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6.5 

Water in the Community 

 

 
MRIIRS Weblink to SDG 6:  

https://mriirs.edu.in/sdg06-clean-water-and-sanitation/ 

 

 

 

 

 

 

 

 

 

6.5.3 Off-Campus Water Conservation Support 
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Off-Campus Water Conservation Support by MRIIRS: 

 

MRIIRS with the funding of Department of Science and Technology, Government of 

India, has created rainwater recharge structure at officer’s colony, sector 15A 

Faridabad, Haryana, India for water co-solving logging and groundwater 

depletion as a pilot project and with the hope to replicate it in entire city area.  

 

As evidence in support to 6.5.3 details of the project, photographs and video 

of constructed structure to solve the water logging problem is available. 

Feedback of local resident about the effectiveness of structure is 

presented, All the data are available in public domain through, newspaper & web 

site of MRIIRS. 

 

✓ Video of Construction of Structures for Co-solving of Water Logging 

and Ground Water Depletion Issues in Sector 15A of Faridabad City 

of Haryana State of India: 

 

 

✓ Video of interview of one of the residents of Sector 15A of Faridabad 

City of Haryana State of India: 

 

 

 

 

 

 

 

 

https://mriirs.edu.in/SDG/Constructionofstructure.mp4
https://mriirs.edu.in/SDG/interviewofresidents.mp4
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Co-solving of Water Logging and Ground Water Depletion Issues in Sector 

15A of Faridabad City of Haryana State of India  

Urban waterlogging and groundwater depletion are two diverse but major challenges 

of Indian cities under changing climatic conditions. The enhanced extreme events of 

rainfall in recent years along with rapidly altered hydrological conditions in urban 

environment pose conducive situation for urban water logging. On the other hand, 

intense and large withdrawal of groundwater, higher than the natural annual 

recharge has depleted the groundwater level severely in many Indian cities. A pilot 

project is executed in Faridabad Smart City of National Capital Region India, to 

combat water logging and to rejuvenate groundwater resource. 

 

In the study all steps were undertaken meticulously, beginning from hydrogeological 

study, site selection, rainfall analysis, calculations of runoff generation, framing well 

design after identification of suitable recharge zones within depleted aquifer and 

determination of its intake capacity. It further elucidates estimation of suitable 

dimension of desilting chamber, fixing suitable dose of ferric chloride for coagulation 

and assessment of recharge volume. The constructed recharge system is tested 

whether it is working effectively as per the feedback obtained from independent 

sources. It has high scalability in similar hydrogeological situation in other parts of 

India. 

 

 

 

 

 

 

 

 

Picture of Actual Waterlogging in the Officer’s Colony Area of Sec-15A, Faridabad 

City of Haryana State of India 
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Details of Project: 

The project of 36 months duration with 0.7012 crore budget, submitted with the title 

“Co-solving water logging and groundwater depletion issues in parts of 

Faridabad Smart City using Underground Taming of Flood Water for 

Aquifer Storage and Recovery” to the Department of Science and Technology, 

Government of India, got sanctioned to Manav Rachna CAWTM in May 2021.   

 

• Under this investigation it was proposed to divert the urban flash flood creating 

water logging condition and is hampering day-to-day life during monsoon period 

to improve the groundwater condition within the depleted aquifer. This aquifer 

storage and recovery project of taming urban flood water is addressing two 

critical issues of urban hydrology to improve the sustainability.  

✓ Developing solutions to the street water logging and groundwater depletion 

through Underground Taming of Flood water (UTF) for Aquifer Storage 

Recovery (ASR) in Faridabad Smart City. 

✓ Identification of suitable aquifer zones for recharge in the Faridabad Smart 

City 

 

• Impact Assessment: Under this sponsored project, MRIIRS with the funding of 

Department of Science and Technology, Government of India, has created 

rainwater recharge structure at officer’s colony, sector 15A Faridabad, Haryana, 

India for water co-solving logging and groundwater depletion as a pilot project 

and with the hope to replicate it in entire city area.  

✓ Real time monitoring of groundwater level, temperature, and electrical 

conductivity for impact assessment on the ground water system. 

✓ Periodic monitoring of groundwater quality to assess the impact of Aquifer 

Storage and Recovery through comparison of the source water and product 

water. 

✓ To study the reduction in energy consumption for groundwater pumping due 

to UTF & ASR 

 



  SDG 6- CLEAN WATER AND SANITATION 

  

  MANAV RACHNA INTERNATIONAL INSTITUTE OF RESEACH AND STUDIES, FARIDABAD 

 

• Project Investigators: Dr. Arunangshu Mukherjee (Principal Investigator- PI) 

                               Dr. Nidhi Didwania (Co- PI) 

                               Ms. Alifia Ibkar, Research Assistant 

 

• Capacity Building for Replication: Capacity building of Urban Local Body 

(ULB) officials such as Municipal Corporation Faridabad (MCF), Haryana Shehri 

Vikas Pradhikaran (HUDA) & Faridabad Smart City Limited (FSCL) etc related to 

Underground Taming of Flood water (UTF) for Aquifer Storage Recovery (ASR). 
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Construction of Structures for Co-solving of Water Logging and Ground Water Depletion Issues in 

O      ’  C       Sector 15A of Faridabad City of Haryana State of India 
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Inspection of site - O      ’  C       Sector 15A of Faridabad City of Haryana State of India 
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Constructed Structure at O      ’  C       Sector 15A of Faridabad City of Haryana State of India 
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Media Coverage: 

 

 

✓ The Project sanction order by Department of Science and Technology is 

appended. 

✓ NoC by Faridabad Smart City Limited for Construction of Structures. 

✓ The book chapter published related to this DST sponsored work titled 

‘Combating urban waterlogging with support from underlaying over 

exploited aquifer: A case study from India’ is also appended. 
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FARIDABAD SMART CITY LIMITED
Regd. Office.: Municipal Corporation Faridabad B.K Chowk N.I.T. Faridabad Haryana l2l00l
Corp. Office.: Plot No. 35, Nain Sadan, 3'd floor, Sector-20A, Faridabad
Email: faridabadsmartcitylimited@gmgil.com I Website: -www.smartcityfaridabadlco.in
Tel:9599780918 GSTIN.O64'A. CCF 9 I93LI Z4

To
Superintending Engineer
B&R Division, Faridabad.

Memo No. FSCL/ENGG/2O2 1 t b\} Date:18.08.2021

Subject: NOC for construction of recharge structure and transfer of rights regarding

Manav Rachna International Institute of Research and Studies in association with Faridabad
Smart City Limited is "planning to construct recharge structure in following listed locations for co-
solving the water logging and groundwater depletion issue in parts of Faridabad Smart City area.

This project is funded by Department of Science and Technology (DST), Government of
India. The proposed structures are to be built in government land and after construction will be handed
over to concerned department for further monitoring and maintenance after the project period of 36
months.

Faridabad Smart City Limited is associated in hand holding of Manav Rachna International
Institute of Research and Studies in this project as the expected benefits are for Faridabad City area"

The NOC is required for utilizing the government land for construction of recharge structure only. The
NOC in this regard is required for a period of three years only to MRIIRS for execution of said project
(representation of MRIIRS is attached for reference).

Deputy General Manager (E)

Faridabad Smart City Limited, Faridabad

CC: -

l. Ld. CEO, FSCL- for kind information please.

2. Technical Advisor, FSCL- for kind information please.
3" Dr. Aunangshu Mukherjee, Director, CAWTM, MRIIRS.

Sh. ffiind Kumar
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Combating urban waterlogging with support from underlaying over exploited aquifer: 

 A case study from India 

 

Arunangshu Mukherjee*, Nidhi Didwania, Sneha Rai, Sandeep Kumar,  

Priya Pahil, NC Wadhwa and Dipankar Saha 
Manav Rachna Center for Advance Water Technology and Management,  

Manav Rachna International Institute of Research and Studies, Faridabad 121001 India 

*arunangshu.fet@mriu.edu.in 

 

ABSTRACT 
Urban waterlogging and groundwater depletion are two diverse but major challenges of Indian cities under 

changing climatic conditions.  The enhanced extreme events of rainfall in recent years along with rapidly altered 

hydrological conditions in urban environment pose conducive situation for urban water logging. On the other 

hand, intense and large withdrawal of groundwater, higher than the natural annual recharge has depleted the 

groundwater level severely in many Indian cities. A pilot project is executed in Faridabad Smart City of National 

Capital Region India, to combat water logging and also to rejuvenate groundwater resource. 

 

In the study all steps were undertaken meticulously, beginning from hydrogeological study, site selection, rainfall 

analysis, calculations of runoff generation, framing well design after identification of suitable recharge zones 

within depleted aquifer and determination of its intake capacity. It further elucidates estimation of suitable 

dimension of desilting chamber, fixing suitable dose of ferric chloride for coagulation and assessment of recharge 

volume. The constructed recharge system is tested whether it is working effectively as per the feedback obtained 

from independent sources. It has high scalability in similar hydrogeological situation in other parts of India. 

 
Key words: Faridabad, Groundwater, Over-exploitation, Recharge, Flash food, Urban hydrogeology 

 

1. INTRODUCTION 

Incidence of prolong water logging in areas of cities and towns are increasingly reported 

worldwide and particularly from India in the light of changing global climate. There are several 

origin of such urban water logging creating frequent threat for infrastructure damage, economic 

loss and social unrest (Chen et al 2021, Roy et al 2021, Wei et al 2020). Environmentalist and 

town planners are looking for effective interventions. On the other hand, several Indian /world 

cities are hugely dependent on groundwater source for meeting up their daily requirement of 

water (Howard and Israfilov 2002, Schirmer et al 2013,Casanova et al 2016,Saha et al 2018). 

It exerts unprecedented stress on the under lying aquifers.  

India is critically dependent on its aquifers, with an annual groundwater extraction, as per the 

latest estimation, as 244.92 billion m3 (CGWB 2021), which is currently world’s highest annual 

draft from a single country. As a result, in India nearly 16% groundwater assessment units are 

categorized as over-exploited where annual draft exceeds annual dynamic groundwater 

recharge. Large part of these over-exploited units is concentrated in the north & north-western 

parts of the country and also in the south & south-eastern states of country (Fig. 1 CGWB 

2021). Further, nearly 20% of the other assessment units are grouped under semi-critical, 

critical and saline category. Therefore, only 64% of assessment unit are still remained under 

safe category having less than 70% extraction of annual dynamic recharge. Many of them are 

even potentially low in groundwater resources. The distribution of over-exploited assessment 

units shows that the aquifer underlying them are largely alluvial in nature in the northern and 

north western parts of India and occupied lithologically by deposits of Quaternary age. Due to 

excessive irrigational and domestic extraction, groundwater level in these overexploited units 

have depleted severely. To overcome such an environmental challenge, rainwater harvesting 
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and artificial groundwater recharge has been practices as supply-side intervention along with 

demand-side interventions like, crop rotation, crop diversification, behavioural change and 

adopting improved irrigation technology. 

The paper highlights the pilot project on artificial recharge of the depleted aquifers in the 

Faridabad urban area. The city suffers from water logging during monsoon, the frequency of 

which has increased due to the climate change. The Pilot Project offers a scalable eco-friendly 

solution to combat water logging by diverting the water into the underlaying over-exploited 

aquifers. 

1.1 Study Area 

The site is located in one over-exploited assessment units i.e., Administrative Block Faridabad 

of Haryana state, India. The intervention site is located at Officers’ Colony of Sector-15A, 

Faridabad (28°23'45.50"N, 77°19'6.96"E, 53H/7). The Colony is having 3.25-hectare open 

area. Geo-morphologically the Faridabad area is represented by alluvial plain, bounded by 

residual hills of Aravalli in the west and the Yamuna River (flows from North to South) in the 

East. The regional slope of the area is towards south-east. The elevation of the area is 201m 

FARIDABAD 

Fig-1 Location map of study area with groundwater over exploited units in India in red  
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above mean sea level (msl). Geologically, the area is occupied by Quaternary Older Alluvium.  

which is having a thickness of over 200m underlain by quartzite of Alwar Group, Delhi Super 

Group (Palaeo-Proterozoic age) (Ref?). 

IN Faridabad urban area the settlements are aligned along the north-south running railway line, 

Agra-Gurugram canal and National Highway (NH-19). The spread of township is also 

constrained by the Aravalli ranges in the western side and the Yamuna river in the eastern side. 

The population density along the NH-19 is higher and gradually reduces towards eastern and 

western side.  

2. METHODOLOGY 

To investigate the water logging and its cause at the same time the condition of the aquifers 

underlying in the study area, following investigations were carried out: - 

1. Analysis of long-term, short-term and daily Rainfall  

2. Calculation of runoff generating from rooftop area, paved area and open/green area of 

colony. 

3. Estimation of dimension and construction of de-siltation and coagulation chambers. 

4. DGPS survey of Colony area to locate pinpoint site for the structure. 

5. Surface geo-physical investigation to generate first-hand knowledge about the 

geometry of aquifer. 

6. Drilling of pilot hole by rotary method, preparing litho-logs, examining the sediments 

7. Borewell geo-physical logging applying short normal, long normal and self-potential 

resistivity to confirm the lithological log prepared. 

8. Detail design of the recharge well and the filter material  

9. Development of the well to make it mud free and construction of the well. 

10. Sludge test for determination of well performance and aquifer properties. 

11. Computation of quantum of recharge and rate of recharge as per actual field conditions 

during Monsoon. 

3. HYDROGEOLOGICAL AND HYDROLOGICAL SETUP 

The study area is underlain by unconsolidated aquifers with predominant primary porosity. 

Lithologically, the Colony area in particular is underlain by silty clayey sand, silty sand, clayey 

silt and medium sand with silt up to 60m depth. The silty clay sand prevails down to 21m and 

a clay horizon occurs between 33 to 36mbgl. The litholog made from the drill cut samples and 

the sub-surface geo-physical log is given in the Fig.2.The annual water level in the Colony area 

is below 50m. The Transmissivity of the aquifer ranges between 145 and 875 m2 / day and the 

storativity ranges from 1.03× 10-5to 3.85 ×10-5. The discharge varies from 1060 to 2300 lpm 

with a drawdown of 4 to 40m (CGWB 2015). 

Upper part of the lithological section in the study area is clay and thus acts as an aquitard. This 

aquitard prevents infiltration of runoff and promotes water ponding in the area. The Colony 

area is located in the densely populated part of the city and having higher paved area/ rooftop 

those further reduces infiltration. Thus, geogenic and anthropogenic factor together create a 

conducive condition for water logging. Further due to changing climatic conditions extreme 

events of rainfall have increased in recent years. Hydrogeologically, the aquifers in the area 
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remains under semi-unconfined to confined condition where stage of groundwater 

development remains as > 100%.       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Composite graph of bore hole geophysical log, lithology, grain size and well assembly. 

 

 

3.1 Depth of Water Level 

Water level within the City area and in the adjacent parts of the Faridabad block varies between 

20 and 77m bgl.. The DTW map (Fig. 3) clearly depicts that the deepest water levels are 

observed within the township area of Faridabad, along the National Highway. The levels 

gradually become shallower in the east and west side. In the < 3m zone, the water level however 

Particle 
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remains between <1 and 2.75m bgl. Further, area having water level between 3 and 10m bgl is 

observed surrounding < 3m zone. Largely in the Aravalli hills area, water level is found 

between 20 to 40m bgl, whereas along the River Yamuna, it varies from 10 to 40m bgl during 

pre-monsoon period.     Deeper groundwater level, > 40m bgl occurs in the central part of the 

township in an elongated stretch in north-south direction (up to Gurgaon canal) and then the 

alignment turns towards south-eastern direction between Ballabhgarh and Dayalpur. In three 

detached patches deepest-water level (>60m bgl) have been identified, around Sharma colony, 

Asian hospital, and Sector-70 (Fig. 3). 

3.2 Groundwater Flow Map 

     The water level contour map reveals formation of groundwater trough along the north-south 

aligned National Highway, extending towards the Dayalpur area. It also reveals recharge from 

Aravalli hills and flow from waterlogged area (along Yamuna?) towards the central trough. In 

regional scale groundwater flow direction is towards the Yamuna River but locally within the 

city area, it has been totally altered. Recharge of groundwater from river Yamuna towards the 

central trough zone can be seen (Fig. 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 Fig 3. Depth to water level map of Faridabad district, Pre-Monsoon 2022 

Sector 15A  
Officers 

colony 
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                 Fig 4. Water level contour map of Faridabad district, Pre- Monsoon 2022 

 

  Fig 5. Electric Conductivity map of Faridabad district, Pre-Monsoon 2022 

 

 

Sector 15A  
Officers 

colony 
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Officers 

colony 
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3.3 Distribution of Electrical Conductivity 

It has been observed, largely the electrical conductivity (EC) of groundwater remains within 

1500 µs/cm (Fig 5), however concentrated high EC zone has been found around shallow 

groundwater level area EC 2250 to > 9000 µs/cm)..  

The Figs. 3,4 & 5 reveal that due to the formation of central trough along National Highway 

the groundwater movement is directed towards the central trough.  Since the south-western part 

is predominantly having higher EC, therefore along with the groundwater flow the high EC 

plume started migrating towards north-east direction. The salinity has been aggravated due to 

over exploitation and a zone of 1500 to 2500 µs/cm of EC is created covering large area of the 

southern side of central trough. However, after Gurgaon canal turn towards Dayalpur the EC 

is < 1500 µs/cm, indicating recharge from Yamuna.      The situation is alarming as not only 

there is possibility of drying up of aquifers along the National Highway but also the water 

quality will deteriorate rapidly unless corrective measures are taken. 

3.4 Rainfall Analysis 

Faridabad area falls under semi-arid region, and monsoon generally strikes around 1st week of 

July and retrieves around mid-October. Long term trend shows marginal decline in annual 

rainfall in Faridabad- NCR area (Fig 6).     To understand the impact of changing climate, long 

and short-term meteorological data were analysed to find out the changing patterns of rainfall 

and temperature indices (Chauhan et al, 2022). Further recent analysis by IMD of past 30 years 

data (1989 to 2018) shows Faridabad district having 29 to 34 rainy days with annual mean of 

618.8 mm (Guhathakurta et al, 2020) 

Rainfall data of 2020 and 2021 were collected (ref?) from a station located at 2.25km from the 

site(Fig 7). It has been observed that the daily rainfall remains by and large around 25mm/day, 

and occasionally up to 60mm barring occasional extreme events.. Extreme events were 

observed thrice in a year when rainfall crossed 80mm/day mark and have even exceeded 

140mm/day in 2021.  

This rainfall analysis data was used for calculating the potential runoff generation as given in 

the table Based on the rainfall data it has been calculated that from 3.25-hectare area of 

Officers’ Colony, maximum 2000m3 (Table 1). water per day can be generated (Fig 8). For 

computing the dimensions of de-siltation chamber (considering the mean grain size of the 

sediments) and considering the LULC pattern, the various categories of runoff generation has 

been tabulated below (Table 1). 
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Fig 6. Long term rainfall analysis of Faridabad (1980-2020) 
 

 

 

Fig 7. Analysis of daily rainfall data of Faridabad city for two years (2020 and 2021) 
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Fig 8 Google Earth Image showing location of construction in Officers colony, Faridabad 
 

3.5 Magnitude of Water logging  

 

The entire area of Sector 15, and 16 and large parts of Sector 19, 21, 22, 23and 28 of Faridabad 

experience water logging during high rain event (>40mm/day). The water remains stagnated 

for several days and creates immense difficulties for the citizens, traffic jam etc. It is estimated 

nearly 17km2 area of Faridabad City gets frequent water logging (Fig 9). 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9 Photographs of actual waterlogging in some locations of Faridabad and of Colony area. 

 

3.6 Calculation of Dimension for Desilting Chamber 

 

As the area is having silty clay/clay at the top, therefore, it has been considered that substantial 

runoff will be generated with considerable suspended and colloidal material. To prevent this 

suspended and colloidal load to move towards the recharge well, treatment chambers are 

Table 1 Computation of runoff from Officers Colony, Sector 15A, Faridabad 

SN 
Rainfall 
in m 

Roof Area 
runoff @80% 

Paved Area/ 
runoff@65% 

Green Area / 
runoff @15% 

TOTAL 
ham 

Runoff 
m3 

Area in Ha  0.75 1.65 0.85 3.25ha       - 

Annual Rain fall  0.6 0.36 0.6435 0.0765 1.08 10800 

Normal per day Rain fall  0.025 0.015 0.0268125 0.0031875 0.045 450 

General Rain fall/Day  0.061 0.0366 0.0654225 0.0077775 0.1098 1098 

Maximum Rain fall/Day  0.11 0.066 0.117975 0.014025 0.198 1980 

Location of construction 
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constructed. Finally, the treated water pass through sand filter for around the recharge well. 

The dimension of desilting chamber has been calculated as below (Table 2). 

 

 Table 2 Desilting chamber dimensioning & Hydraulic calculations    

 
Discharge Q 

Normal/day                               
          

450 m3    

 Max/day 2000 m3    

 Annual   11000 m3    

 
Size of sediment particles say   <0.0020 mm   

 

Settling velocity through Desilting Chamber (DC)   
Vs = C*d2 0.0358 m/s   

 
Consider particle size to be settled 'd' 0.0010 mm   

 
Settling velocity thru DC, Vs=  0.00895 m/s   

 Flow-through velocity < Critical Velocity     

 Critical velocity Vc=a*sqrt(d) ; a=44 constant 1.3914 cm/s   

 Let us consider Flow through velocity V 1.30000 cm/s   

    = 0.01300 m/s   

 
(Considering max ppt of 2000 m3/day, we assume av. rain fall duration of 4 hrs) 

 Precipitation / hr   500.000 m3   

 
Peak / Design Discharge  0.1389 m3/s   

 Velocity thru DC for Qmax will be governed by the size of outlet to CC   

 Required Cross sectional area of outlet 0.107 m2   

 Providing 2 nos. circular pipes with dia d = 0.300 m   

 Area of cross section A=2*Pi*d2/4 0.141 m2  > 0.107  
 Provide Free board 0.300 m   

 Total height of chamber   2.000 m  

 

  

 Center of pipe from bottom of chamber 1.550 m   

 

Depth of chamber for silt deposition 
Dead storage 1.400 m  

         

 Length of DC is taken as 6.5 m and hight as 2.0 m  

 Width of DC, W = V*D/Vs 

 Where; W = Width of DC     

 V = 0.0130 m/s (flow through velocity)  

 D = 1.700 m (depth for settlement)  

 Vs = 0.00895 m/s (settling velocity)   

 Width = 2.46927 m              

 Finally, the dimensions of desilting chamber :     

  Length 6.50 m     

  Width 2.50 m     

  Height 2.00 m     
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Fig 10. Photographs of constructed desilting and coagulation chambers and dug cum recharge well at 

Officers Colony. 

4. DESIGNING THE RECHARGE SYSTEM  

The pinpointing of site was done based on results of surface geophysical investigations -

resistivity profiling and sounding and DGPS survey of the campus. 

4.1 Construction of Civil Structures  

  A dug cum recharge well structure is adopted (Fig 10).  A a 60m deep and 200mm dia pilot 

hole was drilled first by using a rotary rig. Bore hole logging was carried out when long normal, 

short normal and self-potential logs were generated for 60m deep pilot hole (Fig 2). The 

groundwater level in the area is observed around 50m bgl thus deliberately the screen is kept 

down to 45m bgl only (Fig 2) and the lower 15 m is backfilled with 6-10mm size pea gravel. 

Then the annular space between 150mm screen and 200mm pilot hole is gravel packed. After 

completion of lowering of assembly, well was developed with compressed air and over 

pumping. A 3.0m dia and 3.0 deep dug well is constructed around the recharge well and filled 

with 2.0m thick filter bed.  The filter bed is made of 1.0 m thick bottom pebble, 0.5m thick 

gravel and 0.5m thick top coarse sand so as to keep 1m blank space for water. About lower1.0m 

screen of the recharge well within dug well section is kept slotted for entrance of filtered water. 

A small gutter is created in front of desilting chamber for bringing water to the system. The 

desilting chamber (6.5*2.5*2m) is having a baffle wall of 1.4m hight to restrict courser material 

and slow down the velocity of water entering the system. The de siltation chamber is connected 

to coagulation chamber (3*2.5*2.5) through a 150mm dia inlet pipe from 1.0m below the top 

of chamber and out let at 1.5m below top. Both the chambers were provided with air vent, steps 

and cleaning opening. A slab was casted over the system to cover. The coagulation chamber is 

dosed with ferric chloride as coagulation agent. 
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4.3 Establishing Well and Aquifer Efficiency 

To know the intake capacity of the recharge well, slug tests were performed twice, first with 

320m3 water and then with 450m3 water (Fig 11). It is calculated that intake capacity of the 

well is 10m3/minute. Therefore, even with 110mm/day rainfall, about 2000m3 of runoff can 

easily been accommodated within the system. 

 

Fig 11. Photograph showing slug testing arrangements at Officers colony, Faridabad 

5. DISCUSSIONS 

The urban flooding is caused by a combination of factors which is getting, aggravated due to 

climate variability, overburdened drainage, unregulated construction, no regard to the natural 

topography, drainage and hydrogeology all make urban floods a man-made disaster.  

 
The rapid urbanization and related paving of open lands by concretization and road 

construction has aggravated water logging problems in many cities in India and World.  Roads 

and streets of cities during heavy down pour profoundly overflow and mix with sewage and 

storm water, contaminate the soil and water also. In the older parts of the cities in India, where 

drains and sewerages constructed decades back; many-a-time unable to carry the enhanced 

load, faces such a situation commonly with heavy rainfall. Such water logging problems are 

more acute in low lying areas of the cities (McCartney &Smakhtin, 2010)  

Faridabad City (Haryana) in the back yard of capital city of India is no exception to such 

problem. Municipal Corporation of Faridabad (MCF) responsible for water and sewage 

amenities of the city has, to face such water logging related issues every year, particularly in 

the Older Faridabad Constituency area. Now, part of the Older Faridabad Constituency area is 

covered under Faridabad Smart City Project. Water supply of the entire Faridabad urban area  

is totally  by groundwater  (Faridabad Development plan-2031, 2016). This has resulted in 

continuous decline (Fig 3 & 4) in groundwater level (Mukherjee and Shekhar, 2016, Ibkar et 

al 2022).  The city area is categorized under Over-exploited (Fig.1).  

The above-mentioned problems of Faridabad city are deteriorating the environment and create 

potential health risk for the citizens. Technological interventions addressing these water issues 
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can provide solution to eradicate the water logging problem as well as address the need of 

Artificial Recharge of groundwater (Anke Steinel 2012, Chadha, 2014, , Dillon 2005,  Pavelic 

et al 2015, Tuinhof et al 2005) to minimize the potential health risk to the citizens of Faridabad 

and improve the amenities of Faridabad Smart City. 

The present pilot project is an attempt towards sustainable and eco-friendly solution to these 

problems. Fast depleting groundwater levels in urban area is imposing water security 

challenges. Intervention through action research has been taken up to demonstrate to the local 

authorities a solution to combat the water logging and groundwater depletion (Fig 12) through 

a single intervention.    

5.1 Source Water Availability and Suitability  

The storm water is used as source water needs pretreatment to meet the requisite quality 

criterion for recharge.   Removal of silt, colloidal particles and dissolved pollutants using a de-

siltation method, coagulation process in conjunction for removing settle able particles, is being 

practiced in several countries (ref?).  

An investigation has demonstrated that coagulation by adding ferric chloride is an effective 

method to reduce the turbidity, though it depends on pH, temperature and flow rate. 85-98% 

reduction of turbidity from raw water can be achieved by using the optimum coagulant dosage 

(8ppm) of ferric chloride in the optimum pH 9.2 at a temperature 20°C, (Koohestanian, et al 

2008, Mohammed, 2015). The primary disadvantage of clogging is that it leads to reduced 

infiltration over time.  

5.2 Identification of Suitable Recharge Zone 

The analysis of lithology, result of bore hole logging and slug test shows that the zone between 

21 and 33 m depth is suitable for recharge and can be designated as zone -1. Similarly zone 

between 40 and 60m (Fig 2) can be considered as zone-2 . As the groundwater level is below 

50 m in this area, slotted casing is lowered down to 45m depth so that the recharge water can 

be released into the unsaturated zone. The advantages are, -1) rate of vertical infiltration is 

higher than horizontal so more recharge would take place 2) any suspended particle if still left 

in the source water will pass through the unsaturated zone and further filtered. The zone 1&2 

together can absorb about 10m3/min.  

 

5.3 Effectiveness of Constructed Recharge System  

After completion of all constructions of the recharge system, two heavy rainfall episodes 

occurred in the area on 30th Aug and 22-23rdSept 2022 (74mm and 150mm rainfall) .  On both 

the occasions, the system worked very well and the water logging of the Colony area was 

cleaned within 3 to 5 hrs and no water was noticed over filter bed around the recharge well 

then after. Several residents of officers’ Colony has given positive feedback about the working 

of the system.   
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Fig 12 Design of groundwater recharge system at Officers Colony, Sector 15A Faridabad 

 

3m depth and 2.5m inner dia dug well  

300mm dia hole filled with gravel 

150mm dia 16m blank casing 

12 m long 150mm dia slotted pipe 
(19-31m bgl) 

6 m long 150mm dia slotted pipe 
(37-43m bgl) 

300mm dia hole filled with pebble 

2.0 m filter material 
consist of @ 0.5m 
sand, gravel and 
1.0mpebble bed 

1 m long 150mm dia slotted pipe 

Total depth of well 60m 

6m blank casing 

0.25m  GL 

De-siltation chamber 
    (6.5m*2.5m*2m) 

 

Coagulation chamber 
    (3m*2.5m*2.5m) 

 

Dug cum bore Recharge well 
    (Dug well 3.25m*3.0mdia) 

(Tube well 60m deep 150mm dia) 
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6. CONCLUSIONS 

The water logging in Faridabad City area is combined effect of near surface lithological 

condition and urbanization related concretisation and pevmentisation. The water logging is 

aggravated by climate change. The area is categorized as over-exploited and current rate of 

groundwater depletion is estimated nearly 1m/yr. These are underlain by a two-tier aquifer 

system. The top aquifer (21-33mbgl) has gone dry as the present groundwater level is > 50m 

bgl. It has been estimated maximum 2000m3 runoff can be generated with about max. 

110mm/day rainfall from the 3.25ha study area. The cumulative intake capacity of the recharge 

well (150mm dia 60m deep) tapping12m and 20m thick two recharge zones, is found as 

10m3/minute Calculations indicate for suspended load generates from silty-clay surface with 

max 2000m3per day runoff, a 6.5*2.5*2m size desilting chamber is required and for further 

coagulation 8ppm dosing of FeCl3is enough in a 3*2.5*2.5m size coagulation chamber. A sand 

filter of 0.5 m thickness around the recharge well is further able to attenuate remaining particles 

before water finally enters the recharge well. To minimise coagulation of casing slot of well, 

the bottom of casing is kept open to a 15m thick back filling gravel zone below the well 

assembly within the drilled pilot well. The system is tested and found working efficiently 

during two consecutive rainfall episodes of 74mm and 150mm per day. The designed system 

is having high scalability within the Faridabad Smart City area and in the other townships in 

similar hydrogeologic framework.  

7. ACKNOWLEDGEMENT: 

The authors thankfully acknowledge DST, Government of India for the grant of Project “Co-

solving water logging and groundwater depletion issue in parts of Faridabad Smart City using 

Underground Taming of Flood water for Aquifer Storage and Recovery” (DST/TMD/EWO/ 

WTI/ 2K19/EWFH/2019/237 (G)) to corresponding authors. Special thanks to Sh H K Sahu, 

Former Member CWC for helping in calculating the dimension of desilting chamber. The 

authors also thankfully acknowledge the Management of MRIIRS for providing logistic 

support and allowing authors to publish the paper. Authors are grateful to the editors of this 

book for their generous invitation to contribute a chapter in this publication.  The view 

expressed in this paper is authors’ own and may not be of its Institution and funding agency. 

 

8. REFERENCES 

Anke Steinel. 2012. Storm water Reuse via Aquifer Storage and Recovery: Risk Assessment for Sandy Aquifers, 

DOI: 10.1007/978-3-642-22266-5_2, In book: Climate Change and the Sustainable Use of Water Resources 

CGWB, 2015. Aquifer Mapping and Formulation of Aquifer Management Plan for the National Capital Region 

(NCR), Haryana (Volume II), Central Ground Water Board Ministry of Water Resources, River Development 

& Ganga Rejuvenation Government of India North Western Region, Chandigarh  

CGWB, 2021.National Compilation on Dynamic Groundwater Resources of India,2020. CGWB Department of 

Water Resources, River Development and Ganga Rejuvenation, Ministry of Jal Shakti, Government of India 

Chadha, D K. 2014. Water Conservation and Artificial Recharge of Aquifers in India, Boletin Geology Minero, 

125 (2),pp. 203-218. 

Chauhan, A S, Singh S, Maurya R K S, Rani A, Danodia A. 2022.Spatio-temporal and trend analysis of rain days 

having different intensity from 1901 – 2020 at regional scale in Haryana, India, 

https://doi.org/10.1016/j.ringps.2022.100041  

Chen W,  Dong J ChaohuaYan,Hui Dong, Ping Liu 2021. What Causes Waterlogging? Explore the Urban 

Waterlogging Control Scheme through System Dynamics Simulation. Sustainability ,13(15), 

546; doi.org/10.3390/su13158546.  

Casanova J, Devau N and Pettenati M 2016. Managed Aquifer Recharge: An Overview of Issues and Options. In 

book Integrated Groundwater Management, DOI: 10.1007/978-3-319-23576-9_16 

Dillon, P.J. 2005. Future management of aquifer recharge. Hydrogeology Journal 13(1) pp. 313-316. 

https://sciprofiles.com/profile/author/OHNRNVpLMGdYeStKM2ttbThuQUMrNmFVYmhtVE9XV2k0ZHRpaTFRMXJtTT0=
https://sciprofiles.com/profile/1782725
https://sciprofiles.com/profile/1822151
https://sciprofiles.com/profile/author/eTZ5bzQ3aENjeDZ4R2VrNXI3K3QvN1V5dzZLa21OSEZDWTg5RjBiQ05iUT0=
https://sciprofiles.com/profile/author/RjZxRUFLNkxVT2h0WmZLL2ZnaUNoaFRPcXFJa2xpRWRlYVdkc1dDSHRHRT0=
https://doi.org/10.3390/su13158546
https://www.researchgate.net/scientific-contributions/Joel-Casanova-79037129?_sg%5B0%5D=n1shMsMumeunWIX0nevuHb2VgaT_UyyoXSbkwb2HhcIIUGF1ZLyFN4vOpt2R3L3oRqNfD2o.uXqjE3eFXZT0uLEns1JFFNtH6pKOciJihnVgWERXBYOdhGScKRGfxPv_D8MYF9HxPgBv-9Fc9vSAkGU81kJtSQ&_sg%5B1%5D=hFFB3fMYqucNfcSxYChFdbTfVm_txUCcfxoDOh1n2T2QoJDicBl9o1IAdvjD5BEhULVFBNQ.3hnVYjREp-ow-tftkIQ-B_uDFbJks77a_jUYqhxYldI8coKMk7OaXknqYQlO85HEk0fSnGwFTgycwS89cqJSNA
https://www.researchgate.net/scientific-contributions/Nicolas-Devau-37754054?_sg%5B0%5D=n1shMsMumeunWIX0nevuHb2VgaT_UyyoXSbkwb2HhcIIUGF1ZLyFN4vOpt2R3L3oRqNfD2o.uXqjE3eFXZT0uLEns1JFFNtH6pKOciJihnVgWERXBYOdhGScKRGfxPv_D8MYF9HxPgBv-9Fc9vSAkGU81kJtSQ&_sg%5B1%5D=hFFB3fMYqucNfcSxYChFdbTfVm_txUCcfxoDOh1n2T2QoJDicBl9o1IAdvjD5BEhULVFBNQ.3hnVYjREp-ow-tftkIQ-B_uDFbJks77a_jUYqhxYldI8coKMk7OaXknqYQlO85HEk0fSnGwFTgycwS89cqJSNA
https://www.researchgate.net/profile/Marie-Pettenati?_sg%5B0%5D=n1shMsMumeunWIX0nevuHb2VgaT_UyyoXSbkwb2HhcIIUGF1ZLyFN4vOpt2R3L3oRqNfD2o.uXqjE3eFXZT0uLEns1JFFNtH6pKOciJihnVgWERXBYOdhGScKRGfxPv_D8MYF9HxPgBv-9Fc9vSAkGU81kJtSQ&_sg%5B1%5D=hFFB3fMYqucNfcSxYChFdbTfVm_txUCcfxoDOh1n2T2QoJDicBl9o1IAdvjD5BEhULVFBNQ.3hnVYjREp-ow-tftkIQ-B_uDFbJks77a_jUYqhxYldI8coKMk7OaXknqYQlO85HEk0fSnGwFTgycwS89cqJSNA
http://dx.doi.org/10.1007/978-3-319-23576-9_16


Chapter for Monograph on “Artificial Recharge to Groundwater and Rain Water Harvesting: Issues 
and Learning from the Developing Countries”  

Faridabad Development Plan 2031 A.D.  2016. Town and Country Planning Department bearing notification No. 

CCP(NCR)/FBC(DDP-2031)/2016/3303, dated the 7th December, 2016, the Governor of Haryana hereby 

publishes the Final Development Plan 2031 A.D. of Faridabad. 

GuhathakurtaPulak, Narkhede Nitin, Menon Preetha, Prasad Ashwini Kumar and Sangwan Neha. 2020. Observed 

Rainfall Variability and Changes Over Haryana State, Met Monograph No.: ESSO/IMD/HS/Rainfall 

Variability/09(2020)/33, IMD 

Howard K W F and Israfilov R G. 2002. Current problems of Hydrogeology in urban areas, urban agglomerates 

and industrial clusters, (Ed.) NATO Science Series, IV Earth and Environmental Science, vol 8. 

IbkarAlifia, Mukherjee Arunangshu, Didwania Nidhi and Rai Sneha 2022. Impact of Urbanization on 

Groundwater in Changing Climatic Scenario:  A Case Study" In Springer published book on “Impacts of 

Urbanization on Hydrological Systems in India” Edited by P.Thambidurai and Anil Kumar Dikshit. Accepted 

for publication. 

Koohestanian, A. Hosseini M and Abbasian Z. 2008 The Separation Method for Removing of Colloidal Particles 

from Raw Water. American-Eurasian J. Agric. & Environ. Sci., 4 (2): 266-273, 2008 

McCartney, M.; Smakhtin, V. 2010. Water storage in an era of climate change: Addressing the challenge of 

increasing rainfall variability. Blue Paper. Colombo, Sri Lanka: International Water Management Institute 

(IWMI). 14p. Available at  http://www.iwmi.cgiar.org/Publications/Blue_Papers/PDF/ Blue_Paper_2010-

final.pdf 

Mukherjee A and Shekhar S 2016 Hydrogeology of Smart cities of India (Ed.) INC-IAH Publication, 160p. 

Mohammed Shahad Salim 2015 Effect of pH on the Turbidity Removal of Wastewater, . Open Access Library 

Journal,.02(12), Article ID:69015,9 pages 10.4236/oalib.1102283 

Pavelic Paul, Brindha Karthikeyan, Giriraj Amarnath, NishadiEriyagama, Lal Muthuwatta, Vladimir Smakhtin, 

Prasun K. Gangopadhyay, Ravinder P. S. Malik, Atmaram Mishra, Bharat R. Sharma, Munir A. Hanjra, Ratna 

V. Reddy, Vinay Kumar Mishra, Chhedi Lal Verma and Laxmi Kant , 2015 Controlling Floods and Droughts 

through Underground Storage: From Concept to Pilot Implementation in the Ganges River Basin IWMI 

Research Report 165: International Water Management Institute (IWMI), Colombo, Sri Lanka, doi: 

10.5337/2016.200 

Roy Subham,  Bose ArghadeepNimai Singha, DebanjanBasak,  Roy Chowdhury Iandrajit 2021. Urban 

waterlogging risk as an undervalued environmental challenge: An Integrated MCDA-GIS based modeling 

approach. Environmental Challenges, doi.org/10.1016/j.envc.2021.100194 

Saha D, Marwaha S, Mukherjee A. 2018 Groundwater Resources and Sustainable Management Issues in India, 

Clean and Sustainable Groundwater in India,https://doi.org/10.1007/978-981-10-4552-3_1 

Schirmer M, Laschink S and Musolff A. 2013 Current researches in urban hydrogeology-A review, Ad. Water 

Res, vol.51, pp 280-291 

Tuinhof, A.; Olsthoorn, T.; Heederik, J.P.; de Vries, J. 2005. Groundwater storage and water security: Making 

better use of our largest reservoir. Water Science and Technology 51(5): 141-148. 

 Wei, Ming, She Lin and You Xue-yi2021. Establishment of urban waterlogging pre-warning system based on 

coupling RBF-NARX neural networks. Water Sci Technol 82 (9): 1921–1931.doi.org/10.2166/wst.2020.477 

 

 

 

 

 

 

 

 

  

  

  

  

http://www.iwmi.cgiar.org/Publications/Blue_Papers/PDF/Blue_Paper_2010-final.pdf
http://www.iwmi.cgiar.org/Publications/Blue_Papers/PDF/Blue_Paper_2010-final.pdf
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=69015&#abstract
https://www.sciencedirect.com/science/article/pii/S2667010021001736#!
https://www.sciencedirect.com/science/article/pii/S2667010021001736#!
https://www.sciencedirect.com/science/article/pii/S2667010021001736#!
https://www.sciencedirect.com/science/article/pii/S2667010021001736#!
https://www.sciencedirect.com/science/article/pii/S2667010021001736#!
file:///D:/Fbd_paper/NAM%20Chapter/Environmental%20hallenges
https://doi.org/10.1016/j.envc.2021.100194
https://doi.org/10.1007/978-981-10-4552-3_1
https://www.sciencedirect.com/science/article/abs/pii/S0309170812001790#!
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.2166/wst.2020.477

