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Abstract - A water crisis is one of the major issues
prevailing in various regions of the world. Fulfilling the
growing demand with available limited freshwater
resource is significantly faced by urban water supply
authority. Hence urban areas felt a great need to explore
alternative measures for satisfying the growing demand
of water. Application of resiliency for urban water
management can be act as an effective tool. Resilience
means “The ability to survive a crisis and thrive in a
world of uncertainty” Resilience points towards the
capacity of a social-ecological system to absorb or
withstand perturbations and other stressors such that
the system remains within the same regime. Urban water
resiliency could be achieved by using the treated
wastewater to meet gap between water demand and
supply. Kalyan Dombivli is the fastest growing urban
hub in the vicinity of Mumbai. Kalyan Dombivli
Municipal Corporation (KDMC) is having acute water
shortage during dry seasons. Also ground water table in
the city is depleting fastly. Therefore, sustainable water
demand management (SWDM) is essential in this city.
The Municipal Corporation has an area of 67.65 sg. km.
The present piped water supply of the city from Ulhas
River is 320 million Litres per Day (MLD) against
demand of 370 MLD including water for gardening and
flushing. Therefore, in present study an attempt is made
to explore the possible application of recycled water for
building water resilience of Kalyan Dombivli City.
Sewerage system of KDMC has been divided into 7 zones.
The total Sewerage Network is 300 Km in length. KDMC
has total 08 sewage Treatment Plants (STP’s) with
treatment capacity of 210 MLD. The sewage is mainly
treated for organic and inorganic constituents. Presently
KDMC generates 66 MLD recycled water. The treatment
achieves reduction of BOD & suspended solids from 200
mg/litre and 350 mg/litre to less than 10 mg/litre and 100
mg/litre respectively. The pH of treated water is achieved
in the range of 7.0 to 7.3. This recycled water is satisfying
the standards prescribed by Maharashtra Pollution
Control Board for reuse and which could be effectively
used to satisfy the water demand for gardening (15MLD)
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and flushing (35MLD) purpose of residential and
commercial units.

Index Terms - Kalyan Dombivli City; Sewerage
Treatment plant; Resilience; Recycled Water; Ulhas
River ; MMR region.

I.INTRODUCTION

Potable Water which is gradually exhausting from the
earth is becoming a scarce day by day. Water
availability will be the most important word in near
future and will get equal importance as today fresh air
has. Presently every water supply authority is facing
acute problem of potable water shortage. In 2014,
closely 3.9 billion people i.e. 54% of the glob’s
population was residing in cities, and it is projected
that by 2050, two-thirds of the global population will
be living in cities, which will generate 55% additional
water demand in the world as per United Nations
Department of Economic and Social Affairs
(UNDESA, 2012). Most of the developing countries
in the world are having problems like unplanned
urbanization, rapid industrialization and immense
migration inflows, which are putting tremendous
pressure on existing piped water distribution systems.
Though, tropical developing countries receiving a
sufficient rainfall, the existing sources of fresh water
and distribution network are not capable to cater the
growing water demand. Being a tropical developing
country and having rapidly growing mega cities, India
is attributing to manage with limited water resources
for fulfilling the growing potable water demand.
Therefore, there is a great need of Sustainable water
demand management (SWDM). Rapidly growing
cities are facing problems of; water demand
management, ensuring minimum water supply for
daily consumption, and efficient water resource
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planning. Hence, in dry season water supply
authorities are facing acute water shortages. Water
resilience is an emerging and efficient solution to meet
the shortfall of water demand. The term resilience can
be defined as “the ability of a system, community or
society exposed to hazards to resist, absorb,
accommodate to and recover from the efforts of a
hazard in a timely and efficient manner” (UNISDR,
2009). Resilience can be referred as the capacity of a
social-ecological system to absorb or withstand
perturbations and other stressors such that the system
remains within the same regime, essentially
maintaining its structure and functions. To date
various approaches have been proposed for urban
water resilience. Reuse and recycle of wastewater
were used to build the water resilience
(Jonathan Wilcox 2016, Nikolaos VVoulvoul 2018).
Also, many of the researchers tried to build the urban
water resilience by accounting the various
configurations for water distribution network and
water supply systems (Zhang et al., 2019; Porag, 2016;
Li and yang, 2011; Soildi et al., 2015; Herrera et al.,
2015; Diao et al., 2016; Noiva et al., 2016; Klise et al.,
2017); Ali etal., 2017; Zhao et al., 2018; Verdaguer et
al., 2018). Further researchers attempted to achieve
sustainable water resilience by defining the indicators
of resilience (Jensen, 2018), Urban water management
(Arto, 2016) and quantifying the impacts of ground
water resources on water resilience (Arfanuzzaman et
al., 2017). The social scientists have also proposed
various socio-economical accepts of resilience (Balaei
et al., 2018; Brodnik et al., 2018).  The proposed
techniques for building the water resilience are
mathematically rigorous and difficult to implement on
the field. Storm water/rainwater harvesting is one of
the viable alternatives to fill up the gap of supply and
demand. Amarasinghe et al., (2016) performed a
quantitative assessment of resilience of a water supply
system under rainfall reduction due to climate change.
The resilience indicators were developed which could
be used for the sustainable supply of water distribution
system without its failure. Rodriguez-Sinobas et al.
(2017) proposed a concept of storm water
management by enhancing the infiltration of storm
water in a engineered soil which ultimately recharges
the ground water resources and the off-site treatment
reduces load on sewage treatment plant which reduces
greenhouse gas emissions and prove to be sustainable.
Building of water resilience by recycle and reuse of
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wastewater may find to be effective under Indian
scenario as it can widely accepted as cost of operation
and maintenance can be significantly reduced by using
existing networks in the buildings. Therefore, the
treated wastewater from sewerage treatment plants can
be used to meet gap between water demand and supply
in urban areas in tropical countries like India and may
find to be very effective. Territory of Kalyan Dombivli
Municipal Corporation is selected as a study area for
demonstration of proposed methodology.

Il. MATERIAL AND METHODS

A Proposed Framework

The proposed framework for building of urban water
resilience is as shown in Figure 1, which is mainly
consisting of following steps:

B Assessment of existing water resources

The existing water resources are having defined
storage capacities, whereas gradually growing potable
water demand exerts a consistent pressure on present
reservoirs. In most of the developing countries present
water infrastructure facilities are not designed for
catering the rapidly growing demand of population,
urbanization and industrialization. Therefore, there is
a strong need to build water resilience for satisfying
the water demand with rationalized utilization
available water resources.

C Estimation of quantity of treated water

In tropical countries now a day’s sewage treatment
plants are constructed at all municipal limits with
variable treatment technologies. The water is treated
to achieve the limits laid down by pollution control
boards. In India about 80% of potable water supplied
is contributed to municipal wastewater in cities.
Central Pollution Control Board (CPCB), Government
of India had laid down limits of various parameters
required for safe reuse of treated wastewater from
sewage treatment plants. Sewage treatment plants can
be designed to produce effluent of required standard
for reuse. There is readily available source of reusable
water which can be used for fulfilling the growing
water demand.

D Building of water resilience
Urban water resilience can be achieved by bridging the
gap between supply and demand. For present study
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area water resilience can be built up by compensating
the gardening and flushing demand and overcome the
water deficit with reuse of recycled water.

Selection of study area and demarcating its boundaries

v y

Quantification of number and location Assessment of available water
of sewage treatment plants resources

l ]

Estimation of quantity of treated
water

Estimation of existing
water supply

|

‘ Water deficit = Water Demand — Water Supply ‘

Estimation of existing
demand

Quality check of treated
water

[
v

Delining water networks to
supply this water

| Building water resilience

Figure 1: Proposed framework for building urban
water resilience

E Study area

The Kalyan Dombivli Municipal area is selected as a
study area. KDMC is situated in Latitude 19°4° -
19°14° North and Longitude 72°9’ - 73°17’South.
Kalyan and Dombivli are known as twin cities located
in the vicinity of capital of Maharashtra i.e. Mumbai.
The Kalyan Dombivli Municipal Corporation
(KDMC) is water supplying authority. KDMC came
in existance in the year 1983 by adding areas of
Municipal Councils of Kalyan, Dombivli, Ambarnath,
Badlapur and surrounding 27 urbanisable villages.
This is one of a fast-growing major corporation area in
Mumbai Metropolitan Region (MMR). Due to close
proximity to Mumbai Metropolitan City, low living
cost and well connected by rail and road facilities,
Kalyan & Dombivli are attracting great influx of
human population. Unplanned urbanization, rapid
industrialization and immense migration inflows are
putting tremendous pressure for water demand. The
Corporation is experiencing rapid urban, industrial and
commercial growth causing great stress on civic
amenities like water supply, drainage, sanitation
facilities etc. There is uplift of the population from
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442242 in1981 to 1247324 in 2011 and projections
show that in 2019 it will reach t01902525. Presently,
90% of the supplied water comes from the Barave dam
and only 10% water comes from the sub-surface water
(SW) in the form of ground water source like bore well
and open wells. Kalyan Dombivli area is bordered by
Ulhas creek which is highly polluted due to disposal
of; municipal and commercial waste, industrial
effluent, and other anthropogenic activities and it can’t
be accounted for water supply. Presently KDMC has
area of Kalyan, Dombivli and 27 villages admeasuring
67.65 Sg. Km, out of which 12.99 Km? is roof top area
with population of 1.9 million. The present water
demand is 370 Million Liters per Day (MLD).

Rapidly increasing issues for fulfilling water demand
of Kalyan Dombivli area are Water demand
management; ensuring minimum water for daily
consumption, and water resource planning.
Approximately, 30 hours per week of water cut-off is
employed by KDMC in the months of December to
June. The residents of the city are facing acute water
shortage during this period. In this paper we present
study it is investigated that, how the resilience concept
can be systematized, operationalized, and applied to
sustainable urban water management in Kalyan
Dombivli area. KDMC is not getting sufficient source
of fresh surface water, also capacity of Barave dam
will not be sufficient to supply water to all dependents.
Hence in present analysis an attempt has been made to
propose a water resilience plan for Klayan Dombivli
city by accounting treated water from sewerage
treatment plants water in the city area. The future
water condition will be difficult to manage unless
KDMC is able to address reuse of treated water in its
area.

Corporation
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11 APPLICATION OF PROPOSED FRAMEWORK

A Assessment of existing water resources for KDMC
area:

The present source of raw water for KDMC is Barave
dam which caters the potable water demand. KDMC
is lifting total 320 MLD water from Ulhas River and
Kalu River as summarized in Table 1.

Table 1: Sources of water for KDMC area

Sr.No | Lifting Station Quantity of raw water lifted
(MLD)

1 Barave 135

2 Netivili 115

3 Mohali 65

4 Titwala 05

Total 320

B Estimation of existing water supply for KDMC area:
Total existing water demand of KDMC area is 370
MLD against which corporation is permitted to lift 320
MLD from various resources. Presently 50 MLD
water is purchased from MIDC daily which is causing
financial burden on Municipal Corporation.

Table 2: Daily Water supply in various wards of
KDMC area

Sr. | Water Total water | Ward Quantity  of
no | treatment | treated name water supplied
plant (MLD) (MLD)
1 Netivali 115 F ward 35
G ward 30
H ward 50
2 Barave 135 D ward 40
J ward 30
b ward 35
C ward 30
3 Mohili 65 A ward 35
B ward 30
4 Titwala 5 A ward 5
5 MIDC 50 E ward 25
supply | ward 25

C Assessment of existing water demand for KDMC
area:

This water demand consists of water utilised for
various applications viz. drinking, flushing,
gardening. The assessment of water demand was done
and summarized in Table 3.

Table 3: Bifurcation of water demand for KDMC area

Sr.No Purpose water demand Daily requirement
1 Water for flushing 35MLD
2 Water for gardening 15 MLD
3 Water for Drinking and | 320 MLD
Others
IJIRT 153750

| Total | 370 MLD |

D Estimation of treated water produced from sewage
treatment plants in KDMC area:

The capacity of sewage treatments plants in KDMC
area which are producing treated effluent is estimated.
The sewerage system of KDMC has been divided into
7 zones. The total Sewerage Network is 300 Km in
length. KDMC has total 08 sewage Treatment Plants
(STP’s) and 11 sewage pumping station (SPS) as
located in figure 3 with treatment capacity of 210
MLD. Presently treated water produced from all
STP’s is 66 MLD (Table 4).

Table 4: Details of STP’s for KDMC area

Sr. | STP Location Treatment Treated
No capacity (MLD) | effluent
(MLD)
1 Adharwadi 25 21
2 Barave 15 11
3 Titwala (east) 2 1
4 Titwala (west) 1 0.5
5 Chinchpada 40 15
6 Motha gaon 40 0
7 Dombivali (east) 66 175
8 Wadavli 21 0
Total 210 66

Locations of STPS and SPS Titwala west STP
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Figure 3: Location of STP’s of Kalyan Dombivli
Municipal Corporation

E Building of water resilience for KDMC area:

Presently wastewater from the sewer line networks is
collected at STP’s and treated using Sequencing batch
reactor (SBR) technology, parameters of treated water
are checked at laboratories established in the premises.
The sewage is mainly treated for organic and inorganic
constituents. The treatment achieves reduction of
BOD & suspended solids from 200 mg/litre and 350
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mg/litre to less than 10 mg/litre and 100 mg/litre
respectively. The pH of treated water is achieved in the
range of 7.0 to 7.3 There is shortfall of 50 MLD of
water for daily supply. The effluent from STP’s can be
used to fulfil this gap.

IV. RESULTS AND DISCUSSIONS

KDMC Area
380
360
340
320
300
280

m Water Demand in MLD
®m Water Supply in MLD

Figure 4 Building of water resilience
The relative comparison of water deficit for KDMC
area is as shown in Figure 3. The total water deficit is
of 50 million litters per day whereas, available treated
water fulfilling CPCB guideline is 56 million litters
per day. (by deducting 15 % losses). This recycled
water is satisfying the standards prescribed by Central
Pollution Control Board (CPCB) for reuse and which
could be effectively used to satisfy the water demand
for gardening i.e. 15MLD and flushing purpose of
residential and commercial units i.e. 35MLD.

.

m Flushing Water inMLD
m Gardening Water in MLD
Balance Water Including Drinking

Figure 5 Water Demand Components
This treated water from STP’s can be supplied for
gardening and flushing use through separately
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developed network. Users can store this water in
separate overhead water tanks (presently all  ldgs..
Have separate borewell tanks with pipeline in KDMC
area). The Down take pipe network presently used for
Bore water can be used for this reused water without
any cost addition resulting in increase of ground water
level. It is one of the sustainable water management
tools, as with the growing population the
infrastructural development is accelerating and the
available treated water will also be increasing.

V. CONCLUSION

Fulfilling daily water demand throughout the year is
one of the major issues prevailing in every part of the
world. Presently, climate change has increased the
complexity of global water system. Also, the
anthropogenic threats to the availability of freshwater
resources are; rapid infrastructure development,
inefficient water use and increasing pollution. This
analysis aimed to achieve water resilience by various
alternative resources which may imparts much more
effective and efficient operations in fulfilling water
demand of an urban area. The present study shows that
due to close proximity to Mumbai and less land cost
(as compared to Mumbai) Kalyan Dombivli area is
facing rapid and uncontrolled population growth along
with industrialization which causes increase in water
demand and available water source are falling short.
To meet growing water demand, available effluent of
STP’s should be planned for use by local bodies.
Available water from Barave dam and STP’s effluents
together will help in achieving water resilience for
Kalyan Dombivli area. The study recommends that,
mandatory reuse of recycled water can achieve water
resilience. Reuse of recycled water is one of the
effective solutions for the acute water crisis in near
future.
ACKNOWLEDGEMENT

The authors are thankful to Kalyan Dombivli
Municipal Corporation and for providing necessary
data and information to carry out the study. The
authors sincerely thank to the Veermata Jijabai
Technological Institute, Matunga, Mumbai, 400019,
for providing infrastructural facilities and support for
successful completion of research work.

REFERENCE

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 448



© January 2022| IJIRT | Volume 8 Issue 8 | ISSN: 2349-6002

[1] Alireza Mashhadi., Ali., M. EhsanShafiee, Emily
Zechman Berglund., Agent-based modeling to
simulate the dynamics of urban water supply:
Climate, population growth, and water shortages.
Sustainable Cities and Society, 28(420-434),
(2017).

[2] AseJohannessen and  Christine  Wamsler.,
Wamsler., What does resilience mean for urban
water services. Ecology and Society 22(1):1,
(2017).

[3] BehroozBalaei., Suzanne Wilkinson., Regan
Potangaroa., Carole Adamson., Maryam Alavi-
Shoshtari., Social factors affecting water supply
resilience to disasters, .International Journal of
Disaster  Risk  Reduction, PII:  S2212-
4209(18)31076-8, (2019).

[4] ChristophBrodnik.,RebekahBrown.,Strategies for
developing transformative capacity in urban
water management sectors: The case of
Melbourne, Australia. Technological Forecasting
& Social Change, 137(0040-1625), (2018).

[5] D. Butler, R. Farmani., G. Fu, S. Ward, K. Diao.,
M. Astaraie-Imani., A New Approach to Urban
Water Management: Safe and Sure.Procedia
Engineering, 89 (347 — 354), (2014).

[6] DavideSoldia., Antonio Candelieria., and
Francesco Archettia., Resilience and vulnerability
in urban water distribution networks through
network theory and hydraulic simulation.
Procedia Engineering, 119 (1259 - 1268).
(2015).

[7] David R. Marlow., Magnus Moglia, Stephen
Cook, David J. Beale., Towards sustainable urban
water management: Acriticalre assessment. Water
Research, Issue 20, 47(7150-7161), (2013).

[8] Gang Zhao., HuilinGao., Shih-Chieh Kao.,
Nathalie Voisin., Bibi S. Naz., A Modeling
Framework for Evaluating the Drought Resilience
of a Surface Water Supply System under Non-
stationarity. Journal of Hydrology, 563(22-32),
(2018).

[9] JJ.Yang, X.Zhu., Adapting urban water utilities
to climate uncertainties: a case study of Wuhan,
PRC. Procedia Engineering, 198 (496 — 510),
(2016).

[10] Katherine A. Klise., Michael Bynum., Dylan
Moriarty., Regan Murray., A software framework
for assessing the resilience of drinking water
systems to disasters with an example earthquake

1IJIRT 153750

case study. Environmental Modelling& Software,
95 (420-431), (2017).

[11]Karen Noiva, John E. Fernandez, James L.
Wescoat Jr., Cluster analysis of urban water
supply and demand: Toward large-scale
comparative sustainability planning. Sustainable
Cities and Society, 27 (484-496).

[12] KegongDiao, Chris Sweetapple,
RaziyehFarmani, Guangtao Fu, Sarah Ward,
David Butler.,(2016) Global resilience analysis of
water distribution systems.Water Research, 106
(383-393), (2016).

[13]Laura Basco-Carrera., Andrew Warren., Eelco
van Beek, AndrejaJonoskib, AlessioGiardino.,
Collaborative  modelling or  participatory
modeling. A framework for water resources
management. Environmental Modelling&
Software, 91 (95-110), (2017).

[14]Leonor Rodriguez-Sinobas., Sergio Zubelzu.,
Sara Perales-Momparler., Susana Canogar.,
Techniques and criteria for sustainable urban
stormwater management.The case study of
Valdebebas (Madrid, Spain).Journal of Cleaner
Production, S0959-6526(17)32363-6, (2017).

[15] Lukuba N.Sweyaa, Suzanne Wilkinsona., Alice
Chang-Richarda., Understanding Water Systems
Resilience Problems in Tanzania.Procedia
Engineering, 212 (488-495),(2018).

[16]Marta  Verdaguer., MariaMolinos-Senante.,
NarcisClara., Mark Santana f, Wolfgang
Gernjak., Manel Poch.,(2018).0Optimal fresh
water blending: A methodological approach to
improve the resilience of water supply. Science of
The Total Environment,624, (1308-1315).

[17]Malin Falkenmark., Lan Wang-Erlandsson.,
Johan Rockstrom., (2019). Understanding of
water resilience in the Anthropocene. Journal of
Hydrology X, (2) 100009.

[18]Martina  ZeleEakovaa.,, Daniel Constantin
Diaconub., Ketil Haarstadc.,(2017). Structural
and Physical Aspects of Construction
Engineering Urban Water Retention Measures.
Procedia Engineering, 190 (419 — 426).

[19]Md. Arfanuzzaman., A. Atig Rahman.,2017.
Sustainable water demand management in the
face of rapid urbanization and ground water
depletion for social-ecological resilience
building. Global Ecology and Conservation,
10(9-22.)

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 449



© January 2022| IJIRT | Volume 8 Issue 8 | ISSN: 2349-6002

[20] Margot Hill Clarvis., Andrew Allan., David M.
Hannah.,2014. Water, resilience and the law:
From general concepts and governance design
principles to actionable mechanisms.
Environmental Science & Policy, 43 (98-110).

[21]M. G. Erikssona,L., J. Gordonb and J.
Kuylenstiernac.,2013.  Stockholm,  Sweden,
Cross-sectional approach Help build water
resilience-reflection. Aquatic Procedia, 2 (42—
47).

[22] Manuel Herrera., Edo Abraham., lvan Stoianov.,
2015.Graph-theoretic  surrogate measures for
analysing the resilience of water distribution
networks. Procedia Engineering, 119 (1241 -
1248).

[23] Nathanial Matthews, 2016. People and freshwater
ecosystems: pressures, responses and resilience.
Aquatic Procedia, 6 (99 — 105).

[24] Olivia Jensen., Huijuan Wu.,2018. Urban water
security indicators: Development and pilot.
Environmental Science &Policy ,83(33-45).

[25]Pradeep  Amarasinghe, A Liu, Prasanna
Egodawatta, Paul Barnes, James McGree a
Ashantha  Goonetilleke.,2016,  Quantitative
assessment of resilience of a water supply system
underrainfall reduction due to climate change
.Journal of Hydrology,540 (1043-1052).

[26]S.J. van de Meene, R.R. Brown, M.A. Farrelly.,
2011. Towards understanding governance for
sustainable urban water management. Global
Environmental Change, Issue 3, 21(1117-1127).

[27]Tom Roach., ZoranKapelan., RalpHLedBEtter.,
2018. Resilience-based performance metrics for
water resources management under uncertainty.
Advances in Water Resources, 116(18-28)
systems. Science of The Total Environment,624
(1308-1315).

[28] V. Proag., 2016.Building resilience in the water
supply network of Mauritius. Water Ultility
Journal 12: (39-48)

[29] Yi Li, Jan Degener, Matthew Gaudreau, Yangfan
Li, Martin Kappas., 2016, Adaptive capacity-
based water quality resilience transformation and
policy implications in rapidly urbanizing
landscapes. Science of The Total Environment,
569-570 (168-17).

[30] Yamen M. Hoque., Shivam Tripathi, Mohamed
M. Hantush, Rao S. Govindaraju., 2012.
Watershed reliability, resilience and vulnerability

1IJIRT 153750

analysis under uncertainty using water quality
data. Journal of Environmental Management, 109
(101-112).

[31]Y. Li, Z.F. Yang, (2011) Quantifying the
sustainability of water use systems: Calculating
the balance between network efficiency and
resilience. Ecological Modelling, 222 (1771-
1780).

[32]Zhen Zhang., Xiao Feng, FengQian., 2009.
Studies on resilience of water networks. Chemical
Engineering Journal, 147 (117-121).

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 450



