Co-Solving of Water Logging and Depletion Of Ground Water in
District Faridabad

Urbanization-induced rapid population growth and associated groundwater depletion have
been impacting Faridabad for the last 3-4 decades. With every passing year, the problem of
water logging in different parts of the city has also risen. A research 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” funded by WTC-
DST (the project is given to MRCAWTM, MRIIRS) has yielded a smart solution to these
issues of Faridabad in the form of structures that facilitate quick absorption and safer
discharge of rainwater to aquifer to co-solve two critical water issues in a gainful manner. A
core ideology with which Manav Rachna Centre for Advanced Water Technology and
Management (MRCAWTM)operates is that its initiatives should empower the community.

The Aquifer Storage and Recovery (ASR)Systems constructed by Manav Rachna Centre for
Advanced Water Technology and Management (MRCAWTM), Manav Rachna International
Institute of Research and Studies Faridabad (MRIIRS) were jointly inaugurated by the
Deputy Commissioner Faridabad Sh. Vikram Singh, IAS; and the Chairman, Central
Ground Water Board, Sh. Sunil Kumar on 28th June 2023 at Sector 16A Faridabad in the
presence of Hon'ble President MREI, Dr Prashant Bhalla; Head, Water Technology Cell,
Department of Science and Technology, Dr Parveen Arora; along with other dignitaries.
Director General, MREI, Dr N C Wadhwa; and Chair Professor, MRCAWTM, Dr Dipankar
Saha. Principal Investigator (Pl) and Co PI of the project Dr Arunangshu Mukherjee and Dr
Nidhi Didwania, faculties from MRIIRS, Sh J K Bhalla, and Dr HS Saini Dr S Shekher, as
associates of MRCAWTM, Members of the CAWTM team, Ms. Sneha Rai, Mr. Sandeep and
Ms. Priya were also present during the event. Among others, press and electronic media
personnel, members of RWA from sector 15, 15A, 16 and 16A, officials from ULBs, officers
of CGWB, DSTetc were present. Co Pl Dr Nidhi hosted the function.

The pilot tested - -

sites at Sector 16 A
and Sector 15 A
have proved to be
effective, and its
success can be
scaled up to other
areas as well. The
structures have
been constructed
on the land of PWD
and will be handed
over to PWD after
the completion of
the project

For further
maintenance. With
this visionary
implementation, the
future is secure and
sustainable.
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The prior inauguration a briefing function was organized at Circuit House Sector 16A
Faridabad, where details about the ASR System and its working was first described by Dr
Arunangshu Mukherjee, Principal Investigator of the project. Dr Prashant Bhalla, President
MREI, highlighted the need of installing more such systems to cope up with the emerging



water logging crisis in the city and requested the District Administrator to replicate such
initiative in identified spots within the city. Head, Water Technology Cell, Department of
Science and Technology, Dr Parveen Arora congratulated the Pls and MRIIRS for
successfully implementing the project awarded to them. Sh. Sunil Kumar Chairman, Central
Ground Water Board, explained the regal position of such a system and cautioned about
polluted source water for recharge. The press and electronic media and RWA members
were allowed to ask questions. DC Faridabad Sh. Vikram Singh, IAS, while replying to the
guestion raised, has appreciated the initiative taken by MRIIRS and congratulated the team
Manav Rachna for successful endeavour. The event was widely covered in print and
electronic media. Few glimpses are presented.




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.
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Picture of Actual Waterlogging in the Officer’s Colony Area of Sec-15A,
FaridabadCity of Haryana State of India



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

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

Dr. Nidhi Didwania (Co- PI)
Ms. Alifia Ibkar, Research Assistant

e 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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Co-solving Water logging and Groundwater depletion issue in parts of Faridabad S

using Underground Taming of Flood water for Aquifer Storage and Recover
OpOgTaphIC Sarvey and DGPS elevation mapping of the area of inferest

Micro level hydrological and hydrogeological study for designing for UTFW during pre monsoon and moasoon period
Surface geophysical Investigations VES & Profiling
Study for construction of connecting drain, daittation chambers, coagulation chamber
Experiments for selection of suitable [ron based coagulant
Study for Optimization of flow rate and dosing of coagu
Auger hole drilling and stug testing- Vadose zone stady
Drilling of bore hole andiitho sampling
Subsurface geophysical logging
Well completion and development
Pumping test for aquifer characterization and well efficiency test
Collection and analyss of groundwater samples for hase level data acquisition
DWLR with EC and Temp sensor and installation
Installation of UTFW system by connection civil construction and drilled well for ASK "
Installation of energy meter and pump - r‘
Water ampling for analysis of regular and emerging pollutants /contaminants v
Impact assessment of UTFW o




.\b

HARYANA v‘

Fain fall in rem

Losmg term teendd of Ralnfallar Farldabad
A Savair oy IR
Biman S8 =
Av 523 mm/y f v V\
s v =
i

REREECR R RN ER R RN RTENNENR

NANENAREER

Yamr

Groundwater level trend ,
Faridabad Bhujal Bhawan

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

37

o fhr—

Av decline 0.7m/yr

47

52

Faridabad Area-187Km?

Population- 16 lakh

Water logging area-17Km’
&ffected population—~3lakh
Present av DTW+40mbgl

Construction of Structures for Co-solving of Water Logging and Ground Water Depletion bssues in
Officer’'s Calony, Sector 158 of Faridabad City of Haryana State of indla



Inspection of site - Officer’s Colony, Sector 15A of Faridabad City of Haryana State of India



Constructed Structure at Officer's Colony, Sector 15A of Faridabad City of Harvana State of India
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DST/TMD/EWO/WTLZK19WEWFH/2019/23 TG)
Government of India
Ministry of Sclence & Technology
Department of Science & Technology (Technology Mission Division)

Technology Bhavan, New Delhi
Dated: 210052021

Sanction Order

Subject: Financial support for project entitled “Co-solving water logging and groundwater depletion issue in
parts of Faridabad Smart City wsing Underground Taming of Flood water for Aquifer Storage and Recovery™
submitted by Dr. Arunangshu Mukherjee from Manay Rachna International University- Faridabad.

Sanction of the President is hereby accorded to the approval of the above-mentioned project af a total cost
of T T0,12,720/- (Rupees Seventy Lakhs, Twelve Thousands and Seven Hundred Twenty Only), for a
duration of 3 years. The detailed breakup of the grant for Capital and General Components are given below:
Capital Component: T 8,62,000%~
General Component: ¥ 61,50,720/-

S.No. | ftem head 15t Year 2nd Year | 3rd Year Total
A, Capital-Non Recurring Cost
‘ Photo meter with accessories (1 No.| 5,07,000 0 0 5,07.000
OWLR with T &EC sensor and telemetry
and real time data display unit {1 No.) 3,05,000 ] 0 3,058,000
Lap 1|I:t|:|-.|" Desk Top (1 No.) 50,000 a H 50,000
Sub Total (Capital Cost) 8,62,000 0 o 8,62,000
B General-Recurring Cost "
i g :ﬁ’;r gssstant® O | o78400 | 278400 | 278400 | 838200
Other cost 8 00,000 33,28,000 1] 42,28,000
Consumables 50,000 50,000 50,000 1,50,000
| Travel 50,000 50,000 50,000 | 1,50,000
Contingencies 50,000 50,000 50,000 1,50,000
Sub-Total (B) 13,28400 | 3756400 | 4,286,400 | 65,13,200
c Total Cost (A + B) 21,80,400 | 37,56400 | 4,258,400 | 63,75.200
(D | Overhead 219040 | 375840 | 42,840 837,520
Sub Total (General Cost) 1547440 | 41,32,040 | 471,240 | 61,50720
E G. Total Cost (C + D) 24,00,440 | 41,32080 | 471,240 | 7012720

b

The sanction of the President is also accorded to the release of T 15,47,440/- (Rupee Fifteen Lakh,
Forty Seven Thousand, and Four Hundred Forty Only) (o Manav Rachna International University-
Faridabad being the first installment of grant under “General Component” for implementation of the

above mentioned project. -
& ,_-"



This sanction is subject to the condition that the grantee organisation will furnish to the Department

of Science & Technology, financial year wise Utilization Certificate (LUC) in the proforma prescribed
as per GFR 2017 and audited statement of expenditure (SE) along with up to date progress report at
the end of each financial year duly reflecting the interest earned / acoroed on the grants received under
the project. This is also subject to the condition of submission of the final statement of expenditure,
utilization certificate and project completion report within one vear from the scheduled date of
completion of the project.

The grantee organisation will have to enter & upload the Utilization Certificate in the PFMS portal
besides sending it in physical form to this Division. The subsequent/final instalment will be released
only after confirmation of the acceptance of the UC by the Division and entry of previous Utilization
Certificate in the PFMS.

If the grant has been released under capital head through separate sanction order under the same
project for purchase of equipmeni(s), separate SE/UC has to be fumished for the released Capital
head grant.

The grant-in-aid being released is subject to the condition that

A transparent procurement procedure in line with the Provisions of General Financial Rules 2017 will
be lollowed by the Instinue/Organisation under the appropriate rules of the grantee organisation while
procuring capital assets sanctioned for the abovementioned project and a certificate to this effect will
he submitted by the Grantee organisation immediately on receipt of the grant;

While submitting Utilization Certificate/Statement of Expenditure, the organisation has to ensure
submission of supporting documentary evidences with regard to purchase of equipment/capital assets
as per the provisions of GFR 2017, Subsequent release of grants under the project shall be considered
only on receipt of the said documents.

The grantee organization will maintain separate audited account for the project and the entire amount
of grant will be kept in an interest bearing bank account. For Grants released during F.Y. 2017-18 and
onwards, all interests and other eamings, against released Grant shall be remitted 10 Consolidated
Fund of India {through Non-Tax Receipt Portal (NTRP), i.e., www.Bharatkosh.gov.in),immediately
after finalization of accounts, as it shall not be adjusted towards future release of grant. A certificate 1o
this effect shall have to be submitted along with Statement of Expenditure/Utilization Certificate for
considering subsequent release of grant/closure of project accounts. DST reserves solerights on the
assets created out of grants. Assets acquired wholly or substantially out of government grants (except
those declared as obsolete and unserviceable or condemned in accordance with the procedure laid down
mn GFR 2017), shall not be disposed of without obtaining the prior approval of DST.

DST reserves sole rights on the assets created out of grants. Assets acquired wholly or substantially
out of government grants (except those declared as obsolete and unserviceable or condemned in
accordance with the procedure laid down in GFR 2017), shall not be disposed of without obtaining the
prior approval of DST.

In case the scheme provides for payment of honorarium / remuneration | fellowship ( scholarship o
the P1, a para may suitably be incomporated in the DSO to the effect that "PI is not drawing any
emoluments/ salary/fellowship from any other project either supported by DST or by any other funding
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The account of the grantee organisation shall be open to inspection by the sanctioning authority and
audit (both by C&AG of India and Internal Audit by the Principal Accounts Office of the DST),
whenever the organisation is called upon to do so, as laid down under Rule 236(1) of General Financial
Rules2017.

Due acknowledgement of technical support / financial assistance resulting from this project grant
should mandatorily be highlighted by the grantee organisation in bold letiers in all publications / media
releases as well as in the opening paragraphs of their Annual Reports during and after the completion
of the project,

Failure to comply with the terms and conditions of the Bond will entail full refund with interest in
terms of Rule 231 (2) of GFR2017.

The expenditure involved is debitable to-

Demand No.§8 Department of Science and Technology for the year 2021-22
3425 Orther Scientific Research (Major Head)

Bl Others

60.200 Assistance to Other Scientific Bodies (Minor head)

70 Innovation, Technology Development and Deployment
70.00.31 Grant-in-aid General for the year 2021-2022

(Previous: TDP-3425.60.200.26.0131(SERI'WTT)

The amount of T 15,47,440/- (Rupee Fifteen Lakh, Forty Seven Thousand, and Four Hundred
Forty Only) will be drawn by the Drawing and Disbursing Officer, DST and will be disbursed 1o
Manav Rachna International University- Faridabad, The bank details for electronic transfer of
funds through RTGS are given below: -

Name of the Account Holder | MANAY RACHNA INTERNATIONAL INSTITUTE OF RESEARCH
AND STUDIES
Mame of the bank Indusind Bank
Branch Address Indusind Bank, NIT Faridabad Branch, GF,1-A/268 NIT, New Town,
i Neclam -Bata Road, Faridabad 121001 _
Agency Code (PFMS) MU
FSC code INDBOGOOT02
Account Number 201003388847
MICR No. 110234066

No release of funds will be aliowed beyond the Ist quarter of FY 2021-22 in case the Umbrella
Scheme under which the Project is funded, is not appraised and approved by then.

Itis mandatory to use EAT module in PFMS, failing which no further funds shall be released.

As per Rule 234 of GFR 2017, this sanction has been entered at 8. No.38 {TMD,WE) in the register
of grants maintained in the Division for the scheme(1TDD),

As per Rule 237 of GFR 2017, Time Schedule for submission of annual accounts - The dites prescribed
for submission of the annual sccounts for Audit leading to the issue of Audit Centificate by the
Comptroller and Auditor General of India and for submission of annual report and audited accounts to
the: nodal Ministry for timely submission to the Parliament are listed below:-




(i) Approved and authenticated annual accounts to be made available by the Autonomous Body 1o the

concemed Audit Office and commencement of audit of annual accounts-30th]une

(i} Issue of the final SAR in English version with audit certificate to Autonomous Body/Government

concerned =31 zt0ctober

{ui} Submission of the Annual Report and Audited Accounts to the Nodal for it to be laid on the Table of

19,

20.

21,

R

the Parliament -31stDecember,

The organization/Institute/University should ensure that the technical support/financial assistance
provided to them by the Depariment of Science and Technology should invariahly be

Highlighted / acknowledged in their media releases as well as in bold letters in the opening paragraph
of their Annual Report.

It is important that the information and knowledge generated through the use of these funds are made
publicly available as soon as possible. In order to achieve the aforementioned objectives, each
institution is encouraged to set up its own inter-operable institutional open access repository (“TR™) for
is research papers and review articles published in peer reviewed journals, The Ministry of Science
and Technology has sel up a central harvester (www.sciencecentral.in) that will harvest the full text
and metadata of these publications. Kindly update the findings accordingly.

The organization named Manav Rachna International University-Faridabad and partnering
institules agrees to make reservations for Scheduled Castes and Scheduled Tribes or OBC in the posts
or services under its control on the lines indicated by the Government of India,

I'he goods (consumables/equipment) available in GeM portal are to be procured mandatorily online
through GeM only.

The Organization/Institwte/University should ensure that DoE Guidelines followed for Intemational
Travel,

This issues with the concumrence of IFD Vide their Concurrence Dy, No.277 dated 21/05/2021, r"

(Dr. Sarjai Kumar)
Scientisi-D

Email: Sanjai kiggov.in

Cash Section (3 copies) for preparing the bill and remitting the amount to the above grantee,
Accounts Section, DST, New Delhi.

IFI3, Department of Science & Technology, New Dethi.

Director of Audit (CW & M-IT), AGCR Building, IP Estate, New Delhi

Name; Dr Arunangshu Mukherjee

Designation: Professor

Department: Department of Civil Engineering amp CA Water TampM , FET

[nstitute/University; MANAV RACHNA INTERNATIONAL UNIVERSITY- Faridabhad

Address: AT25,CAWTM, Manav Rachna International University, Sector.43, Delhi-Surajkund Road,
Faridabad — 121004,

Email: grunangshu. fev@mriv edu.in, srunmuk] 02 gmail.com

Mabile: 99688054 50
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Co-Principal Investigator (Co-P1)

MName: Dr, Nidhi Didwania

Designation: Associate Professor,

Department: Department of Biotechnology

Institute/University: Manav Rachna International University- Faridabad

Address: Faculty of Engincering & Technology, Manav Rachna Infernational Institute of Research & Studies
Farwdabad, Harvana INDIA

Email: pidhididwania fer@mriveduw.in, nidhididwania77{@gmail.com,

Mobile: 9971815521

Mame: Dr, Pritam Paritosh Paul

Designation: Assistant Professor

Department: Department of Earth Sclences and Environment,

Institute/University: Manav Rachna International University- Faridabad

Address: Earth Sciences and Environment, Manav Rachng International Institute of Rescarch and Studies
Faridsbad- 121001 Haryana

Email: pritamgeo@gmail com / Pritam fevimriu edu in

Mobile: +91-9654458127 / 9717352769

f )
Sanction folder y 2
Office Copy C::r <
Head- TMIDXEWO) S

(D, Sanjai Kumar)
Scientist-D



DST/TMDVEWO/WTLZKIYEWFH/2019/237 (C)
Government of India Ministry of Science & Technology

Department of Science & Technology (Technology Mission Division)

Subject: Financial support for project entitled “Co-solving water logging and groundwater depletion issue in parts
of Faridabad Smart City wsing Underground Taming of Flood water for Aquifer Storuge and Recovery™

Sanclion Order

Technology Bhavan, New Delhi
Deated: 21052021

submitied by Dr. Arunangshu Mukherjee from Manay Rachna International University- Faridabad

Sanction of the President is hereby accorded to the approval of the above-mentioned project at a total cost of
T 70,12,720/- (Rupees Seventy Lakhs, Twelve Thousands and Seven Hundred Twenty Only for a duration

of 3 years. The detailed breakup of the grant for Capital and General Components are given below:

Capital Component; T 862,000~
General Component: T 61,50,720/-

4. The sanction of the President is also accorded to the release of ¥ 8,62,000~ (Rupee Eight Lakhs Sixty
Two Thousand, Only) to Manay Rachna International University- Faridabad being the first installment
of grant under “Capital Component™ for implementation of the above mentioned project.

S.Mo. | Hem head 18t Year 2nd Year 3rd Year Total
A, Capital-Non Recurring Cost _
Photo meter with accessories (LNo.) | 5,07,000 0 0 507,000
DWLR with T BEC sensor and telemetry
and real time data display unit [1 Mo, ) 3,05,000 i i 3,056,000
Laptop Desk Top (1 No.) 50,000 1] 0 50,000
| Sub Total (Capital Cost) 8,62,000 0 0 &,62,000
B General-Recurring Cost o
;"ﬂa&ﬁ'ﬂ% ":;,T;:r pssstant” (O1)| 78400 | 278400 | 278400 | 836200
Other cost 900,000 | 3328000 0 42,268,000
Consumablas 50,000 50,000 £0,000 1,50,000
Travel 50,000 50,000 50,000 1.50,000
Cantingencies 50,000 50,000 50,000 1,60,000
Sub-Total (B) 1328400 | 3756400 | 4,28400 | 65,113,200
C | Total Cost|A+ B) 21,90,400 | 3756400 | 4,28,400 | 63,75,200
D Overhead 2,18,040 375,640 42 840 6,37 520
| SubTotal (General Cost) 1547440 | 41,32,040 471,240 | 61,50,720
E | G.Total Cost (C+D) | 2409440 | 4132,040 | 471,240 | 70,12,720
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This sanetion is subject 1o the condition that the grantee organisation will Furnish to the Department of Science
& Technology, financial year wise Utilization Certificate (LIC) in the proforma prescribed as per GFR 2017
and audited statement of expenditure (SE} along with
uptodateprogressreportattheendofeschfinancialyeardulyreflectingtheinterestearned/ accrwed on the grants
received under the project. This is also subject to the condition of submission of the final statement of
expenditure, utilization centificate and project completion report within one year from the scheduled date of
completion of the project.

The grantee organisation will have to enter & upload the Utilization Centificate in the PFMS portal besides
sending it in physical form to this Division. The subsequent/final instalment will be released only afier
confirmation of the acceptance of the UC hy the Division and entry of previous Litilization Certificate in the
PFMS.

If the grant has been released under capital head through separate sanction order under the same project for
purchase of equipmenti(s), separate SE/UC has to be furnished for the released Capital head grant.

The grant-in-aid being released is subject 1o the condition that

. A transparent procurement procedure in line with the Provisions of General Financial Rules 2017 will be

followed by the Institute/Organisation under the appropriate rules of the grantee organisation while procuring
capital assets sanctioned for the above mentioned project and a certificate 1o this effect will be submitted by the

Grantee organisation immediately on receipt of the grant,

. While submitting Utilization Certificate/Statement of Expenditure, the organisationhas to ensure submission of

supporting documentary evidences with regard to purchase of equipment/cupital assets as per the provisionsof
GFR 2017. Subsequent release of prants under the project shall be considered only on receipt of the said
documeants.

The grantee organization will maintain separate audited account for the project and the entire amount of grant
will be kept in an interest bearing bank account. For Grants released during F.Y. 2017-18 and onwards,all
interests and other carnings, against released Grant shall be remitted to Consolidated Fund of India {through
Non-Tex Receipt Portal (NTRP), ie., www. Bharatkosh gov in), immediately afier finalization of accounts, es
it shall not be adjusted towards future release of grant. A centificate to this effect shall have to be submitted
along with Statement of Expenditure/Utilization Certificate for considering subsequent release of grant/closure
of project aceounts, DST reserves sole rights on the assets created out of grants. Assets acquired wholly or
substantially out of government grants (except those declared us obsolete and unserviceable or condemned in
accordance with the procedure laid down in GFR 2017), shall not be disposed of without obtaining the prior
approval of DST.

DST reserves sole rights on the assets created out of grants. Assets acquired wholly or substantially out of
government grants (exeept those declared as obsolete and unserviceable or condemned in accordance with the
procedure laid down in GFR 2017). shall not be disposed of without obtaining the prior approval of DST,

In case the scheme provides for payment of honorarium / remuneration / fellowship / scholarship to the PL, &
para may suitably be incorporated in the DSO to the effect thit "PI is not drawing any emoluments/
salary/fellowship from any other project either supported by DST or by any other funding agency.

The account of the grantee Organisation shall be open to inspection by the sanctioning authority and audit (both
by C&AG of India and Internal Audit by the Principal Accounts Office of the DST), whenever the Organisation
is called upon to do so, as laid down under Rule 236(1) of General Financial Rules2017,
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Due acknowledgement of technical support ¢ financial assistance resulting from this project grant should
mandatorily be highlighted by the grantee organisation in bold letters in all publications / media releases s well
as in the opening paragraphs of their Annual Reports during and after the completion of the project.

|2, Failure o comply with the terms and conditions of the Bond will entail full refund with interest in terms of
Rule 231 {2) of GFR2017.

13, The expenditure involved iz debitable to-
Demand No. 88 Department of Science and Technology for the year 2021-22

3425 Other Scientific Research (Major Head)

&0 Others

640.200 Assistance to Cither Scientific Bodies (Minor head)

m Innovation, Technology Development and Deployment
T.00.35 Grant for creation of capital assets for the year2021-2022

(Previous: TDP-3423.60.200.26.01 35- (SERIWT])

14. The amount of ¥ 8,62,000/- (Rupee Eight Lakhs Sixty Two Thousand, Omly) to will be drawn by the Drawing
and Disbursing Officer, DST and will be disbursed Manav Rachna International University- Faridabad,
The bank details for electronic transfer of funds through RTGS are given below:-

15.15.
Name of the Account Holder | MANAV RACHNA INTERNATIONAL INSTITUTE OF RESEARCH |
AND STUDIES
Mame of the bank Indusind Bank
Branch Address Indusind Bank, NIT Faridabad Branch, GF, 1-A/268 NIT, New Town,
| Neelam -Bata Road, Faridabad 12100 _
| Agency Code (PFMS) MEEU
IFSC code INDBODOGT0Z
Account Number 201003388847
MICR No. 110234066

16.  No release of funds will be allowed beyond the st quarter of FY 2021-22 in case the Umbrella
Scheme under which the Project is funded, is not appraised and approved by then.

17.  Ivis mandatory to use EAT module in PFMS, failing which no further funds shall be released.

18, As per Rule 234 of GFR 2017, this sanction has been entered at 5. No. 39 (TMD, WE) in the register of grants
muintained in the Division for the scheme(1TDD),

19.  As per Rule 237 of GFR 2017, Time Schedule for submission of annual accounts - The dates prescribed for
submission of the annual accounts for Audit lending to the issue of Audit Centificate by the Comptroller and
Auditor General of India and for submission of annoal report and sudited accounts to the nodal Ministry for
timely submission to the Parliament are listed below:-

i  Approved and authenticated snnual accounts to be made available by the Autonomous Body to the
concerned Audit Office and commencement of sudit of annual necounts-30th June,

(i) Issue of the final SAR in English version with audit certificate to Autonomous Bedy! Government concerned
-3 15t October.

(@) Submission of the Annual Report and Audited Accounts 1o the Nodal for it to be laid on the Table of the

Parliament -3 1stDecember,
£ J
47 &’



b B s 10—

12,

23.

25.

The erganization/Institute/University should ensure that the technical supportfinancial assistance provided to
them by the Department of Science and Technology should invariably be hi ghlighted/acknowledged in their
media releases as well as in bold letters in the opening paragraph of their Annual Report,

It 15 important that the information and knowledge generated through the use of these funds are made publicly
available as soon as possible, In order 1o achieve the aforementioned objectives, each institution is encouraged
t0 el up its own inter-operable institutional open nocess repository (“TR™) for its research papers and review
articles published in peer reviewed journals. The Munistry of Science and Technology has set up a central
harvester (www.sciencecentral.in) that will harvest the full text and metadata of these publications. Kindly
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Combating urban waterlogging with support from underlaying over exploited aquifer:
A casesudy from India
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Manav Rachna Center for Advance Water Technology and Management,
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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 a so to rejuvenate groundwater resource.

In the study all stepswere 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 aguifer 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 hydrogeol ogy

1. INTRODUCTION

Incidence of prolong water logging in areas of cities and towns are increasingly reported
worldwide and particularly from Indiain 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, Wel 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.

Indiais critically dependent on its aquifers, with an annual groundwater extraction, as per the
latest estimation, as 244.92 billion m* (CGWB 2021), which is currently world’s highest annual
draft from asingle country. Asaresult, in Indianearly 16% groundwater assessment units are
categorized as over-exploited where annua 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 aguifer underlying them are largely alluvia 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 siteislocated in one over-exploited assessment unitsi.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-morphologicaly the Faridabad area is represented by alluvial plain, bounded by
residual hills of Aravalli in the west and the Y amuna River (flows from North to South) in the
East. The regional slope of the area is towards south-east. The elevation of the areais 201m

Fig-1 Location map of study area with groundwater over exploited units in India in red
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above mean sealevel (mgl). Geologicaly, the areais 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 areathe settlements are aligned along the north-south running railway line,
Agra-Gurugram cana and Nationa Highway (NH-19). The spread of township is also
constrained by the Aravalli rangesin the western side and the Y amunariver 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. Anaysisof long-term, short-term and daily Rainfall

2. Cadculation 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.

DGPS survey of Colony areato 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.

e

3. HYDROGEOLOGICAL AND HYDROLOGICAL SETUP

The study area is underlain by unconsolidated aquifers with predominant primary porosity.
Lithologically, the Colony areain particular isunderlain 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
aclay horizon occurs between 33 to 36mbgl. The litholog made from the drill cut samples and
the sub-surface geo-physical logisgiveninthe Fig.2. The annua water level in the Colony area
is below 50m. The Transmissivity of the aquifer ranges between 145 and 875 m? / day and the
storativity ranges from 1.03x 10-5to 3.85 x10-5. The discharge varies from 1060 to 2300 |pm
with a drawdown of 4 to 40m (CGWB 2015).

Upper part of the lithological section in the study areais clay and thus acts as an aquitard. This
aquitard prevents infiltration of runoff and promotes water ponding in the area. The Colony
areaislocated 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 rainfal 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%.
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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 areaand 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
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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 Aravali 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 occursin 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 Dayal pur area. It also reveals recharge from
Aravalli hills and flow from waterlogged area (along Y amuna?) towards the central trough. In
regional scale groundwater flow direction is towards the Y amuna River but locally within the
City area, it has been totally altered. Recharge of groundwater from river Y amuna towards the
central trough zone can be seen (Fig. 4).

Depth to water level map of Faridabad district, haryana, Pre monseon 2022
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3.3 Distribution of Electrical Conductivity

It has been observed, largely the electrical conductivity (EC) of groundwater remains within
1500 ps/cm (Fig 5), however concentrated high EC zone has been found around shallow
groundwater level area EC 2250 to > 9000 ps/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. Sincethe 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 ps/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 ps/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 areafalls 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.

Thisrainfall analysis data was used for calculating the potential runoff generation as givenin
the table Based on the rainfal data it has been calculated that from 3.25-hectare area of
Officers’ Colony, maximum 2000m? (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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Table 1 Computation of runoff from Officers Colony, Sector 15A, Faridabad

Rainfall Roof Area Paved Area/ GreenArea/ TOTAL Runoff
SN inm runoff @80%  runoff@65% runoff @15% ham 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

y %r“ffm li.

.

" 4'~
‘

Fig 8 Google Earth Image ShOWI ng |ocat|on of construction in Offlcers colony, Farldabad

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 severa 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).

*'?;y‘ L " 0 -

.
Fig 9 Photographs of actual waterlogging in some locations of Faridabad and of Colony area.
3.6 Calculation of Dimension for Desilting Chamber

Astheareais 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
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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

_ Normal/day 450 m3
Discharge Q = 1 y/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*sqgrt(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
Vv = 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 250 m

Height 200 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
holewasdrilled first by using arotary rig. Bore holelogging 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 diaand 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 asto keep 1m blank space for water. About lower1.0m
screen of the recharge well within dug well sectioniskept 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) ishaving abafflewall 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 diainlet 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 coagul ation 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
320m?® water and then with 450m? water (Fig 11). It is calculated that intake capacity of the
well is 10m3minute. Therefore, even with 110mm/day rainfall, about 2000m? of runoff can
ly 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 problemsin many citiesin Indiaand 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 citiesin 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 areais
covered under Faridabad Smart City Project. Water supply of the entire Faridabad urban area
istotally 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). Thecity areais 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
asingle 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 severa 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

Theanalysis of lithology, result of bore holelogging 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 min this area, dotted 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 vertica infiltration is
higher than horizontal so more recharge would take place 2) any suspended particleif till left
in the source water will pass through the unsaturated zone and further filtered. The zone 1&2
together can absorb about 10m*/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 30" Aug and 22-23"Sept 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
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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 aguifer
system. The top aquifer (21-33mbgl) has gone dry as the present groundwater level is > 50m
bgl. It has been estimated maximum 2000m? 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) tappingl2m and 20m thick two recharge zones, is found as
10m®/minute Calculations indicate for suspended load generates from silty-clay surface with
max 2000m?>per day runoff, a 6.5*2.5*2m size desilting chamber is required and for further
coagul ation 8ppm dosing of FeClsis enough in a 3* 2.5* 2.5m size coagul ation chamber. A sand
filter of 0.5 m thickness around the recharge well isfurther ableto 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 townshipsin
similar hydrogeol ogic framework.
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