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FOREWORD

Clean water is essential for survival, and its absence can impact the health and livelihood of mankind.
Unplanned and rapid growth of urban areas of developing countries poses major threat to water supply.
Father of our Nation, Mahatma Gandhi Ji encouraged sustainability in water sector by stating that water is
not an inheritance and it is an impetus on this generation to rightfully hand it over to the future generations.
Universal piped water supply coverage with last mile connectivity was the objective under Atal Mission
for Rejuvenation and Urban Transformation (AMRUT) in 500 cities of India.

Honourable Prime Minister launched AMRUT 2.0 on October 1st, 2021 with a vision to make cities water
secure and provide universal coverage of water supply services in all the urban areas of the country with
major focus on water conservation through rejuvenation of water bodies, reduction of NRW, recycling &
reuse of wastewater, roof top rain water harvesting measures and water efficient plumbing fixtures. 24x7
water supply with 'Drink from tap' facility is one of the admissible components in 500 AMRUT cities under
AMRUT 2.0

Piped water supply is the safest way to provide potable water to consumers in adequate quantity and
recommended quality, but it is a huge challenging task to provide safe and reliable water supply with
required quantity and acceptable quality for the urban citizens due to the prevailing practice of intermittent
water supply in most of the urban areas. Considering the importance and benefits of 24x7 water supply, it
is absolute necessity to transit from intermittent to continuous 24x7 water supply systems which will not
only improve overall service delivery standards like coverage, quantity, quality, reduction of NRW, revenue
collection, PPP funding etc. but also will improve the quality of life of urban citizens.

The guidelines on planning, design and implementation of 24x7 water supply systems has been prepared
by the Expert Committee constituted by the Ministry by incorporating the latest technological
advancements and best practices. The objective of the guidelines is to handhold States and Cities to
disseminate knowledge and guide them in transitioning from Intermittent to 24x7 water supply systems
with drink from tap facility. Integration of GIS which is the need of the hour in planning, design, O & M
of water supply and distribution network has been introduced in the guidelines.

I am sure, the guidelines will encourage and empower the State PHEDs/ Water Boards/ Jal Nigams/Urban
Local Bodies (ULBs) to suitably use them for effective planning, design and implementation of 24x7 water
supply projects.

I congratulate Dr. M. Dhinadhayalan, Adviser (PHEE), CPHEEO & his team and the members of Expert
Committee and other Experts who were involved in the preparation of this Guidelines.

(Durga Sharfker Mishra)
New Delhi
15" December, 2021
Office Address: Room No. 122 ‘C’ Wing, Nirman Bhawan, New Delhi-110011

Tel.: 011-23062377, 23061179; Fax: 011-23061459; Email: secyurban@nic.in
Website: www.mohua.gov.in
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PREFACE

Urban centres are engines of economic growth of the country and major contributors to the country’s Gross
Domestic Product (GDP). Unplanned and rapid growth of urban areas poses a major challenge to provide
basic water service in any country. India being a water stressed country, severe water crisis, will not only
risk urban growth and national economy but also, negatively impact the liveability of cities and quality of life
for urban citizens. Therefore there is an urgent need for universal, adequate, reliable, good quality and
continuous (24x7) water supply services to urban India to leverage the economic potential of cities.

To meet Sustainable Development Goal (SDG) 6 which ensures availability and sustainable management of
water and sanitation for all and to extend ease of living in water supply sector AMRUT 2.0 was launched by
Government of India on 1% October 2021 with an objective of making cities 'water secure' by providing
universal coverage of water supply to all urban households. Cities are mandated to undertake reforms for
water conservation such as reducing Non-Revenue Water (NRW) to below 20%, recycle of treated used
water to meet at least 20% of total city water demand and 40% for industrial water demand, rain water
harvesting, 24x7 water supply, PPP projects, community involvement etc. 24x7 water supply with 'Drink
from tap' facility is one of the admissible components in all 500 AMRUT Cities under AMRUT 2.0 and these
projects should cover at least one ward or DMA with at least 2000 households in the contiguous manner.
Projects costing up to 20% of the project fund allocation for water supply projects in AMRUT cities may be
taken up for 24x7 water supply. Additional funding for such projects will be admissible in form of reform
incentive.

To achieve these objectives, there is a need to shift from intermitted water supply system to continuous
24x7 Water Supply Systems. Continuous pressurised water supply system is the solution for achieving
improved service levels in the water supply like improving deteriorating water quality, reduction in leakage
and control of NRW, financial stability, ensuring equitable water supply, consumer satisfaction etc.

Ministry of Housing and Urban Affairs has constituted an Expert Committee which is entrusted with a task of
knowledge dissemination, bringing in latest technological interventions, innovations and document best
practice case studies in water supply sector of various cities. The Expert Committee has prepared the
Guidelines for Planning, Design and Implementation of 24x7 Water Supply Systems after series
of consultation with International Experts and field visits made to the Cities of Puri, Pune, Coimbatore and
Nagpur that have implemented/are implementing 24x7 Water supply projects. The Guideline provides
planning and design approaches to achieve qualitative, quantitative, equitable and sustainable water supply
in urban areas. It contains all the information and concepts related to 24x7 continuous water supply systems
like Geographic Information System (GIS), hydraulic modelling, methods of demand distribution, operational
zone, district metering area, water loss reduction program etc. which are the essential building blocks of
24x7 system.

I express my best wishes and appreciate the efforts of Dr. M. Dhinadhayalan, Adviser (PHEE), CPHEEO &
Chairman of the Expert Committee, his team and the members of Expert Committee who are instrumental in
preparing this Guideline. I would also like to extend my thanks to GIZ for being the knowledge partner and
Experts appointed by GIZ for reviewing the document. I hope it will prove useful to all states/cities to
achieve and step by step upgrade their existing intermittent water supply system into 24x7 continuous water
supply systems reaping all its benefits.

(D Thara)

Office: 144-C, Nirman Bhawan, New Delhi-110011, Phone: 011-23061444, 23061991
Email: tharad@ias.nic.in, Website: www.mohua.gov.in









basic principle of converting intermittent systems in to 24x7 systems. Each individual DMA is tackled
in this way and their combined success in increasing water supply duration finally converts intermittent
system of city to 24x7 water system.

This document provides the detailed procedure for conversion of intermittent system to pressurized
continuous 24x7 system. This includes a procedure for determining optimum boundary of operational
zone, establishing DMAs with various tests required for making it hydraulically discrete,
comprehensive design of transmission main, rational design capacity of service tanks for 24x7 system,
retrofitting and rehabilitation of water distribution networks, proper material selection, control valves
for 24x7 system.

5. GIS BASED HYDRAULIC MODELLING

It is observed that water supply systems in India are not being planned, designed using Geographic
Information System (GIS). Without GIS, it is not possible to assign ground elevations and demands to
large number of nodes of distribution system. The Ministry has published Advisory on “GIS Mapping
of Water Supply and Sewerage Infrastructures,” which may be referred to for the same.

Like GIS, without comprehensive hydraulic model of a city, no reforms can take place in the water
supply sector. Hydraulic modelling is an essential tool for conversion to continuous system. Besides
this, the basic building blocks of 24x7 system, i.e., operational zones and DMAs need GIS based
hydraulic model for design.

It is observed that the technique and sci-art of rational allocation of demands to the nodes of
distribution pipe network is not uniformly practiced in the country. This Guideline describes the method
for realistic distribution of the total design population/ total design demands in the various wards of the
city based on equivalent area, forecasted density and by using GIS technology so that nodal demands
are accurately given for hydraulic modelling. Integration of Geographic Information System (GIS) with
appropriate network software is also discussed in this guideline.

6. INCLUSION OF DESIGN PROCEDURES FOR 24X7 WATER SUPPLY SYSTEMS
Following design procedures are discussed in this Guideline:

1) Asdiscussed above, design of operational zones and District Metered Areas (DMA)s are included
in this Guidelines. Uniqueness of the present decentralised approach is to consider one
operational zone for each service reservoir. This is achieved by grouping the reservoirs as per
characteristics of terrain which becomes easily possible by use of GIS tool.

2) If the operational zone is not sized properly, it leads to malfunctioning of reservoirs like emptying
and overflowing.

3) There are many inappropriate practices existing in distribution systems of the cities in India. For
example, in existing distribution system of many cities, it is observed that two or three existing
reservoirs are observed to combinedly serve a single excessively large operation zone. This
Guideline discusses how to correct such snags.

4) |If DMAs within operational zones are not properly established, water audit is not possible.
Prioritization of the leak repair program is also not possible in absence of DMAs in the existing
distribution system.

5) One of the neglected areas in water supply is the equitable distribution of water in the distribution
systems. Equitable distribution of water with designed pressure is the important aspect of 24x7
water supply. It is achieved by Whole-to-Part approach, in which two stages are involved- (a)



equitable distribution from Master Balancing Reservoir (MBR) to service reservoirs and (b)
equitable distribution from service reservoir to DMAs.

6) Equalization of pressures (residual heads) at Full Supply Level (FSL) of service tanks is also a
grey area. Equalization of heads helps in effective and equitable supply of water to various service
reservoirs in city by the transmission mains.

7) Currently, many cities are being transformed into Smart Cities. This Guideline describes the
procedure how to economically design pipelines on both sides of the roads by utilizing these roads
as boundaries for operational zones and DMAs.

8) Pressure management strategies in Water Distribution Network is important. The methods of
pressure management are discussed.

9) NRW computation is an important parameter in 24x7 systems. Estimating physical and
commercial losses in the distribution system is an essential component of water balance in NRW
reduction program. This Guideline discusses procedure to compute such losses. For this purpose,
importance of connecting the meters and flow control valves to the Supervisory Control and Data
Acquisition (SCADA) system is also discussed.

10) This guideline recommends to consider a minimum residual head of 17 M at highest spot in the
DMA of Class | and Class |l cities/towns and 12 M head for Class II-VI Towns. A Peak Factor of
2.50 is recommended for all Cities and Towns irrespective of Population size.

11) The case studies of 24x7 water supply projects for the cities such as Puri, Pune and Coimbatore
are included in the guidelines. The per capita cost of the project and other best practices may be
referred to in these case studies.

| am confident that guidelines will help State PHEDs/ Water Boards/ Jal Nigams/Urban Local Bodies
(ULBs) for effective planning, design and implementation of 24x7 water supply projects in urban areas
of the Country.

| express my best wishes and appreciate the efforts of Dr. Sanjay Dahasahasra, Former Member
Secretary, Maharashtra Jeevan Pradhikaran and Dr.Rajesh Gupta, Professor & Head, Civil Engineering
Department, VNIT Nagpur, Expert Committee Members for providing technical support in preparation of
the guidelines. | would also like to extend my sincere gratitude to other Expert Committee members who
have reviewed and enriched the document. | would also thank Dr. Ramakant, Deputy Adviser(PHE) &
Member Secretary of the Expert Committee, Shri. Vipin Kumar Patel, Smt. Chaitra Devoor, Assistant
Advisers, CPHEEO, Special Invitee Dr. Kalpana Bhole, Assistant Chief Engineer, MJP, Nagpur for their
untiring efforts in coordinating and reviewing the Guidelines. | would also like to extend my special thanks
to GIZ for being the Knowledge Partner and Experts appointed by GIZ. | would also like to thank
International Experts who contributed in preparing the Guidelines.

Dr. M. Dhinadhayalan
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Chapter 1
Introduction

Intermittent water supply systems in developing countries like India, suffer from several
deficiencies like inadequate & poor design, operation & maintenance problems,
economic stress etc. At many places, water at consumer end has insufficient quantity
and sub-standard quality. Though the country has made significant progress after
independence, the service level in water sector is not satisfactory. It is estimated that
50% population will live in urban areas by 2050. Providing safe and continuous water
supply to the population is a daunting task and great challenge to the water engineers.
Currently, all cities are providing intermittent water supply to its population, despite the
benchmarks set up by the Government of India (Gol). On the initiative of Gol, in some
cities efforts are being made towards converting their existing intermittent water supply
system into continuous water supply system to improve the service quality.

1.1 THE CONCEPT OF DECENTRALISED URBAN WATER SUPPLY SYSTEM

It is well known fact that there are several problems in supplying water through
distribution system giving rise to inequitable distribution, lack of pressures in higher
elevation areas, high rate of Non-revenue Water (NRW) and problems related to
quality of water. Most of the cities have clumsy and complicated distribution system.
Because such situations were in existence before advent of District Metered Areas
(DMAs), leakages were tackled in a passive way, i.e., leaks were repaired only when
they were visible.

All the above-mentioned problems can be solved by scientifically designing operational
zones and DMAs so that the main problems of high NRW and inequitable distribution
can be effectively solved in decentralized manner. The demand management is most
important. For demand management, 100% consumer metering with telescopic rate of
tariff is required which helps in computation of NRW and subsequent water loss
reduction. Elimination of illegal connections and volumetric telescopic tariff will further
save water. The saved water is used for extending supply hours and finally converting
the scheme in to 24x7.

1.2 PRESENT STATUS OF WATER SUPPLY IN INDIA

The benefits of pressurised continuous piped supply of safe drinking water distributed
to households are well known. Environmental Hygiene Committee constituted by
Government of India in 1948 recommended 24x7 continuous water supply from
Hygiene and public health point of view. However, till today in India, only few cities -
Puri, Malkapur and other towns, get continuous water supply. All other cities get water
for few hours during the day and in some cases, after 2 to 3 days. A 24x7 water supply
is achieved when potable water is supplied for 24 hours in a day for 7 days in a week
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in adequate quantities with desired pressure, as per guidelines, at consumer’'s
locations with quality assured. Ministry of Housing & Urban Affairs, Government of
India has developed service level benchmarks for assessing performance of urban
local bodies (ULB) in providing water supply services. Such performance indicators,
targeted benchmarks and baseline performance figures are shown in Table 1.1.

Table 1.1: Performance indicator and benchmark for water supply services

S. I Targeted Average
Performance indicator values in

N. Benchmark India

1 | Coverage of water supply connections* 100% 70%

2 | Per capita supply of water 135 LPCD 114 LPCD

3 | Extent of metering of water connections 100% 22%

4 | Extent of non-revenue water (NRW) 15% 31 %*

5 | Continuity of water supply 24 hours 2.7 hours

6 | Quality of water supplied 100% 95%

- Eff|C|enpy in redressal of customer 80% 89%
complaints

8 | Cost recovery in water supply services 100% 72%

9 Efficiency in collection of water supply- 90% 60%
related charges

Source: PAS-SLB data from www.pas.org.in covering 900 cities in 5 States
1.3 DISADVANTAGES OF INTERMITTENT WATER SUPPLY

Intermittent water supply has several disadvantages. In such systems, water is
supplied only for few hours in a day or once in few days. Water stored for use during
non-supply hours is likely to get contaminated. Water that is stored and remains
unused during no-supply period is usually thrown away when a fresh supply begins.
Consumers tend to keep taps open during the no-supply period and this results in
wastage of water when the supply starts. Bigger diameters of pipes are required to
supply full water demand in a short period.

Water mains in non-supply period develop negative pressure at places owing to
sucking of surrounding sewage and wastewater (Figure 1.1). This contaminates water
supplied in subsequent cycle. Unlike in intermittent supply, in 24x7 water supply
system, by definition, pipelines are pressurized and hence outside dirt can’t find entry
(Figure 1.2) inside pipeline, hence water maintain its quality, as per BIS guidelines.


http://www.pas.org.in/

Outside dirt/ Dirt Can’t Enter !
contaminants enteNng L“
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Empty Pipeline Vacuum Pressurized Pipeline

e SRR

Figure 1.1 Intermittent system- contaminant entering Figure 1.2 Intermittent system- contaminant
in the pipe entering in pipeline during non-supply hours
1.4 REASONS FOR INTERMITTENT WATER SUPPLY

The main cause of concern of intermittent supply are as follows:

Continuation of Water Distribution System (WDS) beyond its design life
Pipes are too old and not replaced

Non-availability of adequate quantity of water at source

Unexpected or unbalanced growth during design period

Improper layout

Unmetered supply

Improper planning and design of network and poor O&M.

Heavy leakage losses leading to high NRW

Other Important Reasons are as below:

(i)

(ii)

(iii)

Low Peak Factor Taking High Flow: Since water is supplied intermittently, and
that too for limited hours, lesser diameters (designed for peak factor of 2 or so)
with respect to actual requirement, must pass large flow as a result, head loss
increases, and the pressures drop. In such situation continuous flow is not
possible and the system is then downgraded as intermittent system.
Haphazard Laying: It is normally observed that as and when existing pipeline
cannot cope up high demand, parallel pipelines are provided by ULBs. This
gives rise to clumsy network causing inequitable distribution and insufficiency
of pressures, thus making system uncontrollable from O&M point of view.
Cross connections: The ULB’s operating staff generally tends to find temporary
solutions to the supply problems and opt for cross connecting distribution
network pipelines, without any scientific assessment/study and on ad hock
basis. No records are generally maintained of these cross connections in most
of the cities and towns.

(iv) Adding of Dwarf and Small Capacity ESRs: In many cities, ULB chose a way of

adding small capacity and dwarf service tanks. As staging height of these
reservoirs is less, it is obvious that the norm of minimum residual head cannot
be achieved from these reservoirs of low staging height.



(v) Exceptionally Big Zone: In many cities, excessively big operational zones are
provided with a single service tank to serve large population. This causes
dropping of pressures and the system is compelled to operate on intermittent
system.

1.5 SHIFTING FROM INTERMITTENT TO 24X7 WATER SUPPLY

Urban water sector is facing the challenges of poor quality of water, poor managerial
and financial autonomy, limited accountability, weak cost recovery. This has led to poor
services to customers across the country. The major challenges are- improving sector
governance, institutional arrangements and improving financial sustainability.

In the developed countries, water is provided on 24x7 basis. Intermittent water supply
system is practiced only in South-Asian countries like India. Hence, it is the most
important challenge to convert existing intermittent water supplies to 24x7 system.
When level of water supply service is not satisfactory, people spent money on coping
costs like buying plastic overhead tanks, booster pumps and small purification devices
like RO filters etc. The household filtration systems is discarded in case of continuous
water supply systems.

1.6 NEED OF THE GUIDELINES

Environmental Hygiene Committee Report, 1949 was accepted by the Govt. of India,
which recommended, “Intermittent water supplies should be discouraged as far as
possible. It results only in dissatisfaction, waste of water, inequitable distribution, and
risk of contamination of water by back siphonage or in suction during hours of low
pressure. Intermittent supplies are also open to the objection that the flushing of closets
is interrupted, and the fighting of fires is impossible during the hours of interruption. It
has been demonstrated recently at Lucknow that the water-works authorities can
successfully supply water all the 24 hours, educate a community used only to
intermittent supply to adapt themselves to continuous supply and reduce
consumption.” Above recommendations show the long-lasting aim of improving service
delivery of water supply to provide pressurised continuous water on 24x7 basis. Even
though the present progress in that direction is not tangible, it is time to work to achieve
above goal ultimately throughout the country. The recently launched AMRUT 2.0
envisaged to provide 24x7 water supply with drink from tap facility, GIS based master
plans of Class-lIl Towns, target for non-revenue water (NRW) is 20% and incentive
based reforms is planning and implementation of projects in PPP mode in water sector
in cities with population below ten lakh. All the urban water supply schemes are
designed and operated as per the current CPHEEO norms and Service Level
Benchmarks (SLBs).

Though the current manual recommends continuous 24x7 water supply with minimum
peak factor, important topics such as methodology of operational zones, District
4



Metered Areas (DMAs), water loss reduction program, which are the essential building
blocks of 24x7 system are not mentioned. If the operational zone is not sized, designed
and maintained properly, it leads to malfunctioning of storage reservoirs like emptying
and overflowing. Moreover, if the DMAs are not properly created (hydraulically discrete
and with 100% consumer metering), it is not possible to compute level of Non-Revenue
Water (NRW) which is required as first step in the programme of water losses
reduction.

Geographic Information System (GIS) and network technology for hydraulic modelling
are also discussed. Hydraulic model which simulates entire distribution pipe network
has been discussed at length in separate chapter. Using planning tool of GIS, the
methodology such as forecasting ward wise population and demand allocation using
forecasted population density have been discussed. Apart from this, the scientific art
of making equitable distribution of water has been discussed. Thus, this Guideline
helps to improve service delivery of water supply system and would help to finally
transform existing water supply systems in to 24x7 system.

1.7 PLANNING AND DESIGN

This guidelines recommends planning and design of urban water supply system which
can go straight way to upgrade their systems to pressurized continuous 24x7 scheme.

1.7.1 Conversion of Intermittent to 24x7 Water Supply System

BaSlC prl nCl ple Of ) Intermittent Supply System
conversion is to increase the Base Drawing of ity
.. Design Stage -

Supply hours Of the eXIStIng Prepare Hydraulic Model Basic principle
scheme by saving the water. Save water

. Scenario of Operational zones and DMAs "The saved water is then used to
This can be done by 100% increase the supply hours.
consumer metering and by ) Install consumer and bulk meters and PRVs/ FCVs
demand management  oam Water Audt
through enforcing of st Tackle leakiest DMA
telescoplc ta”ff_ Water can Leakrepa\'r,Retvahmtatepipes [
be saved by arresting the oM

tackled? >—Ho

leakages in the system.

Yes

Implementation steps that —

can save water are shown in
Figure 1.3. Figure 1.3: Implementation steps

1.7.2 Strategy

Stages required for conversion to 24x7 can be summarized as under:
¢ Planning and design
e Actual Conversion to 24/7



e Long-term operational stage
The above strategy is summarized as under:

Apart from the technical measures, tariff strategy is required to save water by
discontinuation of flat rates and charging on volumetric basis by adopting tariff on
telescopic rate structure. Other measures such as organizational, commercial, policy
and budget are equally important. Summary of these strategic measures are shown in

Figure 1.4.

Illegal
All the above measures N S5 Comemons
should be taken in to V) vt Mogel — Rehablietionof
consideration. If technical S | Pressure ‘4 Reducton
" Management

measures alone are taken but DMA 7ﬁ}_
other measures are not taken, , | Menagement

. Intermittent LiStenine ~— Bulk + Consu
then the goal of conversion to

24x7 would not be achieved.

1.8

Common activities necessary for adoption of the 24x7 water supply may be considered

by the ULBs which are shown in Figure 1.5.
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24x7
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| Water |
. I
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Figure 1.4: Strategic measures

ACTIVITY CHART FOR CHANGE OF MODE
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Figure 1.5: Activity chart showing a road map for change of mode




1.9 OUTCOMES

Outcomes of conversion to 24x7 system are as given below:

(i) Improved health: With implementation of 24x7 project, incidences of waterborne
diseases and infant mortality rates will decrease which will reduce the cost of
healthcare and expenditure on resources of hospitals, clinics and local doctors. It will
contribute to Human Development Index (HDI) massively.

(i) Improved water service quality: This will increase public acceptability and they
would be willing to pay higher water charges. This will open the door to water service
providers and the water utility become financially self-sufficient. Thus, government will
be relieved for giving operational subsidies.

(i) Operation under continuous supply: Water service providers’ efficiency
increases.

(iv) Continuous supply: It permits service providers to regularly reduce leakage and
save the water, thus reducing the need for investment in costly water resource
acquisition projects (dams, long transmission pipelines, etc.) or at least, delaying the
need for such investment.

(v) Improved revenue: It permits service providers to invest in extensions of their
networks to serve the poor which, apart from raising their living standards, will help
achieving the Sustainable Development Goals for water supply.

(vi) Improved living conditions: This will improve living conditions for entire
population. The urban land prices and rentals will get enhanced.

(vii) Gender Issues: Women and children, particularly the girls from poor households
will be immensely benefitted. It will help them undertake gainful education and
employment. Their health will improve.

(viii) Poverty reductions: The combined effect of water availability, quality and
reliability will eliminate shortages in poorer areas and will improve health, education,
employment, and skill-training for the poor.

(ix) Improved conditions for inward investment: Developed countries’ investors will
find helpful conditions and social infrastructure for their staff.

1.10 COST OF CONVERSION

The cost of conversion will be city/system specific, will vary from place to place and
with various ground conditions viz. source sustainability, existing water supply system,
terrain, working conditions, etc. However, the per capita cost of conversion provided in
the case studies of Puri, Pune and Coimbatore attached in the document may be
referred to.

*kkkk



Chapter 2
Design Parameters

For preparation of 24x7 water supply project, the first step is to prepare the Detailed
Project Report (DPR) by adopting following design parameters, as presented in this
Chapter.

2.1

DATA FOR DESIGN

2.1.1 General Data

General data required is as follows:

(i)
(it)
(i)

(iv)
(v)
(Vi)
(vii)
(vii)
(ix)
()

2.1.2

Decade wise census population data
Daily per capita supply in litres at consumer end (LPCD)

Supply hours for design of pipelines up to Elevated Service Reservoirs (ESR)s,

i.e., for Rising/Transmission mains

Capacity and staging height for ESR and side water depth (SWD)
Residual nodal head

Demand management by consumer meters

Water tariff- a tool for demand management

Losses in the system

Valves and meters

Land required for planning.

Collection of Available Data

The implementing Agency/ULB should collect the necessary information/available
data which are required to prepare the DPR. In case, the Agency/ULB is unable to
collect all relevant data and prepare the DPR, the services for the same may be
outsourced. The following information is required:

(i)
(ii)

(i)
(iv)
(v)

(vi)

Technical data and preparing base map,

Creating base maps using GIS includes- (i) satellite image, (ii) digitization of
features, (iii) landmarks, (iv) existing water infrastructure and (v) contours
Existing valves and its location

Pumping station details, including principal mechanical and electrical plant
infrastructure specifications, i.e., details of pumps, motors, starters,
transformers etc of their actual duty details, age, and status.

Reservoir (ESR, GSR and MBR) details, including capacity and validated
operating levels including staging height, present life, need to repair. The
ground levels need to be validated

All sources and details of bulk supply of water



(vi) Recorded burst/ leak frequency data — primary and secondary mains,
distribution network and connections.

(viii) Ward boundaries with ward wise population of latest census year, population
of the census year

(ix) Status of the statutory clearances

(x) Permission of land availability

(xi) Arrangement of financial resources

(xi) Sustainability of water resources

2.2 GIS MAPPING

GIS mapping is necessary. It has been discussed at length in the Guidelines of “GIS
Mapping of Water Supply and Sewerage Infrastructure,” released by the MoHUA in
April 2020.

2.3 CUSTOMER’S UNDERGROUND TANK

This guideline recommends to consider 17m residual head for Class | and Class I
cities/ towns and 12m residual head for class Ill towns and below. For the buildings up
to 3 storeys, there should be no underground tank at customer’s house. Ifitis there,
then after stabilization of 24x7 pressurized supply, such tanks shall be removed
subsequently. However, for building with more than 3 storeys, they can have RCC
underground tank with waterproof treatment.

2.4 BREAK PRESSURE TANK AND MASTER BALANCING RESERVOIR
Design Methodology of computing volume along with depth and the arrangement of
providing inlet and outlet at bottom of Break Pressure Tank (BPT) / Master Balancing

Reservoir (MBR) saves pumping cost is given in Appendix A.

The design norms are presented in Table 2.0 for capital works and in Table 2.1 for
sustainable O&M of continuous (24x7) water supply systems.




Table 2.1: Recommendations and salient features of this guideline for capital works.

Conversion from present intermittent stage to 24x7

Parameter Remarks

No. water supply system

1 2 3 4

1 Design period | Design period for water supply system is considered as 30 | Base year. means proposed date of
years. However, different components of water supply | completion of the scheme.
system are designed to work satisfactorily for different
period as below: Intermediate: is computed as base year + 15
(a) Units for Intermediate Stage: Water treatment plants, | years.
clear water reservoirs, balancing and service reservoirs,
electric motors and pumps should be designed for | Ultimate stage: is computed as base year +
forecasted population of intermediate stage and land should | 30 years.
be kept available for ultimate stage and for future
expansion. ESRs should be designed for the
(b) Ultimate stage: All pipelines including raw and treated | intermediate stage, but as an exception,
water transmission mains and distribution should be | ESRs for areas of high population density
designed for forecasted demand of ultimate stage, pump | may be of ultimate stage. For such
house and pipe connections to several treatment units and | operational zone, increase in population
other small appurtenances. after intermediate stage is very less. This is
(c) Head work should be designed for the forecasted | proposed with due consideration to
demand of 50 years as it is not possible to construct | economical scale factor.
additional head work in the submergence of the dam/water
bodies.

2 | Land Required | City planners should earmark the land required for water Land is required for Water Treatment Plants,

for Water

Supply
Infrastructure

supply infrastructure and its expansion of ultimate stage in
the master plan of the city for next 30 years or more.

sumps and ESRs etc. When land for water
supply infrastructure and its expansion is not
available, the city planners may plan
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
recreational amenities or parks, stadium,
etc. over the water reservoirs.

3 Population Not only total population of city but its ward wise This (nodal demand by future population
forecast: ward | distribution and computation of ward wise future density) has been discussed in Advisory
wise forecast | population density based on equivalent area may be note on "GIS Mapping of Water Supply and
of population | adopted. Sewerage Infrastructure.” along with the
and population case study.

density
After ULB’s approval to total future
population and its ward wise distribution,
then only detailed design should be taken
up.

4 Per capita Supply at consumer end for cities/ towns with population | Supply should be at consumer end. This

supply of less than 10 lakhs should be 135 LPCD and for larger cities | means losses should be added to the

domestic / non-
domestic for
design.

having population of 10 lakh or more should be designed for
150 LPCD.

Non-domestic demand, bulk supply etc. should be
computed as per actual consumer survey.

The non-domestic demand should be assigned to the
respective demand nodes.

Fire demand should be added to domestic demand
proportionately.

demand.

On stabilization of the water supply systems,
per capita water supply may be reduced as
per the need based assessment in the city.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
5 Floating Rate of supply for floating population should be as follows: | Figures should be got certified by Chief
population i) Bathing facilities provided: 45 LPCD Officer/Deputy Commissioner of ULB.
i) Bathing facilities not provided: 25 LPCD
iii) Floating population using only public facilities (such as | Data from Tourist Bureau, Check/ Entry
market traders, hawkers, non-residential tourists, Tax points, Mandi associates etc. should be
picnickers, religious tourists etc.): 15 LPCD. obtained and extrapolated/ projected.

6 Total demand | In addition to domestic demand, commercial demands Consumer survey of the city is essential for
(hotels, lodges, hospitals, market etc.) and institutional commercial and institutional establishments
demand (schools, colleges, offices theatres etc.) duly and for ascertaining requirement of
extrapolated for different stages should be added as point | consumer meters, listing of suspected
loads to the respective nodes in distribution system. illegal connections and for shifting of
Total demand should be computed by adding following connections from main line.
losses: After deciding these values of demands,
Total losses in the system should not exceed 15%. hydraulic modelling (design of distribution
Indicative, break up of losses is as below: system) should be taken up.

(a) Head work to inlet of WTP should not be more than
1%
(b) In WTP losses should not be more than 3%
(c) Outlet of WTP to Various ESRs losses should not be
more than 1%
(d) In distribution system losses should not be more than
10%
7 Supply Hours | (a)The transmission system for both raw water and treated | On stabilization of the water supply systems,

and Peak
Factor

water including all pipelines up to ESRs should be designed
for 23 hours of supply.

peak factor may reach to the optimum value,

12



S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
based on the internationally established
(b)Distribution system should be designed for a peak factor | 24x7 water supply system.
of 2.5 irrespective of population.
8 Minimum Minimum of 100 mm for Class | cities and for other cities, In hilly terrain, 80 mm can be the minimum
Diameter of 80mm may be provided. size of pipe.
Pipe for water
distribution
9 Public stand | No new stand post should be given. Existing stand posts | Household tap connections are necessary.
post should be converted to group connection with meter by
formulating operational zone wise time bound program by
ULB.
10 Minimum It is recommended to consider a minimum residual head of | Environmental Hygiene Committee Report
residual head | 17 m at the ferrule at the highest spot of DMA for Class | | ,1949 recommended, “In towns of over 2
at ferrule and Class Il cities/towns. For towns other than Class | and | Lakhs, or where buildings of 3 or more

Il cities/towns, minimum residual head at ferrule at the
highest spot can be considered as 12m. (Ref. Table F1 in
Appendix F).

stories are common, the minimum residual
pressure should be 50 feet (15.24 m). Since
1949, number of such cities have grown in
large number.

In old areas of city, despite pipe material
being metallic, many times the joints are
weak due to aging specials of jointing of
CI/DI pipes. Even in such situations,
pressure should not be relaxed. A

13



Conversion from present intermittent stage to 24x7

Parameter Remarks
No. water supply system
1 2 3 4
systematic pipe replacement program may
be carried out stagewise in such cases.
11 Maximum Maximum height of staging should be limited to 30 m. To achieve above minimum head of 17m
staging height and to have optimum velocity to achieve
of Elevated economical design of all pipelines in
Service distribution, the staging height of ESR/GSR
Reservoir should be appropriately chosen.
(ESR)
12 Capacity of Capacity should be determined by mass balance | Side water depth (SWD) if excessively
ESRs/ GSRs | calculations. However, minimum capacity should be 33% of | chosen then the ESRs do not work
the total demand of the operational zone (OZ) of that ESR. | efficiently. The maximum SWD should be
as under:
e For ESR capacity up to 1 Lakh litres: 3 m.
e For ESR capacity up to 10 Lakh litres: 4 m
e For ESR capacity > 10 Lakh litres: 5 m
13 Fire Demand | Fire requirement should be computed for each operational | The one third of the quantity computed as

zone. For the operational zones having population 50,000
or more, the quantity should be computed by,

Fire requirement (m’/ day) =100~/P
Where P is population of operational zone in thousands.

“P” should not be linked up with total population of
city/town.

above should be provided in container of
tank. The outlet of the tank supplying water
for normal operation should be kept just
above this storage so that the capacity
provided for mitigating fire is always
available. There should be another outlet at
the bottom of tank which can be opened
when instance of fire occurs.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
If the population of operational zone is less than 50,000 Location of fire hydrants should be decided
then the quantity required for 50,000 population should be | in discussion with Fire Department.
computed and then it should be proportionately reduced. However, arrangement for filling of vehicles
of fire brigade should be provided at each
ESR and along important roads, parks, and
playgrounds.
14 | GIS Mapping | Itis necessary to use GIS system. GIS mapping of all the | Expanse of urban project from source to
existing, proposed and executed infrastructure is required. | actual city and spread of the city is large,
GIS simulating modelling should be adopted. hence, it is not possible to manually feed
the values of ground elevations and
demands to hundreds of nodes of large
network.
Training courses on GIS should be
organized for capacity building of ULB’s
engineers and planners.
15 Consumer Distributing water with 100% consumer metering is the Demand management is not possible in
meters need of the hour. Hence, consumer metering is necessary. | case of unmetered water supply at flat rate.

Water supply to a house begins with connection of the
service pipe with water supply mains. Service connection
pipe to be laid by consumers & internal plumbing shall
conform National Building Code or related IS code. The
State Govt/UTs may devise a policy to bear the cost of
house service connections including consumer meters so
as to ensure volumetric measurement of water required for

Therefore, policy should be adopted for
100% house metered connection by the
ULBs.

Consumer flow meters shall conform to IS-
779 and 1S-2373 regarding bulk flow meters.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
deciding telescopic tariff with provision for cost recovery
from the consumers.

16 Water tariff Volumetric tariff with telescopic rate structure is It is required for controlling demand and
mandatory. This method, will help to supply water to urban | hence it is an important tool for demand
poor at affordable price, encourage consumers to management. 100% household is to be
decrease their consumption and penalise for their supplied water through house metered
luxurious consumption. connection (without public stand-posts), first

slab of telescopic tariff structure should be
such designed that the urban poor can get
drinking water at affordable price.

17 Hydraulic Hydraulic modelling is the basic tool in designing of Hydraulic model should not be prepared in

Modelling operational zones (0OZs) and District Meter Areas (DMAS) | pieces. If it is done, the contours will not be

required for 24x7 system. GIS based hydraulic model
should be adopted. GIS enabled water supply systems is
more effective in O&M also.

Values of elevations and demands must be given to each
node using software tools.

Only two hydraulic models should be prepared for entire
city- (i) for entire distribution system and (ii) for raw/
treated transmission mains. If the city is exceptionally
large and is divided into excessively big zones, then the
two models as above should be prepared each for the
respective very big zone.

seamless and the nodes will have incorrect
elevations, and this will vitiate the
hydraulics of the network. The water
demand on nodes shall also be equally
distributed.

Thus, the assignment of ground elevations
and nodal demand should be made by
‘whole to the part” method and not by the
“part to the whole” method.

Hydraulic Modelling can be done using
various softwares including free available in
public domain.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
18 Creation of The main principle of decentralised planning is that each OZ boundary is determined with help of
operational service reservoir should have one operational zone (OZ2) natural features like the roads, railway line,
zone and each OZ to receive water from only single reservoir. nalla etc and slope within OZ area.
These OZs are further sub divided in DMAs. Each OZ and | Normally in non-hilly area the slope within
each DMA should be hydraulically discrete. Such OZs OZ should be up to 5m.
should be created for entire city by following proposed In case of direct pumping, pressure zones
hydraulic parameters of residual head and the respective | shall be formed using the GIS technology
peak factor. and then the number of OZs shall be
computed.
19 Optimised If the operational zone is not sized, designed, and In the present (existing) systems, optimum
boundaries of | maintained properly, it leads to malfunctioning of storage boundaries of operational zones (OZ) are
operational reservoirs like emptying and overflowing. Hence, not designed scientifically hence this
zones (02) Boundaries of operational zones (0OZ) should be exercise should be made as described in
optimised. Chapter 4.
20 | Maximum size | OZ should be designed for a population not more than Oversize OZ will be difficult to operate and
of OZ 50,000 or 10,000 connections /families/ flats. maintain, i.e., to provide equitable
For hilly areas, maximum population per OZ should be distribution of water and designed residual
10,000. head and hence its size be limited.
21 | Design of DMA, | Number of DMAs in one OZ should not be more than 4 DMA boundary is determined with help of

its boundary,
and Maximum
size

and each DMA should be hydraulically discrete.

Each DMA should have house service connections (HSC)
not more than 3,000. However, the size of an individual
DMA may vary, depending on number of local factors and
system characteristics. For DMAs in dense urban areas,
like inner cities because of the high housing density, the

natural features like the roads, railway line,
water bodies, nalla etc and slope within OZ
area.
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No.

Parameter

Conversion from present intermittent stage to 24x7
water supply system

Remarks

2

3

4

no. of connections may be larger than 3,000 connections.
If a DMA is larger with connections more than 5,000
connections, it becomes difficult to differentiate small
bursts (like service pipe burst) from night flow data, and it
takes longer time to locate.

All DMAs should be fed by exclusive pipeline from outlet of
ESR in OZ with branches and from these pipelines
consumer connections should not be given. Each DMA
should have only one inlet. By this arrangement and by
limiting the size and boundary of DMAs equitable
distribution of water as per designed nodal demands with
designed residual head can be achieved.

22

Transmission
mains

Design methodology for achieving economy in capital/
pumping cost and equalization of residual head at FSLs of
ESRs is mentioned in details in Chapter 6. By this method,
velocities in pipes are increased to optimum level,
diameters are reduced, pumping head is optimized and
every ESR gets just designed quantity of water.

This methodology uses the tool of velocity
(m/s), head loss gradient, hf (m/km)
prudently as it is used in design of pumping

mains.

23

Design of
distribution
system

Design methodology in details is given in Chapters 5.
Velocities in pipes need to be increased to optimum level
and diameters can be reduced without use of costly
software.

24

Bulk metering

Bulk meters shall be installed at head work, inlet, and
outlet of WTP and at entry of each DMA.

By observing minimum net night flow
through bulk meter at inlet of DMA, Non-

18



S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
Revenue Water (NRW) can be effectively
monitored.
25 Automatic AMR facility is optional. AMR enabled meters can be It is recommended that bulk supply
Meter Reading | installed. connection should have AMR meter
(AMR) meters installed for conducting water audit.
Commercial establishment having
connection size greater than 50mm are
encouraged to install AMR meters from the
revenue generation perspective. AMR
enabled meters can be installed for
remaining connections.
26 | Control valves | ()PRVs are needed in hilly cities/ areas. PRVs are also Control valves such as Pressure reducing
(i) PRVs needed when some of the DMAs are situated on lower valve (PRV), Flow Control Valves (FCV)
(i) FCVs elevations. are vital for equitable distribution of water
(i) FCVs with Solenoid at entry of DMA are proposed. and equal terminal pressures.
27 | Preparation of | Contract document for capital works need to be clear,
contract unambiguously worded for avoiding litigation/ arbitration/
documents and | unrequired payment and speedy execution. This is
speedy achieved by formulating standardized (model) DTP and
implementation | this avoids repetitive and erroneous work.
28 Public Private | PPP may be used for cities with population more than ten | Reform based incentive may be provided.

Partnership
(PPP)

lakhs. AMRUT 2.0 also recommends planning and
implementation of projects in PPP mode in water sector in
cities with population more than ten lakhs.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
29 | Break Pressure | 1) Design Methodology of computing volume along with
Tank (BPT) and depth required is mentioned in Appendix A
Master 2) The arrangement of providing inlet and outlet at bottom
Balancing of BPT/ MBR saves pumping cost and is discussed in
Reservoir Chapter 6.
(MBR)
30 Isolation For enabling effective break down maintenance of leaky The drawing showing these locations of
valves pipes in distribution system, adequate number of isolation | isolation valves should be readily available
valves should be provided to isolate the network. with maintenance staff.
31 Pipe Material | (1) Distribution system- Provide metallic and non-metallic
pipes as per the site and service conditions.
(2) Raw and clean water Rising Mains- These are the
arteries of water supply projects and they must be laid with
metallic pipes lined from inside and non-metallic pipes as
per the site and service conditions.
(3) Gravity Transmission Mains-
a) Inside & Outside city areas - pipes should be based
on economical size of the gravity mains
32 Laying of Clear cover for non-metallic pipes should be 0.9 m. If it is More than 25 mm size connection should
Pipelines not possible due to hard rock, then the pipes in these be avoided from small diameter such as

stretches should be metallic. Laying, jointing and
alignment should be made as per the IS code. In the
terrain where ambient temperature goes below 0 degree
Centigrade, pipes may be protected with proper insulation.

80/100 mm. Service connections must not
be given from raw, pure water pumping
mains, transmission mains, feeder mains
and mains feeding DMAs.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
33 Pipelines on | For the roads having width 6 m or more, pipes are to be It is necessary to lay pipelines on either
both Sides of | laid on either side of the road. This can also be done side of the road so that while giving house
Roads having | economically while deciding boundary of DMA. connection, the road is not required to be
width 6m and cut/ damaged. The method for the concrete
more. roads having width more than 6m is to
insert the ducts intermittently in the body of
the roads so that service connection pipes
can be laid through it.
34 Customer’s For the buildings up to 3 floors, underground tank should This guideline recommends to consider 17
Underground | not be encouraged at the customer’s house. m residual head for Class | and Class Il
Tank If such tank exists, then after stabilization of 24x7 cities/towns. For the buildings up to 3

pressurized supply, such tanks shall be gradually
removed/abandoned.

storeys, underground tank is not
recommended at customer’s house. Ifitis
there, then after stabilization of 24x7
pressurized supply, such tanks shall be
removed/ abandoned subsequently.
However, for buildings with more than 3
storeys, they can have RCC underground
tank with waterproof treatment to avoid
outward seepage and inward
contamination. The cleaning of such tanks
is mandatory with frequency of once in six
months and it should be strictly monitored
by the agency responsible for O&M.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks

No. water supply system

1 2 3 4

35 Flow Flow can be computed using Hazen William method or

Computation | Darcy-Weisbach method.
36 | Drinking Water | It shall be as per IS 10500, 2012.
Quality
37 | Express feeder | Express feeder for electric substations at pumping stations | Express feeders are necessary for
for electric at head works and at WTP is mandatary. The work of uninterrupted electricity required for
substations | electric lines shall be got done from corresponding pumping water in 24x7 projects. The
electricity board. Electricity Board shall not give electric standby arrangement of generators may be
connections from the express feeder. provided.
The cost of express feeder should be included in the
project cost.
38 Consumer Door to door consumer survey should be carried out. The | The city shall be divided into grid of suitable
Survey consumer meters should be geo-tagged with GIS size. Survey team should visit all properties
coordinates and shown on GIS maps of DMAs. in an element of grid. During survey, illegal
connections shall be identified.

39 Physical Ground elevations all along the roads in the city should be | GIS based contours are necessary to
Survey for found out by Total Station method. The instrument should | assign the ground elevations to the nodes.
generating have capability of recording GIS coordinates. The

Contours elevation points shall be mapped in GIS and GIS based

contours shall be generated.

If city terrain is not undulating, the contours can be
generated using 3D stereo satellite method.

In hilly areas when roads are not seen, “Drones” or other
suitable methods may be used to generate contours.
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S. Conversion from present intermittent stage to 24x7
Parameter Remarks
No. water supply system
1 2 3 4
40 Identifying Existing laid Pipelines shall be identified by pipe alignment | A Change Management team shall be
Existing survey. Trial pits shall be dug at suitable intervals to know | formed comprising of ULB engineer,
Pipelines pipe material, diameters etc. agency’s engineer, valve operators etc.
They should identify existing pipes by
interacting with local people.
41 City Water A City Water Balance considering Integrated Urban Water
Balance Resource Management may be computed.

23



Maintenance

Table 2.2: Recommendations and Salient Features for Operation &

Conversion from present

NS(; Parameter |intermittent stage to 24x7 Remarks
' water supply system

1 2 3 4

1 | NRW control | Since bulk meter at entry of In passive leakage
measures DMAs and 100% consumer program, only visible
(Leakage meters are to be installed, leaks are attended and
program) Active leakage management repaired.

program is essential. The For leakage identification,
NRW values can be computed | modern methods such as
by (a) knowing quantity of detection using inert gas
water entering DMA and techniques can be used
consumption in DMA); (b) which can be conducted
conducting Step tests. in shorter time compared
(3) NRW should be brought to the conventional

down to at least 15%. methods.

2 | Creation of Mandatory for all the Cities and | Dedicated NRW cell is
NRW cell Towns along with Quick required which can take

Response Teams with stock of situation and
Vehicles equipped with continuously monitor
necessary tools/ equipment. NRW levels.

3 | Creation of ULB should promote creation ULB should promote
calibration/r | of calibration / repair workshop | creation of meters repair
epair for domestic consumer meters | workshop with testing
workshop for 15mm to 50mm diameters | facility.
for domestic | with immediate testing facility
consumer on the lines of electricity board.
meters Minimum stock of common

spare part should be ensured
for making them commercially
viable.
4 | Water audit | Due to provision of bulk meter | In 24x7 system, water

at entry of DMA, NRW of the
OZ can be computed as all
consumer connections are
equipped with meters. Water
audit of rising mains,
transmission mains, OZ and
DMAs is essential.

audit is a continuous
activity. There is an
‘economic level of
reducing NRW.
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Conversion from present

NG Parameter |intermittent stage to 24x7 Remarks
' water supply system
1 2 3 4
5 | Energy audit | Energy audit is essential as In many ULBs, pumps
per IS 17482:2020. are not replaced even
after 15 years. Hence,
low efficiency is observed
and ULB has to pay more
electricity bills.
6 | Eradication | Step by step illegal Identification of illegal
of illegal connections can be eliminated. | connections may be
connections made during customer
survey and mapped on
GIS.
7 | Water Water quality should be Water Quality Testing
guality monitored as per IS Facilities should be
17482:2020 created
8 | Supervisory | SCADA system is essential to | All the level controls of
Control and | monitor the flow and tanks, pumps, Bulk
Data functioning of the water supply | meters, FCVs and PRVs
Acquisition | systems including night flow should be connected to
(SCADA) and leakages. the SCADA.
Software for hydraulic
models should be
connected to SCADA to
monitor real-time values
of concentration of
residual chlorine in any
pipe at any point of time.
9 | Consumer Consumer billing and With SCADA/MIS, itis
billing and complaint redressal system is | possible to show the
complaint essential. Computerised billing | redressal of complaints
redressal systems should be online for compliance of
encouraged. complaint.
Complaint redressal cell
should be set up.
10 | Special Special Purpose Vehicle (SPV)
Purpose may be preferred by the city to
Vehicle handle O&M.
(SPV)
11 Public AMRUT 2.0 recommends Some of the components
Private planning and implementation like water treatment plant,
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Conversion from present

NS(; Parameter |intermittent stage to 24x7 Remarks
' water supply system
1 2 3 4
Partnership | of projects in PPP mode in pumping machinery with
(PPP)/ O&M | water sector in cities with transformer, major
through population more than ten lakhs | pipeline, distribution
contractor system etc may be
undertaken using
separate O&M contracts.
12 | Training and | Various training modules as

capacity
building

discussed in the advisory on
“GIS Mapping of Water Supply
and Sewerage Infrastructure,”
may be referred to,
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Chapter 3
Hydraulic Model

3.1 HYDRAULIC MODELLING

A hydraulic model is a mathematical model of a fluid flow system, and used to analyse
hydraulic behaviour. Modelling of the water supply system is a critical part of designing
and operating water networks. It helps the system to serve reliably, safely, and
efficiently in daily operations. Hydraulic model gives commanding knowledge of the
water infrastructure and help to take informed decisions. Modelling is defined as a
mathematical description of a real-world system (Haested Methods, 2003).

Hydraulic model is useful in planning, execution, operation & maintenance (O&M)
phases of the 24x7 water supply project. At many places, conventional manual
methods of designing are being used, as a result the demand allocation is not accurate
which vitiates the hydraulic performance of network in terms of economy,
sustainability, and equitable distribution of water.

3.2 REQUIREMENT OF HYDRAULIC MODEL
Hydraulic model is an important tool required for conversion to the 24/7 water supply

system. Without GIS based
hydraulic  model, activities

1
. I ! .
| 1| Water Audit Rt | (shown under red polygon in
| . .
I ! Figure 3.1) such as creation of
] P . .
ﬁ?d?ﬁi [ Leakage | 1| 2077 Wate Ope_ratllon Zone.(OZ), formation
Model ;| Control : Supply of District Metering Area (DMA),
r-f-———-—-—-- ! I water audit, pipe rehabilitation,
. | . .
| | COperation Pipe | I Reforms: Not replacing consumer pipe, NRW
|| Creation Rehabilitation | 1 pogsible- Without Reduction are not possible.
: | GIS Based Hydraulic
3 Model
1 Replacing !
| ‘ CDMA ‘ Consumer | ! 3.3 HAPPENING INSIDE
reation . |
| Pipe |
|

HYDRAULIC MODEL

Figure 3.1: Hydraulic model required for carrying out reforms ) )
Hydraulic Model is a

mathematical model of fluid
dynamics. Network flow involves two basic principles - conservation of mass and
conservation of energy. The principle of conservation of mass involves the continuity
equations which means at any node, the flow coming in must be equal to the flow
going out. Principle of conservation of energy is used in forming energy equations in
which frictional head loss between the two nodes is computed which is then used to

27



compute hydraulic grade level (HGL) of the downstream side node. Continuity
equations are of linear nature whereas energy equations are non-linear. Therefore,
the convergence methods such as Hardy-Cross Method, Linear Theory Method,
Newton- Raphson Method and Global Gradient method are evolved. Amongst them,
Global Gradient method is widely used in the computation engine of all the software.

3.4 INTEGRATION OF GIS WITH HYDRAULIC MODEL
Geographic Information System (GIS) and network software like EpaNET (freeware)

or any other free software or any appropriate software can be used to create the
hydraulic model (Figure 3.2) by using combined capabilities of both the software.

GIS Capability Integration of GIS with hydraulic

" Network is depicted w.r.to earth’s surface model involves two Components-
: For larger city, pipe network is huge (a) GIS pal’t and (b) NetWDrk

Helps to transfer levels to nodes Tool-1
" Helps to assign demand to nodes SOftware part'
" Helps formation of OZ and DMAs w
0 : : - .
. Helpsdemgr-lofreductmnofNRW \ 341 Creat|0n Of GIS Base

Asset mapping and management GIS Hydraulic L

Model: Map and Existing
Network Software Capability WSLmu;att:s Infrastructure

" Model Builder . S
" Active topology < ] ]
" TREX Tool-2 GIS part involves - (a) Creation of
" Load Builder Base Map, (b) Locating existing
] in desi .
| Donwin GesEner infrastructure on base map.

Criticality
[

Calibration, Leak finder

Figure 3.2: Tools used in the hydraulic model 3.4.1.1 Creation of base map

Base map consists of (i) Satellite image, (ii) Digitization of water supply components,
(iif) Landmarks, (iv) Contours and (v) Consumer geo-coding. Creation of base map is
necessary because it is used as background map of hydraulic model, which is
discussed in the “Advisory for Mapping Water and Sewerage Infrastructure”, published
by CPHEEO, MoHUA.

Base Map: The base map consists of the shape files of digitised road edges, water
bodies, footprints of household properties etc. GIS based contours are generated by
conducting the survey along the roads of the city and then making the shape files of
the points which have values of ground elevations besides the values of Eastings and
Northings of all such points. Shape files of all these points are then added to the GIS
software. Using GIS techniques contours are generated. Most important advantage of
such GIS contours is that the nodes (or junctions) of the pipe network can be easily
assigned the values of ground elevations. Other methods of generating GIS contours
are using 3D-Stereo satellite image method, or by Light Detection and Ranging
(LIDAR) method or by Drone technology.
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3.4.1.2 Locating existing infrastructure on base map

Adding Reservoirs: Location of existing reservoirs are marked on Google and the
KMZ (Keyhole Mark-up language Zipped) file is created which is then converted to the
shape file in GIS software. Alternatively, these reservoirs can be easily located in the
online service of GIS software which are then converted to the shape files along with
its attributes such as diameter, staging height, minimum and maximum water
elevations in tank.

Existing Pipelines: For creation of hydraulic model, we need the maps of existing
pipelines, and all other relevant data such as existing valves and their status whether
they can be used further. Two cases may crop up - (a) data of pipelines is available
and (b) data is not available.

(a) Data of pipelines available: Some Urban Local Bodies (ULBS) maintain their
network data satisfactorily, but it is available in AutoCad format. In such cases, the
pipelines along its attributes are

georeferenced (Figure 3.3).

Georeferencing is the process of

assigning real-world coordinates to each

: \ sutocadcrmwing | | Onlybardcony | pixel of the raster image. After
Mangalllydr.zzw georeferencing, the shape files of the

‘ p'ﬁ’:y';”uiiﬂi,',"g pipelines are created. If the data is

| available only in the hard copy format,

| B\?ﬁth?d't then the hard copy of the map showing the
“ pipe network pipelines is scanned and its Joint

Photographic Experts Group (JPEG) file is
created. The JPEG file is added to the GIS
software, and it is georeferenced and then
converted to the shape files. The data of pipe attributed in this case may be assigned
manually.

Figure 3.3: Creation of hydraulic model

(b) Data of pipelines not available: If maps of alignment of existing laid pipelines
are not available, then the task becomes difficult. In such situation, data of existing laid
pipelines is obtained by conducting pipeline alignment survey. The survey team
should comprise of the ULB’s engineer, meter readers, valve operators and
contractor’s staff. Using the Global Positioning System (GPS) instrument, the
alignment should be marked on GIS map. In this case, the team should visit the site
of pipe alignment and interact with the customers residing in the area. After discussion
with them, alignment of pipes is identified. The trial pits should be taken at suitable
intervals so that the team can understand and note the attributes of actual pipes laid.
These attributes such as pipe material, diameter, and the year of laying of pipelines
are then marked. In this way the existing pipes and valves are marked on the GIS
maps.
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3.4.2 Network Software Component

As discussed above, the shape files of the existing pipelines are available. The first
task in creation of the hydraulic model is to add the existing pipelines to the active
topology of the model.

Model Creator: Model creator is generally add-in facility of any network software. The
role of the model creator is to convert the shape files into active topology of the pipes.
The nodes are automatically added into the active topology by the model creator. Node
of pipe network is the junction where another pipe is added as T-junction or the junction
where two pipes of different diameters meet. Similar to the pipes, the shape files of
reservoirs are also added to the active topology. So, active topology of the basic
network is ready. The model is prepared using following methodology.

3.5 BUILDING A MODEL

Distribution pipe network consists of components such as pipe, junction (nodes),
reservoirs, reservoir, pump, isolation valves, Pressure Reducing Valve (PRV) and
Flow Control Valve (FCV) etc.

It is required to create a model comprising of all these components. Initially, a network
of pipes and junctions is created using

R-1 “Model Creator” facility of the network

y software. Once the existing and new
T1 P2 J1 P 4 pipes are added, the shape files of the
pipes are used in process of building the

- 2 model. One such small model is shown
* in Figure 3.4, in which water is supplied
¥ e s by gravity from dam (which is

represented by the reservoir, R1) to

Figure 3.4: Small network created by the Model Water Treatment Plant (WTP), Clear

Builder water sump of WTP is denoted by a tank,

T1. From the Tank T1, water is supplied

to various junctions J-1, J-2, J-3, J-4 which are the demand nodes. Demand is given
to the demand nodes. Pipes are represented as P-1, P-2, P-3, P-4, P-5 and P-6.

Data: Data to be given are (a) Levels to reservoir, tank and all the junctions; (b)
demands to the junctions; (c) pipe attributes like diameter, material, C-value etc. Each
demand node (tank) supply water to respective operational zone. Hence demand of
operational zone is assigned to such demand nodes.

Since the model is to be prepared using GIS, the data of lengths of pipelines need not
be given as they are automatically scaled out, however the data can be given manually
too. Most important job is to assign levels and allocate the demands to the hundreds
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of junctions in distribution network. To accommodate the 10% minor losses, for
computation purpose only the lengths may be increased by 10%. However, in
drawings actual length shall be shown.

3.5.1 Combining Existing and New Pipes

New pipes are added in the area where they are required for making 100% coverage.
Care should be taken to add new pipes only in the areas where they are needed. For
example, there can be reserved areas like cantonment area, industrial area etc. where
they have their own water supply system. In such areas, pipes need not be shown in
such areas in the model. Once the shape files of the existing and new pipes are
available, they are combined.

3.5.2 Assigning Elevations and Demand to Nodes

Using GIS, values of ground elevations are assigned to each node of distribution
system automatically by using facilities of Elevation Assigner and demand builder
available in the Network software.

3.5.3 New Reservoirs

Boundaries of the operational zones of the existing service reservoirs should be
decided utilizing the logic as discussed in the Chapter 4. However, after marking the
optimised boundaries of the existing reservoirs, there remain some of the areas that
are unserved by any of the existing tanks. In such unserved areas, new service tanks
should be proposed.

3.6 CREATING OPERATIONAL ZONES AND DMA

Hydraulic model should be capable of designing future operational zones and DMAs
within planning area/ metropolitan area and development area. Creation and fixing
boundary of operational zones and detailing of DMAs is detailed in Chapter 4.

3.7 ADDING ISOLATION VALVES

Location of isolation valves: GIS and Network software help to decide location of
isolation valves which are used to make segments in distribution system (Figure 3.5).
Segments allow O&M team to repair any damaged pipe by closing the respective
isolation valves.
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For enabling effective break down
maintenance of leaky pipes in
distribution system, adequate number of
isolation valves should be provided.
They should be such located that a
segment not exceeding 50 to 250
connections gets isolated for the
purpose of repairs and at the same time,
rest of the connections remain
Figure 3.5: Segments in operational zone unaffected. Optimization of number of
isolation valves is possible and
recommended to operate the scheme on continuous supply basis. The drawing
showing these locations of isolation valves should be readily available with
maintenance staff.

3.8 SCENARIO MANAGEMENT

Scenario management: The concept of Scenario management is important. With
scenario management, we can create scenarios of normal water supply and behaviour
of distribution system when pressures are deficient. It is observed that there is a
practice of creating many hydraulic models for a single city/town (separate model for
each Operational Zone). Distribution system should not be modelled in pieces. Instead
of creating multiple number of models, a base scenario of distribution system of entire
city should be created, and operational zones should be created as child scenarios.

Only two hydraulic models should be prepared for entire city- (i) for entire distribution
system and (ii) for raw/ treated water transmission mains. If the city is exceptionally
large and is divided into big zones, then the two models as above should be prepared
each for the respective big zone.

3.9 METHOD OF ANALYSIS

There are 3 types of analysis of pipe network: (a) Steady-State, (b) Extended Period
simulation and (c) Pressure Dependent Analysis.

(a) Steady state method: This method represents behaviour of the system for a
specific case or at a given point of time. It is used to assess the adequacy of the pipe
size for the ultimate stage, i.e., for the demand of 30 years.

(b) Extended period simulation (EPS): This method is more rational and realistic to
the real world when the behaviour of the network is observed/ checked with respect to
the varying time of levels. Some of the types of system behaviours that can be
analysed using an EPS model include- how tank levels fluctuate, when pumps are
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running, whether valves are open or closed, and how demands change throughout the
day.

When the model is run in EPS mode, the behaviour of system is different at different
points of times. Say, at peak hours, the demand is maximum in comparison with
demands in non-peak hours. Pipes must pass maximum flow through them and at the
same time, pressures are dropped. Whereas, at other points of times, system behaves
differently. This type of behaviour is modelled by the EPS function which is a
continuous function. Steady state represents behaviour of the system for a specific
case or at a given point of time. If we want to express both in layman’s view, EPS is
like taking film of any incidence continuously whereas steady state means snapping it
at a specific time.

(c) Pressure dependent analysis (PDA): This method is used when the supply to
distribution system reduces, and pressure deficient conditions are formed. For
example, in some of the cities, the supply is reduced every summer. City’s water
supply remains close for a day in every week. When supply restarts, pressure deficient
conditions are formed. PDA method of analysis is used in such situations to observe
simulation of the system.

3.10 MODEL CALIBRATION

Hydraulic model must be synchronized with the ground realities. For this purpose, the
model is calibrated using special utility in network software. The flow is measured at
the outlet of the tank and simultaneously, the pressures are measured at nodes
situated at some key locations. Based on the input data of flow and nodal pressures,
the model is calibrated on the values of C-values.

3.11 USE OF SIMULATED GIS HYDRAULIC MODEL IN RETROFITTING

If required residual nodal heads are not achieved, then the corrective measures should
be taken as discussed in Appendix E.

*kkkk
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Chapter 4
Operational Zone and DMA

4.1 OPERATIONAL ZONE (0O2)

Operational zone (0OZ) is the jurisdiction of each tank to serve water supply.
Performance of distribution of water depends on size of operational zone of tank. A
schematic of the operation zone with DMAs is shown in Figure 4.1.

Operational Zone (0Z)

Boundary of ESR1 | <—City Boundary

DMA Meter

DMA Boundary

. — Tk OZ of ESR2 |
Closing Valve _f ~ - \Z .

ESR-2

OZ of ESR3

Trunk Main

Figure 4.1: Operational zone with DMAs (Source: “Water Loss Reduction”, Bentley Publication)
4.2 DESIGN CRITERIA FOR OPERATIONAL ZONES

For the approach of 24x7 system, following are design criterions for operational zones
to supply water equitably and with required pressure:

1) Compute optimum demand that a tank can serve and based on that, extent
(boundary) of an operational zone should be determined so that when in full
operation, the tank should not get empty, or will overflow.

2) The minimum nodal pressures are fulfilled.

4.3 COMPUTATION OF OPTIMUM DEMAND THAT A TANK CAN SERVE
For existing reservoirs, (based on the diameter, water column in tank and capacity)

optimum demand that a tank can serve should be computed. Its logic is shown in
Figure 4.2.
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Level of water for every hour in Excel sheet is computed by an equation,
L =L+ Q: (4.1)

Where,

Lt = Level of water in tank at time, t

L+1 = Level of water in tank at time, t-1

Q1= Surplus or deficit of water in tank at time t-1

A = Area of cross-section of tank

To begin with, approximate
Prepate Mass Balance of tank in Excel demand is assumed that a tank
mmumlmﬂ levels can serve, and the tank is
Asoume inital demand to be served by checked for boundary conditions-
tafk empty or overflowing. The
— | iterations are carried out till

Compute level of water in tank for every .
hour Modify demand which boundary conditions of tank are

is to be served by tank

Tank is empty

satisfactory and, in that iteration,
optimum demand of a tank is
calculated.

Is computed level <
Minimum water
level?

4.3.1 Fixing Boundary of
Operational Zone

Is computed level >

Maximum water

Tank Overflows

level?

Generally, tank’s size and

Optimised demand = Latest demand ‘ volume are determined by

making mass balance

calculations in excel sheet. It is

expected that the tank would not

overflow or get empty. To achieve this, a logic is developed as shown in Figure 4.3.
This logic needs to be adopted in Excel sheet of mass curve calculations.

Figure 4.2: Logic for computation of optimized demand of tank

4.3.2 Mapping Operational Zone Boundary in Hydraulic Model

To begin with, it has to be borne in mind that if excessive capacity of existing ESR
remains unutilized, then increase the spread of OZ. Try to add area with lower
elevations. Finally arrive at optimum boundary of OZ and the optimum demand that
can be served by the existing tank. Steps involved are:

(1) Commanding elevation of ESR = Lowest Supply Level (LSL) of ESR which is equal
to Minimum residual nodal head + 5 m for head loss in OZ. Below this commanding
elevation, all nodes will receive water with required head. The figure of 5m can be
lowered or increased by the designer with his experience/prudence considering
location and slope in OZ.
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* Optimised demand of Tank is known

+ Select some nodes around the Tank

+ Find sum of demands of the selected
nodes in initial assumed boundary

Further add additional nodes
to earlier selected nodes by
Yes | expanding the assumed
boundary

Is Sum of demands
of selected nodes <
Optimised demand

Contract boundary by
decreasing nodes near -
periphery from the earlier
selected nodes

Is Sum of demands of

selected nodes >
Optimised demand of

Node selection is over.

Improve/ Re-engineer pipe
network by suitably changing
pipe diameters

Is desired pressure
criteria met out?

Is desired pressure
criteria met out?

Optimised boundary of OZ Yes

Figure 4.3: Logic for fixing boundary of operational zone of Tank-1

(2) With an intention to use the maximum capacity of existing ESR, decide the
boundary of OZ considering natural boundaries like road edges, stream, railway line
etc.

(3) Find out the total of the demand of the nodes in the chosen boundary of OZ. As a
rule of thumb, it should not be more than three times capacity of that ESR. If the total
of demand is much less that means capacity of ESR is unutilised and expansion of the
boundary of OZ is required.

(4) Above iterative process should be carried out by the designer, then the optimum
boundary of OZ and optimum demand that an ESR can serve is computed.

The details are explained with following exercise:
A hydraulic model is created using the existing pipe as well as the new pipes as
explained in Chapter 3. Suppose the network comprises of the existing reservoirs:

Tank-1 and Tank-2. Objective is to decide and fix the operational zones of these tanks.
The network is shown in Figure 4.4.
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Figure 4.4: Network whose operational zones are to be fixed

Suppose there are 130 nodes in this network and demand to each node is given by
the Network software. Total demand of all the nodes put together is 3 MLD. There are
two existing tanks, Tank-1 and Tank-2 having capacity to serve respectively the
optimum demands of 0.5 MLD and 1 MLD. Obijective is to determine the optimised
boundaries of operational zones of Tank-1 and Tank-2 so that the tanks do not get
empty or overflow. After fixing boundaries of Tanks 1 and 2, find the nodes of the
network which are unserved by the existing Tanks 1 and 2 and suggest a new tank to
take care of the unserved area.

Fixing boundary of tank-1: Logic of fixing boundary of operational zone of Tank-1 is
shown in Figure 4.3. It is an iterative process. Boundaries of the operational zones
and its DMAs are so located topographically that its spread remains within normally
available topographical features such as rivers, lakes, railway track, bigger width roads
etc. Logic of fixing the boundaries is shown in Figure 4.5. In the first iteration (Figure
4.5), some nodes are selected (shown red) and sum of its demands (say, 0.34 MLD)
is compared with the value of optimum demand (0.5 MLD) of a tank. Since, the sum
of the selected nodes is less than the optimum demand of Tank-1, the nodes in the
selection are increased further and again the sum of newly selected nodes are
compared with the optimum demand of the tank-1. The process is iterated till the sum
of the demands (0.495 MLD) of the selected nodes in the third and final iteration
(Figure 4.6) is approximately equalling that of the optimised demand (0.5 MLD) of the
Tank-1.
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Figure 4.5: Selection of nodes in first iteration

<1771} I

& —=—= Tank-1

o
.—"'
|

e =]

Figure 4.6: Selection of nodes in third & final iteration

Boundaries of the operational zones of Tank-1 and Tank-2, thus fixed by the above

-~~~ Operational Zone-1
Ve

Figure 4.7: Operational zones 1 and 2 are fixed for

4.3.3

tanks 1 and 2, respectively

logic are shown in Figure 4.7.

Pipes in operational zone 1 are shown
in green colour and that of pipes in
operational zone 2 are shown in blue
colour. After fixing boundaries of Tank-
1 and Tank-2, isolation valves are
installed as shown in Figure 4.7. The
pipes which are unserved by the Tanks
1 and 2 are shown in black colour. New
tank should be inserted at suitable
location to serve the unserved nodes.

Achieving Required Minimum Nodal Pressures In Operational

Zones Of Existing ESRs

There are five alternatives-
Separate out part of OZ of Existing tank for nodal pressure < 17m
17m head created by newly proposed ESRs

1.

2
3.
4.
5

By getting rid of dwarf existing ESRs

On-line boosting on outlet of tank for entire OZ having nodal pressures < 17m
On-line boosting on branch line to area having nodal pressures < 17m

A detailed procedure is explained in Appendix E.
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4.3.4 Bad practice establishing very large OZ

In the existing distribution system of many cities, it is observed that two or three
existing tanks are in one premises and they serve a single excessively large operation
zone. In such situations, while refurbishing/ reengineering, care should be taken so
that each tank serves one operational zone by subdividing large operational zone.

4.4 DISTRICT METERED AREA (DMA)

A district metered area (DMA) is defined as a discrete area of a water distribution
network usually created by the closure of isolation valves in which the quantities of
water entering and leaving the area are metered. Such DMA with boundary closure
valves is shown in Figure 4.8. In other words, DMA is sub-division of large network,
created by closing isolation valves interconnecting the surrounding network and thus
isolating area, called DMA. DMA receives water from separate pipeline coming from
ESR and supplies continuous water through 100% metering of consumers.

441 The Need of DMA

We know that there are many problems in supplying water through distribution system
giving rise to inequitable distribution, lack of pressures in higher elevation areas, high
values of NRW and problems related to quality of water. This is because in many water
supply systems, pipe networks are clumsy. Because such situations were in existence
before advent of DMAs, leakages were tackled in a passive way, i.e., leaks were
repaired only when they were visible.

To overcome this problem, total distribution network is divided into small segments.
As the boundary is limited,
Inlet Isolation Valve L.
DMA Meter Closed minimum pressure does not fall
< owa and can handle variations in
B d .
9 K .~ Boundary ground levels  effectively
bipe @ e 500 to because the DMA boundary is
e 3909 so chosen that the difference in
Customers
OO minimum and maximum ground
level is kept reasonable, say

& . .

?Ot ? (- Cusomer' Weter A 5m. Effect of problem, if any, is

A\ House limited to a small area of DMA

and so the problem can be

resolved effectively in O&M.

Figure 4.8: A typical DMA

To get rid of passive leakage management, the DMA concept was first introduced to
the UK in early 1980’s. With advent of DMA, flow is measured to quantify the level of
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leakage. Computing Non-revenue Water (NRW) in DMA converges the scope of
identification of leakage area and hence, we can determine (DMA Management
Manual, 2006) more precisely where and when it is most beneficial to undertake leak
location activities. With smaller sub-zones, an active leakage control is possible. NRW
can be computed easily for DMAs. Thus, with DMAs, water utility can better target
NRW reduction program, isolate water quality problems, and better manage overall
system pressure to allow for 24x7 water supply throughout the network.

To attain 24x7 in totality, each operation zone is further divided into number of DMAs.
A typical DMA is shown in Figure 4.8. DMA is thus a subsystem of the entire water
distribution network with well-defined boundaries. Design of DMAs involves fixing of
its boundaries which is a challenging task for a large network. As shown in Figure 4.8,
there is only one entry to the DMA. Entry of water from the adjoining DMASs is restricted
by installing and closing isolation valves at boundary of DMA, by doing this, the DMA
becomes hydraulically discrete. From the inlet, quantity of water coming into DMA is
measured by the bulk meter (which is called as DMA meter). The summation of
guantity of water measured by consumer’s meters, gives the total value of quantity of
water consumed in the DMA. The difference of the two indicates the NRW of the DMA.
Thus,
DMA NRW = Total DMA Inflow- Total DMA Consumption

45 DESIGN CRITERIA FOR ESTABLISHING DMA
45.1 Size of DMA

DMA size is expressed in the number of properties. As per BIS IS 17482:2020, the
size of a typical DMA in urban areas varies between 500 and 3,000
properties/metered connections. The size of an individual DMA may vary, depending
on several local factors and system characteristics, such as:
a) the required economic level of leakage
b) geographic area and the /demographic factors (like, urban or rural, residential,
commercial, industrial areas)
c) previous leakage control technique (like, ex-waste meter districts)
d) individual water Agency/ Board preference (like, discrimination of service pipe
bursts, ease of location survey)
e) Hydraulic conditions.

DMAs in dense urban areas, like, inner portion of cities, may be larger than 3,000
properties/metered connections, because of the high housing density. If a DMA is
larger than 5,000 properties/metered connections, it becomes difficult to discriminate
small bursts (like, service pipe bursts) from night flow data, and it takes longer to
locate it. However, large DMAs can be divided into two or more smaller DMAs by
temporarily closing the valves so that each sub-area is fed in turn through the DMA
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meter for leak detection activities. In this case, any extra valves required shall be
considered at the DMA design stage.

4.5.2 Design of DMA

Several factors shall be considered when designing a DMA, such as:
a) the required economic level of leakage:
b) size (geographical area and the number of properties):
c) variation in ground level:
d) drinking water quality considerations.

Topography: DMA boundary is so fixed that it remains within normally available
natural topographical features such as rivers, lakes, railway track, roads etc.
Hydraulically Discrete: DMAs should be isolated from other adjoining DMAs for
precision in measurements. For this, each DMA should have a single inlet for water
and a district meter should be placed to monitor the inflow into it.

Isolation can be achieved using the Isolation Valves. These valves should be initially
set as closed and can be opened during any emergency/ pipe break cases etc.

Cost of setting up DMASs: Cost of establishing DMAs will primarily depend upon the
cost of isolation and metering equipment required. DMAs should be formed in such a
manner that, there will be minimum cost.

Slopes and elevation: DMA should be set up on uniform terrain. If a DMA has lot of
uneven terrain conditions, supplying water would be difficult.

4.6 DMA CATEGORY

DMAs are categorised into four different types- single inlet DMAs, multiple inlet DMA,
cascading DMA and Pressure managed DMA. These four types are shown in Figure
4.9.
(a) Cascading DMA: Sometimes
‘e \“?\\\Mulf.ple due to topology of the network, a
Bulk M\ S DMA is fed through bulk meter by
other DMA.
(b) Single inlet DMA: In this type
there is only one inlet meter. Errors
. > are minimum as there is just one
LA eswe meter,
e \ / AN (c) Multiple inlet DMA: Sometimes
AN ] e in situations like pressure or
: system redundancy one meter is
not possible and unavoidable
Figure 4.9: Types of DMA multiple inlet meters are to be
installed. This arrangement is only suitable when the width of DMA is less, and length
is more and hence pressure drop along the length is excessive. However, this involves

Si.n"gle Inlét ‘.v ] 1
DMA T

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - N PRV . {Managed

A Ty A e B © /DMA

Ca‘shc;a'ﬁig\\_ S
DMA e :
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extra cost due to providing of second inlet with necessary isolation valve, bulk meter,
PRV and FCV.

(d) Pressure managed DMA: As shown in Figure 4.9, if the DMA is situated at low
elevation, PRV is introduced to dissipate excess hydraulic pressure. It may be noted
that PRV is not an essential feature and is not required to be provided for DMAs on
flat terrain.

4.6.1 Establishing DMA Based on Number of Connections

GIS helps in measuring number of connections in operational zones and DMAs. For
operational zone, the procedure is explained in Box-1. In the similar way number of
connections can be counted in DMAs. Or alternatively the number of connections in

Box-1: Counting the no. of connections | DMA can be counted from the attribute

in OZ using GIS

Suppose, we have two GIS layers- (a)
‘connections’ as target layer and (b) and
‘OZ boundary layer as source layer. In
spatial selection method, we need to
select that target layer features “have
their centroid in the source layer
feature.” Then the selected layer
(‘connections’) should be exported.
After opening the attribute table of the
exported layer, the no. of connections is
known.

table of OZ, in which the name of DMA is
mentioned in separate column. The
number of connections can be
summarised on that DMA.

Knowing the number of connections,
number of DMAs in each operational zone
can be determined. GIS also helps in
fixing location of Flow Control Valves
(FCV). The FCVs may be installed at the
entry point of the DMAs. Knowing the
guantum of water, coming into DMA (by

bulk meter installed at entry points) and
guantity of water consumed (from consumer meters), value of NRW is computed.

4.7 EQUITABLE FLOW AND PRESSURE

4.7.1 Whole-to-Part Approach

Design of operational zone and DMA is made by the approach of whole-to-part and is
coupled with demand management by 100% consumer metering and telescopic tariff.
Whole-to-part approach is explained below with use of PRVs and FCVs, however,
PRVs should be used only when required. PRVs are mainly required in hilly cities like
Shimla or where the operational zone or DMA is at lower elevations. Maximum head
that comes on pipes in the distribution system is the difference between FSL of ESR
and minimum ground elevation in the OZ of that ESR. Class of pipe should be so
chosen that working pressure of that pipe is more than the maximum head coming on
the pipes in that OZ.
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Equitable distribution of water with equal pressure is a need of 24x7 System. It is
achieved by Whole-to-Part approach, in which two stages are involved- (a) from MBR
to ESRs and (b) from ESR to DMAs

(a) From MBR to ESRs: In this stage, Master Balancing Reservoir (MBR) supplies
water to different ESRs as shown in Figure 4.10. Inlet of each tank should be provided
with isolation valve, bulk meter and then Flow Control Valve (FCV)/ Pressure Reducing
Valve (PRV). In normal case FCV is sufficient because while controlling the flow, the
pressure is proportionately reduced. However, in the situations having steep slopes
such as in Shimla city, both the PRV and FCV are required. In such situations, the
sequence in the direction of flow would be isolation valve, bulk meter, PRV and then
FCV (Figure 4.10). Precaution should be taken to locate the bulk meter prior to PRV
and FCV. The FCV is so set that the inflow to tank would be as per the demand of the
operational zone served by that tank.

FCV with level controller should be installed on the inlet of tank. FCV with level
controller ensures that the tank does not overflow and thus eliminates the physical
loses due to overflowing of tanks in the water balance. The sensor for the overflow
shall be away from the inlet so that the turbulence which is near inlet will not interfere
with the work of sensor. Detail method of design of transmission main and achieving
equal residual head at FSLs of ESRs has been discussed in the Chapter 6. By that
method, every ESR draws water as per designed demand of that ESR. For avoiding
physical loss of water due to overflow, the overflow pipe should be connected to
distribution main on downstream of outlet valve.

Tank- should neither
o empty nor Overflow

F —-—
ESR-1 r d,. § DMA-1
) L J ( \\
e MBR g =l \

‘ \
— \ | . /
- FCV with :
T :l—‘/ Source ‘*\

level " WXFCV-1 with Solenoid (Optional)
ESR-3 WTP controller T

ESR-2

0
%—:,~. e . xw’-\'!"e‘”
Isolation Valve Q Inflow = Outflow % Isolation valve "\A}/_—\\
e e o)
L —fey, ( \ |
Figure 4.10: Equitable flow from MBR to ESRs Figure 4.11: Equitable flow from ESR to distribution

network through DMAs

(b) From ESR to DMAs: In this stage, ESR supplies water to different DMASs as shown
in Figure 4.11. Bulk meter and FCV are required for DMAs, the sequence of the valves
should be as discussed above. FCV with solenoid may be installed at the entry point
of the DMA. FCV with solenoid is provided at the entry point of each DMA. There is
inherent mechanism like router (Transmitter) which is connected with the
Programmable Logic Controller (PLC) of the supervisory control and data acquisition
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(SCADA). This arrangement automatically adjusts the flow during peak and non-peak
hours.

4.8 ONE INLET FOR EACH DMA

If separate inlet to DMA is not provided, then the distribution network becomes
complex, and lot of difficulties are faced in O&M of the system. This is the main reason
for inequitable distribution of water. It is suggested to have multi-outlets (one for every
DMA) from the ESR for efficient design and smooth O&M of distribution system. For
having better hydraulic balancing within DMA, ESRs of distribution system should
have more than one outlet and each outlet should feed 1 to 3 DMAs depending upon
the availability of location of ESR. It should be decided on following considerations: (a)
higher elevation within OZ so that staging height required is less, (b) central location
so that DMA’s can be planned in different directions and length of bulk line to DMAs
reduces and (c) availability of land.

If centralised place with high elevation is available and the OZ is having 3 DMAs, then
3 outlets, one for each DMA should be provided. Normally two outlets are sufficient for
ESR capacity up to 1 ML.

Equitable distribution of water is possible when separate inlets are provided for each
DMA. This can be done by
providing different branches

SN TOT e & b ) Atanksupplying  from the main line coming from
#Hhﬁu% PER Dl water to different
A LT ; Proort DMAs the outlet of tank. Such
] 4 el | T3 arrangement of branch main
o 5! providing exclusive inlet to each
~43ey,

DMA is typically shown in
Figure 4.12.

|
RN

Separate inlets after
common node

4.8.1 Equitable Pressures
within DMA
Figure 4.12: Separate inlets for each DMA

The topography of DMA should
be normally flat which will ensure equitable pressure distribution within the DMA. For
this purpose, the lowest and highest elevation points should be found out. The
elevation difference between these two points should not be normally more than 4 to
Sm.

4.9 PIPELINES ON BOTH SIDES OF ROADS

Currently, many cities are being transformed into Smart Cities. Smart city requires
smart roads which can monitor the traffic and signals. However, not only the smart
roads but the concrete roads having width of 6m or more also need water pipelines on
both the sides. Boundaries of the operational zones and its DMAs are so located
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topographically that its spread remains within normally available topographical
features such as rivers, lakes, railway track, bigger width roads etc. Selection of the
boundaries is also governed by the methodology as explained above in this chapter.
This exercise of planning the pipeline on both sides of the smart roads can be done
using GIS and the network software.

It is necessary to lay pipelines on either side of the concrete road so that while giving
house connection, the road is not required to be damaged. The method for the
concrete roads having width less than 6m is to insert the ducts intermittently in the
body of the roads so that service connection pipes can be laid through it. For the
concrete roads having width 6 m or more, pipes are to be laid on either side of the
road. This can also be done economically while deciding boundary of DMA.

4.10 PRESSURE MANAGEMENT

Pressure management strategies in water distribution network include reduction of
water losses that causes additional head loss and controlling of outflows. Water loss
assessment and its reduction have been covered separately. Herein, we discuss about
controlling of outflows.

4.10.1 Pressure Zone of Tank

The pressure in the network is generated by the height of water column at the tank/
ESR. It is, therefore, necessary that there is sufficient water depth in ESR to maintain
supply pressure. Thus, storage capacity of ESR plays an important role. Capacity of
storage at ESR should be sufficient to take care of fluctuation in consumer demand.

4.10.2 Layout of the Network

Layout of system is important from pressure control point of view. Usually, branched
type of systems is observed in old networks. However, such networks have their own
disadvantages and in urban city usually a combination of branched and looped
network is provided. Loops in the network helps in maintaining more equitable
pressure. Therefore, the layout should be such that main pipelines form loops. Direct
consumer connections through these mains should be avoided. Secondary smaller
diameter branched networks (called as rider) originating at different points from this
main loop network should be used for providing service connection. This branched
network, if possible, should follow ground topography.

4.10.2.1 Layout in hilly areas

Pressure management in hilly areas is most challenging. It is illustrated by taking
example of the hilly city. Three pressure zones at hilly city are shown in Figure 4.13.
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Such pressure zones

st upstream at dlﬁe rent grou nd

of FRY .
elevations can be
— _______________,,;H'l’{'“_"-lif"_"ﬁik .................... formed using GIS

technology. Break
"‘.J__f==d;v;'::m pressure tanks- BPT1
and BPT2 are serving
the function of service
reservoir for pressure
zone 1 and 2,
respectively. In one
such hilly city, the
elevation  difference
- between MBR and
Figure 4.13: Pressure zones in hilly city Pressure Zone 3is 270
m. It is required to bring down pressure to 20m for each pressure zone. Hence, three
Break Pressure Tanks (BPT) are provided- one for each pressure zone. Just upstream
of each BPT a Pressure Reducing Valve (PRV) is installed which is set to limit the
zone pressure to 20m. Thus, the residents in each pressure zone should get water
with required residual nodal pressure of 20m (which is mentioned as mandatory
condition in the Tender of the city). Direct-acting PRVs can be used to limit pressures
up to 20m.
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4.11 DISTRIBUTION OF WATER BY DIRECT PUMPING

Bigger cities require large number of operational zones and hence, large number of
the service tanks. It is a common observation that land is not available for construction
of tanks and hence, in some of the cities like Ahmedabad and Chennai, water is
distributed by direct pumping.

Smart Pumps: Another reason is that generally residual nodal pressures in the
existing distribution system are less than 12m or 17m as the case may be. In such
situation, direct pumping is proposed. The direct pumping can be through the smart
pumps. The characteristics of the smart pumps are as follows:

() Demand based pumping using the smart pumps may be designed for an
efficient water distribution network.

(i) At the pumping station, the controller should control the pump speed based on
actual flow rate and pressure. To optimise the proportional-pressure curve used
by the controller, remote sensors should be installed at critical points in the
distribution network, i.e., where a stable pressure is required.

(i) The remote sensors should log the pressure throughout the day and send the
logged data to the controller as text messages once every 24 hours. Every day
the controllers should automatically adapt its proportional-pressure curve,
ensuring a stable pressure at the critical points. When the water demand is low,
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(iv)

the controller lowers the discharge pressure at the pumping station to save
energy and to reduce leakages and wear of the pipes.

Automatic Adoption function should automatically optimise the proportional-
pressure curve using the logged pressure data from remote sensors and
ensures a constant pressure at consumers or critical points. The pressure at
the pumping station will vary depending on the usage-pattern at the critical
points.

Components: The components may be-

a) The control system should include the Pump with Variable frequency Drive, and
other related Hardware for 24x7 Water Distribution The controller of suitable
rating, with Modbus RTU on RS485 for SCADA integration.

b) 24x7 System Controller must be designed specifically for controlling two to six
pumps in water supply pumping stations. The Controller can also be integrated to
most SCADA systems via a range of different communication protocols embedded
to the control hardware.

Measures to be taken: Following measures are suggested-

The cities in which present water supply is by pumping should prepare GIS
maps of the entire pipe network. Condition assessment of the pipes and
appurtenances should be shown on GIS maps.

GIS based hydraulic model should be prepared,

Pumps to be used should be of variable frequency drive.

Exercise for maximum negative pressure (cavitation) of metallic pipes should
be made. The minimum negative pressure line should be above ground
elevation to avoid cavitation.

*kkkk
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Chapter 5
Optimization of Diameters of Pipes

Major portion of the capital cost of the project is that of the cost of pipes which is about
70%. Therefore, many researchers have developed and studied different optimization
techniques to optimize the cost of pipelines ensuring that various hydraulic design
constraints like pressure, velocity and head loss gradient are satisfied. Mathematical
algorithms either run on an independent program or on the top of hydraulic models.
Optimization techniques that have been studied include methods such Genetic
Algorithms, Linear Programming, Non-Linear Programming etc.

Optimization is defined as “the action of making the best or most effective use of a
situation or resource.” In design of distribution system, optimization aims at selection
of a “best” element with regard to some criteria. In the design of distribution system,
the optimized or the best diameter of pipe needs to be selected with respect to criterion
that the nodal pressure shall not be less than the design norm, and that the velocity
shall not exceed say, 2.1 m/s. Optimization of pipe diameters is required whenever
new pipes are to be designed in operational zones of the distribution system.

5.1 NOVEL METHODOLOGY

Some of the network software have a built-in facility of optimizer tools. Many designers
face difficulty in understanding and using this tool while designing their projects for
pipeline optimization. They often complain that the tool results in non-telescopic pipe
diameters that faces rejection from designers and the utility engineers. Besides this,
some of the software do not render true and fully optimised results as they fail to
observe the basic criteria of minimum velocity, say 0.3 m/s. Few of the pipes in the
output of these software depict very low velocity of even less than 0.1 m/s which
indicates that these pipes have unduly large diameter. Objective is, therefore, to
discuss a novel methodology of designing pipes by using only the hydraulic model
without any optimizer software.

5.2 BASIC PLANNING PRIOR TO OPTIMIZATION

Following planning procedure should be carried out:

1. After forecasting of ultimate population of the entire city/ town, its ward wise
distribution is forecasted. The demands are assigned to the nodes using future
ward wise population density method as described in the advisory on “GIS
Mapping of Water Supply and Sewerage Infrastructure”, published by CPHEEO,
MoHUA. This method makes the nodal demands realistic. Appropriate peak factor
should be used for arriving at nodal demand.
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2. Create hydraulic model as described in Chapter 3.

. Fix boundaries of OZs and boundaries of DMAs as discussed in Chapter 4.

4. By the above method, the distribution system also becomes economical. DMAs
and operational zones thus designed, become the building blocks of Conventional
or 24x7 water supply system.

w

5.3 DESIGN PRINCIPLES FOR OPTIMIZING DIAMETERS

While designing network for operational zone/ DMA, designer assigns the required
data of lowest supply level (LSL) of water in ESR, pipe data such as diameter, material
and C-value and the junction data like the ground elevation, nodal demands etc. The
parameter of giving Lowest Supply Level of water of ESR is based on following:

1) Achieving higher velocity reduces the diameters which reduces capital cost.

2) Optimally reduced diameters mean less volume of water in the network within
operational zone and DMA, it takes less time to build up pressures after starting
water supply on every cycle of suppling water.

3) Optimally reduced diameters mean, easy, less time taking and less cost for
repairs/ replacement of pipes.

4) Provide appropriate staging height of ESR to achieve above.

5) Even though it is ideal to provide ESR at higher elevation and at centre of
operational zone fulfilling both conditions, this type of arrangement is seldom
possible. Try to fulfil them to the extent possible.

6) Lowest supply level of water of ESR should be equal to highest ground level in
operational zone + minimum residual head + head loss for getting desired
velocity.

7) Velocity should not be less than 0.3 m/s in all diameters above 80/100mm.

8) The minimum diameter in the distribution system of city/ town should be 100 mm
for class | & Il cities and for others it should be minimum 80mm.

5.4 THE NEW TECHNIQUE

All calculations performed in the computation engine of network softwares are based
on either Darcy- Weisbach or the Hazen-Willum’s equation which is,

V =0.849C (%)m [%)m (Eq. 5.1)

In which,

D= Diameter (m)

V= Velocity of flow (m/s)

C=HW C-value, for example 140 for internally lined DI/MS pipes and HDPE pipes

hf= Frictional head loss (m)
L= length of pipe between two nodes (m)
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Now consider single 1000-meter length of pipeline, considering DI pipe, after putting
values in Equation (5.1),

y _ 0-849(140)D°

e qooope - 119052 D°pf 0t (Eq. 5.2)

Using relationship between V (m/s), D (m) and hf (m) as above, Values of velocity and
hf may be computed.

Principle: It is experienced that if we can manage to get the velocity around 1 m/s
and correspondingly increase in the head loss gradient to a value around 5 m/Km in
as many pipes as possible, we get the optimized diameters.

The methodology is explained here by studying following illustrative example.
lllustrative Example:

The network under study is shown in Figure 5.1. The pipe and junction data and the
results before optimization are shown in Table 5.1.

Figure 5.1: Network

Table 5.1: Before optimization- pipe and junction data and the results

Pipe Data Pipe Results Junction Data JF;J(SSCLTI(t)Sn
. Lef:]gt Haze Flow H(?sasdl Dema | Hydra
Lab Mater D';Te (Usgr n- ('?J?Z)()l VietI;C Gradie Lab Eliﬁ\:]at nd ulic Err:?ri
el |l mm) D;(‘;')” Vﬂ‘q’!'g‘ (ML/da | (mls) (mr}|t<m el m (“g;)’d G(r rf]‘)’e H20)
(m) Y) )

P-1 DI 700 500 130 5 0.15 0.038 J-1 85 0.5 99.98 15
P-2 DI 600 300 130 2.3 0.09 0.019 J-2 80 0.5 99.98 20
P-3 DI 600 200 130 2.2 0.09 0.017 J-3 86 0.5 99.98 14
P-4 DI 400 200 130 1.04 0.1 0.032 J-4 80 0.5 99.97 20
P-5 DI 300 100 130 0.76 0.12 0.071 J-5 80 1 99.97 20
P-6 DI 300 100 130 0.24 0.04 0.008 J-6 82 0.5 99.97 18
P-7 DI 500 200 130 1.23 0.07 0.015 J-7 83 1.5 99.95 17
P-8 DI 300 300 130 0.46 0.08 0.028

P-9 DI 300 200 130 0.77 0.13 0.072

1PO DI 300 300 130 0.73 0.12 0.067
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It can be seen that the velocities in pipes before optimization (Table 5.1) are too less
and can be increased to such extent that minimum nodal pressure is 12m or more.
According to above methodology (Age-old Prudence method), the diameters of the
pipes whose velocity was less are decreased and the results after 4™ iteration are
shown in Table 5.2.

Table 5.2: After optimization (lteration no. 4) - pipe & junction data and results

Leng
th Haze Flow Headl
Diam | (Use n- (Absol | Velo 0SS Eleva Dem | Hydra | Press
La | Mate eter ) Willi ute) cit Gradi La tion and ulic ure
bel rial . y ent bel (ML/ | Grade (m
(mm) | Defin | ams | (ML/d | (m/s) (m)
(m/k day) (m) H20)
ed) C ay) m)
(m)
P-1 DI 300 500 130 5 0.82 | 2.334 J-1 85 0.5 103.8 19
P-2 DI 200 300 130 2.31 0.85 | 4.032 J-2 80 0.5 102.6 23
P-3 DI 150 200 130 2.19 143 | 14.77 J-3 88 0.5 100.9 13
P-4 DI 100 200 130 0.74 1.09 | 1441 J-4 80 0.5 99.74 20
P-5 DI 100 100 130 1.07 158 | 28.29 J-5 80 1 99.79 20
P-6 DI 80 100 130 0.07 0.16 0.53 J-6 80 0.5 98.7 19
P-7 DI 100 200 130 0.64 0.94 | 10.87 J-7 83 1.5 98.51 15
P-8 DI 150 300 130 1.05 0.69 3.79
P-9 DI 150 200 130 1.36 0.89 | 6.142
1PO DI 100 300 130 0.14 0.2 0.638
800
700
= 600
£ 500
g 400
U
g 300
g
O 200
100
0
P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10
Pipe Label
B Diameter (mm) Diameter (mm)

Figure 5.2: Pipe diameters before and after optimization

5.5 STAGING HEIGHT OF ESR

With the above concept of decentralised planning, head loss gradient up to 5 m/km
can be achieved with reasonable staging height of ESR. Presently 10 to 12 storey
buildings are quite common and construction technology is quite modernised, the
maximum staging height can be considered as 30 m.
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The Lowest Supply Level of water in ESR shall approximately be equal to highest
ground level in operational zone + required as minimum residual head + 5m for head
loss. It becomes possible to locate ESR centrally with reference to spread of
operational zone, the figure of 5m can be further reduced. Another approximate
criterion can be available head at entry of DMA. It should be equal to highest ground
elevation in DMA + required as minimum + 3m for head loss.

For achieving equitable distribution, no connection should be given from pipelines
feeding DMAs and higher diameter pipelines forming loops within DMAs.

In general, ESR should have 8 hours capacity, i.e., one-third of the total demand of
the operational zone including 10% losses in distribution. However, it should be
designed by the mass-curve method.

5.6 THE METHODOLOGY

Hydraulic modelling is a computer software exercise for analysing and designing of
pipe diameters of distribution system. For analysing and designing large number of
pipelines, computer software is required.

The network software is to be fed data in terms of diameter of pipes, materials, C-
value and elevations and nodal demands to junctions and Lowest Supply Level (LSL)
of ESR and by running the model, velocity in pipes and residual head at nodes are
observed for optimizing the diameters.

The hydraulic model should be prepared for the entire city using any suitable software.
A designer may have to work on two types of design models, viz., operational zone in
distribution system and transmission mains. Further, there may be possibilities that
the distribution network is to be designed as new and another possibility is that of an
already existing network, which is to be reengineered by changing the boundaries of
earlier operational zones and DMAs and by adding new pipes. In the optimisation
exercise, diameters of new pipes are optimised by utilizing capacity of existing pipes
to the extent possible. In short, the diameters of existing pipes are not to be changed
in the hydraulic model. This is discussed in following sections.

5.6.1 Optimization of Pipes in all Operational Zones

In most of the cases, some pipes in distribution system are existing and all operational
zones are to be reengineered with increased nodal demands, peaking factor and
revised norm of residual nodal head.

The steps to be followed are as under:

a) GIS based hydraulic model of the city/ town under consideration is prepared.
Since, the model is based on GIS, the pipe lengths between the nodes are
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b)

automatically scaled out, and therefore there is no need to assign the data of
lengths to pipes separately. So also, the pipes and junctions’ labels are
automatically assigned by the network software in its flex table. The default
values of pipe material and its HWC-value are changed to actuals. LSLs of
ESRs are assigned. The required diameters are assigned to each pipe, as per
the experience and judgement of the designer.

While preparing hydraulic model, the existing pipes are shown in colour code
and the new pipes are added to increase the coverage to 100%. So, the model
contains both the existing as well as the new proposed pipes.

It is to be ensured that the boundaries of all operational zone are designed
optimally, i.e., ESRs/GSRs do not get empty or get overflowing.

The elevations are assigned to each node using GIS based contours and the
demands are also assigned to all the nodes using the method of ‘Future
population density method’ as discussed in the advisory on “GIS Mapping of
Water Supply and Sewerage Infrastructure” published by MoHUA.

In hydraulic model, initially a base scenario is created for the entire city’s
distribution system. The scenario management has already been discussed in
Chapter 3. We need to iteratively run the hydraulic model for each of the
operational zone.

f)  Run the model. In each iteration, observe pipe diameters, velocity and hf
(m/km) in the pipe table and nodal pressures in junction table (Figure 5.3).
Prepare hydraulic 11.10del with Sort diameters in descending order, observe values of
Base scenario velocity and hf/km in adjoining columns of the pipe table |* |
1 )
Ensure that the OZs are optimized, DMAs l
formed and demand is given using Decrease diameter of pipes above 100mm whose velocity
approach of ‘Future population density is too low and run model

method’

!

Create Child scenario, called as,

Is velocity ~ 1 m/s and

(Optimized Design) hf/km <5 and minimum
l nodal pressure > required
Run Child scenario

Observe pipe diameters, velocity
and ht/Km in the pipe table and
Nodal pressures in junction table

Are all pipes

12
Select only optimized?

N

new pipes

above 100 Final optimized diameters

mm in pipe
table

Yes

Select all pipes above 100 mm

diameter in pipe table

Figure 5.3: Iterative process of optimizing diameters.

g) Select only new pipes in pipe table. Following steps are taken for new pipes

keeping existing pipes undisturbed.
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h)

)

K)

Sort diameters in descending order, observe values of velocity and hf (m/km)
in adjoining columns of the pipe table.

Decrease diameters of the pipes in which velocities are too low and whose
diameter > 100mm and again run model.

Observe the values of velocities in the pipe table. If velocity is less than 1 m/s
and hf (m/km) is also less than 5 m/Km, and minimum nodal pressure is also
more than or equal to residual nodal head as per norm, the steps are repeated.
(Sometimes diameter needs to be increased).

The process is repeated for all the new pipes whose diameters are more than
100mm, till we get all optimized diameters.

It can be easily seen that the diameters of existing pipes are retained and only
the new pipes are optimized.

*kkkk
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Chapter 6
Transmission Mains

6.1 OBJECTIVES

After proper grouping ESRs and after designing with optimized diameters, the exercise
of equalization of residual heads at FSLs of ESRs is carried out. Equalisation of
residual head at FSLs of tanks ensures that only designed quantity of water is supplied
to the ESRs and thus, O&M gets simplified. Most important advantage is that all the
tanks are filled simultaneously in the minimum required time and there is equal
distribution of water to all the service tanks. In short, with proper design of diameters
of exclusive branches feeding individual ESRs, residual heads at FSLs of individual
ESRs become nearly equal to designed residual head and thus they receive water
equal to the design requirement. This helps to set timetable of closing inlet valves of
ESRs which becomes possible without emptying any part (length) of transmission
main. Removal of excess residual head by decreasing diameters, pressure in other
segments remains well developed and the ESRs with high FSLs get designed inflow.

Objective of this chapter is to discuss design methodology to achieve- (i) optimization
of diameters, i.e., capital cost, (ii) optimization of cost of pumping and (iii) equalization
of residual heads at full supply levels (FSLs) of ESRs/ GSRs. This chapter further
introduces, and discusses a novel methodology, called here as “moving node method,”
which is required to achieve equal residual head of about 3m at FSLs of all the service
tanks. The exercise can be carried by using any software by which we can prepare
hydraulic model. By achieving equal residual heads at service tanks, use of pressure
reducing valves (PRVs) can be avoided. The hydraulic model to be used should
preferably be GIS based.

Cost of transmission main constitutes major cost of large sized urban/ rural water
supply systems. For optimization of capital cost, following methodology is
recommended.

6.2 GENERAL PRINCIPLES IN DESIGN OF TRANSMISSION MAINS

In general, following principles are to be adopted in design of transmission mains by

gravity:

1. After deciding boundaries of operational zones (OZ) of existing and new tanks, the
lowest supply levels (LSL)s of all tanks is known. By adding side water depth (SWD)
of 5m to LSLs, we get Full Supply Levels (FSL)s of all ESRs. Transmission main
shall be designed to give minimum residual head of 3 m at FSLs of every service
tank which are to be fed by the transmission main. The residual head should be as
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close as possible to 3m so that quantity of water supplied to the service tank is
nearly equal to the demand of the operational zone that the service tank is serving.
. Grouping high level and low-level service tanks (ESR)s in the city should be done,
preferably by use of Inverse Distance Weighted (IDW) surface.

. Lower-level group of ESRs should be fed from low level master balancing reservoir
(MBR) and higher-level group of ESRs should be fed from high level MBR, through
separate transmission networks so that only needed quantity is pumped to high
level MBR. This arrangement makes substantial saving in monthly recurring energy
bills on account of pumping.

. Designer shall assign diameters from his experience along with other data such as
assigning elevations at junctions. After assigning node elevations as FSLs of ESRs,
ultimate stage demand to the nodes and after assuming LSL of MBR, analyse the
assumed scenario by running the hydraulic model on any software. If it gives low
values of velocities (m/s) and hf (m/km), it means chosen diameters are high and
the cost of transmission main is more. Then by increasing the LSL of MBR,
decrease the diameters of relevant pipes and increase the velocity in such a way
that the computed head loss gradient is between 4 to 5 m/km. In short v (m/s) and
head loss gradient (m/km) are the tool to be used prudently. For this purpose,
velocity criteria as under is recommended for usage.

. The diameter of transmission main on downstream of MBR should be little more
than that of the inlet diameter of the pumping main (on upstream side of MBR)
feeding the MBR.

. If assumed diameters after analysis indicate that many ESRs get negative residual
head, the MBR level needs to be suitably increased.

. From the main network there is an exclusive branch to feed the ESR at its end and
increasing or decreasing diameter of that branch does not involve tangible capital
expenditure and hence diameter of that branch can be increased or decreased for
making the network hydraulically efficient.

. If in a large network of transmission main, if only one or two ESRs, that are yet to
be constructed, show negative residual head then for such ESRs provide online
pump on its outlet or provide pump on the pipeline leading to the inlet of pressure
deficient DMA.

This arrangement is more economical than increasing the level of MBR and
pumping total water to high elevation or increasing the diameter in long lengths of
the network. If the height of any of those ESRs is needed to be decreased too much,
then it is better to go for a sump and pump house. From the sump, water could be
pumped to ESR of that operational zone or directly pumped into the distribution
system of that OZ.

. If the main line of the transmission network goes down the slope and again rises,
then the ESRs on branches in lower level will have high and unrequired residual
head. This scenario in branch line feeding group of ESRs in lower level is an
indicator that the pumping energy is being wasted. On the other hand, while
proposing alignment of main line along a road on high contour, care should be taken
that the top of pipeline is below HGL by 1 m at least at critical place. This type of
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critical place also gives signal for providing sump and pumping to downstream
ESRs on high locations. It also indicates for providing a zonal balancing reservoir
(ZBR) and pumping water to it, for gravitating water to high level ESRs. To ascertain
this aspect, it is necessary to add nodes showing elevation of ridge points.

6.3 PUMPING MAINS

A typical pumping main (Figure 6.1) are designed with well-known method of
economical diameters (Figure 6.2). In this method, the logic is based on minimization
of total cost which comprises of costs of pumping main, cost of pumping machinery,
capitalised cost of pumping expenditure based on consumption of electricity. For this
exercise, instead of taking subsidised cost of electricity, actual unit cost of electricity
needs to be considered.

! Tte-ll ~ ydraUI/ Curve showing
Friction ! "= tGrg T Total cost
1 ~<€Lin, Lio of
head ! RS 'po
loss, hf S REET LT R L =3{ aerator T
| /i‘;:;::i < - Minimum
! = A $§ g Energy total cost
\ 5 | cost s
1 @
Static ! . '| ______ —
head ! 8 . :
& —LO&M cost | m;:eizfnomncal pipe
Pump - vITjapital cost i/
SR Pipe diameter »
Figure 6.1: Typical pumping main Figure 6.2: Determination of most economical

pipe diameter

Equalization of residual heads: After optimization of pipe diameters, the residual
heads at FSLs of each ESR are observed. If they are more than 3m to 5m, then
equalization of residual heads is achieved using the “Moving Node Method,” applied
to branch pipes of main pumping main. This proposed method is discussed in this
chapter.

6.4 TRANSMISSION GRAVITY MAINS

In both urban and rural water supply systems, there are number of service tanks.
Transmission mains feeding to these service tanks are generally larger diameter
pipelines which are designed to move large quantities of pure water by gravity from
the MBR to various Elevated Service Reservoirs (ESRS) in the city. A typical gravity
transmission main is shown in Figure 6.3, which supplies water to the various tanks.
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The tanks are generally situated at different elevations. If they are not properly

meR grouped and if the main
FSLi ! T - pipeline  of  gravity
N Wﬁf sty B = transmission network, on
Qmmmai" Esha its alignment goes down

— 4

—_— ‘ the slope and again rises,

\ then the ESRs on

- branches in low level will

have high and unrequired

residual head beyond the requirement of 3m. It is an indication that the energy is being

wasted by pumping unrequired quantity to high level MBR. One such example of
incorrect practice and solution thereof is illustrated below.

Figure 6.3: Typical gravity transmission main

6.4.1 Incorrect Practice and Its Solution

The Aurangabad city (Maharashtra) is getting water supply from the source of dam of
e ‘Jayakwadi’ major irrigation project.

[ 538 - 570

=~ \Water from the dam is pumped to

:Z“w WTP and after treatment it is again
===  pumped to the MBR at one hillock.

Before 2003, old transmission
network (which is shown within
circumscribing the area with dotted
. "< cocowem  red line in Figure 6.4) was supplying
p— jaewnchueon - water by gravity. Water was
,'ExismgMBR(LSL:GsZm) supplied from the existing MBR at

Lo . Proposed MBR (L5L= 642m) ® Tanks nodal pr. < 15m LSL of 632m. This old transmission

@ Tanks nodal pr. > 15m

main touches the lowest level of the
Figure 6.4: Old transmission network in red and new city, as may be seen in the darkest
transmission network (2003) in grey colour green area at RL 538 m. Part of the

water was being pumped from the lowest point (Kranti Chowk) to the high level ESRs.
Eventually, ESRs located in eastern side of city covering CIDCO and surrounding
area, having higher elevations were the sufferers till the year 2003. The practice of
bringing total quantum of water to the city centre and then to distribute it further without
consideration to topography and optimization of energy cost may not be adopted.

New scheme was commissioned in 2003 to mitigate the growing demand of water and
to redress the problem of ESRs located in higher elevation area shown by
circumscribing with black dotted line as shown in Figure 6.4, by laying separate
transmission main along higher contour called as Beed-bypass Road.
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6.5 OPTIMIZATION OF CAPITAL COST OF TRANSMISSION MAINS USING
HYDRAULIC MODEL

Transmission mains are lifelines of urban water supply schemes or regional water
supply projects. The design can be made using GIS based hydraulic model. Master
Balancing Reservoir (MBR), R1 supplies water to the five demand nodes (ESR)s. The
steps involved are shown in flow chart shown in (Figure 6.5), in which J-2, J-3, J-4, J-
5 and J-7 are the demand nodes representing the service tanks and J-6 is the
intermittent junction on ridge with no demand.

Steps: In the hydraulic
Give required data to model, elevations
hydraulic model including to be given at
assumed diameters . .
! junctions J-2, J-3,
o Give FSL of tank as GL to J-4, J-5 and J-7
b J.3 demand ”Odef are the FSLs of
o . Give demand of next 30 respective ESRs,
J.E *—o years to demand nodes whereas ground
Ridge point 7 ‘ st ‘ elevations are
Run for steady-state .
Y C_hec“f given to the
» MBRR1 Check residual pressures of 5|izeeo junctions J-1 and
* Intermediate node: J1 3m at demand nodes PIP J-6.
= Demand Nodes: J-2, J-3, J-4, J-5, J-7 i
* Ridge point J-6 (with no demand) ‘ Finalise sizes of pipes ‘

Figure 6.5: Iterative design of pipe diameters of Transmission mains

Normally assumed diameters, lengths (in case of non-GIS), pipe material, Lowest
Supply Level (LSL) of MBR and Full Supply Level (FSL) and ultimate stage demands
are fed to the demand nodes as data. After assigning data, the hydraulic model is run.
Required iterations are carried out by way of changing assumed diameters suitably by
using above general principles.

Software analyses the data and computes the residual head at the inlets (FSLs) of
each ESR to be served by that MBR. Thus, the economy to be achieved depends
upon the diameters assumed, i.e., the personal expertise of designer.

6.6 OPTIMISATION OF ENERGY COST BY OPTIMIZATION OF LSL OF MBR

The pumping energy is to be saved by keeping the LSL of MBR as less as possible.
The LSL is governed by the highest FSLs of few of the ESRs. Say, if there are 6 ESRs,
to be fed by transmission main network then one or two ESRs have their FSLs
remarkably high. For bringing down LSL of MBR, it is necessary to lower down FSLs
of these ESRs. These ESRs are termed as “Pressure Problem ESRs”. For bringing
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down FSLs of these ESRs, following steps are necessary:

(a) Every ESR has an exclusive branch from the transmission main network. Head
loss in this exclusive branch of “Pressure Problem ESR” should be minimised by
increasing its diameter. This procedure is possible for existing as well as new ESRs.

(b) Increase the diameter of inlet pipe (Figure 6.6) from the outlet of ESR to DMAS in
operational zone (OZ) to reduce head loss in that inlet pipe so that residual nodal
heads in distribution pipe network of OZ are increased more than the stipulated
minimum residual head. Increase beyond a minimum residual head is not necessary
and to that extent the LSL of that ESR can be lowered. This procedure is to be followed
for new and “Pressure Problem ESRs” only

ESR (c)  Side water depth (SWD)
of “Pressure Problem ESRs”, if
they are not yet constructed,
should be decreased by 1m.
This will also lower down the
LSL of MBR by 1m. This can
be done by increasing plan

Operational Zone (OZ)

Inlet Pipe:
Increase in diameter
lowers down the LSL of
ESR

area of container by keeping
the capacity unchanged but
increasing the diameter. For

example, for a capacity of 1 ML

Figure 6.6: Inlet pipes to DMAs

ESR, decreasing SWD from 5m to 4m, the plan area of container increases by 20%,
i.e., from 16 m diameter to 18m diameter. As the capacity remains the same, increase
in cost is nominal.

(d) If LSL of MBR is reduced by say 2m using above exercise and head on pumps for
inlet side is say 50m, it amounts to 4% reduction in energy cost per month perpetually.

It needs to be pertinently noted that the total exercise of transmission main as
discussed above in terms of iterative procedures, focusses on increasing velocity by
increasing LSL of MBR and thereby decreasing diameter and cost of total pipes of
transmission main network; while above Paras (a) and (b) are an exception to it and
are advocating decreasing head loss by increasing diameter for achieving decrease
in the cost of pumping. Hence, striking balance between increase in cost of pipes
verses capitalised cost of saved energy bills is the tool of optimisation.
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6.7 OPTIMISATION OF ENERGY COST BY INLET-OUTLET AT BOTTOM OF
MBR

Normally, the side water
depth of MBR is 5m and inlet
Is at FSL and outletis at LSL.
However, this Guideline
™\ Shaft working recommends invert levels of
as Air Valve inlet and outlet at same level
and at bottom of MBR. LSL
of MBR is lowered down to
the extent possible by using
principles in  explained
r above. Bottom of MBR is
WTP placed further 1m below the
designed LSL of MBR as
shown in Figure 6.7.
This arrangement saves energy. We can save energy cost of pumping head
perpetually, i.e., every month.

FSL

Designed LSL l

Figure 6.7: Inlet, outlet arrangement of MBR

In case rising main to MBR leaks, then wastage of water due to emptying of MBR can
be saved by shutting the pumps and closing the valve at inlet. In case of MBR, if
located on hillock, i.e., on ground level, then outlet of MBR should be with a bell mouth
embedded below bottom so that full capacity is available for use and MBR can be
cleaned during maintenance. It is necessary to have all season road to MBR/ BPT.
Overflow pipe from FSL should discharge water at a place away from MBR and then
that discharge should find its way to natural stream.

6.7.1 Level of Bottom of MBR for Optimization of Energy Cost

The logic of various steps involved in computation of optimum LSL of MBR are shown
in flow chart which is shown in Figure 6.8.

Every design including hydraulic modelling has always factor of safety. In design of
pipeline, the factor of safety terms of slightly higher designed LSL to MBR. Design LSL
is of course not to be lowered down but unnecessary pumping cost can be saved. This
can be done by providing bottom of slab at an elevation lower by 1 to 2m below design
LSL (Figure 6.8). In the steady state of operation, i.e., inflow equal to outflow, the water
level will not climb up to designed LSL but will remain at a level lower than that and
the pumps will operate for this decreased head. This yields in saving of electricity bills
due to decrease in head on pump by more than 5m. Decrease in head due to this
arrangement compared to inlet at FSL is 5 to 7m. This is an extra saving over and
above saving. If head on pump on inlet pipe is 50m, then saving is about 10 to 14%.
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For lengths of transmission mains up to 10 kms, provide bottom of MBR at 1m below
design LSL and for more lengths bottom of MBR should be 2m below designed LSL.

* Give FSL of ESR to demand nodes as elevations Subtract the increased beyond minimum
* Assign demand of OZ of next 30 years to demand nodes ___ | required from earlier LSLs and FSLs of ESRs
* Assume diameters of Transmission main pipes by ‘Age Old Prudence’ and get the decreased LSLs and FSLs of ESRs
technique (Chapter 5) and assume LSL of MBR (L1) +
* By Running hydraulic model with peak factor and with required Run the model of transmission main and
iterations, optimize the diameters adjust LSL of MBR so that minimum
7 residual head at FSL of ESR becomes 3 m.
Run the model of transmission main and adjust LSL of MBR so that Denote this LSL as L4

minimum residual head at FSL of ESR becomes 3 m. Denote this LSL as L2

¥
Review residual heads of all ESRS

* Observe FSLs of each ESR whose FSLs are higher than rest of ESRs and
also observe ESRs with minimum residual heads at FSLs

* Note these are the “pressure problem ESRs”

* Take up worst two or at the most three such ESRs

‘Are ESRs “Pressure
problem ESRs” and
et to be constructed?

No

Optimum LSL
of MBR is L4

!
Start exercise as per Section 2.4.15 by steps given at (a), (b) and (c) for
pressure problem ESRs

Step (c): Decrease suitably, the side water

depth of the ESR whose re-revised residual

Step (a): Minimise head loss in exclusive branch line of transmission main by head is brought down to 3m or whose

increasing its diameter and increase resi. Head at FSLs of these ESRs residual head has becomes < 3m.

* Decrease FSL of only those two ESRs,
keeping FSLs of other ESRs unchanged

* Run the model of transmission main and
adjust LSL of MBR so that minimum
residual head at FSL of ESR becomes 3 m.

Step (b): Increase the diameter of inlet pipes from the outlet of ESRs to Denote this LSL as L5

Run the model of transmission main and adjust LSL of MBR so that
minimum residual head at FSL of ESR becomes 3 m. Denote this LSL as L3

DMAs to reduce head loss in those inlet pipes so that residual nodal heads ‘ Optimum LS]t S MBRIs15 |
in distribution pipe network of OZ are increased more than the stipulated -
minimum residual head. ‘ Optimum LSL of MBR |<7

Figure 6.8: Logic of computing optimization of LSL of MBR

6.8 EQUALISATION OF RESIDUAL HEADS AT FSL OF ALL ESRS

Diameters of transmission mains are so adjusted that the residual head is around 3m.
The junction table of hydraulic model is then seen for the residual heads at each of
the tank. After running the hydraulic model, as above for achieving a minimum residual
head of 3m, compare the residual heads available at FSLs of all ESRs. If variation is
large, the ESRs with excess residual heads on their inlet side, can draw more water
than they are designed to draw and supply to operational zone. Hence, extra residual
head needs to be dissipated. This is achieved by the new method of “moving node,”
(IWWA, January 2021).

6.8.1 Moving Node Method

From the main network of transmission main, every ESR/GSR has an exclusive
branch feeding that ESR. The velocity and hf (m/km) in this branch are to be increased
by decreasing diameters for dissipating excess residual head. For this purpose, the
length of branch main should be divided (Figure 6.9) in two segments, say L1 and L2
by providing an extra node at meeting point of (junction) of L1 and L2. By assigning
decreased diameters to one or both segments and by adjusting length of each
segment by moving node at the junction of L1 and L2, the residual head is brought
down in the range of 3 to 4m. Increase in velocity up to 3m/s in a small length does
not cause any problem as some extra margin is available above the criteria of
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minimum 3m residual head. This extra margin can be dissipated by throttling the valve
on inlet side. For dissipation of large extra head which normally is in case of existing
small and dwarf ESRs, 80 mm diameter segment on branch pipeline may have to be
used if velocity in it is less than 3m/s. Otherwise the minimum criteria of 100 mm shall
be adhered to. Another method of dissipating extra head is to provide an orifice plate
with a scour valve on its upstream side. If length of the exclusive branch is less, then
above method of dissipation of excess residual head is not possible. In only such
exceptional case, pressure reducing valve (PRV) is required to be installed.

ESR %

Segment 2:
Length, L2 and
eter, D2
Segment 1:
Length, L1 and

Diameter, D1

To distribution 0 .

system of OZ _ 4
Moving Node

Branch Pipe =
L1+L2

Main or sub-main of
Transmission network

Figure 6.9: Branch pipe with two segments

Due to equalised residual head by bringing it to 3 to 4m, feeding of all ESRs in nearly
equal time becomes possible. Hence, enforcing timetable of closing inlet valves of
ESRs becomes possible without emptying transmission main. Removal of excess
residual head by decreasing diameters, pressure in other sections remains well
developed and the ESRs with high FSLs get designed inflow. The logic of this process
is shown in Figure 6.10.
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Optimise Transmission main for capital

and energy cost

Compute residual heads at all ESRs by
running the model

Adjust length of each

segment by “moving node”
along the branch pipe and

Decrease diameter of L.2

and /or L1

run the model.

head in the
range of 3 to
4m?

Is diameter

required for L2
< 80mm and

velocity >

For ESRs with > 3m residual head,

divide exclusive branch pipe in two

segments of lengths and assign
decreased diameters

3m/s?

Repeat the process for all

ESRs [nstall orifice and reduce

residual head to 3.5m
and still if not possible
then Install PRV and set
pressure to 3.5 m

Equal residual head in the range of 3 to
4m is obtained for all ESRs

Figure 6.10: Logic of making equalization of residual pressures for ESRs other than “Pressure Problem ESRs.”

6.8.2 Design of Branched Pumping Main - Optimization of Diameters

SR

“~o._ HGL
T ESR4

Clear water sump at
WTP

Figure 6.11: Branched pumping main

It may not be possible to feed all ESRs by
gravity from MBR/ clear water sump at
WTP.

In that case, it is necessary to locate the
sump at appropriate place and pump water
to needed ESRs (Figure 6.11). First
preference should be given to pump water
by separate pumps to separate ESRs by
separate pumping main, if ESRs are in
different directions from sump. In this case
diameters of pumping main works out to be
less. If this arrangement is not possible,

then branched pumping main as shown in Figure 6.11 is the option. Branched pumping
main should be designed with following methodology:

(i)
(ii)

(iii)
(iv)

Assume MBR of high height and design gravity transmission main to ESRs on
the principles of gravity transmission main discussed above.
Instead of assumed MBR, provide pump with head = FSL of hypothetical MBR-

LSL of sump.

Provide water hammer control devices on main pipeline and branches.
It is better not to provide inlet valves at entry of ESRs.
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