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Fig. 5.5 : Distribution of Fluoride in groundwater in Delhi 
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Fluoride (F
-
) is an essential element for maintaining normal development of healthy teeth and 

bones. However, higher F
-
 concentration causes dental and skeletal fluorosis such as mottling of 

teeth, deformation of ligaments and bending of spinal cord.  Concentration of fluoride in ground 

water samples has been found to vary between 0.09 and 8.19 mg/l. Fluoride is contributing 

<1.0% to the total anionic charge balance (Fig 5.3). Concentration of F
- 
exceeds the maximum 

permissible limit of 1.5 mg/l (IS-10500: 2012) in 34% of the total analysed samples (Fig. 5.5). 

Excess Fluoride has been reported from major parts of Northwest and Southwest districts and 

isolated pockets in Northeast, West, North, East, Central and South districts. The fluoride 

contamination in ground water may be either due to weathering of rocks (geogenic) containing 

fluorine bearing minerals like fluorite, apatite and micas or due to excessive use of phosphatic 

fertilizers and fluoride containing  insecticides and  herbicides in agricultural fields.   

 

5.6  Major Cations (Ca, Mg, Na, K) 

The major cations include Ca, Mg, Na and K. The water chemistry of the NCT Delhi is 

marginally dominated by alkaline earths (Ca +Mg) over the alkali (Na+K) metals. Ca
2+

 and Mg
2+

 

together constitute 52% of the total cations (TZ
+
). The cation chemistry indicates that in general 

ground water belongs to Na>Ca>Mg>K water type. The weathering and cation exchange 

processes normally control the levels of these cations in the ground water. Contribution of 

various cations towards the total cationic charge balance is shown in Fig. 5.6.  

 

 

Sodium (Na
+
) is the most dominant cation in ground water in NCT Delhi contributing 46.6 % in 

the cationic charge balance (Fig. 5.6). Concentration of sodium has been found to vary from 6.9 

to 3119 mg/l. Sodium is the most important ion for human health.  A higher sodium intake may 

cause hypertension, congenial heart diseases, nervous disorder and kidney problems. 

Fig.  5.6: Contribution of cations towards the total cationic charge balance 
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Contamination of ground water by Na and Cl is common in growing urban areas. Sources of 

these ions are related to human activities including rock salt, effluent from industries, leachate 

from landfills, some agricultural chemicals. Natural sources include rock water interactions, 

saline seeps and minor atmospheric contributions. 

 

Concentration of potassium (K
+
) ranges between 1.7 mg/l and 50.6 mg/l. Maximum 

concentration has been reported from Sultanpur Dabas, North West district. Potassium is 

accounting for only 1.5% of the total cationic mass balance (Fig. 5.6). 

 

Calcium (Ca
2+

) accounts for 26.6% of the total cationic mass balance (Fig. 5.6). It is an essential 

element for bone, nervous system and cell development. Ca
2+

 and Mg
2+

 are the main contributors 

towards hardness. Possible adverse effect from ingesting high concentration of Ca for long 

periods may be an increased risk of kidney stones. Concentrations of Ca
2+

 and Mg
2+

 are 

exceeding the drinking water desirable levels (IS-10500:2012) of 75 mg/l and 30 mg/l 

respectively in about 53% and 76% of the analysed samples. However, concentrations of both 

these ions are exceeding the maximum permissible levels of 200 and 100 mg/l respectively in 

9% and 21% of the total samples. Concentration of Ca in ground water varied from 13.4 mg/l to 

810 mg/l.  Calcium in excess of maximum permissible limit has been reported from localized 

pockets in Northwest, West, Southwest and South districts. Concentration of Mg varies from 9.8 

mg/l to 540.3 mg/l constituting about 25% of the total cationic charge balance (Fig. 5.6). 

Magnesium in excess of maximum permissible limit has been reported from major part of 

Northwest district. Sporadic instances of excess Mg have been reported from North, West, 

Southwest, South and Central districts.   

 

5.7  Water Type and Hydrochemical Facies 

The Hill and Piper plot is very useful in determining relationships of different dissolved 

constituents and classification of water based on its chemical characters. The triangular cationic 

field of Piper diagram reveals that the groundwater samples fall into no dominant and Na+K 

class, whereas in anionic triangle majority of the samples fall into bicarbonate, chloride and no 

dominant fields (Fig. 5.7). The plot of chemical data on diamond shaped central field, which 

relates the cation and anion triangles revealed that the major water types in NCT, Delhi were Na-
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Fig. 5.7: Hill and Piper plot 

showing water type and 

hydrochemical facies  

 

K-Cl, Ca-Mg-HCO3, and of mixed chemical character i.e. Ca-Mg-Cl-SO4, Na-K-HCO3-Cl. In 

majority of the ground water samples, alkaline earth metals (Ca
2+

+Mg
2+

) are slightly exceeding 

the alkali metal cations (Na
+
+K

+
). In general, the groundwater exhibits the dominance of SO4

2-

+Cl
- 
(strong acid) over weak (HCO3

-
) acid. The facies mapping approach applied to the present 

study shows that Ca-Mg-HCO3, Na-K-Cl, Ca-Mg-Cl-SO4 and Na-K-HCO3-Cl are the dominant 

hydrogeochemical facies in the groundwater.  

 

 

 

 

 

 

 

 

 

 

5.8  Heavy/Trace Metal Distribution 

Summarised data of chemical analysis results in respect of heavy metals is furnished in Table  

5.4.  

Table 5.4 : Summary of Heavy Metal analysis data  

(Units in 

mg/l) 

Range  Maximum Permissible Limit 

as perescribed by BIS (IS-

10500:2012) 

Samples having heavy metals 

in excess of Maximum 

Permissible Limit (%) 

Fe 0.113 – 8.69 1.0 39 

Mn <0.1 – 1.046 0.3 8 

Al 0.0024 – 2.055 0.2 30 

Zn 0.0021-2.638 15 Nil 

Cu <0.001 - 0.065  1.5 Nil 

Cr <0.001- 0.36 0.05 4 

Ni <0.001 - 0.053  0.2 7 

Cd 0.001 - 0.014 0.003 9 

As BDL – 0.038 0.05 Nil 

Se 0.005 -  0.018 0.01 11 

Pb 0.001 to 0.043 0.01 7 
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Concentration of Iron (Fe) has been found to range from 0.113mg/l to 8.69 mg/land exceeded the 

maximum permissible limit of 1 mg/l in 39% of the total analysed groundwater samples. Iron in 

excess of maximum permissible limithas been reported from Northwest, North, Northeast, West, 

East, Central, Southwest and South districts of NCT, Delhi. The concentration of iron in natural 

water is controlled by both physico chemical and microbiological factors. Manganese (Mn) 

concentration in ground water was found to vary from < 0.1 mg/l to 1.046 mg/l. Concentration of 

Mn exceeds the prescribed maximum permissible limit of 0.3 mg/l(IS-10500:2012) in 8% 

groundwater samples. Sporadic occurrences of excess Manganese have been reported from parts 

of North, Northwest, West, South West and East Districts.  Most common sources of iron and 

manganese in groundwater are naturally occurring, for example from weathering of iron and 

manganese bearing minerals and rocks. Industrial effluent, sewage and landfill leachate may also 

contribute iron and manganese to local ground water. 

 

Concentration of Aluminium (Al) in ground water varied between 0.0024 and 2.055 mg/l and 

exceeded the maximum permissible limit of 0.2mg/l prescribed by BIS in drinking water (IS-

10500 (2012) in about 30% of the total analysed samples. Al in excess of maximum permissible 

limit has been reported from parts of Northwest and Southwest districts. Sporadic instances of 

excess Al have been reported from North, East, Central and New Delhi districts. Pollution of Al 

in ground water in these areas can be due to industrial effluents from paper industry, automobile 

and other metal based industries.  

 

Zinc (Zn) concentration in ground water  varies between 0.0021 and 2.638 mg/l, which is well 

within the maximum permissible limit of 15 mg/l as prescribed by BIS Drinking Water 

Standards (IS-10500:2012).  

 

Concentrations of Copper (Cu) and Chromium (Cr) varied from <0.001 mg/l to 0.065mg/l and 

<0.001 mg/l to 0.36 mg/l respectively in the analysed groundwater samples. Concentration of Cu 

has been found to be well within the maximum permissible limit of 1.5 mg/l (IS-10500:2012). 

Sporadic instances of Cr concentration exceeding the maximum permissible limit of 0.05 mg/l 

have been reported from East, Northwest, North and West districts.  
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Concentrations of Nickel (Ni) varied from <0.001 mg/l to 0.053mg/l in the analysed groundwater 

samples. Excess Ni (> 0.2 mg/l as prescribed by BIS, 2012) has been observed in only 7% 

samples samples. Sporadic instances of Excess Ni in ground water have been reported from 

Northwest and West districts. The high incidence of Ni in ground water in these areas may be 

attributed to pollution from landfill sites or from industries. 

 

Concentration of Cadmium (Cd) in the analysed samples has been found to vary from 0.001 to 

0.014 mg/l. In majority of samples it was found to be below detection limit. Cd concentartrion 

has been found to be in excess of maximum permissible limit of 0.003 mg/l in 9% of the 

analysed samples. Instances of excess Cd have been observed in Northwest, North, West and 

Southwest districts. Higher concentration of Cd in ground water may be due to pollution from 

industries.  

 

Concentration of Arsenic (As) in ground water has been found to vary from Below Detection 

Limit (BDL) to 0.038 mg/l. All the samples analysed fall within the maximum permissible limit 

of 0.05 mg/l prescribed by BIS in drinking water (IS-10500:2012). 

 

Concentration of Selenium (Se) has been found to range between 0.005 and 0.018 mg/l. Se 

concentration in excess of maximum permissible limit of 0.01 mg/l (IS-10500:2012) has been 

reported from isolated pockets in Northwest, West, Southwest and South districts.Lead (Pb) 

concentration has been reported to vary from 0.001 to 0.043 mg/l. Sporadic occurrence of Pb in 

excess of  the maximum permissible limit of 0.01 mg/l (IS-10500:2012) has been reported in 7% 

samples from Northwest, North, Southwest, West and New Delhi districts. Excess Se and Pb in 

ground water may be due pollution from industries.  

 

5.9  Bacteriological Contamination: 

The bacteriological test carried out in twelve groundwater samples of NCT – Delhi shows 

presence of total coliform in four samples and faecal coliform in two samples (Table 5.3). As per 

BIS (IS-10500:2012), coliforms should not be detectable in any 100 ml sample. Ground water 

contamination from faecal-coliform bacteria is generally caused by water percolation into the 

aquifer from a contamination source like domestic sewage, drains and septic tanks. The poor 
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sanitation around the source water also causes bacteriological contamination. Shallow wells are 

particularly susceptible to such contamination.  

Table 5.3: Bacteriological Test in groundwater samples of NCT- Delhi 

S.No. Site Name 
Water 

Source 

Total 

Coliform 

Faecal 

Coliform 

1. Khanpur TW 90 4 

2. Kanjhawala TW Nil Nil 

3. Narela TW Nil Nil 

4. Jagatpur Gaon TW 130 6 

5. Baprola TW Nil Nil 

6. Rajouri Garden TW Nil Nil 

7. Ferojshah Kotla TW Nil Nil 

8. Dhansa TW Nil Nil 

9. Kanganheri TW Nil Nil 

10. Mahipalpur TW 11 Nil 

11. Greater Kailash TW 2 Nil 

12. Bhatti Khurd TW Nil Nil 

 TW = Tube Well 

5.10  Pesticides 

Ground water samples were analysed for organo-chlorinated pesticides like α-HCH, β-HCH, δ-

HCH, γ-HCH (Lindane), DDT (o,p-DDE, p,p-DDE, o,p-DDD, p,p-DDD, o,p-DDT and p,p-

DDT), dieldrine, α-endosulfan, β- endosulfan as well as organo-phosphorous pesticides like 

methyl parathion, malathion, and chlorpyriphos. The results of pesticides analysis of seven 

groundwater samples of NCT-Delhi are presented in Table 5.4. 

 

Presence of organo-chlorinated pesticides has been observed in the analysed samples. The 

concentration level of isomers of HCH (α-HCH, β-HCH and δ-HCH) varied from BDL  to 0.02 

µg/l and was found to be below the permissible limit of 0.04 µg/l. Concentration of γ-HCH 

(Lindane) varied from 0.10 to 0.14 µg/l in the analysed groundwater samples, which is well 

within the maximum permissible limit in drinking water as prescribed by BIS (IS-10500, 2012). 

The concentration level of total DDT is found to be much higher than the permissible level of 1.0 

µg/l as per BIS (IS-10500, 2012) in the analysed groundwater samples. Concentration of total 

endosulfan residue in the analysed samples ranged from 0 to 0.58 µg/l and it exceeded the 
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Table 5.4: Concentration of Pesticide residue in groundwater of Delhi  

Location  

Organo-chlorinated Pesticides Organo-phosphorous Pesticides 

α-HCH β-HCH δ-HCH 
γ-HCH 

(Lindan) 
Dieldrin 

p,p-
DDE 

o,p-
DDE 

o,p-
DDD 

o,p-DDT 
p,p-
DDD 

p,p-
DDT 

Total 
DDT 

α-Endo 
sulfan  

β- Endo 
sulfan  

Total 
Endo 
sulfan 

Methyl  
Parathion 

 Malathion 
Chlor- 
pyriphos 

Khanpur 0.01 0.02 0.02 0.14 3.69 1.45 0.02 0.52 0.52 3.07 3.21 8.79 0.00 0.09 0.09 0.28 0.29 36.82 

Kanjhaw
ala 

0.00 0.00 0.00 0.10 1.36 0.58 0.00 0.32 0.32 1.64 1.70 4.56 0.00 0.02 0.02 0.16 0.10 14.66 

Jagatpur 0.00 0.00 0.00 0.10 1.20 0.58 0.00 0.30 0.30 1.53 1.58 4.29 0.00 0.00 0.00 0.10 0.09 14.60 

Rajauri 
Garden 

0.01 0.01 0.01 0.13 3.51 1.23 0.01 0.45 0.45 2.65 2.75 7.54 0.05 0.32 0.37 0.23 0.15 31.80 

Dhansa 0.01 0.01 0.01 0.12 2.88 1.10 0.01 0.43 0.43 2.46 2.56 6.99 0.00 0.22 0.22 0.12 0.25 29.01 

Mahipalp
ur 

0.02 0.01 0.02 0.13 4.33 1.39 0.02 0.45 0.45 2.78 2.91 8.00 0.07 0.51 0.58 0.32 0.32 36.87 

Greater 
Kailash 

0.00 0.00 0.00 0.10 1.00 0.49 0.00 0.27 0.27 1.37 1.43 3.83 0.00 0.14 0.14 0.09 0.08 12.64 

Min 0.00 0.00 0.00 0.10 1.00 0.49 0.00 0.27 0.27 1.37 1.43 3.83 0.00 0.00 0.00 0.09 0.08 12.64 

Max 0.02 0.02 0.02 0.14 4.33 1.45 0.02 0.52 0.52 3.07 3.21 8.79 0.07 0.51 0.58 0.32 0.32 36.87 

Limit* 0.01 0.04 0.04 2.00 0.03 -  - - - - - 1.00 - - 0.40 0.30 190.00 30.00 

Unit: Concentration in µg/l (ppb), 
*
Guideline value for drinking water (IS-10500, 2012) 
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permissible level of 0.4 µg/l (BIS (IS-10500, 2012)  in only one analysed sample. The 

concentration of dieldrin varied from 1.0 µg/l to 4.33 µg/l and was found to be higher than the 

permissible limit of 0.03 µg/l as prescribed by BIS (IS-10500, 2012) in all the analysed samples.  

 

Concentration of methyl parathion varied from 0.09 µg/l to 0.32 µg/l and that of malathion from 

0.08 µg/l to 0.32 µg/l. Methyl parathion and Malathion concentrations are within the prescribed 

limits (0.30 and 190 µg/l respectively) except for one sample. Chloropyriphos concentration 

varied from 12.64 µg/l to 36.87 µg/l and it marginally exceeded the IS-10500 (2012) drinking 

water permissible limit (30 µg/l) in two groundwater samples.  

 

5.11  Suitability for Irrigation 

For assessing the suitability of water for irrigation, total salt concentration (EC), sodium 

adsorption ratio (SAR), sodium percentage (Na%), residual sodium carbonate (RSC) and 

magnesium hazard (MH) have been used. These parameters, which affect the quality for 

irrigation purposes were computed and results are furnished in Vol. II of the report. 

 

The sodium percentage (Na% =Na+K/(Ca+Mg+Na+K)×100) in the groundwater of Delhi ranges 

between 12.9 and 85.3. Plot of analytical data on Wilcox (1955) diagram relating electrical 

conductivity (EC) and sodium percent (%Na) shows that in majority of the samples EC and Na%  

exceed the recommended values and in general groundwater falls under  doubtful to unsuitable 

categories (Fig. 5.8). Electrical conductivity (EC) value exceeds the recommended value of 2000 

µS/cm at thirty six locations and %Na exceeds guideline value of 60% at twenty three locations. 

This makes it doubtful and unsuitable for irrigation and requires special soil management plan. 

Classification of ground water samples basd on Na % is given in Table 5.5.  

Table 5.5 : Water Classification based on Sodium Percent (Na%) 
Na % Water Class % Sample 

<20 % Excellent  4.1 % 

20 – 40 % Good  25.8% 

40 – 60% Medium  46.4 % 

60 - 80% Bad  20.6 % 

>80% Very Bad 3.1 % 
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Fig. 5.8: Plot of sodium percent (%Na) vs electrical conductivity (EC)  

The total concentration of soluble salts in irrigation water can be expressed as low (EC = <250 

µS cm
-1

), medium (250 - 750 µS cm
-1

), high (750 - 2250 µS cm
-1

) and very high (2250 - 5000 µS 

cm
-1

) salinity zone. While a high salt concentration (high EC) in water leads to formation of 

saline soil, a high sodium concentration leads to development of an alkaline soil. The sodium or 

alkali hazard in the use of water for irrigation is determined by the absolute and relative 

concentration of cations and is expressed in terms of sodium adsorption ratio (SAR). It can be 

estimated by the formula: 

SAR =  Na/[(Ca+Mg)/2]
0.5 

Irrigation waters are classified into four categories on the basis of sodium adsorption ratio (SAR) 

and EC (Table 5.6). 

Table 5.6: Water classification based on SAR and EC 

SAR Water Category % Sample EC µS cm
-1

 Water Category % Sample 

0 – 10 Excellent (S-1) 91.8% <250 Low (C-1 Nil 

10 – 18 Good (S-2) 7.2% 250-750 Medium (C-2) 10.3% 

18 – 26 Fair (S-3) Nil 750-2250 High (C-3) 61.9% 

>26 Poor (S-4) 1.0% >2250 Very High (C-4) 26.8 % 
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The calculated value of SAR in the study area ranged from 0.26 – 33.72. The plot of data on the 

US salinity diagram, in which the EC is taken as salinity hazard and SAR as alkalinity hazard, 

shows that most of the water samples fall in the category C3S1, C3S2, C3S3, C4S2, C4S3 and 

C4S4, indicating medium to very high salinity and low and very high alkali water. This water 

can be used only for plants with good salt tolerance (Fig. 5.9).  

 

Fig. 5.9 : US Salinity diagram for classification of irrigation waters 

High saline water cannot be used on soils with restricted drainage and requires special 

management for salinity control. Plants with good salt tolerance should be selected for such 

areas. Very high saline water is not suitable for irrigation under ordinary conditions but may be 

used occasionally under very special circumstances. The soil must be permeable, drainage must 

be adequate, irrigation water must be applied in excess to provide considerable leaching and salt 

tolerance crops/plants should be selected. 

 

Low sodium (alkali) water can be used for irrigation on almost all soils with little danger of the 

development of harmful levels of exchangeable sodium. Medium sodium water will present an 

appreciable sodium hazard in fine textured soils having high cation exchange capacity especially 
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under low leaching conditions. This water can be used on coarse textured or organic soils with 

good permeability. 

 
RSC values in 87% analysed samples of Delhi were found to be <1.25 and in 5% samples it 

varied between 1.25 to 2.5 meq/l. It indicates safe to marginal quality of  ground water for 

irrigation uses. In 3% samples, RSC value varied between 2.5 and 5.0 meq/l and in 4% samples 

it exceeded 5.0 meq/l limits. The high RSC values make the groundwater unsuitable for 

irrigation uses. 

 

Mg Hazard value varies between 26% and 77% and in 48% of the analysed ground water 

samples, MH values exceeded the 50% limit. The long term application of high MH value water 

may reduce the crop yields and affect the agricultural productivity in the area.  
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6. AQUIFER MAP AND AQUIFER CHARACTERISTICS 

 

The aquifers in the study area were mapped utilizing information  on lithologs and aquifer 

characteristics generated during the course of  exploratory drilling and  geophysical 

investigations (VES and borehole logging.  The methods and techniques adopted for aquifer 

mapping are as under: 

 Exploratory drilling 

 Litholog 

 Pumping test 

 Slug test 

 Surface Geophysical Method 

 Vertical Electrical Sounding (VES) technique 

 Sub-Surface Geophysical (Borehole Logging ) Method 

 Self Potential (SP) and Electrical Resistivity  

 Natural Gamma Radioactivity 

 

6.1 Aquifer Disposition 

One of the objectives of the study is to know the aquifer disposition of the area through 

exploration and various geophysical methods. The subsurface configuration of aquifers has been 

deciphered  based on available lithological and geophysical logs of exploratory wells drilled by 

Central Ground Water Board under the Ground Water Exploration Programme along with 

interpreted records from VES survey conducted by WAPCOS. The granular zones (the aquifers) 

with varied resistivities were picked up from the combined interpretations of electrical resistivity 

(64 inches Normal) and gamma radioactivity logs of the boreholes drilled in the area.  

 

The available data of lithologs and geophysical logs were integrated to prepare the aquifer map. 

From the geological sections and fence diagrams prepared, the detailed aquifer geometry on regional 

scale has been established in the NCT, Delhi. Principal aquifers in the area have been delineated by 

grouping the fine, medium, coarse sand and sand with gravels as sand. Top soil and silty clay or silt 

at the surface have been grouped together.  Weathered and fractured quartzite and the massive 

quartzite/ bedrock have been grouped together as weathered/ fractured quartzite. 
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The lithologs and the geophysical logs reveal the presence of a thick pile of alluvial sediments 

with alternating sequences of various grades of sand with clay and silt and kankar on either side 

of the ridge and aeolian sediments comprising of sand, clay etc. in the closed basin of 

Chhattarpur.  

 

The aquifer disposition of NCT, Delhi as deciphered from the exploratory drilling and 

geophysical data  is shown in Fig. 6.1 and 6.2, which shows presence of quartzite rock (ridge) 

running  in the NE-SW direction and presence of thick pile of alluvial sediments on both sides of 

the quartzite ridge. Abundance of sand can be noticed towards the eastern side along the river 

Yamuna. Clay is abundant in Northern and Northwestern parts while  silt/ silt with kankar is in 

abundance in the Southwestern and Southern parts of Delhi. In alluvium, sand and silt with kankar 

form the potential aquifer zones. Sand, silt with kankar and clay occur as intercalations forming a 

single aquifer system.  In quartzite, weathered and fractured zones form potential aquifers. 

 

 

Fig.  6.1: 3- Dimensional model depicting disposition of aquifers in NCT, Delhi 
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Fig. 6.2 : Block model of NCT Delhi showing disposition of aquifers 

 

Thickness of alluvium overlying the quartzites is 20 to 30 m on the east side of the ridge and  

increases away from the outcrops.On the west of the ridge, in its immediate vicinity, the 

thickness of alluvium is upto 30m, which increases further west and reaches 100m East of 

Najafgarh drain. In the Southwestern, Western and Northern parts of the NCT, the thickness of 

alluvium is more than 300 m. Quartzite is exposed in South, Southwest, New Delhi, Central and 

North diswtricts. On the east of the ridge, the sediments are of fluvial origin while on the westof 

the ridge, sediments are of aeolian origin. District wise disposition of aquifers is discussed in the 

following paragraphs.  

 

6.1.1 East District 

East district,  located east of Yamuna River and bordering Gaziabad and NOIDA areas  of Uttar 

Pradesh, covers 64 sq km area. Virtually, East district of NCT Delhi is a domain lying in 

between two rivers i.e. Yamuna in the west and Hindon in the east (6 Km eastward from the 

Delhi border). 
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Fig. 6.3: Panel diagram showing disposition of aquifers along  NE-SW direction 

 

The sub-surface formation along Yamuna flood plain and along eastern border in the proximity 

of Hindon river is comprised of a thick fine sand strata at shallower depth i.e. up to 60 – 70 m 

bgl. The finer sediments like clay, clayey –silt and silty-clay exist as parting between granular 

zones (Fig 6.3). The deeper zones beyond 70 m depth are characterized by finer material 

comprised of intertcalations of silt with kankar and clay. However, at Patparganj, thin lenses of 

sand have been found to occur with silt with kankar and clay bands down to depth of 159 mbgl. 

The basement rock condition in East district is moderately uneven with gentle slope towards 

east. At Patparganj, basement has been encountered at 203 m bgl while at Ghazipur, Kalyanpuri 

and Mayur Vihar a mound like basement rock prevails within the depth range of 54 to 79 m bgl.  

The basement rock underlying Yamuna food plain in East Delhi District ranges in depth from 28 

to 204m bgl. Around Akshar Dham temple, the depth to bedrock is around 100 m bgl.  The depth 

to water level in this district is 5 to 8 mbgl.  The depth of Fresh –Saline water interface varies 

from 35 m bgl at Anand Vihar to 56 m at Patpar Ganj Industrial Area.    
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6.1.2 New Delhi District 

New Delhi district of NCT Delhi, covering an area of 35 sq km  is located centrally in the state 

with varied surface altitude due to presence of Delhi Ridge. Nearly 10 sq km  area falls within 

ridge area with altitude ranging from 225 to 255 m  above mean sea level (amsl).The surface is 

sloping  gradually towards east up to the Yamuna river course where altitude is 210m amsl.  

 

Fig.  6.4 : Subsurface geological cross sections of New Delhi District 

  

The sub-surface configuration of New Delhi district (Fig. 6.4) varies widely. The western part 

which is adjoining to Delhi ridge is characterised by marginal alluvium where 0 to 30m  thick 

veneer of  alluvium overliesthe weathered and fractured  quartzite rocks (Delhi Ridge). 

Thickness of alluvium increases as we move away from the ridge towards the east. The depth to 

bedrock has been found to vary from 5 m bgl at Mahavir Banasthali to 91 m bgl at Pragati 

Maidan. At Lodi Garden, bedrock  has been encountered at 74 m bgl while at Connaught Place at 

36 m bgl. At Rashtrapati Bhavan, bedrock has been encountered at 16 m bgl.  The overlying 

alluvium consists of clay, silt and fine to medium sand. A substantial amount of kankaris also 

admixed with the clayey-silt.  The top soil zone predominantly consists of silty-clay material 

followed by thin partings of clay, sand and silt layers alternatively. Sand and silt with kankar 

strata form favourable aquifer zones.The western part of New Delhi district covering areas of 

Rashtrapati Bhavan, Chanakyapuri, Shantipath, South and North Avenue and Connaught Place 
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tubewells are tapping both the prevailing formations i.e. alluvium as well as hard rock whereas in 

the eastern part,  alluvium wells are tapping alluvium. At India Gate, in a tubewell drilled down 

to 150 m depth, alternate bands of clay and silt with kankar have been encountered.  The extreme 

eastern part of New Delhi District is bounded by river Yamuna and represents a linear plain of 

Yamuna. 

 

Ground water in the area occurs both under water table as well as under semi-confined 

conditions in alluvium. The tubewells usually tap kankar zone admixed with-silt and sandaquifer 

zones. These aquifer zones are generally encountered alternatively below the depth of 10 m bgl 

and onward up to the basement rock. Quality of ground water is fresh at all depths in quartzite.  

while fresh saline interface has been encountered at 40 m depth at Pragati Maidan.  

 

6.1.3   North East District 

North-East district is located east of Yamuna River and bordering Gaziabad and Meerut districts 

of Uttar Pradesh  in the east and  north respectively. It covers 60 sq km area.The sub-surface 

material is comprised of a thick fine sand and silt strata up to the depth of 70 m bgl. The finer 

sediments like clayey silt, siltyclay and buff coloured clay along with kankars also exist, as 

parting between granular zone. Abundance of clay increases towards the east away from the 

Yamuna flood plain.  Basement rock condition along the Yamuna flood plain in this district is 

shallower  because Delhi central ridge which is  running NNE to SSW diminishes at Wazirabad 

Barrage and protrudes further in the same direction resulting into shallower depth of basement 

condition in sub-surface –horizon. In this district the depth to bedrock is ranging from 54 mbgl 

(Mandaoli) to 67 m bgl (Ushmanpur). Further east the depth of basement rock increases (Fig 

6.5).  The depth of Fresh –Saline water interface in Yamuna flood plain is ranging from 26 m at 

Sonia Vihar to 56 mbgl at Dilshad Garden.  
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Fig. 6.5: Panel diagram showing disposition of aquifers in North East district 

6.1.4 North West District 

The North West district of NCT Delhi covering 440 sqkm area, is characterized by 

unconsolidated Quaternary alluvial deposits. No basement has been encountered till the explored  

depth of 350m. Thick pile of alluvium over the basement rock is comprosed of sediment starata 

of varied nature in an alternate fashion of geological setting. Along the Yamuna flood plain 

alternations of sand and  silt with kankar with thin lenses of clay are available down to the drilled 

depth of 250 m.   In the remaining parts of the district, fine to medium sand and silt are frequent 

down to  depth of 50 – 65 m  along with buff coloured clay  admixed with coarse kankars. Below 

this depth thickness of clay formation increases. In the eastern part falling in Yamuna flood 

plain,  sand is dominant aquifer, while clay is dominant in the western part giving rise to salinity 

due to improper flushing and long residence time of water in the formation. The semi-plastic and 

plastic clay beds are also common at deeper depth i.e. 80  to 250 m bgl. The granular zones (fine 

sand and silt with kankar)  at deeper depth are not as frequent as in the shallower depth (Fig 6.6 a 

and b).  Thickness of sand lenses decreses away from the Yamuna flood plain towards the west.  
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Fig. 6.6 a : Panel diagram showing 3 dimensional disposition of aquifers 

 

The fresh-saline water interface varies greatly in the district. All along the western Yamuna 

Canal and along Yamuna Flood Plain it is deeper  (40 to 70 m), whereas in rest of the area it 

varies from 22 to 40 m in depth.  It was also observed from the exploratory wells that salinity of 

water increases with depth and there is no fresh water aquifer at deeper levels.  

 

6.1.5 South District 

The South district of NCT Delhi covers 250 sq km area, in which 45.2 sq km area has 

mountainous undulating terrain with exposures of Delhi quartzite.The district is also 

characterized by a saucer shaped vast alluvial field in the central part popularly known as 

Chhattarpur Basin.Virtually this is valley fill deposit and the alluvium thickness varies from 0 to 

140 mbgl,below which quartzitic basement rock prevails.Some of the villages like Chhattarpur, 

Gadaipur, Mandi, Ghitorni,Ayanagar, Fatehpur Beri and  Satbari fall within this vast alluvial 

tract. The overburden is comprised of unconsolidated clay, silt, sand and varying proportions of 

kankars. 
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Fig. 6.6 b: Fence diagram showing lithological variation in North West district 

 

 

Fig. 6.7a: Panel diagram showing 3 dimensional disposition of aquifers in South district 
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Fig. 6.7 b: Fence diagram showing disposition of aquifers in south district along NE-SW 

direction 

 

In the deep basin area, depth zone of 38 m to 55 m is characterized as prominent gravel zone 

admixed with silt and fine sand followed by clayey-silt and fine sand with occasional kankar 

nodules. At deeper levels, medium sand and angular gravels (ferruginous and gritty type 

quartzites) are also encountered. At some places viz.Aya Nagar & Fatehpur Beri,  near the 

basement rock, lenses of sticky yellowish clay are also encountered (Fig. 6.7a and b). The areas 

across southern Delhi Ridge namely Hauz Khas, Saket, Pushp Vihar, Lalkuan and Sarita Vihar  

are characterized by marginal alluvium deposits comprising of alternate layers of sand, silt with 

kankar and clay. The  depth of overburden in these areas ranges from 60 to 94m. Below this 

quartzitic basement rock occurs. At Munirka, thickness of alluvium comprising of silt and sand is 

30 m, below which weathred quartzite is encountered.  At Madanpur Khadar, thickness of fresh 

water zone is limited and bedrock has been encountered at 300 m.  The bore holes constructed in 

quartzitic formation (Jaunapur, Asola, Mandi and Tugalakabad) reveal that moderately fractured 

zones are prevalent in the depth range of 30 to 90 m and the fractures gradually decrease as depth 

increases. Weathered zone is found at every place above hard rock but thickness of weathered 

zone varies from place to place.In hard rock terrain and Chhattarpur basin ground water is fresh.  

The depth of fresh / saline water interface in the alluvial aquifers away from the ridge varies 

from 27 m near Okhla barrage to  58 m in Sarita Vihar. 
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6.1.6  South West District 

The South West district of NCT Delhi covers 420 sq. km. area and is characterized by 

unconsolidated Quaternary alluvium deposits. Only 18 sq km area is covered by denudational 

hills especially in the eastern part of the district. Ground water exploration has been carried down 

to 325 m depth. The  bed rock has been encountered at many places i.e. in Dhansa (297m), 

Pindwalakala (300m), Toghan pur(298m)  and Jhuljhuli(251m). Thick pile of alluvium overlies 

the basement rock and consists of alternate layers of silt with kankar, clay and sand.   Nearly fine 

to medium sand and silt grade sediments occur frequently up to the depth of 50 m along with 

buff coloured clay  admixed with coarse kankars. On the other hand,  after the depth of 50 m, 

silty –clay and clay (Light yellow) beds with kankars predominate. The granular zone  at deeper 

depth is not as frequent as in the shallower depth (Fig. 6.8).  

 

 

Fig. 6.8: Panel diagram showing 3 dimensional disposition of aquifers in South West 

district 

 

The depth of fresh-saline water interface  varies greatly in entire area ranging from35 m at 

Shikarpur to 150 m at Rajokri. All along the Najafgarh drain and two topographic depressions 

(Gummanhera Vill. & Pindwalan Kalan) somewhat deep fresh water layer i.e. up to 35m bgl 

exists but  rest of the area is having thin layer of  fresh water i.e. up to the depth of 25/28 m bgl 
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only. In the eastern part characterized by hard rock, the fresh–saline water  interface rests  at 

deeper depth i.e. around 80 to 90 m bgl. 

 

6.1.7  West District 

West district is occupied by unconsolidated Quaternary alluvium underlain by Precambrian 

meta-sediments of Delhi System  (Fig. 6.9). Quaternary alluvium comprises of sand, clay, silt, 

gravels/pebbles and kankars. The aquifer system includes fine to coarse grained sand admixed 

with kankars with clay and silt.Clay is dominant lithology along with discontinuous silt with 

kankar layer.  Clay is sticky and plastic in nature, light greyish in colour, admixed with a little 

sand and kankars, fine to medium grained. The depth of fresh saline interface  varies from 35 m 

bgl  at  Peera  Garhi  Chowk  and  Tagore Garden to 60 m bgl at Mayapuri. Bedrock has not been 

encountered till the drilled depth except at Baljeet Nagar, where a well drilled down to 107 m has 

indicated presence of weathered quartzite zone in the depth range of 28 m to 107 m gl.   At Moti 

Nagar,  no bedrock has been encountered till the drilled depth of 230 m.  

 

Fig. 6.9: Panel diagram showing 3 dimensional disposition of aquifers in West district 

6.1.8  North District 

North District of NCT Delhi lying all along Yamuna River covers 60 sq km area. Around 40% 

area of this district falls in Yamuna Flood Plain. The Southern part of the District has a thin 

veneer of alluvial cover over quartzitic rock which is an extension of Delhi Ridge (Strike-SSW 
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to NNE), near Wazirabad Barrage. The slope of the surface in the district is towards south, but at 

the place of concealed Delhi Ridge it gets elevated. Due to this reason it forms a depression at 

the northern part of the upland area of the ridge leading to water logging conditions. Some of the 

exploratory wells drilled by CGWB falling in this area are Delhi University, Dhirpur and 

Jagatpur where bedrock has been encountered at the depth of 32 m, 28 m and 167 m 

respectively.  

 

Fig. 6.10 : Panel diagram showing 3-dimentional aquifer disposition in North district 

 

The alluvial cover is comprised mainly of clayey-silt, which is followed by buff coloured semi 

plastic clay and on the margin of the bedrock, angular gravels with fine to coarse sand occur 

(Fig. 6.10). The bedrock encountered have suffered moderate to high weathering in this area. The 

borehole logs of the Yamuna Flood Plain are characterized by the granular zones consisting of 

fine to medium Yamuna sand. The percentage of silt and clay in the flood plain is comparatively 

lower than sand. The depth of fresh – saline water interface varies from 28 m bgl at Jagatpur to 

50 m bgl at Burari.  

6.1.9  Central District 

Central district of NCT Delhi is located in hard rock terrain of Delhi quartzite at one end and 

alluvium underlain by Delhi quartzite at another end. The eastern part of district is bounded by 

the river Yamuna. The other parts of the area, are occupied by unconsolidated Quaternary 
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alluvium underlain by Pre Cambrian meta sediments of Delhi system.Since only data of one  

exploratory well was available in Central district, the aquifer disposition has been extrapolated  

from  the  borehole  data  of  adjoining  districts  of  North East,  West,  New  Delhi and East 

(Fig. 6.11). Quaternary alluvium is comprised of fine sand, silt, clay along with the occurrence of  

kankars. The aquifer system consists of sand, which is fine to medium grained, yellowish in 

colour, with kankars of medium to high grade.  The quality of water down to 31m bgl is fresh. 

 

 

Fig. 6.11: Panel diagram showing disposition of aquifers across Central district 

6.1.10 Aquifer disposition along River Yamuna 

Perusal of lithological section along river Yamuna shows abundance of sand towards North. 

Maximum thickness of sand has been reported to be around 76 m at Hiranki.  At Tajpur kalan 

thickness of sand has been found to be around 45 m, which is underlain by thick clay zone of 

around 250 m. At Hiranki, sand is underlain by alternate layers of silt with kankar and clay. 

Towards south, thickness of sand layer decreases to 35 – 40 m, which is underlain by around 

20m thick clay band followed by hard rock. Hard rock is encountered in the southern portion at 

70 m depth.  
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Fig. 6.12: Fence diagram showing lithological variation along Yamuna river  

6.2 Basement topography 

The basement topography of NCT Delhi is highly uneven depicting the presence of sub-surface 

ridges and valleys because of folding of the geological formations during the Pre-Cambrian and 

subsequent periods.The depth to bedrock map of the NCT is shown in Fog. 6.13. The Delhi 

Quartzite forms the bed rock, which is exposed in some parts and is overlain by alluvial 

sediments in the remaining parts of the NCT.  Thickness of alluvium overlying the quartzites 

increases away from the outcrops. 

 

The sub-surface ridges not only control the ground water situation in Yamuna flood plain but 

have significant role in ground water flow regime and thus control the quality of ground water in 

underlying Older alluvium.  The depth of interface between fresh/saline water is a factor of not 

only natural recharge but is also controlled by sub-surface topography because of which a few 

areas in NCT Delhi are having fresh water throughout the explored depth and in some places, 

brackish water is present from surface itself.  Taking into account the thickness of alluvium/ 

overburden, the area of NCT Delhi has been classified into three zones viz., A, B, C, which is 

shown in the table 6.1. 
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Table 6.1:  Thickness of Alluvium overburden over the bed rock 

Zone Depth of Bed rock or 

overburden in m bgl 

Area of NCT Delhi 

Zone A < 30 Delhi Gate, Darya Ganj, Shanti Van, Firoj Shah Kotla, Ramlila 

Ground, Ajmeri Gate, Sadar Bazar, Pusa Road, Dhirpur, Mall 

Road, Timarpur, Majanu Ka Tila, Gandhi Nagar (Rail Bridge), 

Kailash Nagar, Nehru Park, Vijay Chowk, Sabzi Mandi, 

Chandni Chowk, Sadar Bazar, Greater Kailash,Kalkaji, North 

of Connaught Place, Moti Bagh, Aram Bagh, Pahar Ganj 

Zone B 30 to 100 Red Fort, Rajghat, Usmanpur, Kondli, Metro Rail Depot – 

Shastri Park, Mayur Vihar Phase-II (Block BD), Geeta Colony, 

Khajuri Khas, Shakarpur, Gadaipur, Jaunapur, Ayanagar, Hauz 

Khas, Vayusenabad, Jamia Univ(Okhala), Aurobindo Marg, 

Gulabi Bagh, Trilokpuri, Mayur Vihar-Ph-II, Ghazipur, Sonia 

Vihar 

Zone C > 100 Madan Pur Khadar, Jagat Pur, Jaitpur, West of Najafgarh Nala,  

Kirbi Place, Palam Village, Shastri Nagar, CBD Shahadara, 

Anand Vihar, Dilshad Garden. Bawana,  Nangloi, Tikri Kalan.     

 

The bedrock is exposed in parts of South, Southwest, New Delhi, Central and North districts.  In 

South district, quartzite outcrops are exposed near Tughlaqabad, Abul Fazal Enclave, Noor 

Nagar, Okhla, Jasola, Asola, Jaunapur, Greater Kailash, Bhatti Mines area, Mandi and Aya 

Nagar. In Southwest district, bedrock is exposed in Jawahar Lal Nehru University, Mahipal Pur, 

Vasant Vihar, Vasant Kunj, Ghitorni, Dhaula Kuan, Naraina, Pusa and Nicolson Lines. In New 

Delhi District, exposures of bedrock are visible around Raisina Hills, Mahavir Banasthali, 

Buddha Jayanti Park and behind Birla Mandir.  In Central District, bedrock is exposed at 

Rajendra Nagar, near Sir Ganga Ram Hospital and Rajendra Place and in North District at Bara 

Hindu Rao Hospital, Delhi University, Civil Lines and Rajpur Road.  

 

Near Irwin Hospital, Delhi Gate, Darya Ganj and Pusa Road areas of Central District and Vijay 

Chowk area of New Delhi District, the depth to bedrock varies between 5 and 10 m bgl.  Near 

Sabzi Mandi, Chandni Chowk and Sadar Bazar areas of North District and Rani Jhansi Road, 

Aram Bagh and Pahar Ganj areas of Central District, the thickness of alluvium is of the order of 

10 to 20 m. In Shanti Van area of North district, bedrock has been encountered at 23 m bgl. The 

depth to bed rock is within 30 m on the east side of the ridge with a gradual downward slope 

towards river Yamuna.  On  the  west of ridge near Mall  Road and Vikramaditya Marg in  North 
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Fig 6.13 Depth to bed rock map of NCT Delhi 
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district, the depth to bed rock varies from 1 to 30 m bgl. Depth to bedrock is within 30 m bgl 

around Dhirpur in North West District, Timarpur and Majnu ka Tila in North District, Gandhi 

Nagar and Kailash Nagar in East District, Nehru Park in New Delhi District, Kalkaji and Greater 

Kailash in South District and Moti Bagh in South West District.  

 

Near Red Fort in North District and Rajghat in Central Dsitrict, the depth to bedrock varies 

between 40 and 60 m bgl. In North East District, bedrock has been encountered at a depth of 50 

m.bgl in Sonia Vihar, 54 m bgl in Mandaoli and at 67 m bgl in Ushmanpura. At Ghazipur, 

Kalyanpuri and Mayur Vihar in East District, a mound like basement rock prevails in the depth 

range of 54 to 79 m bgl. At Lodi Garden in New Delhi District, bedrock has been encountered at 

74 m bgl. Depth to bedrock varies from 30 to 100 m bgl near Metro Rail Depot - Shastri Park 

and Khajuri Khas, North East District, Mayur Vihar Phase II, Geeta Colony, Shakarpur, 

Trilokpuri and  Kondli,  East District, Gulabi Bagh, North District, Aurobindo Marg, Gadaipur, 

Jaunapur, Ayanagar and Hauz Khas, South District.   

 

The thickness of unconsolidated sediments towards east of the ridge gradually increases away 

from the ridge, with the maximum reported thickness being 167 m at Jagatpur, North District. 

Near Roshanara Bagh, North district, the depth to bedrock is about 200 m. In the Southwestern, 

Western and Northern parts of the NCT, the thickness of sediments is more than 300 m. In South 

West District, bedrock has been encountered at 251 m bgl at Jhuljhuli, 297 m bgl at Dhansa, 298 

m bgl at Toghanpur, Dhansa and 300 m bgl at Pindwala Kalan. In the closed basin of 

Chhattarpur maximum thickness of alluvium encountered is 116 m. Besides, the depth to 

bedrock occurs at more than 100 m at Madanpur Khadar and Jaitpur, South District, Kirby Place 

and Palam Village, South West District, Nangloi and Tikri Kalan, West District, Shastri Nagar, 

North District and CBD Shahdara and Anand Vihar, East District. 

 

It has been observed that the bed rock slope towards eastern flank (Trans-Yamuna area) from 

Central Delhi Ridge is gentler than the western flank i.e. Nazafgarh, Mundaka and Bawana area. 

Even in eastern flank far from Delhi ridge near Ghazipur, Trilokpuri and Mayur Vihar Phase-2, 

shallower bed rock topography has been encountered, while at Patparganj, basement has been 

encountered at 203 m bgl. Similarly at Karampura,the bedrock occurs within 30 m depth, while  

a little east of Karampura, in DCM Chemical works, the bedrock has not been touched down to a 
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drilling depth of 183 m. Such sharp and sudden change in thickness of alluvium may be due to 

faulting. The thickness of alluvium is about 30 m at Rail Bhawan and is about 100 m around 

India Gate. In Trans Yamuna area, the thickness of alluvium varies from less than 20 (near 

Kailash Nagar) to more than 150 m away from Yamuna.  

 

6.3 Thickness of fresh water aquifer zones 

Using water level data of May 2015 and data on depth to saline water interface, thickness of 

fresh water aquifer zones has been worked out, which is presented in Fig. 6.14.  It can be seen 

from the map that thickness of fresh water in major part of the State varies from 20 to 40 m.  is 

more (>40 mbgl) near the ridge area and near river Yamuna. No fresh water is available in a few 

pockets in Saraswati Vihar and Narela tehsils of Northswest district, Punjabi Bagh and Patel 

Nagar tehsils of West District, Najafgarh tehsil of  Southwest district and Kalkaji  tehsil of South 

District.  

 

6.4 Aquifer Parameters 

To know the aquifer parameters pumping tests were conducted and transmissivity and storativity 

values were computed during the course of ground water exploration by CGWB. To determine 

Hydraulic conductivity of aquifers, slug tests wereconducted in borewells by WAPCOS.  

6.4.1  Yield 

Yield of exploratory tubewells drilled in older alluvium generally varies from 8 to 35 m
3
/hour 

with drawdown of 6 to 24 m. The tubewells drilled in the younger alluvium generally yield 100 

to 310 m
3
/hour with drawdown of 5 to 11 metre. Further, the tubewells drilled in the Chhattarpur 

basin have recorded yield of 7 to 14 m
3
/hour with drawdown of 12 to 20 m. Yield of tubewells 

drilled in quartzite formation varies from 4 to 31 m
3
/hr with drawdown of 2 to 20 m. Maps 

showing variation in yield of tubewells is given in Fig. 6.15. 
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Fig. 6.14 : Map showing thickness of fresh water zones  
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Fig. 6.15: Map showing variation in yield of tubewells in various aquifers in NCT, Delhi  
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6.4.2  Hydraulic Conductivity/ Transmissivity 

During the course of ground water exploration, pumping tests were performed on the 

Exploratory wells to assess aquifer characteristics like Transmissivity and Specific Yield. In the 

present study, slug tests were conducted by WAPCOS in existing twelve (12) bore wells in the 

NCT-Delhi sub-region of National Capital Region (NCR) following the standard slug test 

procedures. The locations of wells where slug tests has been conducted are shown in Fig. 6.16. 

 

 

Fig. 6.16 :  Map showing locations of Slug Test sites 

The hydraulic conductivity values obtained by the Hvorslev (1951) and Bouwer & Rice (1976) 

methods for the tested 12 wells of NCT Delhi are summarized in Table 6.2. The hydraulic 

conductivity (K) value estimated by Hvorslev method varies from 1.21 m/day at Mahipalpur in 

South West district to 9.33 m/day at Jagatpur, North district (Avg. 3.71 m/day). Hydraulic 

conductivity values estimated by Hvorslev method are found to be slightly higher as compared to 

the values computed by Bouwer & Rice Method. The hydraulic conductivity value estimated by 
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Bouwer & Rice Method varies from 0.94 to 7.01 m/day (Avg. 2.84 m/day) for the tested twelve 

wells of NCT Delhi.  

 

The average hydraulic conductivity estimated by these two methods is found to be varying  from 

1.08 m/day to 8.17 m/day with an average of 2.04 m/day. Relatively higher hydraulic 

conductivity (K) values were obtained at sites Jagatpur, Rajaouri and Dhansa and low K value at 

Mahipalpur, Bhatikurd and Khanpur sites.  

 

Table 6.2: Estimated hydrological parameters derived from the slug tests in NCT - Delhi 

S.N. Site Name Latitude Longitude 

Hydraulic Conductivity 

(K) m/day Average K 

m/day Hvorslev 

Method 

Bouwer & 

Rice Method 

1. 
Narela 

(Bhorgarh) 
28° 49' 37.659" N 77° 4' 10.162" E 3.12 2.40 2.76 

2. Kanjhawala 28° 44' 9.544" N 77° 0' 38.639" E 4.10 3.14 3.62 

3. Jagatpur  28° 44' 28.261" N 77° 12' 54.661" E 9.33 7.01 8.17 

4. Baprola 28° 38' 24.600" N 77° 0' 37.860" E 4.87 3.70 4.29 

5. 
Rajouri 

Garden 28° 38' 34.802" N 77° 7' 32.941" E 
5.55 4.29 4.92 

6. 
Ferojsah 

Kotla 28° 38' 17.823" N 77° 14' 28.980" E 
3.92 3.01 3.47 

7. Dhansa 28° 33' 26.941" N 76° 51' 28.140" E 5.14 3.92 4.53 

8. Kanganheri 28° 32' 54.778" N 76° 59' 16.680" E 2.45 1.88 2.17 

9. Mahipalpur 28° 32' 4.196" N 77° 6' 47.880" E 1.21 0.942 1.08 

10. 
Greater 

Kailash 28° 33' 33.597" N 77° 13' 57.480" E 
1.63 1.26 1.45 

11. Khanpur 28° 30' 46.681" N 77° 13' 26.161" E 1.69 1.31 1.50 

12. Bhatti Khurd 28° 26' 15.896" N 77° 12' 0.900" E 1.55 1.20 1.38 

 

The transmissivity of the Delhi Quartzite has been found to vary from 5 to 135 m
2
 / day. The 

Older alluvium has transmissivity values ranging between 130 and 400 m
2
/day while the 

transmissivity of younger alluvium has been estimated to vary from 1300 and 2000 m
2
/day. 

Higher values of transmissivity have been observed in the Yamuna flood plain and in part of 

North West district. In the remaining parts of the State, lower transmissivity values have been 

recorded. 

 



 

 102 

6.4.3 Specific yield 

The Specific yield of a soil or rock is the ratio of the volume of water that, after saturation, can 

be drained by gravity to its own volume (Todd & Mays, 2005). The Specific yield data have 

either been arrived through field studies, including long-duration pumping tests and dry season 

groundwater balance (in hard-rock areas) or adopted from the norms recommended by GEC-

1997, which were derived from the various water balance studies carried out by CGWB, SGWDs 

and academic/research institutions. The range of specific yield recommended by GEC, 1997 for 

different formations are given in the Table 6.3. 

 

Table 6.3 : Specific Yields for Different Formations recommended by GEC’ 1997 

Formation Range of Specific Yield 

Unconsolidated formations  Alluvium 0.04 to 0.22 

Semi-consolidated formations Sedimentary rocks 0.01 to 0.15 

Consolidated formations Crystalline and other hard 

rocks 

0.002 to 0.04 

 

6.5 Availability of Ground Water Resources  

Availability of total ground water resources in the aquifers has been estimated in GIS platform 

after integrating all the data like specific yield, depth to bed rock, depth to fresh water-saline 

water interface and aquifer geometry collected through exploratory drilling by CGWB. The steps 

involved in estimation of ground water resource are described below: 

 

1. Total volume of ground water in saturated aquifer  

  = (Depth to bed rock-Depth to water level) *Area * Specific Yield 

 

2. Total volume of fresh ground water in saturated aquifer 

=(Depth to water level-Depth to fresh/ saline water interface) *Area *Specific Yield 

 

3. Total volume of saline ground water in saturated aquifer 

= (Depth of fresh/ saline water interface-Depth to bed rock) *Area * Specific Yield 

 

4. To estimate ground water resource of hard rock below weathered zone upto the depth 200 

mbgl, specific yield of 0.01 has been considered. 
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Tehsil-wise ground water resources of alluvium and weathered zone are given in Table 6.4  and 

that of hard rock below the weathered zone upto 200 m depth  are given in Table 6.5. It is 

estimated that a total of 13500 MCM of groudn water resource is available in alluvium and 

weathered/ fractured zone, out of which only 3200 MCM resource is fresh. Remaining 10300 

MCM resource is saline.   In hard rock formation, below the weathered/ fractured zone, a total of 

1940 MCM of ground water resource is estimated to be available upto the depth of 200 mbgl.   

 

Table 6.4 : Tehsil Wise Ground Water Resources of alluvium and weathered/ fractured 

rock              

 (Resource in MCM) 
Tehsil Average Thickness 

of Alluvium and 

weathered/ 

fractured  zone 

Total volume 

of Fresh water  

Total volume 

of Saline water 

Total volume 

of ground 

water in  

saturated 

aquifer 

Total volume 

of 

unsaturated 

aquifer 2015 

Chanakya Puri 54 52.9 0.0 52.9 27.4 

Connaught Place 64 20.0 0.0 20.0 3.8 

Parliament Street 42 27.9 0.0 27.9 7.6 

Darya Ganj 42 43.0 1.2 44.2 3.7 

Karol Bagh 64 21.1 0.0 21.1 6.3 

Pahar Ganj 54 19.5 0.0 19.5 0 

Civil Lines 84 125.9 202.2 328.1 7.4 

Kotwali 34 13.1 0.0 13.1 0.7 

Sadar Bazar 34 11.5 0.0 11.5 1.2 

Gandhi Nagar 84 44.4 50.5 94.9 3.1 

Preet Vihar 114 106.2 216.9 323.1 18.6 

Vivek Vihar 139 26.2 76.6 102.8 7.2 

Seelam Pur 86 111.6 189.7 301.3 5.6 

Seema Puri 105 38.4 63.7 102.2 6.9 

Shahdara 106 12.6 25.4 38.0 2.8 

Model Town 87 61.6 99.2 160.8 0 

Narela 166 602.6 2569.3 3171.9 88 

Saraswati Vihar 157 205.7 1771.3 1977.0 11.5 

Defence Colony 64 152.9 72.8 225.7 0 

Hauz Khas 72 319.3 0.0 319.3 633.4 

Kalkaji 64 179.2 0.0 179.2 56.8 

Delhi Cantonment 56 108.5 29.9 138.4 127.9 

Najafgarh 216 405.4 3700.3 4105.7 109.5 

Vasant Vihar 80 361.4 168.2 529.7 303.5 

Patel Nagar 103 54.4 252.7 307.1 56.9 

Punjabi Bagh 143 57.7 780.0 837.7 10.4 

Rajouri Garden 54 23.2 14.6 37.9 27.6 

Total   3206.6 10284.5 13491.1 1527.8 
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Table 6.5 : Ground water resource of hard rock formation below the weathered/ fractured zone 

 (upto 200 mbgl) 

 

Tehsil Average Thickness of 

Alluvium and weathered 

zone 

Average Thickness of 

Hard Rock aquifer (Up 

to  200 mbgl) 

Total Volume of 

Ground Water in  Hard 

Rock (in MCM) 

Chanakya Puri 54 146 32.9 

Civil Lines 84 116 134.0 

Connaught Place 64 136 20.0 

Darya Ganj 42 158 43.0 

Defence Colony 64 136 119.1 

Delhi Cantonment 56 144 147.5 

Gandhi Nagar 84 116 50.5 

Hauz Khas 72 128 319.3 

Kalkaji 64 136 28.5 

Karol Bagh 64 136 18.3 

Kotwali 34 166 14.4 

Model Town 87 113 58.5 

Najafgarh 216 -16 35.0 

Narela 166 34 26.3 

Pahar Ganj 54 146 30.6 

Parliament Street 42 158 31.9 

Patel Nagar 103 97 82.4 

Preet Vihar 114 86 38.6 

Punjabi Bagh 143 57 68.5 

Rajouri Garden 54 146 31.2 

Sadar Bazar 34 166 10.7 

Saraswati Vihar 157 43 41.5 

Seelam Pur 86 114 48.2 

Seema Puri 105 95 34.6 

Shahdara 106 94 14.4 

Vasant Vihar 80 120 426.3 

Vivek Vihar 139 61 33.4 

Total     1939.8 

 

 

 

6.6 Aquifer Vulnerability 

An attempt has been made to prepare Aquifer Vulnerability Map in terms of ground water 

quality on the basis of hydrogeological factors, which shows areas prone to aquifer 

contamination.  The maps have been prepared in geographic information system (GIS) 
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environment and various thematic layers viz.  land use, soil and depth to water level have been 

integrated. Usually, aquifer vulnerability is determined by assigning point ratings to the 

individual data layers and then adding the point ratings together when those layers are combined 

into a vulnerability map. 

 

Aquifer vulnerability map has been prepared adopting DRASTIC approach, an acronym combining  

seven factors viz. Depth to water, net Recharge, Aquifer media, Soil media, Topography, Impact of 

vadose zone media, and hydraulic Conductivity of the aquifer (Aller and others, 1985). In this 

method, a rating is assigned to each parameter, on ascale of 1 to 10, based on functional curves. This 

rating is then scaled by a weighting factor, and the weighted ratings are added to obtain the 

DRASTIC index (DI).Each DRASTIC parameter has been assigned a relative weight ranging from1 

to5, according to their relative susceptibility to pollutants. The weights and ratings assigned to 

various parameters are given in Table 6.6.  

Table 6.6 :  Ratings and Weight for various parameters  

 PARAMETERS  RANGE RATING 

Depth to Groundwater (D) <1.5 10 

  1.5-4.5 9 

  4.5—9 7 

  9.1—15 5 

  16—23 3 

  24—30 2 

  31—70 1 

  WEIGHT 5 

Net Recharge (  R) Urban Area 80 mm/year 1 

  Ridge area 100 mm/year 2 

  

Agricultural area and Yamuna flood 

plain >100 mm/year 

6 

  WEIGHT 4 

Aquifer Media (A) Quartzite 4 

  Alluvium 6 

  WEIGHT 3 

Soil Media (S)  Silty Loam 4 

  Sandy Loam 6 

  Sand 9 

  Thin or absent 10 

  WEIGHT 2 

Topography (T) 0-2 10 

  WEIGHT 1 



 

 106 

 PARAMETERS  RANGE RATING 

Imapct of Vadose Zone (I) Silty Loam 2 

  Sandy Loam 6 

  Sand 7 

  Thin or absent 6 

  WEIGHT 5 

Hydraulic Conductivity (C  ) <1 1 

  1—8 2 

  >8 4 

  WEIGHT 3 

 

The most significant parameter is assigned weight of 5 and the least significant parameter  is 

assigned a weight of  1. Each of the seven DRASTIC parameters is mapped and classified either 

into ranges or into significant media types, which have an impact on pollution potential. Weight 

multipliers are then used for each factor to balance and enhance its importance. The final 

vulnerability map is based on the DRASTIC Index (DI) which is computed as the weighted sum 

overlay of the seven layers using the following equation: 

 

DI = Dr *Dw +Rr *Rw +Ar *Ar+Sr*Sw+Tr*Tw+Ir*Iw+Cr*Cw 

 

where D, R, A, S, T, I, and C are the seven parameters, r is the rating value and w is the weight 

associated with each parameter. Once the DRASTIC Index has been computed, it is possible to 

identify areas, which are more likely to be susceptible to ground water contamination relative to 

one another. The higher the DRASTIC Index, the greater is the groundwater pollution potential. 

These seven sets of data layers were digitized and converted to raster data sets that were 

processed using integrated ArcGIS9.2. In the DRASTIC method, it is assumed that: 1) the 

contaminant is introduced at the ground surface; 2) the contaminant is flushed into the 

groundwater by precipitation; 3) the contaminant has the mobility of water; and 4) the area 

evaluated is 100 acres or larger. 

 

6.6.1  Depth to water (D) 

In general, there is a greater chance for attenuation to occur as the depth to water increases 

because deeper water levels imply longer travel times. The presence of low permeability layers, 

which confine aquifers, also limits the travel of contaminants into an aquifer. The depth to water 

is also important because it provides the maximum opportunity for oxidation by atmospheric 
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oxygen.  The ranges in depth to water as defined in the DRASTIC system have been determined 

based on what are considered to be the depths where the potential for ground water pollution 

significantly changes (Fig. 6.17). 

 

6.6.2 Net recharge  (R) 

Net recharge represents the amount of water per unit area of land, which penetrates the ground 

surface and reaches the water table. This recharge water is thus available to transport a 

contaminant vertically to the water table and horizontally within the aquifer. In addition, the 

quantity of water available for dispersion and dilution of the contaminant in the vadose zone and 

in the saturated zone is controlled by this parameter. Recharge water, therefore, is a principal 

component for leaching and transporting solid or liquid contaminants to the water table. The 

greater the recharge, the greater will be the potential for ground water pollution (Fig. 6.18). 

 

  
   Fig. 6.17 :Impact of Depth to water 
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Fig. 6.18:  Impact of Net Recharge 

6.6.3  Aquifer media (A) 

Aquifer media govern the route and path length (ground water flow system), and influence the 

amount of effective surface area of materials with which the contaminant may come in contact.  

Alluvium and Quartzite are the main aquifers in the NCT Delhi. Alluvium, comprised of sand, 

clay, silt, and silt with kankar, is the major aquifer system. However, quartzite is dominant in 

southern part and forms the ridge. This quartzite is weathered and fractured and ground water 

occurs in secondary porosities.  The aquifer media is assigned a weight of 4. Figure 6.19 shows 

the aquifer media index computed by multiplying aquiferrating and aquifer weighting in study 

area.  

6.6.4  Soil (S) 

Soil has a significant impact on the amount of recharge, which can infiltrate to the water table, 

and hence on contaminant movement. The major soil types are: clay, clayey loam, loam, silty 

clay, silty clay loam, sandy clay loam. There are some areas where hard rocks are exposed and   

soil cover is absent. The soil media layer of the study area was reclassified by assigning a rating 

value to each soil class. These values range from 4 to 10 (Table 6.6). Soil ratings were multiplied 

by soil weighting of 2 to produce the soil index map (Fig. 6.20).  
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Fig. 6.19 : Impact of Aquifer Media 

 

 
 

Fig. 6.20: Impact of Soil Media 
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6.6.5  Impact of Vadose zone (I) 

Soil map is used to determine the impact of vadose zone, as soil thickness governs the thickness 

of vadose zone. Sand being more porous and pervious, the impact of vadose zone will be more as 

compared to silty loam. Accordingly, values have been assigned.  These values range from 2 to 

7. Vadose zone ratings were multiplied by soil weighting of 5 to produce the impact of vadose 

zone media index map (Fig. 6.21).  

6.6.6  Conductivity (C) 

Hydraulic Conductivity values were obtained from aquifer pumping test data. The ranges and ratings of 

the hydraulic conductivity parameter are listed in Table 6.6.  Fig. 6.22 shows the resulting map of the 

hydraulic conductivity index (Cr*Cw). 

 

 
 

Fig. 6.21:  Impact of Vadose Zone 
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Fig. 6.22: Impact of Hydraulic Conductivity 

The final DRASTIC vulnerability thematic map is shown in Fig. 6.22. The calculated DRASTIC 

index identifies areas, which are vulnerable to ground water contamination relative to each other. 

The maximum DRASTIC value has been estimated to be  160 and the minimum 58. The higher 

the DRASTIC index value, the greater is the risk of ground water contamination. The DRASTIC 

indices were further divided into four Zones viz. Low vulnerable (58-75), moderate (76-100), 

high (100 - 125) and very high (>125) (Table 6.7). Sites with high and very high categories are 

more vulnerable to contamination, and consequently need to be monitored and managed more 

closely, whereas sites with low pollution potential are less susceptible to ground water 

contamination.   

 

Table 6.7: Categories based on DRASTIC Index 

DRASTIC Index Vulnerability Zone  

58 - 75 Low I 

76 – 100 Moderate  II 

101- 125 High  III 

>  125 Very High IV 
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Fig. 6.23: Ground water pollution vulnerability map (DRASTIC Index)  

To validate the DRASTIC vulnerability map, industrial areas and landfill sites were overlaid on 

the map. For validation of the vulnerability assessment, water quality data like Lead, Manganese, 

Cadmium, Aluminum, Nitrate  from different vulnerability zones of the study area  were 

overlaid. It was observed that occurrence of these pollutants is high in Zones III and IV. 

 

The DRASTIC method results are a useful tool in designing aquifer protection and management 

strategies. The DRASTIC index map indicates that overall potential for ground water becoming 

polluted is low for the Delhi ridge area. Low sensitivity areas lay outside the agricultural areas in 

the basin. Vulnerable areas determined by the DRASTIC method should thus be given priority in 

research in terms of contaminant removal and adoption of appropriate management strategies for 

protection of aquifer from pollution.   
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7. REPLENISHABLE GROUND WATER RESOURCES 

 

Replenishable Ground Water Resource Assessment of NCT Delhi is being periodically carried 

out by Central Ground Water Board. The last assessment of replenishable ground water 

resources was carried out as on 2011. Recently, ground ater resources as on 2013 have been 

estimated. The ground water resource assessment unit is in general watershed particularly in hard 

rock areas as the ground water balance equations recommended in GEC’1997 can be better 

applied in the assessment units with hydrologic/ hydrogeological boundaries.   In case of 

alluvium areas, administrative unit (block, mandal, tehsil or taluka) is  taken as the assessment 

unit since it is difficult to identify the watershed considering the possibility of trans-boundary 

aquifer system in alluvial areas. Administratively, the NCT, Delhi is divided into nine districts 

and each district is divided into three tehsils. There are, therefore, 27 tehsils in NCT, Delhi. The 

ground water resource assessment of the state has been carried out taking tehsil as the assessment 

unit. The norms defined by the Ground Water Estimation Committee (GEC, 1997) have been 

adopted while making estimates under different heads for ground water recharges and 

discharges.  

 

7.1 Recharge Components 

Rainfall is the principal source of recharge to ground water. Besides this other major contributors 

to recharge include return flow from irriation and  seepages from canals, tanks, water bodies,  

and other water conservation structures.  

 

7.1.1 Ground water recharge through rainfall 

The recharge from rainfall in Delhi during monsoon has been estimated as 8761 ham and that 

during non-monsoon as 1366 ham (as on 2013- provisional). The total annual recharge from 

rainfall has been estimated as 10127 ham, the highest being in Narela tehsil of Northwest district,  

Najafgarh tehsil of Southwest district and Hauz Khas tehsil of South district which have larger 

area and lowest in Karol Bagh tehsil of Central district, Shahdara tehsil of East district and Sadar 

Bazar and Kotwali tehsils of North district which cover smaller areas. Tehsil wise annual ground 

water recharge from rainfall is given in Table 7.1. 
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Table 7.1: Tehsil wise estimated annual ground water recharge from rainfall as on 2013 

(Provisional) 
(ham) 

S. 

No. 

Assessment 

Unit/ District 

Recharge from 

rainfall during 

monsoon season 

Recharge from rainfall 

during non-monsoon 

season 

Total Annual Ground 

Water Recharge from 

rainfall  

1 Darya Ganj 196.25 26.48 222.73 

2 Karol Bagh 29.34 3.46 32.8 

3 Pahar Ganj 63.43 8.01 71.44 

4 Gandhi Nagar 90.34 15.88 106.22 

5 Preet Vihar 119.9 21.07 140.97 

6 Vivek Vihar 98.32 17.28 115.6 

7 Chanakya Puri 88.35 19.53 107.88 

8 Connaught Place 92.48 13.62 106.1 

9 Parliament Street 61.66 13.63 75.29 

10 Civil Lines 541.02 83.19 624.21 

11 Kotwali 32.42 5.73 38.15 

12 Sadar Bazar 30.1 5.56 35.66 

13 Seelam Pur 210.21 36.94 247.15 

14 Seema Puri 110.1 12.9 123.0 

15 Shahdara 30.46 5.35 35.81 

16 Model Town 436.63 45.43 482.06 

17 Narela 1438.93 261.69 1700.62 

18 Saraswati Vihar 231.62 40.27 271.89 

19 Defence Colony 280.48 61.98 342.46 

20 Hauz Khas 1082.98 122.41 1205.39 

21 Kalkaji 676.18 74.1 750.28 

22 Delhi Cantonment 522.19 84.54 606.73 

23 Najafgarh 1116.79 214.37 1331.16 

24 Vasant Vihar 784.75 133.13 917.88 

25 Patel Nagar 219.73 28.4 248.13 

26 Panjabi Bagh 78.64 0 78.64 

27 Rajouri Garden 97.25 11.39 108.64 

 State Total 8760.55 1366.34 10126.89 

 

7.1.2  Ground water recharge through other sources 

Recharge through other sources includes recharge from canal irrigation, canal seepage and return 

flow from ground water irrigation as well as seepage from water conservation structures. The 

annual recharge from other sources has been estimated as 23778 ham including 9743 ham 

recharge during monsoon period and 21574 ham recharge during non- monsoon period. 

Maximum recharge from other sources has been estimated in Najafgarh (6832 ham) tehsil  of 

Southwest district followed by Narela (4544 ham) and Saraswati Vihar  (2550 ham) tehsils of 

North district.  Seema Puri (4 ham) tehsil of East district, and Karol Bagh (10 ham) and Pahar 
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Ganj (21 ham) tehsils of Central district  have lowest recharge from other sources. Tehsil  wise 

annual ground water recharge from other sources is given in Table 7.2.  

 

Table 7.2: Ground Water Recharge from Other Sources as on 2013 (Provisional) 

(ham) 
S. 

No. 

Assessment Unit 

(Tehsil) 

Recharge from other 

sources during 

monsoon 

Recharge from other 

sources during non-

monsoon 

Total Recharge from 

other sources 

1 Darya Ganj 8.75 99.82 108.57 

2 Karol Bagh 1.12 8.56 9.68 

3 Pahar Ganj 2.79 18.36 21.15 

4 Gandhi Nagar 10.03 266.41 276.44 

5 Preet Vihar 74.86 879.93 954.79 

6 Vivek Vihar 12.86 119.79 132.65 

7 Chanakya Puri 35.34 266.16 301.5 

8 Connaught Place 10.59 83.31 93.9 

9 Parliament Street 7.78 57.51 65.29 

10 Civil Lines 49.05 433.15 482.2 

11 Kotwali 1.18 75.89 77.07 

12 Sadar Bazar 3.27 24.99 28.26 

13 Seelam Pur 24.26 694.85 719.11 

14 Seema Puri 0.79 3.15 3.94 

15 Shahdara 4.06 32.12 36.18 

16 Model Town 54.71 458.03 512.74 

17 Narela 363.36 4180.18 4543.54 

18 Saraswati Vihar 198.26 2351.56 2549.82 

19 Defence Colony 84.52 385.82 470.34 

20 Hauz Khas 225.82 543.43 769.25 

21 Kalkaji 78.63 462.57 541.2 

22 Delhi Cantonment 82.13 471.98 554.11 

23 Najafgarh 425.04 6407.43 6832.47 

24 Vasant Vihar 77.86 234.67 312.53 

25 Patel Nagar 177.00 1422.71 1599.71 

26 Panjabi Bagh 163.89 1389.79 1553.68 

27 Rajouri Garden 25.99 201.79 227.78 

 State Total 2203.94 21573.96 23777.9   

 

7.1.3 Annual Ground Water Recharge 

The total annual ground water recharge has been estimated as 33905 ham. Maximum recharge 

has been estimated in Najafgarh, Narela and Saraswati Vihar tehsils where recharge from other 

sources contribute more than rainfall recharge. Central district experiences least ground water 

recharge annually. Tehsil wise annual ground water resource as on 2013 is given  in Table 7.3.  
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Table 7.3: Annual ground water recharge in NCT, Delhi as on 2013 (Provisional) 

           (ham)  
Sl. 

No. 

Assessment Unit 

(Tehsil) 

Total Annual Ground 

Water Recharge from 

rainfall 

Total Recharge from 

other sources 

Total Annual recharge  

1 Darya Ganj 222.73 108.57 331.3 

2 Karol Bagh 32.8 9.68 42.48 

3 Pahar Ganj 71.44 21.15 92.59 

4 Gandhi Nagar 106.22 276.44 382.66 

5 Preet Vihar 140.97 954.79 1095.76 

6 Vivek Vihar 115.6 132.65 248.25 

7 Chanakya Puri 107.88 301.5 409.38 

8 Connaught Place 106.1 93.9 200 

9 Parliament Street 75.29 65.29 140.58 

10 Civil Lines 624.21 482.2 1106.41 

11 Kotwali 38.15 77.07 115.22 

12 Sadar Bazar 35.66 28.26 63.92 

13 Seelam Pur 247.15 719.11 966.26 

14 Seema Puri 123.0 3.94 126.94 

15 Shahdra 35.81 36.18 71.99 

16 Model Town 482.06 512.74 994.8 

17 Narela 1700.62 4543.54 6244.16 

18 Saraswati Vihar 271.89 2549.82 2821.71 

19 Defence Colony 342.46 470.34 812.8 

20 Hauz Khas 1205.39 769.25 1974.64 

21 Kalkaji 750.28 541.2 1291.48 

22 Delhi Cantonment 606.73 554.11 1160.84 

23 Najafgarh 1331.16 6832.47 8163.63 

24 Vasant Vihar 917.88 312.53 1230.41 

25 Patel Nagar 248.13 1599.71 1847.84 

26 Panjabi Bagh 78.64 1553.68 1632.32 

27 Rajouri Garden 108.64 227.78 336.42 

 State Total 10126.89 23777.9   33904.79 

 

7.2 Net Annual Ground Water Availability  

Net annual ground water availability is determined by deducting the natural discharge during 

non-monsoon season from the total annual ground water recharge. Natural discharge during non-

monsoon period in case of Civil Lines, Sadar Bazar and Delhi Cantonment tehsils  is 5% of the 

annual ground water recharge whereas in case of rest of tehsils it is 10% of the total annual 

ground water recharge. The Net ground water availability in the state has been estimated as 

30650 ham.  Tehsil wise Net Annual Ground Water Availability is given in Table 7.4.  
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Table 7.4: Tehsil wise Net Annual Ground Water Availability as on 2013 (Provisional)  

Sl. 

No. 

Assessment Unit 

(Tehsil) 

Total Annual Ground 

Water Recharge  

Provision for Natural 

Discharge 

Net Annual Ground 

Water Availability 

1 Darya Ganj 331.3 16.57 314.73 

2 Karol Bagh 42.48 4.25 38.23 

3 Pahar Ganj 92.59 9.26 83.33 

4 Gandhi Nagar 382.66 38.27 344.39 

5 Preet Vihar 1095.76 109.58 986.18 

6 Vivek Vihar 248.25 24.83 223.42 

7 Chanakya Puri 409.38 40.94 368.44 

8 Connaught Place 200 20 180 

9 Parliament Street 140.58 14.06 126.52 

10 Civil Lines 1106.41 110.64 995.77 

11 Kotwali 115.22 11.52 103.7 

12 Sadar Bazar 63.92 3.2 60.72 

13 Seelam Pur 966.26 96.63 869.63 

14 Seema Puri 126.94 12.69 114.25 

15 Shahdra 71.99 7.2 64.79 

16 Model Town 994.8 99.48 895.32 

17 Narela 6244.16 624.42 5619.74 

18 Saraswati Vihar 2821.71 282.17 2539.54 

19 Defence Colony 812.8 81.28 731.52 

20 Hauz Khas 1974.64 98.73 1875.91 

21 Kalkaji 1291.48 129.15 1162.33 

22 Delhi Cantonment 1160.84 116.08 1044.76 

23 Najafgarh 8163.63 816.36 7347.27 

24 Vasant Vihar 1230.41 123.04 1107.37 

25 Patel Nagar 1847.84 184.78 1663.06 

26 Panjabi Bagh 1632.32 163.23 1469.09 

27 Rajouri Garden 336.42 16.82 319.6 

 State Total 33904.79 3390.48 30649.61 

 

7.3  Discharge Components 

Ground water is withdrawn for various uses including irrigation, domestic and industrial uses. In 

NCT Delhi, irrigation practices include private tube wells, government tube wells and borings. 

The draft for irrigation as on 2013 has been estimated to be of the order of 13764 ham. Irrigation 

draft is highest  in Najafgarh tehsil of Southwest district followed by  Narela and Saraswati Vihar 

tehsils of Northwest district. 

 

Annual ground water draft for domestic and industrial purposes has been assessed as 25013 ham,   

maximum being in Hauz Khas, Patel Nagar, Narela and Vasant Vihar tehsils. Rest of the tehsils 

have less draft for domestic and industrial purposes. Ground water draft for domestic purpose 

alone is estimated as 20453 ham. The highest domestic draft of ground water being in Hauz Khas 
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tehsil followed by Patel Nagar and Kalkaji tehsils.  Ground water draft for industrial uses 

including draft by commercial establishments is 4560 ham. Industrial draft including draft for 

commercial establishments is conspicuously higher in Narela and Vasant Vihar tehsils.    

The total annual ground water draft (as on 2013) has been provisionally estimated to be 38777 

ham, highest being in Najafgarh tehsil followed by Narela and Hauz Khas tehsils.  Tehsil wise 

ground water draft is given in Table 7.4.  

Table 7.4: Tehsil wise Annual Ground Water Draft as on 2013 (Provisional)  

                  (ham) 

Sl. 

No. 

Assessment 

Unit 

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 

Stage of 

Ground 

Water  

Development 

 

{(6)/(3) * 

100} 

(%) 

Category 

1  2 3 4 5 6 7 8 

1 Darya Ganj 298.17 40.7 217.18 257.88 86.49 Semi Critical 

2 Karol Bagh 38.23 10.42 49.8 60.22 157.52 Over-exploited 

3 Pahar Ganj 83.33 0 74.02 74.02 88.83 Semi Criticial 

4 Gandhi Nagar 344.39 96.04 150.72 246.76 71.65 Safe 

5 Preet Vihar 986.18 690.7 813.43 1504.13 152.52 Over-exploited 

6 Vivek Vihar 223.42 57.36 403.68 461.04 206.36 Over-exploited 

7 Chanakay Puri 368.44 250.41 153.39 403.8 109.6 Over-exploited 

8 Connaught 

Place 180 

20.83 

198.78 219.61 122.01 

Over-exploited 

9 Parliament 

Street 126.52 

21.36 

88.47 109.83 86.81 

Safe 

10 Civil Lines 1051.09 85.55 784.37 869.92 82.76 Safe 

11 Kotwali 103.7 52.84 45.49 98.33 94.82 Semi Critical 

12 Sadar Bazar 60.72 0 46.09 46.09 75.91 Safe 

13 Seelam Pur 869.63 328.91 587.81 916.72 105.41 Over-exploited 

14 Seema Puri 114.25 0 195.31 195.31 170.95 Over-exploited 

15 Shahdra 64.79 0 115.44 115.44 178.18 Over-exploited 

16 Model Town 895.32 70.45 868.72 939.17 104.9 Over-exploited 

17 Narela 5619.74 1972.67 2951.01 4923.68 87.61 Semi Critical 

18 SaraswatiVihar 2539.54 1238.76 1173.65 2412.41 94.99 Semi Critical 

19 Defence 

Colony 731.52 

299.42 

422.99 722.41 98.75 

Semi Critical 

20 Hauz Khas 1777.18 466.71 4152.01 4618.72 259.89 Over-exploited 

21 Kalkaji 1162.33 1127.22 2092.74 3219.96 277.03 Over-exploited 

22 Delhi 

Cantonment 1102.8 

369.03 

945.21 1314.24 119.17 

Over-exploited 

23 Najafgarh 7347.27 5787.04 1203.56 6990.6 95.15 Semi Critical 

24 Vasant Vihar 1107.37 303.91 2668.11 2972.02 268.39 Over-exploited 

25 Patel Nagar 1663.06 73.81 2959.72 3033.53 182.41 Over-exploited 

26 Punjabi Bagh 1469.09 380.97 929.16 1310.13 89.18 Safe 

27 Rajouri Garden 319.6 18.45 722.37 740.82 231.8 Over-exploited 

 State  30647.68 13763.56 25013.23 38776.79 126.52  
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7.3.1 Stage of Ground Water Development 

Stage of ground water development is the highest in Kalkaji Tehsil (277%), followed by Vasant 

Vihar (268%), Hauz Khas (260%) and Rajouri Garden (232%), which can be attributed to higher 

annual draft as compared to annual recharge. Lowest stage of ground water development is in 

Gandhi Nagar (72%) followed by Sadar Bazar (76%),  Parliament Street (87%), Civil Lines 

(83%), Pahar Ganj and Punjabi Bagh tehsils (89%). The overall stage of ground water 

development in Delhi is 127%. 

 

7.4  Categorization of Tehsils 

As per latest ground water resource assessment (2013 – Provisional), out of 27 tehsils in NCT, 

Delhi, only five tehsils viz. Gandhi Nagar tehsil in East District, Parliament Street in New Delhi 

District,  Civil Lines and Sadar Bazar tehsils in North District, and Punjabi Bagh tehsil in West 

District are ‘Safe’ and seven tehsils viz.  Darya Ganj and Pahar Ganj tehsils in Central District,  

Kotwali tehsil in North District, Narela and Saraswati Vihar tehsils in Northwest District, 

Defence Colony tehsil in South District and Najafgarh tehsil in Southwest District fall under 

‘Semi-Critical’ category.  The remaining fifteen tehsils are ‘Over-exploited’ (Table 7.4, Fig. 7.1).   
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Fig. 7.1 : Map showing categories of assessment units (Tehsils) in NCT, Delhi (2013) 
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8. AQUIFER RESPONSE MODELLING  

  

8. 1  Introduction 

Ground water models provide a tool to estimate ground water availability for various water use 

strategies and to determine the cumulative effects of increased water use and drought conditions. 

A ground water model is a numerical representation of the aquifer system capable of simulating 

historical and predicting future aquifer conditions. Inherent to the ground water models, are a set 

of equations which are developed and applied to describe the physical processes considered to be 

controlling ground water flow in the aquifer system. It can be argued that ground water models 

are essential to performing complex analyses and in making informed predictions and related 

decisions  (Anderson  and  Woessner,  1992). 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 pre-specified future scenarios to assist decision makers in arriving 

optimal management options. The purpose of the NAQUIM program is to provide an Aquifer 

Response Model that can be used to develop reliable and timely information on ground water 

availability for NCT Delhi to ensure adequate supplies or recognize inadequate supplies over a 

15 year planning period. 

 

8.2  Identification of problems and issues within the Model Area 

The study area has divergent issues related to ground water, and as a first step, attempt has been 

made to develop the mathematical model for the NCT Delhi which forms part of the Upper 

Yamuna Basin and inland alluvial basin.The total geographical area of the model area is 1483sq. 

km. The Model area covers 27 administrative tehsils of NCT Delhi. 

 

Increased urbanization and population growth have resulted in increased water demand and 

reduced recharge due to concretization. This has led to decline in water levels in many areas in 

the NCT. Increase in the population as well as development of industries with time in this area 

have resulted in the increase in water demand for industrial and domestic uses. Due to heavy 

withdrawal of ground water for industries and domestic use, troughs have been created in 

industrial and urban clusters. The long term fluctuation of water levels shows a general fall of 
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10-16 m in the last 20 years. The fall is generally observed in the central, northern and southern 

parts of NCT Delhi. However, in Southwest district, ground water monitoring wells falling in 

southern and western parts have registered rising trend in past decade due to presence of 

Najafgarh Jheel. 

 

Out of 27 blocks of the model area, 5 blocks fall in safe category,  7 in semi critical  and 15 in 

over exploited category (Fig. 7.1). Most of the overexploited blocks fall in the southern, 

southeastern, central and eastern parts of NCT Delhi.  

 

In view of this, effort has been made to identify the ground water problems/issues in the model 

area, which are  discussed hereunder. 

 

1. Over exploitation of ground water has led to decline in ground water levels in many 

areas. 

2. Rising water level due to disuse of ground water coupled with restricted subsurface 

movement of ground water because of shallow basement rock in  Defence Colony Tehsil 

of South District. 

3. Non utilization of poor quality water (brackish/saline) has resulted in reduction of natural 

recharge to the ground water with time, thus the area under poor ground water quality has 

increased. 

 

8.3 Ground Water Flow Modelling 

Ground water model of NCT Delhi has been developed using a modeling protocol which is 

standard to the ground water model industry. This protocol includes: (1) development of a 

conceptual model for ground water flow in the aquifer, (2) model design, (3) model calibration, 

(4) model verification, (5) sensitivity analysis, (6) model prediction, and (7) reporting. The 

conceptual model is a conceptual description of the physical processes, which govern ground 

water flow in the aquifer system. Historical hydrogeological data and reports for the model area 

have been reviewed during the conceptual model development stage. Model design is the process 

used to translate the conceptual model into a physical model, in this case, a numerical model of 

ground water flow. This involved organizing and distributing model parameters, developing a 
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model grid and model boundary conditions, and determining the model integration time scale. 

Model calibration is the process of modifying model parameters so that observed field 

measurements (e.g., ground water levels in wells) can be reproduced. Model verification is the 

process of using the calibrated model to reproduce observed field measurements not used in the 

calibration to test the model’s predictive ability. Model sensitivity analyses were performed by 

varying model input parameters for both the steady state and transient state models to offer 

insight on the uniqueness of the model and on the uncertainty in model parameter estimates. 

Model predictions were performed to estimate aquifer conditions for the next 15 years based 

upon projected pumping demands. This report documents the modeling process and results from 

conceptual model development through predictions (2009 to 2030). 

 

The purpose of this Aquifer Response Model is to provide a tool for planners for the evaluation 

of ground water availability  and  to  support  the  development  of  water  management  

strategies  and  planning.  The DJB plans to meet 12% of their 2030 projected water needs 

through existing ground water supplies and an additional 2% through new ground water 

resources (DWSSP, 2004).  The Aquifer Response Model provides a tool for use in assessing the 

future availability of these supplies. 

 

8.4  Model Conceptualization 

The conceptual model for ground water flow in the NCT Delhi area is based on the 

hydrogeologic settings, described in Chapter 4. The conceptual model is a simplified 

representation of the hydrogeological features which govern ground water flow in the aquifer. 

These  include  the  hydrostratigraphy,  hydraulic  properties,  stresses  such  as  pumping  and 

recharge, and the boundaries. Each of the elements of our conceptual model is described below. 

 

The aquifer of NCT Delhi is predominantly comprised of  fluvial and aeolian deposits of Quaternary 

age except the ridge area where quartzites of Pre-Cambrian age are exposed. These quartzites are 

fractured and weathered in the upper part. Ground water occurrence in quartzites is mostly restricted 

to weathered part. Alluvium deposits are discontinuous bands of silt, sand, kankar and clay. In 

northwestern part, Older alluvium comprising mainly of clay is dominant.   Younger alluvium is 

present along Yamuna River. For modeling purpose phreatic aquifer comprising alluvium and 
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weathered zone has been considered. Therefore, single layer model is conceptualized. Alluvium and 

weathered quartzite are hydraulically connected and do not show significant change in phreatic water 

level.  In western and south-western parts of the model area, aquifers are mainly brackish and are 

under shallow water levels to water logged conditions. At certain places, brackish water is overlain 

by fresh water. In northern parts, fresh water sediments are available up to a depth of more than 350 

m, as revealed by the deepest exploratory well drilled by CGWB at Bankner in Northwest district. 

The water table slopes away from the ridgetowards east and west. Prolific aquifer occurs in areas  

adjoining the river Yamuna.  

In addition to identifying the hydrostratigraphic layers of the aquifer, the conceptual model also 

defines the mechanisms of recharge and discharge, as well as ground water flow through the aquifer. 

Recharge occurs mainly in the agricultural areas of the Northwest, Southwest and along Yamuna 

flood plain. Delhi ridge also acts as the recharge zone.   

Most of the precipitation falling on the surface runs off into the drains, which discharge into river 

Yamuna. Recharge along Yamuna can occur when the water table in the aquifer is below the River-

level elevation. If river levels are lower than surrounding ground water levels, ground water 

discharges to the Yamuna resulting in gaining river. In this case, water levels in the flood plain are 

typically close to land surface and some of the shallow ground water in this area can be lost to evapo-

transpiration. Ground water from the aquifers discharges to Yamuna throughout the area, 

contributing to the baseflow. The river Yamuna is simulated as Head dependent flow boundary 

(Cauchy boundary). 

Recharge is a complex function of precipitation, soil type, geology, water level and soil moisture, 

topography, and Evapo-transpiration (ET). Precipitation, ET, water table elevation, and soil moisture 

vary spatially and temporally, whereas soil type, geology, and topography vary spatially. In addition 

to natural phenomena, water levels are affected by pumpage and man-made surface water reservoirs 

and lakes, which in turn affect recharge. Under undisturbed conditions (e.g., prior to pumping), 

ground water recharge is balanced by natural discharge of ground water. To maintain a state of 

dynamic equilibrium, ground water withdrawal by pumping must be balanced by: (1) an increase in 

recharge, (2) a decrease in natural discharge, (3) a loss of storage, (4) or a combination of these 

factors. Balancing pumping by increased recharge implies that recharge was rejected prior to the 
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onset of pumpage (Theis, 1940; Domenico and Schwartz, 1990). This occurs primarily in outcrop 

areas of aquifers where the water table is near land surface. 

Ground water flow within the aquifers is controlled by the topography, geological structure, and 

permeability variation within the different layers. A map showing the inferred ground water flow 

pattern is shown in Fig. 4.15. Generally, the Yamuna flood plain sand has the highest average 

hydraulic conductivity. 

The heterogeneity and structure of the aquifer, affect the water quality. Accordingly, salinity is 

common in Northwestern part of NCT Delhi where clay percentage is high. Sand lenses connected 

to recharge areas along Yamuna flood plain, and sands within the major fluvial channels typically 

represent pathways for fresh water from the outcrop into the deeper confined section. Fault zones 

may limit down dip flow of fresh ground water, as indicated by presence of higher total dissolved 

solids (TDS) ground water around JNU. Isolated sands and sands in contact with thick clay bands 

may also have poor water quality due to leakage of saline water from surrounding clay bands. 

Inter - State inflow and outflow occur through Haryana state which is simulated as constant head 

since the change in head during transient period is insignificant keeping in  view the scale of the 

Model. 

8.4.1  Grid Design 

The area has been divided into 50 columns and 50 rows with a uniform grid size of (1090 m X 

1090 m) and single layer aquifer. The bottom of layer one is an impervious 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 8.1. The ground elevation data available 

from CARTOSAT data for the study area have been utilized and these were interpolated through 

natural neighborhood technique.  

8.4.2 Hydrogeological Framework 

Integration of data generated by various agencies using advanced tools of GIS has helped in 

outlining the hydrogeological framework and conceptual model of the study area.  Exploratory 
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drilling coupled with borehole logging has revealed existence of intercalations of discontinuous 

bands of sand, kankar, silt and clay layers. Therefore, alluvium has been considered as single aquifer 

unit and Delhi Ridge comprising quartzite is simulated in the model with assigning a low hydraulic 

conductivity. 

 

Fig. 8.1: Model showing active and inactive cells 

8.4.3  Aquifer Geometry 

Information regarding the aquifer geometry including geologic maps, cross sections and well 

logs has been combined with that 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 in the study area down to depth of 300 mbgl (Fig. 8.2). 

Hydrogeological cross section from West to East reveals that alluvial aquifer thickness increases 

towards West and thinning of alluvial aquifer occurs towards Delhi ridge. Hydrogeological cross 
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section from South to North shows presence of Chhatarpur basin and alluvial aquifer thickness 

increases towards North of NCT Delhi. (Fig. 8.3) 

 

Fig. 8.2:  Hydrogeological cross-section along row 15 representing West to East system. 

Fig. 8.3:  Hydrogeological cross-section along row 15 representing South toNorth system. 

 

8.4.4  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 ground water 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 ground water flow, hydraulic boundaries are artificial and are 

derived from ground water 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 

hydraulic conditions occurring across the boundary of the domain. Thus, to obtain a unique solution of 

the differential equation, it is necessary to define boundary conditions all along domain boundary. The 

boundary condition may either be a known head (head assigned) or a known flow rate (flow assigned) 

across the boundary. Thus it can be 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 
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hold good under the projected conditions (i.e., the pumping/recharge rates different from the prevalent 

ones). 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 western boundaries of the model area where ground water flow map shows inflow/ outflow is 

from Delhi have been assigned as specified head boundary. River Yamuna flowing in the eastern part 

has been assigned river boundary for different time steps. The River Yamuna is perennial in nature, so 

river boundary is well justified.  

Some of the important findings of the earlier studies (CGWB, 1982) relevant to the present area 

and modeling exercise have 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 Yamuna. 

ii. Ground water table does not show declining trends along flood plain despite heavy 

withdrawal of ground water for paddy and sugarcane cultivation. 

8.4.5 Model Input Parameters 

8.4.5.1 Range of Conductivity and Storage Parameters  

The exploratory wells drilled by CGWB in the model area reveal significant potentiality of the aquifer 

of the area as the transmissivity values for layer one range between 493 and 2340  m2/day. The 

hydraulic conductivity (K) has been found to vary from 18 to 40 m/day corresponding to medium 

grained to fined grained sand. However, when the whole aquifer group is considered, K value is in the 

order of   1.2  - 30 m/day (Fig. 8.4).  

Aquifer storage properties viz. specific storage and specific yield define the ability of the 

aquifers and confining units to store and yield ground water. Specific storage has units of inverse 

length and specific yield is dimensionless. Specific storage values determine the ability of the 

aquifer to release water from storage through deformation of saturated pore spaces and 

expansion of water with a decline in hydraulic head throughout the aquifer thickness. The lowest 

specific storage values were initially applied to areas with poorly compressible rock such as 

quartzite. The highest specific storage values were initially applied to areas with compressible 
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alluvial deposits in alluvial basins. As the number of specific yield 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 and previous studies conducted by CGWB (Figs. 8.5). The 

specific storage ranges between  10
-3

 and 10
-4 

in the study area. 

 
 

 

Fig. 8.4: Conductivity value 

assigned in the model (Layer 1) 

Fig. 8.5: Zone-wise distribution of 

storage parameter  
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8.4.5.2   Recharge  

This package is used to simulate distributed recharge to the ground water 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) evapo-transpiration 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.8.6). 

 

Fig. 8.6:  Zone-wise Recharge input in the model 

For the purpose of calculations, recharge from 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 level fluctuation data have been used to calculate 
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recharge. Recharge calculations have been made for each block separately. On this basis the 

whole area was divided into 19 recharge zones block wise. 

8.4.5.3 Ground Water Draft 

Domestic water demand is the daily demand of water for human consumption (drinking) and for 

all domestic activities such as cooking, bathing, washing, rinsing, cleaning, sanitation, gardening, 

cooling etc. The total block-wise demand of water for domestic consumption for rural area and 

urban towns for the districts falling in  model area have been computed based on the Census 

Data for the year 2001 given in statistical handbook of Govt. of NCT Delhi. Domestic ground 

water draft for the year 2009 was estimated as 20755 ham (CGWB, 2011). 

 

Paper & Pulp, Distilleries, Food Processing, Soft Drinks, Pharmaceuticals and Basic Drugs, Milk 

and Milk Products, Thermal Power Plant etc. are the main water intensive industries of the 

model area. The tehsil-wise details of industries (small, large & medium scale) are not available 

with the Government agencies. However, for computational purposes, the present industrial 

water demand and future projections have been taken as 10 % of domestic water demand/ 

requirement. Ground water draft as on 2009 for the industrial sector is 4839 ham (CGWB, 2011). 

  

In command area, 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, pulses etc. Rabi crops include wheat, gram, oil 

seeds, pulses etc. Other crops include jowar, barley, fodder, vegetables etc. which are also grown 

but the area covered by these crops is insignificant as compared to the major crops (Kharif and 

Rabi). Wheat is a major Rabi crop and Paddy is major Kharif crop. Water requirements vary 

from crop to crop and from time to time for the 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 minor irrigation units taken from the Statistics Department, Govt. of NCT 

Delhi. Accordingly, the ground water draft for irrigation sector for the year 2009 has been 

calculated as 14025 ham (CGWB, 2011).   
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8.5 Model Calibration 

An important part of any ground water modelling exercise is the model calibration process. In 

order to ensure that ground water 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. 

 

8.5.1 Steady State Calibration 

Steady state conditions are usually taken to be historic conditions that existed in the aquifer 

before significant ground water development has occurred (i.e., inflows 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 2009 was given as input to the model. The year 2009 has been 

taken since normal rainfall was experienced during that year. The steady state simulation was 

carried out 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 water level of aquifer and also correct flow 

directions and flow gradients. The computed water level 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 
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and in the present simulation is 7.942 m.The absolute residual mean is 6.5 m. The figure showing 

contours of observed Vs. calculated heads of the model is shown in Fig. 8.7. 

 

 

Fig. 8.7:   Calculated versus observed heads of aquifer-1 (May 2009) 

8.5.2 Transient State Calibration 

Transient state is also called time dependent, unsteady, non-equilibrium, or non-steady state 

problem. In this state, head changes with time. The model was calibrated under transient state 

from May 2009 to May 2013 and validated for the period under transient state from May 2013 to 

May 2015. 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.  

 

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 the observed values.  

8.6  Model Validation/Verification 

A calibrated model uses selected values of hydrogeological  parameters, recharge, discharge and 

boundary conditions to match field conditions for selected calibration time periods (either 
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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. However, in the absence of exact locations of pumping wells and exact 

volume of ground water being extracted by individual well, head matching criteria will not be 

suitable throughout the model domain. In the present mode, total draft and recharge volume form 

Ground Water Resource Estimation of NCT Delhi, 2009 has been taken into consideration.  The 

process of model verification may result in the need for further calibration/ refinement of the 

model.  

 

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 dataset with changing boundary conditions and associated stresses and the 

model is found to produce head distribution that closely matches the observed dataset, 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 dataset 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 levels. The water level observations for the period  May, 2006 to May, 2015 

were used for validating the model. The hydrographs of representative monitoring wells for the 

period under transient calibration and validation are given in Fig. 8.8. 

 

Simulated water levels of Kirbi Place monitoring wells indicate trends that are similar to 

observed water level. At Chawla and Usmanpur, simulated and observed water levels are very 

closely matching with each other and also follow the pattern. Simulated hydrograph of Rajghat 

monitoring well does not match in early part of observed water level but it matches in later part. 
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This may be due to uncertainty in ground water draft data. Similarly, at Majra Dabas,  simulated 

hydrograph shows slight declining trend in the later half. There is difference of 5 m in observed 

versus simulated water level. This may result if actual recharge is greater than the simulated 

recharge. 
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Fig. 8.8: Comparison between computed and observed ground water heads 

 

The poor simulation of the timing and magnitude of water level changes in some wells may be 

due to uncertain withdrawal rates and locations, including vertical distribution of withdrawals. 

The poor simulation of the magnitude of water level decline at the wells may be due to simulated 

hydraulic conductivity values that are too low in the region. Higher simulated hydraulic 

conductivity values would have resulted in a more broad and shallow cone of depression than 

was simulated and greater water level decline at the well. The substantially different hydraulic 

heads among nearby wells in the area indicate heterogeneity of the aquifer, influence of pumping 

wells and localized recharge, which may contribute to the poor simulation of overall hydraulic 

head at well. Differences in the magnitude and timing of simulated and observed water levels 

may be related to several causes, including inaccurate simulation of the spatial and temporal 

distribution of recharge, inaccurate estimates of the spatial and temporal distribution of ground 

water withdrawals and spatial discretization of the model domain. 

 

Spatial variation of depth to water level of predictive simulation results is shown in Fig.8.9. The 

result of transient simulation for Year 2009, which is taken as base year for the modelling 

purpose closely resembles the observed depth to water level for Year 2009. The flow direction 

shows that Delhi ridge act as water divide and flow is away from ridge either towards East or 

West. Kharkhari depression is very well simulated. In this area, water level varies from 6 to 20 

mbgl. Similarly Chhattarpur basin is identified by convergence of flow direction in South of 
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Delhi. The depth to water level ranges from 20 to 60 mbgl in Chhatarpur basin. Inter-State flow 

can be seen in the form of ground water inflow and outflow from surroundings ( Fig.4.15). The 

Yamuna River is effluent in some parts and influent in others.  Near Palla, in Northern part of 

Delhi, Yamuna river acts as influent due to heavy pumping from Palla Well Field.  

 

In Year 2015, the depth to water level has decreased about 10 mbgl from 2009 around Rohini, 

Peera Garhi, Mangol puri, Sainik Vihar and Ashok Vihar (Fig. 8.10). Rise in water level has 

been observed in South West district which is attributed to inflow from Najafgarh Jheel. 

Similarly rising water levels have been observed in Defence Colony tehsil near Yamuna river. 

 

 
 

Fig.8.9: Simulated Depth to Water level 2009 
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Fig.  8.10: Simulated Depth to Water level 2015 

 

8.7  Model Prediction 

The base year for the model has been taken as May, 2009. After steady state calibration, the 

model was run upto 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 

upto 2030. Assuming that dependency on ground water will remain the same in the years to 

come due to strict regulation and import of surface water by Delhi Jal Board, model was run upto 

2030 by keeping same recharge and ground water draft as that of year 2015. The model predicted 

that the ground water levels continue to rise where water logging exists and in remaining areas, 

the model predicted the declining trend of ground water level. The hydrographs of prediction at 

different sites are shown in Fig. 8.11.  
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Fig. 8.11: Predicted hydrographs of representative wells  
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The simulated depth to water level for the  year 2020 shows that water level continues to rise in 

southwestern part of NCT Delhi, as it gets recharge from Najafgarh Jheel. Cone of depression 

forms around Mayapuri, Ashok Vihar, Peera Garhi and Mongol puri. Decline of about 10 meter 

is observed in Chhattarpur basin around Satbari and Bhatti mines (Fig. 8.12). 

 
 

 

Fig. 8.12: Simulated Depth to Water level 2020 

 

In the  year 2030 simulated depth to water level indicates decline of about 10 meter around 

Sainik Vihar, Mayapuri, Ashok Vihar, Peera Garhi and Mongol puri (Fig. 8.13). Around JNU 

and Jamali Kamali, decline in water level continues with respect to year 2020. Ground water 
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levels in southwestern part of Delhi are expected to remain stable. Rise in water level for about 5 

meter is observed in Defence Colony tehsil. This could be due to less ground water withdrawal 

than the recharge. 

Fig. 8.13: Simulated Depth to Water level 2030 

 

8.8 Limitations of the Model 

It is simply not possible to include every heterogeneity in the model. The model is based on 

limited available aquifer parameters such as hydraulic conductivity and storage as well as limited 

water level and flow data.The model was developed on a regional scale and is only capable of 
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predicting aquifer conditions at the regional scale. The model is applicable for assessing regional 

aquifer conditions resulting from ground water development over a fifteen year time period. 

 

The model itself was developed at a grid scale of 1090 m X 1090 m. The model is not capable of 

being used in its current state to predict aquifer responses at specific points such as a particular 

well in a particular tehsil. The model is ideal for refinement for more local scale issues related to 

specific water resource questions. Questions regarding local drawdown to a well should be based 

upon analytical solutions to the diffusion equation or a refined numerical model. This provides 

water levels representative of large volumes of aquifer. The model was built to determine how 

regional water levels will respond to ground water  development in future. 

 

However, this model does not simulate transport of solutes and cannot address explicitly water 

quality issues. The model also did not delineate specific regions within individual aquifer layers 

having potentially poor quality water not suitable as a ground water resource. Only a preliminary 

assessment of water quality is given in the report. 

 

8.9  Use of Model in Ground Water Management 

Ground water modeling results have been  used to estimate tehsil wise availability of total 

ground water resources and identify the recharge and discharge areas. Tehsil wise aquifer 

Management plans have been formulated after integration and analysis in GIS 

platform  based  on predicted ground water level obtained from modeling results.  
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9. AQUIFER MANAGEMENT PLAN 

 

Based on the available scientific data generated during the course of ground water exploration 

and hydrogeological surveys carried out by Central Ground Water Board over the years and that 

generated during the  Aquifer Mapping (NAQUIM) and the model results, an attempt has been 

made to formulate aquifer management plan to address specific ground water problems being 

faced in the State.  

 

9.1  Problems to be addressed   

9.1.1 Declining ground water levels 

Exponential increase in population coupled with increased urbanization and industrialization 

have led to increased water demand thereby leading to stress on the available ground water 

resources. In many areas in the State, ground water withdrawals have exceeded annual ground 

water availablility. As per the  latest ground water resource assessment (2013), 15 tehsils are 

over-exploited, where significant decline (more than 10 cm/year)  in ground water levels has 

been recorded during the past decade. The names of  Over-exploited tehsils are given in  Table 

9.1.  

Table 9.1: List of Over-exploited tehsils 

S.No. District   Over-exploited 

Tehsil 

1. Central Karol Bagh 

2. East Preet Vihar 

3. East Vivek Vihar 

4. New Delhi  Chanakya Puri 

5. New Delhi Connaught Place 

6. Northeast Seelampur 

7. Northeast Shahdara 

8. Northeast Seema Puri 

9. Northwest Model Town 

10. South  Hauz Khas 

11. South  Kalkaji 

12. Southwest Delhi Cantonment 

13. Southwest Vasant Vihar 

14. West Patel Nagar 

15. West Rajouri Garden 
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9.1.2 Rising ground water levels 

Instances of rising ground water levels have been reported in Siddhartha Nagar Extension, 

Sukhdev Vihar, New Friends Colony, Okhla Phase III and Maharani Bagh areas of South District 

leading to seepages in basements of buildings in  these areas.  All these areas are having bedrock 

at shallow depth and have negligible ground water withdrawal.  The study has indicated that in 

1980, depth to water levels in these areas was upto 5 mbgl. With the increase in urbanization and  

absence of adequate water  supply, dependence on ground water increased which led to decline 

in water levels as revealed by analysis of historical water level data of Delhi.  After the 

commissioning of  Sonia Vihar treatment plant in 2006, water supply in these colonies has 

considerably improved and dependency on ground water has reduced. This has led to rise in 

ground water levels causing seepages in basements of buildings.  

9.1.3 Poor ground water quality  

In alluvial aquifers, saline ground water occurs underneath fresh water. The depth to fresh – 

saline water interface varies from 10 to 80 m bgl.  In Saraswati Vihar tehsil of Northwest 

District, Punjabi Bagh tehsil of West District and Najafgarh tehsil of Southwest District, 

dominance of clay in the alluvial aquifer restricts the ground water movement. Sluggish flow of 

ground water  in such formations leads to longer  residence time resulting in increased salinity.  

In these tehsils, thickness of fresh water zones is very limited (0 to 20 m).  Moreover, in 

Najafgarh tehsil, Najafgarh lake and drain are the main sources of recharge to ground water. 

Problems of salinity and high nitrate along Najafgarh drain have been reported.  Western 

Yamuna canal passes through Narela tehsil, which leads to water logging and salinity.  Besides 

these, in many areas in the NCT, over-exploitation of ground water has resulted in upconing of 

saline water leading to reduced thickness of fresh water zones. About 10280 MCM of saline 

ground water resource is estimated to be available below the fresh water zones in 18 tehsils.   

9.1.4 Ground water pollution 

Presence of high nitrate and heavy metals in ground water has been reported in various parts of 

the State. Occurrence of high nitrate is observed mostly near drains, agricultural belts, parks   

and landfill sites. Heavy metals have been reported along Najafgarh drain, Yamuna flood plain 

and in the vicinity of landfill sites and industrial belts.  High concentrations of DDT have been 

reported from isolated pockets in South, North, Northwest, Southwest and west Districts.  
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9.2 Ground Water Management Plans 

For the purpose of ground water management, the entire NCT has been categorized into four 

zones viz. Zone I, Zone II, Zone III and Zone IV.  Zone wise ground water management plans 

have been formulated and are presented in Fig. 9.l and Table 9.2.  

 

Fig. : 9.1 Groundwater Management Plan , NCT Delhi 

9.2.1 Management Plan for Zone I  

Zone I comprises areas falling in Yamuna flood plain, southern part of Narela tehsil, Saraswati 

Vihar tehsil, Eastern part of Defence Colony tehsil and southwestern part of Najafgarh tehsil. 

This zone has been identified for ground water withdrawal and no additional artificial recharge is 

required. Shallow water level areas in Zone I (Civil Lines, Defence Colony, Gandhi Nagar, 

Kalkaji, Najafgarh,  Preet Vihar, Punjabi Bagh, Saraswati Vihar and Seelam Pur)  have been 

identified for further ground water development to avoid waterlogging. The volume of water 

available for development has been computed by multiplying the thickness of water column 

down to 8 mbgl by specific yield and area having ground water level 0-8 mbgl. It is estimated 

that about  120  MCM of  ground water  is available  upto  8 mbgl  in shallow  water  level areas,  
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Table 9.2: Aquifer Mangament Plan of NCT Delhi  

Zone  Characteristics  Tehsil Aquifer Management Plan 

Zone -I  Shallow water level  

area (< 8 mbgl) 

 Some of the areas 

have  poor quality 

ground water 

Narela, Saraswati Vihar, 

Civil Lines, Punjabi bagh, 

Najafgarh, eastern parts of 

Model Town,  Kotwali, 

Darya Ganj, Defence 

Colony and Kalkaji and 

western parts of Gandhi 

Nagar, Preet Vihar and  

Seelampur 

 Ground water withdrawal 

recommended 

 No additional artificial recharge 

interventions required 

 Poor quality water can be used for 

growing salt tolerant crops and can 

also be used after blending for uses 

other than drinking 

Zone II  Rising ground water 

level but deeper than 

8 mbgl. 

 Some of the areas 

have  poor quality 

ground water  

Area of Najafgarh Tehsil 

falling in the west of 

Najafagrh drain and 

western part of Saraswati 

Vihar  

 Recommended ground water and  

artificial recharge 

 Poor quality water can be used for 

growing salt tolerant crops and can 

also be used after blending for uses 

other than drinking 

Zone III  Declining water 

level 

 If pumping 

continues at present 

rate, upconing  of 

saline water may 

occur 

Delhi Cantt., Vasant 

Vihar, Hauz Khas, 

Kalkaji, Chanakyapuri, 

Connaught Place, 

Parliament Street, Karol 

Bagh, Paharganj, Rajouri 

Garden, western parts of 

Sadar Bazar, Defence 

Colony, Model Town and 

Kotwali,  eastern parts of 

Shahdara, Seelampur, 

Seemapuri, Punjabi Bagh,  

Preet Vihar, Vivek Vihar 

and Gandhi Nagar, 

northern part of  Narela, 

southeastern part of 

Najafgarh, eastern and 

central parts of Patel 

Nagar, southern part of   

Civil Lines and central 

part of Darya Ganj 

 No further ground water 

development  

 Regulation of existing ground 

water withdrawal 

 Artificial recharge may be taken up  

 Possibility of using tertiary treated 

waste water for recharge may be 

explored 

Zone IV Polluted ground water  

around Najafgarh drain, 

landfill Sites, Industrial 

belts etc 

Buffer zone upto 1 km on 

each side of the drain 

falling in Najagfagrh,  area 

around landfill sites and 

industrial belts 

 Ground water unsuitable for 

drinking and domestic water use 

 May be used only after proper 

treatment. 

 Landfill site should be selected 

based on hydrogeological survey 

and scientifically designed so as to 

avoid groundwater pollution. 

 Ensuring proper disposal of 

industrial solid waste and effluents 

after removal of various pollutants 
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which can be withdrawn and used (Table 9.3).  However, some part of this zone is having 

salinity problem.  In such areas, withdrawal of saline water for irrigating salt tolerant crops is 

recommended. Saline water can also be used after blending with fresh water for uses other than 

drinking.  

Table 9.3 : Ground water availability in shallow water level areas 

S No Tehsil Ground water available for development  

(in mcm) 

1 Connaught Place 0.4 

2 Darya Ganj 0.7 

3 Defence Colony 12.7 

4 Gandhi Nagar 1.1 

5 Kalkaji 5.1 

6 Kotwali 0.3 

7 Model Town 4.6 

8 Najafgarh 8.1 

9 Narela 23.5 

10 Preet Vihar 2.4 

11 Punjabi Bagh 11.2 

12 Sadar Bazar 0.5 

13 Saraswati Vihar 31.3 

14 Seelam Pur 7.0 

  Grand Total 120.6 

 

9.2.1.1 Utilizing Potential Aquifers underlying Yamuna Flood Plains 

Yamuna Active Flood Plain Aquifer System occupies an area of 97 sq.km and stretches about 35 

km along river Yamuna. The potential aquifers underlying the Newer Alluvium (Yamuna sand), 

which is predominantly silty sand, mixed with clay and gravel can be developed on sustainable 

basis adopting the technique of abstraction during the non-monsoon period and recharging the 

same aquifers during the flood season. Total thickness of Newer Alluvium varies between 45 to 

55 m. Aquifer system in Newer Alluvium is unconfined with shallow depth to water level (0.5 to 

3.50 m bgl) and can sustain the tubewells with yields ranging from 1400 to 2800 lpm.  

 

Four potential areas have been identified for  construction of  high yielding tubewells (CGWB, 

2013). These are Palla-Hiranki Sector, Akshardham Mandir- Mayur Vihar Sector, DND Flyover 

Sector and Kalindi Kunj-Jaitpur Sector. Table-9.4 shows the ground water potential of these 

sectors. From these four sectors, 85 MGD (386 MLD) of fresh ground water can be withdrawn  
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on sustainable basis. Delhi Jal Board has already installed 130 production wells in these sectors, 

which are presently yielding  196 MLD (45 MGD) water. There is still scope for withdrawal of 

additional 190 MLD (40  MGD) water in the remaining sectors. The dewatered aquifer zones 

would be recharged during the monsoon period through flood water. 

Table 9.4: Development plan of aquifers in Yamuna flood plain 

Name of the 

Sector  

Area  

demarcated  

No. of Tube 

wells already 

constructed  

No. of more  

Tube wells  

recommended  

Total  

No.  

of  

wells  

Proposed 

availability of 

water  

Potential 

already created 

by Delhi Jal 

Board 

Palla Sector Palla to Hiranki 92 Not 

recommended 

for further 

development 

92 168.202 MLD 

(37 MGD)  

136.38 MLD 

(30 MGD) 

 South of Burari to 

Wazirabad  

Pondage 

3 17 20 36.37 MLD  (8 

MGD)  

 5.455 MLD  

(1.2 MGD) 

Akshardham 

Mandir- 

Mayur Vihar 

Sector 

North of NH-24 to 

Railway track  

7 13 20  36.37 MLD (8 

MGD)  

12.73 MLD 

(2.8 MGD) 

South of NH 24 4 16 20 36.37 MLD (8 

MGD) 

7.274 MLD  

(1.6 MGD) 

DND Fly- 

Over Sector 

On both sides of 

DND Fly-over to 

Old Okhla Barrage 

19 11 30 54.55 MLD 

(12 MGD)  

34.55 MLD  

(7.6 MGD) 

Kalindi Kunj-

Jaitpur Sector 

South of Kalindi 

Kunj barrage to 

Jaitpur 

5 25 30  54.55 MLD  

(12 MGD) 

9.092 MLD  

(2 MGD) 

Total  130 82 212 386.412 MLD  

(85 MGD)  

 196.12 MLD 

(45.2 MGD) 

 

9.2.1.2 Development of fresh water aquifers along Western Yamuna Canal in Northwest district 

Potential aquifer zone has been identified along the Western Yamuna Canal flowing through the 

Northwest District.  The area is underlain by medium to coarse sand, admixed with varying 

proportions of kankar in general at shallow depths. These sand horizons, varying in thickness 

from 3 to 15 m, are predominant upto  depth of about 70 to 75 m at Bawana, 112 m at Sanoth 

and upto 88 m at Barwala. Along the Western Yamuna Canal alluvium consisting of fine to 

medium grained sand is present with thickness varying between 34 m at Bawana and 20 m at 

Khera Kalan. Sand layer is underlain by Older alluvium consisting of silty sand mixed with clay 

and kankar down to depth of about 80 m towards Bawana and 70 m at Khera Kalan. Minor 

intercalations of clay mixed with kankar are present as lenses within this silty sand layer. Below 

this horizon, alluvium is predominantly clay mixed with kankar and minor silt.  
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A thick column of fresh water aquifer system exists down to depth of 50 m  in the vicinity of 

Western Yamuna Canal and its thickness decreases away from the canal. In the villages east of 

Bawana, Khera Khurd, Nayabas, North of Shahbad, thickness of fresh water aquifers is about 35 

to 45 m. In the villages of Puth Khurd, Barwala, North of Sanoth and Holambi Khurd, the 

thickness of fresh water aquifers is about 15 to 25 m.  The existence of thick column of fresh 

ground water aquifers beneath Western Yamuna Canal is due to infiltration of fresh water from 

the canal and flushing of entrapped saline water from thses aquifers. This is due to highly porous 

soil media existing in this area.   

 

The fresh ground water aquifers underlying Western Yamuna Canal can be used by constructing 

tubewells of depth 40 to 50 m all along the canal. The discharge of these tubewells will be about 

600 – 800 LPM amd these tubewells can be used for12 to 15 hours per day. These tubewells can 

yield about 5 MGD of water.   

9.2.2  Management Plan for Zone II 

Zone II  covers major part of Najafgarh tehsil in the west of Najafgarh drain and a small area in 

the western part of Sarasvati Vihar Tehsil. Though rise in ground water  levels has been recorded 

in this zone, depth to  water levels varies from 10 to 20 mbgl. This area is agriculture dominated 

area. Return flow from irrigation and seepage from canal in Sarasvati Vihar tehsil and from drain 

in Najafgarh tehsil recharge ground water. Najafgarh lake having an area of 30 sq km is being 

continuously fed by Badshahpur drain at the rate of 100 cusec/ day and is major source of 

recharge in Najafgarh tehsil. It has been observed that less water intensive crops are being grown 

in these areas in place of wheat and paddy leading to reduced water demand.    

 

There is, therefore, scope for ground water withdrawal as well as recharge. However, some part 

of this zone is having salinity problem.  In such area, withdrawal of saline water for irrigating 

salt tolerant crops is recommended.  

9.2.3 Management Plan for Zone III 

Zone III covers southern part of Delhi covering South, Southwest, Central, New Delhi, East, 

Northeast, parts of North, Northwest and West Districts. In these areas, depth to water level is 

more than 8 mbgl and analsis of historical water level data reveals that there has been continuous 
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decline in water levels. Adoption of artificial recharge measures is recommended in this zone. To 

reduce the dependency on ground water, it is recommended that use of grey water should be 

promoted. As per the Report of the Committee on ‘Proposal of Rain Water Harvesting and 

Ground Water Recharge in NCT Delhi’ brought out by CGWB (2013), at present out of 3304 

MLD of treated sewage, only 663 MLD treated effluent from different seage treatment plants  is 

being reused. Possibility of utilizing treated effluent  generated from Sewage Treatment Plants 

after tertiary treatment for artificial recharge needs to be explored.  

 

A total of 26 tehsils falling in zones II and III having ground water levels deeper than 8 mbgl 

have been identified for artificial recharge. The total volume of unsaturated aquifer available for 

recharge has been estimated based on thickness of aquifer between 3 mbgl to the depth of water 

level and multiplying with specific yield and area. The post monsoon water level map of 

November, 2015 has been considered to determine the unsaturated zone.  Landuse/ landcover 

map prepared  using LISS-III satellite imagery has been used to estimate runoff on the basis of 

landuse pattern by identifying agricultural area and urban area. Accordingly, runoff coefficients 

have been assigned to respective class and have been used to estimate the runoff. The availability  

of  surplus runoff  has been computed by taking 50 per cent of  monsoon runoff and remaining 

50 per cent has been left aside for majntaining ecological flow. Tehsil-wise artificial recharge 

plan is given in Table 9.5.  

Table 9.5: Tehsil wise Artificial  Recharge Plan  

S. No Tehsil Names 
No. of Recharge Shaft 

and Recharge Trench
 

RTRWH 
 

No. of Check 

dams 
 

Cost estimates in 

lakhs 
 

Remarks
 

1 Chanakya Puri  295 11700 1 904  
 

2 Civil Lines 722 0 0 2167 
85 % area falls in shallow water 

level area and YFP 
 

3 Connaught Place 65 1941 0 195  
 

4 Darya Ganj  118 0 0 354 
60 % area falls in shallow water 
level area and YFP 

 
5 Defence Colony 

160 0 0 481 
Recharge feasible only areas in 
western part.Remaining area 

shallow water
 

6 Delhi Cantonment 1877 15975 0 5630  
7 Gandhi Nagar 8 0 0 24 Most of the area falls in YFP 

 
8 Hauz Khas  5700 37734 5 17199  

 
9 Kalkaji  260 0 0 779 

Remaining area shallow water 
level

 10 Karol Bagh 35 2527 1 124  
 

11 Kotwali  0 100  0 0 
80 % area falls in shallow water 

level area and YFP(Eatsern Part). 
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12 Model Town 
156 0 0 467 

Recharge feasible only areas in 
western part of Chhatrsal stadium. 

Remaining area shallow water 

level.
 

13 Najafgarh 
6721 72816 0 20164 

recharge feasible in eastern part of 

Tehsil. Daulatpur, Raota,Jhuljhuli 
& Shikarpur Area along Najafgarh 

drain shows rising WL trend.
 

14 Narela 300  7000  0 25545 
recharge feasible in northern part 

of Tehsil 
 15 Pahar Ganj  63 5025 0 190  

 
16 Parliament Street 140 4162 1 439  
17 Patel Nagar 299 33628 0 896  

 
18 Preet Vihar  273 23461 0 818 

Recharge feasible Except areas 

near to flood Plain.
 

19 Punjabi Bagh  719  34722  0  2157  
Around 70% area in thewest is 
shallow water leel and poor quality  

20 Rajouri Garden 66 11728 0 197  
 21 Sadar Bazar 9 0 0 28  
 22 Saraswati Vihar 0 0 0 0 shallow water level

 23 Seelam Pur 113 0 0 338  
 24 Seema Puri 191 8859 0 574  
 25 Shahdara 12 4631 0 37  
 26 Vasant Vihar 4244 21075 4 12813  
 27 Vivek Vihar  160 7416 0 480  
 

  Grand Total 22706 304500 12 93000  
  

In parks and gardens, recharge trenches and recharge shafts are proposed to be constructed.  

Roof top rain water harvesting structures are proposed in areas where feasible. Congested areas 

like Chandni Chowk, Shahdara, Seelam Pur, Seema Puri, part of Darya Ganj  etc., where plot 

sizes are very small and/ or open land is not available for construction of recharge facility have 

been excluded.  Area falling under Ymauna flood plain has also been excluded as these areas get 

naturally recharged. Check dams have been proposd to be constructed in hilly areas. However, 

for location of site for construction of check dams, detailed field studies would need to be 

undertaken. A total of 22706 recharge trenches with recharge shafts, 304500 roof top rain water 

harvesting structures and 12 check dams are proposed to be constructed. It is estimated that 

expenditure of Rs. 930 crore would need to be incurred on construction of recharge trenches cum 

shafts and check dams. Cost of roof top rain water harvesting structures has not been worked, 

since it is assumed that cost of these would be borne by the individuals.  

 9.2.4 Management Plan for Zone IV   

Zone IV lies in the buffer zone extending one km on each side of the  Najafgarh drain. Ground 

water in this zone is highly polluted. Presence of heavy metals has been reported in ground water 

along the drain. Therefore, ground water in this zone is unsuitable for  drinking and irrigation 
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purposes. Water levels in this zone are shallow. Therefore, it is recommended that ground water 

should be used only after proper treatment.   

 

Anthropogenic activities have been identified as the major cause of ground water pollution. 

Occurrence of nitrate has been reported near  drains, agricultural lands and landfill sites. 

Similarly, presence of heavy metals (beyond permissible limits) is mostly restricted to industrial 

areas, landfill sites and Najafgarh Drain. Pesticides and bacteriological parameters have also 

been reported in isolated pockets. It is recommended that landfill sites should be selected after 

conducting hydrogeological surveys to minimize the risk of ground water pollution. Landfills 

should be designed scientifically so that no leachate percolates to reach and contaminate ground 

water. There should be strict monitoring of waste disposal in industrial belts. Industrial effluents 

should be discharged only after proper treatment.  

9.2.5   Use of saline water 

In NCT Delhi, fresh ground  water is underlain by saline/ brackish water. The over-exploitation 

of ground water in various parts has not only resulted in depletion of fresh ground water 

resources but has also led to gradual upconing of saline water.  To check upconing of saline 

water, it is essential to withdraw saline/ brackish water. It is estimated that out of 13491 MCM of 

total ground water resources 10284 MCM resource including 19 MCM of replensihable resource 

is saline. Poor quality ground water is present in Darya Ganj, Saraswasti Vihar, Punjabi Bagh, 

Najafgarh, Civil lines, Defence Colony, Delhi Cantonment, Model Town, Narela, Patel Nagar, 

Preet Vihar, Rajouri Garden, Seelam Pur, Seema Puri, Shahdara, Vasant Vihar and Vivek Vihar 

tehsils. Tehsil wise availability of saline ground water resource is given in Table 6.4. Poor 

quality ground water can be withdrawn and used for growing salt tolerant crops like cotton, 

wheat, guar, chickpea, soyabean, sugarcane, sunflower etc.  in agricultural belts. In rest of the 

areas, saline water can be used after blending for uses other than drinking.  Withdrawal of saline 

water will lead to void space in the aquifer, which when recharged during subsequent monsoon, 

will help in improving the water quality.  

9.2.6  Water Conservation 

Water conservation is an important tool for reducing water demand.  Water use efficiency 

measures can lead to significant reductions in water and sewage treatment costs. In many 

instances, people are habitual of wasting water, like leaving the tap running while brushinh teeth 
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and using old appliances like toilets which were built before conservation standards came into 

effect. Water conservation will require changing habits and re thinking the way we use water.  

 

Water use efficiency is not only a matter of using less water through restrictions, it also entails 

careful management of water supply resources, use of water saving technologies, reduction of 

water demand etc. It is generally defined as “the socially beneficial reduction of water use or 

water loss”. There are wide  varieties of water use efficiency  measures, which can be employed. 

These include: 

 Regulatory Measures: These include both mandatory and enabling legislation, regulations, 

policies, standards and guidelines. These can be used to establish barriers against 

unnecessary water use.  

 Economic and Financial Measures: These include both incentives and disincentives and can 

be used to convey the message that water is valuable and can help in motivating the people to 

reduce water use. 

 Operational and Maintenance Measures: These include structural or physical improvements 

and installation of water use efficient devices or processes. 

 Communication and Educational Measures: These include mass awareness campaigns, 

distribution of printed material, displaying of exhibits, posters, video films etc. These can 

encourage voluntary water conservation actions.  

 Market Development Measures : These serve to increase availability of water use efficient 

products and services as well as to encourage improvements and innovations in product 

development.   
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10.  SUMMARY AND RECOMMENDATIONS 

 

10.1  Summary 

1. The National Capital Territory of Delhi covering  an area of 1483 sq km is occupied by 

quartzite inter-bedded with mica schist belonging to Delhi Super Group (Delhi ridge) 

overlain by unconsolidated sediments of Quaternary to Recent age. The thickness of 

overlying alluvium is highly variable on eastern and western sides of the ridge. It is generally 

thicker (>300m) on west of the ridge. The Quaternary deposits in the form of aeolian and 

alluvial deposits constitute the major repository of ground water in the area.  

2. Delhi ridge acts as the recharge zone for surrounding areas of Delhi.  A number of micro-

watersheds originate from the quartzite ridge. The geographical area of NCT Delhi is broadly 

divided into seven drainage basins, ultimately discharging into the river Yamuna. Swampy 

areas are common along the flood plains of Yamuna. 

3. Aquifer mapping programme has been taken up by Central Ground Water Board during the 

XII Five Year Plan for sustainable development and management of ground water resources 

with the objective of generating micro level hydrogeological data for understanding the 

ground water system, to prepare Aquifer maps on 1:50,000 scale, depicting the extent and 

geometry of the aquifer system and to formulate suitable aquifer management plans. 

4. VES data indicates that fresh water sediments are followed by the saline water sediments. 

The thickness of fresh water sediments is thin in major parts of NCT, Delhi.  The depth to 

fresh – saline water interface  varies from 10 m bgl to 80 m bgl. Ground water quality below 

fresh saline water interface is saline all through upto the bedrock.  At a few locations like 

Dhansa, Qutabgarh and Bankner saline ground water is present at a very shallow depth range.  

5. Trend analysis of Pre-monsoon water during the past decade (2005 – 2015) indicates 

declining trend of ground water levels in most parts of the State. Majority of wells analysed 

have registered declining trend of less than 1 m/year. Declining rate between 2 and 2.99 

m/year has been observed in isolated pockets in Chhattarpur basin and more than 3 m/year 

has been recorded in isolated pockets of New Delhi and Northwest districts. Rising trend in 

ground water levels has been observed in parts of South, East, Northeast, North and 

Northwest districts along river Yamuna and New Delhi, West and Southwest districts.  
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6. Electrical conductivity value of ground water in Delhi has been found to vary from 291 to 

15,220 µS/cm at 25ºC. EC in excess of 3000 µS/cm
 
value has been observed in parts of  

Northwest, North,  West  and Southwest districts.  Nitrate in excess of maximum permissible 

limit has been reported from localised pockets in Northwest, Northeast, West, North, East, 

Central, Southwest, New Delhi District and  South districts.  Higher nitrate concentration in 

ground water has been reported along the drains carrying sewage. Excess Fluoride has been 

reported from major parts  of Northwest and Southwest districts and  isolated pockets in 

Northeast, West, North, East,  Central  and South districts.  Excess of heavy metals has been 

reported along industrial belts, landfill sites and major drains carrying sewage water.  

7. All the available data as well as data generated during the course of present study were 

integrated and aquifer disposition maps were prepared. Aquifer disposition shows presence 

of quartzite rock (ridge) running  in the NE-SW direction and presence of thick pile of 

alluvial sediments on both sides of the quartzite ridge. Sand is in abundance towards the 

eastern side along the river Yamuna. Clay is abundant in Northern and Northwestern parts 

while  silt/ silt with kankar is in abundance in the Southwestern and Southern parts of Delhi. 

In alluvium, sand and silt with kankar form the potential aquifer zones.  In quartzite, 

weathered and fractured zones form potential aquifers. 

8. The DRASTIC analysis has indicated that areas along Yamuna flood plain and shallow water 

level areas are prone to ground water pollution. Overall potential for ground water becoming 

polluted is lowest in Delhi ridge area.  

9. Aquifer response model was developed for steady state and transient state. For modeling purpose 

phreatic aquifer comprising alluvium and weathered zone has been considered. Therefore, single 

layer model is conceptualized. Alluvium and weathered quartzite are hydraulically connected and 

do not show significant change in phreatic water level. 

10. The model predicts that in 2020, water levels continue to rise in southwestern part of NCT 

Delhi, as it gets recharge from Najafgarh Jheel. Cone of depression forms around Mayapuri, 

Ashok Vihar, Peera Garhi and Mongol Puri. Decline of about 5 meter is observed in 

Chhattarpur basin around Satbari and Bhatti mines. In the  year 2030 simulated depth to 

water level indicates decline of about 10 meter around Sainik Vihar, Mayapuri, Ashok Vihar, 

Peera Garhi and Mongolpuri. Around JNU and Jamali Kamali, decline in water level 

continues with respect to year 2020. Ground water levels in southwestern part of Delhi are 
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expected to remain stable. Rise in water level of about 5 meter is observed in Defence 

Colony tehsil. This could be due to less ground water withdrawal than the recharge. 

 

10.2  Recommendations   

1. Areas with rising water level- Eleven  tehsils viz. Civil Lines, Darya Ganj,   Sadar Bazar, 

Kotwali, Defence Colony, Gandhi Nagar, Kalkaji,  Preet Vihar, Model Town, Connaught Place and 

Seelam Pur  having  shallow water levels have been identified for ground water development.  It 

is estimated that 120 MCM  ground water can be safely withdrawn. 

 

2. Areas with rising water level but depth ot ground water level more than 8 mbgl - There 

are some areas like Najafgarh tehsil and western part of Saraswati Vihar tehsil showing rising 

ground water levl, but the depth to water level in these areas is more than 8 mbgl. Such areas are 

recommended for ground water withdrawal as well as recharge.  

3. Area with declining water level- Rain water harvesting and artificial recharge measures are 

recommended in areas showing declining ground water levels. Artificial recharge plan has been 

formulated  in 26 tehsils having depth to ground water level more than 8 mbgl.    

4. Areas having polluted ground water quality - Ground water is highly polluted and is not fit 

for drinking and irrigation purposes along the Najafgarh drain, landfill sites and industrial belts. 

It is recommended that ground water should be used only after proper treatment. Site selection 

and design of landfill sites should be based on sound scientific considerations. There should be 

strict monitoring of waste disposal in industrial belts.  

5.  Yamuna flood plain – Through various studies conducted by CGWB, four potential areas 

have been identified for  construction of  high yielding tubewells viz. Palla-Hiranki Sector, 

Akshardham Mandir- Mayur Vihar Sector, DND Flyover Sector and Kalindi Kunj-Jaitpur 

Sector. From these four sectors, 85 MGD (386 MLD) of fresh ground water can be withdrawn  

on sustainable basis. Delhi Jal Board has already installed 130 production wells in these sectors, 

which are presently yielding  196 MLD (45 MGD) water. There is still scope for withdrawal of 

additional 190 MLD (40  MGD) water.   

6.  Fresh water aquifers along Western Yamuna Canal in Northwest district - A thick 

column of fresh water aquifer system exists down to depth of 50 m  in the vicinity of Western 
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Yamuna Canal and its thickness decreases away from the canal. The existence of thick column of 

fresh ground water aquifers beneath Western Yamuna Canal is due to infiltration of fresh water 

from the canal and flushing of entrapped saline water from thses aquifers. These aquifers  can be 

used by constructing tubewells of depth 40 to 50 m all along the canal, which can yield 5 MGD 

water.      

7. Area with saline ground water - In Delhi, fresh ground water is underlain by saline/ brackish 

water. Over-exploitation of ground water in certain areas has not only resulted in depletion of 

fresh ground water resources but has also led to gradual upconing of saline water.  It is estimated 

that out of 13491 MCM of total ground water resources, 10284 MCM resource including 19 

MCM of replensihable resource is saline. It is recommended to withdraw poor quality water, 

which can be used for growing salt tolerant crops like cotton, wheat, guar, chickpea, soyabean, 

sugarcane, sunflower etc.  in agricultural belts. In rest of the areas, saline water can be used after 

blending for uses other than drinking.  Withdrawal of saline water will lead to void space in the 

aquifer, which when recharged during subsequent monsoon, will help in improving the water 

quality.  

8. Water Conservation - Water use efficiency measures are recommended to reduce  water 

demand. Water conservation will require changing habits and  rethinking the way we use water.  

Water use efficiency measures besides using less water through restrictions also involve careful 

management of water supply resources, use of water saving technologies, reduction of water 

demand etc. Water use efficiency can be achieved through regulatory measures, economic and 

financial measures, operational and maintenance measures including installation of water 

efficient devices and through creating awareness among the users. Besides these Market 

Development Measures aimed at increasing the availability of water use efficient products and 

services and to encourage improvements and innovations in product development are essential.  
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