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Context - Water Supply Reality in India

« Water supply in India is intermittent, ranging from 30 minutes to 12 hours per day
 Alternate day supply to once in a fortnight
* Inequitable distribution

* 81.49% of households in rural (JUM Dashboard) and about 60% in urban have
access to tap water supply in India

 Situation is similar irrespective of water availability

» The root cause of the miserably low supply is water management is a “Wicked”
problem, and every action will have a cascading effect on the system

https://pubs.acs.org/doi/10.1021/acs.est.5b03973
https://www.frontiersin.org/journals/water/articles/10.3389/frwa.2021.696630/full
https://ejalshakti.gov.in/jjmreport/JJMIndia.aspx
http://documents.worldbank.org/curated/en/731801468033688876
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Study Approach

« Research group led by Prof. Pradip Kalbar, [IT Bombay, took the challenge of improving
the present scenario of WSS in India

* Initially, multiple site visits across the country were done to understand the actual
problems and document the good practices to enhance the WSS

-4 | West Bengal
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Observations and Way Forward
« Design assumptions often differ from actual operational practices

« Operators resort to zoning, valve throttling, and ad-hoc controls
 Priority shifts from pressure management to mere water delivery
» Results in tail-end deprivation and early system inefficiencies
* Intermittency encourages consumers to over-withdrawal and household storage
* Leads to unequal pressures and fluctuating supply
* Increased energy consumption due to inefficient operations
« Disproportionate burden on women and low-income households
Leading to Different Approach
« Conventional infrastructure expansion alone is insufficient
* Need solutions that work within intermittent supply regimes
* Focus must shift from supply augmentation to pressure and withdrawal control

* Interventions must be low-cost, scalable, and field-relevant
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Back to the lab with new approach
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Research Outcomes
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Multi-outlet storage tanks to improve water distribution networks in India
Anujkumar Ghorpade, Abhishek Kumar Sinha and Pradip Kalbar@®

Centre for Urban Science and Engineering, Indian Institute of Technology Bombay, Mumbai, India

ABSTRACT ARTICLE HISTORY

In developing countries, intermittent water supply (IWS) regimes have become a usual mode for Recelved 30 August 2020
operating the water supply systems. The reasons and adverse impacts (inequitable supply, deterioration Accepted 1 April 2021

of pipeline and so on) of the IWS regime are well documented in the literature; however, limited work is KEYWORDS

available on solutions to improve the IWS regime. Here, we propose the application of multi-outlet Intermittent water supply;
storage tanks to overcome the issues in the IWS regime by considering field conditions in India. Two real- oy cost interventions;
life water distribution networks (WDNs) from India were considered as case studies. The distribution multiple outlets storage
networks were optimized followed by hydraulic simulation on various water demand situations to

compare the residual pressure in single outlet and multi-outlet storage tank scenarios. The results are

encouraging in terms of residual pressures and economy for the multi-outlet storage tank scenario.

Additionally, operational benefits of a multi-outlet storage tank make it an ideal low-cost intervention for

improving WDNs in India.
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Abstract: In India, the Water Supply Systems (WSSs) are designed as 24x7 water supply, whereas the operation is based
on Intermiitent Water Supply (IWS) with limited supply hours. The disparity befween the design and actual operation of
WSSs results in the failure of the system. Currently, direct conversion to a 24x7 water supply is more emphasized than
[first improving the efficiency of intermittent WSSs in India. In this study, the applications of low cost interventions for
improving the existing IWS system are described. The application of low cost interventions like multi-outlet storage tanks,

shafts, manifolds, and pipe in pipe is reported with the help of various case studies. Moreover, these low inferventions”
design and implementation guidelines are described to achieve better replicability of the interventions. It is hoped that
the proposed low cost interventions will help in the successful completion of the Jal Jeevan Mission (Rural and Urban)

and Atmanirbhar Bharat Mission.

Key Words: Intermittent Water Supply, Low cost interventions, Jal Jeevan Mission
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ABSTRACT

The planning and design of water networks in water supply systems are primarily based on demand-driven modeling. The prevailing design
provisions, such as minimum diameter, lead to oversizing of the water network, affecting operation. In upstream balancing reservoirs, out-
flow due to the water transmission network's excessive withdrawal capacity surpasses the available inflow causing flow starvation under
intermittent water supply. This flow starvation causes partial flow in the downstream vicinity and forms a standing water column in the
balancing reservoir's immediate downstream pipe. Traditional modeling approaches cannot simulate the piped network performance
under this phenomenon due to their inability to model partial flow. Hence, a novel modeling approach is developed using a tank with an
irregular cross-section, which integrates the hydraulic performance of the tank and the downstream pipe. Additionally, a reservoir and con-
trol valve represent the water wil ism at the reservoir. The proposed i simulates

of a flow-starved water transmission network. A case study based on a real network is used to illustrate the robustness of the proposed
approach. The developed modeling approach can serve as a management tool to devise operation schedules, helping better manage the
operations of the water networks.

Key words: flow starvation, hydraulic modeling. intermittent water supply, standing water column, water supply system

HIGHLIGHTS

® The absence of effective demand-side management leads to flow starvation in water networks.
® Traditional models do not simulate flow starvation condition.

® A hydraulic modeling approach for a flow-starved water transmission network is developed.

® The study quantifies inequity in an intermittent water transmission network.
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Drivers for Intermittent Water Supply
in India: Critical Review and
Perspectives

Anujkumar Ghorpade, Abhishek Kumar Sinha and Pradip P. Kalbar®
Centar for Lirban Science and Enginsering. Inciin Instinge of Tachnology Bombay, Mumb, india

Intermittent Water Supply (IWS) is prevalent in most developing countries. Specifically,
in India, IWS is existent throughout the country. Many studies focus on documenting
the effects of WS, and rarely the drivers of the IWS regime are studied. In this study, a
systematic literature review was conducted on IWS studies around the globe. The various
causes for IWS were documented. Then, by studying India's typical water supply system
(WSS) configuration, the vicious cycle of WS in India is discussed. Further, the drivers of
WS were identified and elaborated with the causing mechanisms. This knowledge will
help devise sirategies and solutions for improving the IWS in India and other developing
countries with similar socio-economic conditions.

Keywonds: continuous water supply, India, intermittent water supply, vicious cycle, water supply system design,
water supply system operation
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Hydraulic Isolation Solutions

Planning and Design interventions
» Small storage tanks (Decentralized infrastructure)
» Multi-outlet storage tanks

» Optimal design and Head-driven analysis

Operational interventions
» Manifolds
> Shafts

» Pressure management using Pipe-in-Pipe

= Patent filed by IIT Bombay with inventors Prof. Pradip Kalbar,
Dr. Anujkumar Ghorpade, and Mr. Abhishek Kumar Sinha
= Ajivam Water was formed by Prof. Kalbar and Dr. Ghorpade
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Working of Shaft

Patent application no. 202121029380
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Benefits of Shaft

« Open to the sky. removal of entrapped air, full pressurized system =
».

* Multiple outlets: simultaneous supply to more than one zone, »

minimizing valve operations
 HGL varies as per demand: complete utilization of the water column
* Reliable supply: fixed supply hours
 Less movable parts: reduction in operation and maintenance
« Cheaper than ESR in terms of both capital as well as operation and
maintenance

* Helps overcome space constraint

Patent application no. 202121029380
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WASH and Climate Co-Benefits

« Enhances reliability and equity of water access (SDG 6)
* Improves energy efficiency of water utilities (SDG 13)
« Reduces service inequality across spatial and socio-economic groups (SDG10)

« Strengthens resilience of small towns and peri-urban systems (SDG 11)

Relevance to Global South

Applicable to cities and towns with entrenched intermittent supply

Requires minimal additional infrastructure

Easily retrofitted into existing networks

Supports climate-adaptive service delivery without large capital investments

Global South Academic Conclave on WASH and Climate 2026




Shaft installation Methodology

Stage 1

» Digitization of existing
WDN

* Understanding existing
operational schedule

» Documenting existing
issues related to water

supply

Need for
Shaft

Primary data collection
(flow and pressure
measurement)

Ground elevation survey
Meeting with
stakeholders

Stage 2

Construction of shaft

Hydraulic modeling

Finalized
1 location of shaft 1

Fabrication

Site cleaning

Civil works

Installation of monitoring
instruments

Simultaneously :

_——— - -

Baseline data collection

Household level flow
and pressure
measurement using
bucket test and
pressure gauge
Digitization of the
collected data

Stage 4: Data collection in post shaft scenario

Flow and pressure measurement at same
location as in pre shaft scenario
Flow and pressure management at shaft inlet,

outlet and within

Patent application no. 202121029380

]

Stage 3: Commissioning of shaft

accessories

the same

» Checking performance of shaft and the

Identifying any leaks in the joints and rectifying

Stage 5: Analysis

shaft scenario

» Comparison of data collected in pre and post

» Statistical analysis and graphical representation

Global South Academic Conclave on WASH and Climate 2026
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Background

Table: Details about the study area

n Area of the zone (sq. km) 1.47

n Number of Tanks 1 — Integrated Forest Tank

B Capacity of Tank (liters) 7,50,000

Staging Height of Tank (m) 16 m
1 hour with supply from a tank between

. Supply Duration
v - 6:45 am to 7:45 am
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Figure: Water Distribution Network of Dahanu City

Patent application no. 202121029380
CEPT . .
UNl/ersiTy - Gates Foundation  viega foundation

Global South Academic Conclave on WASH and Climate 2026 wer ity




Pipeline
=A@
DI
]
E = HBRE
PV

Figure: Pressure measurement activity

Figure: Water Distribution Network of Integrated Forest Zone, Dahanu, Maharashtra

Patent application no. 202121029380
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Background

- Extensive branching near the
ESR; significant head loss is
observed

« 8 m head loss in almost 600 m
distance is observed along
the main line.
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Figure: Pressure map of Integrated Forest Zone, Dahanu, Maharashtra

Patent application no. 202121029380
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Interventions in Dahanu

Patent application no. 202121029380
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Shaft in Dahanu

Patent application no. 202121029380

(STEM Water Distribution CSR funded project)

Global South Academic Conclave on WASH and Climate 2026

Currently, the average pressure in the
serving area has increased by 3 to 4
m

Flow at the HH connections has
increased by 5 Litre per minute

CEPT .
UNl/ersiTy - Gates Foundation  viega foundation

| Fhcuury
OF PLANNING




Dahanu Project Highlights

The installation of the Shaft and Manifold by IIT Bombay with AWPL
implementing agency in One Zone the first of its kind in urban areas.

The installation of the shaft resulted in equitable distribution of water
to the consumers near the area.

Consumers in critical tail end areas started receiving water with
sufficient pressure, thereby increasing consumer satisfaction.

Reduction in supply timings due to an increase in pressures is
achieved

Energy consumption and water losses are reduced

Patent application no. 202121029380
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Key Takeaways

Intermittent supply is not only a water scarcity issue but a planning and
operational challenge

Hydraulic isolation structures offer a simple yet robust engineering
solution

Aligns infrastructure performance with social equity and climate goals

Demonstrates a pathway from asset creation to sustainable water
services

Patent application no. 202121029380
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Replications of Shaft with Multiple Outlets

Thane, Maharashtra Palghar, Maharashtra Kolhapur, Maharashtra Palghar, Maharashtra

Chandrapur, Maharashtra Nagpur, Maharashtra

/908826 7
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April, 2022 May, 2022 December, 2022 March, 2023 July, 2023
Patent application no. 202121029380
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Replications of Shaft with Multiple Outlets

Dahanu, Maharashtra Washim, Maharashtra Dindori, Madhya Pradesh Asansol, West Bengal Ahmednagar, West Bengal Palghar, Maharashtra

December, 2023 May 2025
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Recommendations and Recognitions

od Qfad §ATag
MINISTRY OF
JAL SHAKTI

Har Ghar Jal

Jal Jeevan Mission

Ministry of Jal Shakti, Gov. of India
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Recommendations and Recognitions

W-11015/4/2020-1JM-IV-DDWS
Government of India

Ministry of Jal Shakti
Department of Drinking Water and Sanitation
(National Jal Jeevan Mission)

her
12" Floor, Pt. Deendayal Antyodaya Bhawan,
CGO Complex, Lodhi Road,
New Delhi-110003
Date:27April, 2020
To,
The Principal Secretary / Secretary
In-Charge of Rural Drinking Water Supply,
All State & UTs

Subject: - Low-cost interventions useful for the Har Ghar Jal Programme, under the Jal Jeevan
Mission
Sir,

This is to draw your kind attention towards the field relevant Research & Development
(R&D) of interventions in the water supply and liquid waste management conducted by Dr.
Pradip Kalbar, Assistant Professor, Centre for Urban Science and Engineering, IIT Bombay in

collaborating with Urban Local Bodies (ULBs) and Government Departments. The summary of
the above mentioned intervention is enclosed for ready reference

The above mentioned R&D seems to be quite innovative and useful for the State
Government to follow. Therefore, the brief comments of this Department on the interventions
of Dr. Pradip Kalbar, are enclosed at Annexure.| for kind perusal. The states are requested to
examine the innovations further and share any practical application that they might implement
in field, with the ministry.

Encl.: As above

Yours sincerely,

1o Y0

Director
Email.: pradeep.singh78@gov.in

Copy to (for information) :

Dr. Pradip Kalbar, Assistant Professor, Centre for Urban Science and Engineering, IIT Bombay.

Global South Academic Conclave on WASH and Climate 2026

Annexure.|

The low cost interventions of interventions in the water supply and liquid waste management
conducted by lIT-Bombay have been examined and the observations are as below:-

1. Small scale tanks

Need: The current practice is to create huge storage tanks at one location which provides an
opportunity to the Operator to extend the distribution network infinitely. This makes it
impossible to track the network and attribute to the respective storage tank. Typically the
OHSR/ESR tank is kept at a height of 12-15m so as to provide a pressure head of at least 7m at
the ferrule point. Capacity of storage tanks vary from 0.1to 2.5 ML.

Utility: In rural areas, it does not have much application as tanks are already small. However, in
the prei-urban areas, there is possibility of implementing small storage tanks.

2. Multi-outlet tanks

Meed: Present practice follow providing only one outlet. This creates uneven and unequal
distribution of water where there is mixed land use and differently elevated areas. In some part
of the network, water will not reach.

Utility: Multi-outlet tanks in rural and peri-urban areas can help in tackling differently elevated
areas and plan for future expansion which is the need to address the urbanization effects.
Multi-outlet tanks dampen the peak demand and hence optimizing investment,

3. Manifolds

Need: Manifolds are basically a pipe-valve arrangement. The inlet and outlet diameter are the
same. The inlet diameter is distributed into 3 pipe-valve systems, typically the 1/3" area of the
pipe. There are two ends for the drum systems. The system is initially closed by valves, so that
pressure exists on the incoming side. Once the valves are opened, the pressure will be reduced
till the pipeline is filled. Such a stabilized manifold system has tendency to auto-balance in the
optimal range of diurnal and seasonal variations of flows. The water supply schemes are
typically designed for 30 years for peak flow conditions and hence there needs to be some
contral on the withdrawal in the initial period. However, in practice, due to poor O&M practice,
there is no control on withdrawal and hence the design flows do not exist in the field and
unequal distribution at both transmission level and distribution level occurs.

Utility: Manifold will be useful in multi-village schemes and for peri-urban area schemes for
transmission side (bulk water supply). This will avoid the partial flowing of water in the pipeline
and maintain the designed velocity.

4. Shafts

Need: Shafts are basically a vertical pipeline structure with the top of the pipe open to sky. The
height of the shaft will be dependent on the inlet velocity of water and the characteristics of
the outlet. Shafts basically act as directed storage near the consumer and help in matching the
demand pattern resulting in peak dampening. Typically, in water supply systems, there is excess

pressure in same parts of the network. There is also need for a hydraulic barrier between the
supply side and demand side. The big storage tanks provided usually are not fully utilized in
intermittent water supply regime. Additionally due to paucity of space or lack of funds, storage
tanks are not possible to construct at every location.

Utility: In rural and peri-urban areas, shafts can serve as an alternative to storage tanks, which
is 3 low cost solution, Shaft can also be used for tackling water hammer effect in transmission
side.

5. Non-mechanized water treatment plants

Meed: Majority of conventional mechanized water treatment plants in rural and remote areas
fail due to poor O&M, lack of skilled labour and/or lack of funds for D&M.

Utility: The non-mechanized water treatment plants will be a better alternative in rural and
peri-urhan areas. The use of vortex [instead of flash mixer and flocculation) and plain
sedimentation (instead of clarifier) will avoid mechanization and use of energy during the
operation. One such plant is under operation at Dhamangaon in Maharashtra,

6. Jal Tantra

Need: The water supply schemes need to be designed optimally due to heavy investments.
There are many commercial tools for optimization of water supply network. However, either
they are very costly or very complex. Hence there is a need for low cost and Indian conditions
specific tool,

Utility: IIT-Bombay has developed JalTantra tool, which is a free for all open source tool for
optimization of water supply schemes. Current version of this tool is very useful for designing
rural water supply schemes and Government bodies in Maharashtra State are already using it.

7. Pipe in pipe (master piece)

Need: The water supply network require pressure management as there can be undulations in
the ground. There is need to dissipate the excess head at some locations to manage the
pressure in the network.

Utility: A simple Pipe in pipe [master piece) can be a very effective long term solution for
reducing the pressure in the transmission and distribution networks. In this intervention, a
small diameter pipe is inserted into a large diameter pipe for a short length of 1-5m. The void
between the piped is filled with concrete. The smaller diameter pipe induce head loss in the
pipeline and acts as spring (more the discharge, more is the head loss and vice versa).
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Recommendations and Recognitions
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Stakeholders Feedback on Shaft
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Innovative low-cost intervention
tackles water supply challenges in
Maharashtra towns
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can be tackled at a reasonable cost.

Global South Academic Conclave on WASH and Climate 2026

Two little towns with a population of around 20,000 in Palghar district
of Maharashtra have become a model of how challenges like
intermittent supply, water losses, deteriorating water infrastructure
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Home >> Innovative low-cost intervention tackles water supply challenges in Maharashtra towns

Innovative low-cost intervention tackles water supply challenges in Maharashtra towns

Two little towns with a population of around 20,000 in Palghar district of Maharashtra have become a model of how
challenges like intermittent supply, water losses, deteriorating water infrastructure can be tackled at a reasonable cost.

IIT Bombay has come up with ‘Shaft with Multiple Outlets’ as an intervention for improving the performance of existing
piped water distribution networks. The intervention consists of a new strategy of optimal water supply operation by use
of scheduling and decentralizing infrastructure.

With support from the Department of Science and Technology (DST)-Water Technology Initiative, IIT Bombay & IIT
Madras, with participation of local gram panchayat, implemented the solution in the towns of Saphale, and Umerpada,
in Palghar district, Maharashtra, which is currently provided with water from a multi village water supply system.
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Maharashtra
Maharashtra: IIT Bombay implements innovative

low-cost water supply system in Palghar
daharashtra shift to 'Shalt with Multiple Outlets’

Saphale, Umerpada in Palghar,

to tackle water supply challenges
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