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Preface

The concept of integrated urban water management (IUWM), which is an extension of the
concept of Integrated Water Resources Management for urban areas, is of recent origin. There are a f
developed countries which actually practice IUWSlentirety. In India, operationalizing of IUWM
concepts is cities still in its early stage. In stiutthe traditionahpproaches tplanning urban water
systems which largely focus on planning and design of supply sources, water distriteieragand s
collection and disposal infrastructure, [IUWM takes several aspects of water management into
consideration. They include demand side and supply side potentials of meeting the water requirement
in urban areas, the cost effectiveness of variovemitens, equity in access to water supplies,
environmental sustainability of water resource systems and other sustaining logistical elements.

Planning urban water management interventions involves complex considerations of a wide

range of physical, so@conomic, administrative, institutional and political characteristics influencing
the performance of water systems in urban areas. Indian cities and towns display wide heterogeneity i
these characteristics. Hence it was logical to discuss interfeationsc er t ai n durdban t
in India, wherein each one represents a unique combination of feadurissthvése characteristics.
Matching typologies with new technological choices and social and management institutions is vital in
achievig integrated urban water management. This in turn calts fora | kitdé for wurba
management planning, which would embrace the technological alternatives and fitting institutions and
instruments.

Arghyam Trust, Bangalaremmissioned a study to jpaee such #ol kit for the use of policy
makersaand manageisvolved inurban weer management programmes. Tistitute for Resource
Analysis and Policy (IRAP) was entrusted with this task in August 2008. Preparation of the kit took 24
months of timedr the researchers andludedseveral rounds of discussion agltbdrations with
Arghyanstafff or finalizing the research design and 1

The study involved exhaustive review of research undertaken all over thewsodd
aspects of urban water management by scholars and practitioners, including but not limited to urban
hydrology, management of water supply infrastructure, water resources management, water quality
management (WQM), groundwater management, téeimoieconomic instruments for water demand
management, technical and economic aspects of leakage reduction, environmental and economic asp
of wastewater treatment and reuse, storm water management, capacity building for IUWM and legal a
regulatoryrbmeworks. Primary data collection for 27 cities/towns and secondary data collection for 30C
cities/towns was carried out, covering all the 16 delineated typologies. Suitable sets of IUWM
interventions were identified for each typology based on theamalagsbf how the prevailing
characteristics of these typologies influence the physical, economic, institutional, financial and
environmental performance of urban water utilities. Continuous interaction of the client and researchel
enriched the content tfe tool kit and is now ready for the use.

These are five sets of tools detailed in the tool kit. The first set will provide analytical procedure:
for population and urban water demand projections under differenesonmmic scenarios. These
tools @e useful in planning decisions. Next are environmental management tools, comprising tools for
choosing urban water supply augmentation strategies, wastewater treatment technologies and methoc
and storm water management practices. The third set ole@lolth capacity building and
organizational change issues while the fourth set of relates to community interface. Finally the last set
tools pertains to issues in good governance, covering the practical suggestions for improving the key
areas of urlmawater governance, and the legal and policy framework for affecting implementation of
urban water management interventions. | sincerely hope these tools would come handy for not only



water managers of urban local bodies, but also senior policysolaitars and practitioners
concerned with water resoww,gearticularly urban water

M. Dinesh Kumar
Executive Director
Institute for Resource Analysis and Policy



Major Concern

Growing urban water stress is one of the features of the water crigggmiegced by India
today(Kumar, 2010; Mukherjee et 2010)The exponential growth in urban water demands owing to
rising population, increasing per capita water demands for domestic uses, environmental sanitatic
municipal & industrial uses, enmim@ntal management services, compounded by dwindling local
sources of water and increasing inability of urban water utilities to improve the water supply
infrastructure and undertake necessary institutional reforms have precipitated (Fres ayisZ8).
Reducinger capita supplies and reliability, huge water wastages, growing inequity in access to water :
inefficient pricing of water across different classes are some of the problems. Growing deprivation ¢
the urban poor to water for basic surviegds is a rude shock presented bgriis (HDR, 2006).

The traditional civil engineering approach to managing water supplies had focused on increasit
the capacity of existing sources, and exploiting new sources of water without much corwitheration t
sustainability of resource base, or environment or eco$gstembes and Kuczera, 2002; Mitchell,
2004).Lack of focus on building institutional capabilities to regulate water use directly or indirectly is
also visiblevith an oveemphasis on tecblogical approachegléchos and Braga, 2R0As a result,
attempts to increase the supplies often results in increased consumption and greater pollution, while 1
gap between the rich and the poor continue to widen. This is compounded by the gskctoral an
segmented approach to managing water for urbar(Bi@as, 2004; Vlachos and Braga, 2001
overall outcome is that with growing size, urban areas are increasingly dependent on exogenous sou
of water from far off region®ukherjeeet al., 200)0that pose major technological, institutional and
financial challenges to urban utilities.

Integrated water management as a concept and practice is gaining popularity amon
practitioners and policy makers in the water sector internationally and alsodvat(see refer to the
technical report for IUWM definition). For achieving these goals, community participation, be it in
planning urban water management interventions, or in the overall governance of urban water, or |
providing some of the water &gation services or implementing best practices, is essential.

Need for IUWM and the Tools

The existing tools for planning of urban water systems largely focus on planning & design o
water supply sources, water distribution and sewerage colledipasél dnfrastructure. They are by
and large generic. Integrated urban water management concept calls for identifying interventions th
while meeting the present and future water needs of urban areas, would also ensure hydrologi
integrity of the urbawater cycle, which the existing tools fail to achieve. Augmenting supplies is an
integr al part of the wutilityd ability to meet
which source to tap would require sound considerations of thepmpptial and costs, and therefore
would depend on hydrology, dearology, urban population size and density, topography and distance
to sources. While the traditional approach to urban water management looked at conventional sourc
of water such asvars lakesponds and aquifers and did not care about the sustainability of resource
base, sustainable urban water management requires that all water resources in urban areas includin
storm water is tapped and used in an environmentally sustaarai®@e. mhe potential for the same
would depend on the hydrological regime, the climate and the land use in the urban area.



Leakage in water supply lines need to be reduced wherever it makes physical and econon
sense, meaning the amount of reducticecimical losses should be high and it should be cheaper than
creating new source of water. Wastewater generated from urban areas needs to be treated to ¢
standard so as to reduce the demand for water for pollution assimilation environmental manageme
services. The technologies for treatment of wastewater that offer physical efficacy and cost effectivene
need to be decided for the climate, topography and theesoe@mic and institutional environment.

The recycling and reuse potential for the tresdstewater need to be examined for the prevailing
socieeconomic and environmental conditions. But, equally important is its ability to reduce the
demands for water needed for consumption. This would need technological devices, use of which wol
be encoraged only through economic instruments and institutional interventions.

Types of economic instruments, regulations and social institutions that are desirable fol
controlling water uses that give very low social and environmental returns and prosecsocegati
welfare effects need to be designed keeping in mind the overall physical -ecdnsogio and
institutional environment. The higher institutions in urban water sector need -“ori&ete@ or
strengthened, and new institutions need to beedrgaensure sustainable water allocation and use.
The ability to do this is dependent on the overall-eooimomic status of the urban area and the
political will of the local government. At the lower level, the role of communities in urban water
manageent needs to be enhanced for the conditions prevailing in the city or town. But, capacity
building of urban water sector including these institutional innovations will be possible only if
appropriate legal and policy framework exist. The policies foraflstarban water management will
be decided by the type of physical interventions, economic instruments, and institutional changg
required. Since these would change from typology to typology, these policies also will have to |
different for differentyfpologies.

Hence, the task of development of tool kit on integrated urban water management planning
started with the formulation of a series of research questions pertaining to technological alternative
economic instruments, institutions and legal alwy goamework. Furthermore, as it clear from the
preceding section, that planning urban water management interventions involves comple;
considerations of a wide range of physical,-ecaimmic, administrative, institutional and political
characteristiaafluencing the performance of water systems in urban areas. Hence it would be logical t
di scuss interventions for certain O6urban typ:
unique combination of features-aids these characteristietere, we have constructed 16 typologies
for developing the IUWM tool kit, which allow us to consider physical factors such as hydrologica
regime, topography, geology and climate for choosing IUWM interventions for an urban area. Thus
each research gties pertaining to urban water management interventions is answered for each

typology.

Study: Approach, Methodology and Scope

Keeping in view the above questions, aytan long research study was undertaken by IRAP.

The | arger (u e sttaie tha kep deterenidantsvaf gaod pérfetmance of urban water
systems from a physical, social, economic, fi
research used the following methodology: 1] extensive review of international rexicsciantfic
literature on various aspects of urban water management, including engineering and social sciel
research, and their synthesis; 2] analysis of secondary data available from various sources on a |
number of urban utilities on variousfpenance attributes; 3] case studies on best practices in urban
water management; 4] analysis of data from primary survey in selected urban centres of India, whi



together represent all the 16 different typologies; and, 5] learnings from detailedstuediearch
undertaken by Arghyam partners on various aspects of urban water management in Mulbagal town
Karnataka. The analysis of data from various primary and secondary sources and findings of resea
undertaken in Mulbagal were used to validate sbniiee cdominant theories in urban water
management. The research findings were synthesized to draw inferences on urban water managen
solutions for different typologies.

Subsequently, within each typology, we have considered the differencessamsotm
factors such as the o0level of wurbanizationd a
as O0size of the citydéd, and degree of water sc
that are socteconomically viablea politically feasible for each $yology within a broad typology
of urban areas. The tool kit includes the tools that would help urban water managers to plan th
strategic interventions that are required to make it possible to run urban water systesana 061 nt e
and sustainable manner.

Her e, 6i ntegrationd means i ntegration of
(catchments, surface water, groundwater, storm water, wastewater outflows) so as to ensure hydrolog
system integrityntegration of the soceconomic systems affecting various water demands so as to
manage intesectoral water allocation; integration of the technical systems that collect, treat and suppl
water for various uses, and collect and treat storm water sewlatesisso as to ensure sustainable
water supply integration of urban water management actions at various scales using the principle c
subsidiarity in order to improve management capacity; and integration of institutions, policies and lav
governing wat supply and use in order to ensure that they do not work cross purposes. Besides thi:
IUWM would also mean cost effectiveness of the various interventions.

The tool kit will help the urban water planners to project the populations and water demands of
a given urban area for future time periods; identify the key interventions for water management for
given urban area that would help maintain the balance between future water demands and poten
future supplies; and also the social engineering atutionst interventions that are needed to affect
the implementation of urban water management interventions. For this, the basic data on urban wat
system are to be made available. Such data include: past population; the percentage population livin
bungalows; the category of urban area; the geographical area and the urban population density;
degree of urbanization and typology within which the town or city falls.

Tools: Content and Audience

The tool kit will help us evaluate many decisiorblesrien urban water management planning.
The first tool provides the analytical procedure for urban population projections under different socio
economic conditions, supported by data on human development index for various districts. The polic
makers anthose involved in overall urban planning decisions find the tool very useful. The second tool
provides the methodology and analytical tool for estimating the per capita urban water demand
supported by data on per capita domestic water supply norniefentdcategories of towns/cities,
and water intensity of different types of industries. The third tool suggests the types of water suppl
systems that are physically sustainable andesoc@mically viable for each of the 16 different

! Sustainability here refers to physical sustainability of water resource system, the technical system

comprising water supply, sewerage system, wastewater treatment sytetemveater management system; the
social and economic sustainability of water supplies; sustainability of institutions engaged in urban water
management; and environmental sustainability.



typologies, andhé extent to which each one could be tapped to meet the water demands. The tool se
also includes the analytical tool for estimating the total water supply benefits, and cost of producing

storing unit volume of water from roof catchments under diffeydnvlogical regimes, supported by

data on rainfall & rainy days. This tool set will be useful for water supply engineers in urban local bodie
and NGOs working on urban water management issues.

The urban environmental management professionals wilidifalowing set of tools useful.

They include the tools which help: 1] choose the types of wastewater treatment system which
technically feasible and socially and economically viable, and ascertain the feasibility of diverting f
treated wastewaten fieuse for each of the 16 different typologies; 2] choose the types of storm water
management interventions, and find out the manner in which they would augment the existing wats
supply sources for each typology; 3] test the economic and institutiolizl @i leakage reduction
measures, and soeiconomic viability of metering and volumetric pricing of water in a given urban
area; 4 ] Il dentify the factors influencing ur|
groundwat eranidntderga etei cofd nat ur al treat ment of
urban hydrology, occur under different physical settings; 5] choose the key physical, chemical a
biological parameters to be monitored for ascertaining water quality in éagyt pad, 6] illustrate

urban water planning using Water Evaluation and Planning (WEAP) system, and the procedure ft
setting up the database for running it. The WEAP model that derives its inputs from the IUWM tool kit
and the outputs of detailed hydgial studies can analyze the extent to which various interventions
need to be undertaken for managing urban water.

The third set of tools address sector capacity building and organizational change issues. Hen
senior bureaucrats in the dept. of urbtairsand dept. of water resources will find them useful. The
first tool provides the techsilostitutional models for water supply & sanitation for the urban poor and
communities living in urban fringes. The next tool defines the key steps in calpawfyoburban
water sector, viz., institutional reform, organizational change and training for capacity building of hume
resources. The third tool lists the major practices for affecting institutional reforms, including the
institutional design principland criteria. The various models available for organizational strengthening
of urban water utilities, with capitalize on the unique strengths and capabilities of community
organizations and private sector agencies for provision of various servicesjeadarpthe next tool.

The next tool provides the models that are appropriate for private sector participation in urban wate
management under different seetonomic, political and institutional environments. The next tool
provides the staffing nornfigr urban water utilities, to improve the effectiveness of the utilities in
performing integrated urban water management functions, with an emphasis on how the norms cou
change with changing physical characteristics of utilities.

The fourth set of toolgertains to community interface in the implementation and management.
It describes the key roles of communities in urban water management, viz., planning, governanc
implementing best practices, and service provisions. The first tool shows which laesenfysirt
roles could be effectively performed by communities under different conditions like urban slums, ne
settlements, old & consolidated settlements, and rich & progressive urban settlements. As regar
training for capacity building, the tool lidifferent modules that are essential to provide a
comprehensive understanding of IUWM practices and processes, and the different stakeholders (like 1
technical staff of the utility, the councilor, the community representatives, the political leaders) fo
whom each one of them is relevant. The next tool provides the type of regulatory mechanisms for wat
guantity and quality management, which are critical to institutional capacity building for WRM, for
different types of towns and for different types afewusers and polluters. The tool on finances
suggests three major steps for strengthening the financial system of urban water utilities such
reducing UFW water combined with introducing
improving tke financial systems by increasing the market orientation. While it provides an analytical toc

10



for working out the economics of 024X7 water
what situation this would be economically most viable.

Finally the last set of tools relates to good governance and can best be used by heads of urb:
local bodies, and senior bureaucrats of dept. of urban affairs and dept. of water resources. The first tc
provides a working def i ni listsdhe kep practical méasures fora t ¢
improving the key areas of governance, i.e., water supply, water & wastewater pricing, wat
infrastructure financing and provision of WATSAN services for the poor. The next tool lists four
strategic legal interventsom the form of urban bylaws required to be introduced for ensuring
sustainable urban water management such as urban land ceiling act, the building bylaws, legal frame\
for water metering, and water resources regulatory act. Further, the toahkitnaisre of policies
for sustainable UWM, the typologies for which they are relevant and the policy actions for each.

Limitations

The tool kit does not include tools for planrang operation ofirban watesupply system
sewerage systems etc., warehanyway available in the manuals used by water supply and public healtt
engineerdA list of manuals available in the context of urban environmental management is given below
Also, it is not a design manual for various urban water managementiortserierthe list indicates,
there aralesign manuals for water distribusgatems, storm wat@anagement systemsstewater
treatment systenasid onsite sanitation systerm$iere are also manuals available on best practices for
management of urbanwmonment such as that for water quality testimgy water safetyhere is also
a manual available on capacity building of urban water utilities, and full cost recovery in water supp
But, here the role of the tool kit would be to help the urbanmatergers to decide on whether to go
for a full cost recovery or ntt. nutshell the tool kit is useful to all involvement at management level
and does not cover operational details. More importantly, for making best use of the tool kit to arrive &
accuate management decisions, particularly the decisions on the scale at which various interventio
need to be carried out i.e., for performing t
in urban areas. They could include: groundwagssammnts, catchment studies -lesgdstudies, water
infrastructure surveys and topographical surveys.

List of manuals

Sr. Name of Manuals Agencies
No
1 Environment Management System ISO 14001, (Urban L{ Clean Technologyitrative
bodies and township) Manual USAID/ Development
Alternatives
2 Environment Management System ISO 14001 (Waste wi City of Gastoni&vastewater
manual Treatment Division
3 StormWaterManagement manual USEPA,
SWITCH

Department of Environmentg
Management, North Cardain
University

Atlanta regional Commissior]
4 Full Cost Recovery Model Water & Sanitation
Program, the World Bank
5 Disaster Management manual Ministry of Home Affair,
GOl

11



6 Land UseManual Texas Citizen Group
7 SCADA Manual ILF consulting Engineers
8 O & M Manual for Sewerage system CPHEEO, New Delhi
9 Water and Sanitation manuals Yamuna Action Plan
10 Capacity Building for Utility management UN-Habitat
12 Analysis of Wastewater for Use in Agriculdeaboratory | WHO, Geneva
Manual of Parasitologieaid Bacteological Techniques
13 Manual on G& M of WaterSupply System&PHEEO, Central public health and
MOUD, NewDelhi 2005 Environmental engineering
organisatiorMinistry of
urban developmeriiew
Delhi 2005
14 Onsite Waste water Treatment&ys Manual, USEPA USEPA
15 Quality and EMS, Manual Draka Cableteq, USA
16 Water Quality Manuals WHO, Geneva
17 Water Safety Plans (WSP) for Urban Piped Water Suppli Do
DevelopingCountries
18 WastewateFreatmenBystem®esignManual NAYADIC, Franklin
19 Wastewater Treatment Systems Augmenting Handbook| Department of Defence,

Operation And Maintenance

USA

12



Scope of Integr ated Urban Water Management

Conventional urban water management considers water supply, wastewater and storm water
sepaate entities, planning, delivering and operating these services with little reference to one anoths
Current urban water systems harvest large volumes of water from remote catchments and groundwa
sources, deliver potable water to all urban uses aedjsemtly collects generated wastewater. This
wastewater is removed, taken to treatment plants usually located on the fringe of the city or town, the
discharged to the surrounding environment. Only 9% of this wastewater is curren{iRadalsgd
2003. Large volumes of storm water are also generated within urban areas dircreased
imperviousness of urban catchments. The majority of this storm water flows out of the urban area, wit
little management of its quality and even less of it bemhgAssa result, the adverse impact of
conventional urban water management on the water balance of these areas is(blitestalitibal
1997; 2004).

In comparison, Integrated Urban Water Management takes a comprehensive approach to urbe
water serges, viewing water supply, storm water and wastewater as components of an integrate
physical system and recognizes that the physical system sits witfanizationaramework and a
broader natural landscape.

There are a broad range of tools whioh employed within Integrated Urban Water
Management, including, but not limited to water conservation and efficiency; water sensitive plannir
and design, including urban layout and landscaping; utilization-afnmentional water sources
including roofrunoff, storm water, grey water and wastewater; the applicatiofloepuipose
principles; storm water and wastewater source control and pollution prevention; storm water flow an
guality management; the use of mixtures of soft (ecological) anmdfffastcliCture) technologies; and
non-structural tools such as education, pricing incentives, regulations and restriction regimes.

Integrated Urban Water Management recognizes that the whole urban region, down to the sit
scale, needs to be consideredrlzmn water systems are complex andreltged. Changes to a system
will have downstream or upstream impacts that will affect cost, sustainability or opportunities
Therefore, proposed changes to a particular aspect of the urban water system deust inclu
comprehensive view of the other items and consider the influence on them.

Integrated Urban Water Management  Framework

There are five important considerations in urban water management: using various componen
of the urban water cycle viz., urbamstaater, runoff from roof catchment, urban wastewater, and use
of both good quality and poor quality water from surface and groundwater sources for sustainable wat
use; treating various components of the hydrological system as part of a single wgstemesmurce
assessments and planning, by capturing surfacgreatelwater interactions, catchrrgrgam flow
interactions, and quality as well as quantity aspects; water demand management, inskatorglinter
water allocation; cost effectiges of the water management interventions; and use of subsidiarity
principle in urban water governance and management (source: adapted from Mitchell, 2004). This wol
mean:

1. Usingvarious sources of water (surface water, local groundwater, rainwatesmtstorunoff)
in an optimal manner for water supplies thereby reduced threat to the hydrological integrity of
the water resource system, with oO0cost of ¢
consideration. Harnessing of storm water at tbe aft generation reduces the chances of
pollution of streams

13



. Taking basin as the unit for water resource assessment and planning with catchments
groundwater and stredlows as part of the same unit

. Leakage is reduced to minimum (both technical andistdaive) in the system and the
economic target leakage is achieved, thereby revenue losses to the utility are reduced
minimum.

. Allindividual connections are provided with water meters with readings taken regularly.

. The water (supply & seweragé&pstructure is adequate enough for the poorest communities to
physically access water and dispiiske wastewater.

. Demand for water is managed at the end user level through efficient pricing, thereby reducin
the need for augmenting the suppliel Wigh financial & environmental costs; wastewater
generation is reduced, thereby reducing the capacity of sewerage systems and wastews
treatment plants, with resultant infrastructure cost saving; increased concentration of sewag
improves the energycmvery rate; storm water runoff generation is minimized thereby reducing
the need for large storm water collection and disposal systems for flood control, and the chance
of damage to the ecosystem health of natural water bodies.

. The prices charged for teasupply & sewerage services at the aggregate level reflect the long
term marginal cost, which is referred to as marginal opportunity cost of production & supply. It
would be the sum total of the cost of depletion of the resource, the cost of prahettion
supply of water, and the environmental cost of degradation. The average prices fixed ensures f
cost recovery.

. The pricings followed by institutional realignment to maximize social welfare.

Institutions are created for ensuring istmtoral wat allocation and management, including
management of water quality

10.Decentralized wastewater treatment systems wherever -thalrgtagy, climate and soils

permit, and where land is available thereby reducing the need for large centralized systems

11.Wasewater from both industries and municipal uses is treated and reused or treated to effluer

discharge standards and disposed off to the environment without causing negative consequen
on it; or treated and put back into the water resource system oonsioterations of social
and economic benefits and costs.

12.The agency has complete database of the water supply & sewerage connections in the town/ci

with proper maps of the distribution and service lines.

13.The agency has adequate HR capacity fomabstaiirban water management; has favourable

governance systems, management structures, finances and administrative hierarchy to perfo
IUWM activities; appropriate legal and policy framework exist that facilitate institutional
capability building to perin IUWM functions

14



14The communityds water use needs and priori
supplied water match with the communityos

15.Communities are able to do self assessment of the watadsldmtre launching of new
water supply ©projects so that the new sys
willingness to pay for the services also increase. Communities have the choice of tapping ¢
multiple sources of water, on considerationssustainability of water supplies, cost
effectiveness, and environmental sustainability.

16.Forum exists for community to oversee the quality of execution of urban water systems and it
operation and maintenance.

17.Institutional mechanisms for members ofufiEn communities to formally lodge complaints
about poor performance of urban water system exist, and redressal mechanisms are adequ
and transparent.

18.Urban communities are able to effectively participate in urban water management planning
investmentdecision making; urban water governance; provision of some of the urban water
management services; and performing some of the best practices, through appropriate loc
institutions and in partnership with the urban local bodies.

19.Benchmarking of performanc o f urban water system is C

incorporated while choosing the indicators for performance assessment and they actuall
participate in monitoring & evaluation of the work, and auditing.
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Generic Framework for IUWM

The schematic diagn shown in Figure 1 has three important components. First is the water
use system. The second is the water supply, storm water collection, and wastewater treatment system
The third is the water resource system, which includes water from desalinatjportadwater.

These systems are interlinked. How much water is drawn from the water resource system depends on
the demand for water in the water use system, and the network losses. The amount of wastewater
generated demand on the water use.

As indicatedh the schematic diagram, treated water from the conventional water treatment
system, which is of high quality, is used to meet the water demands for domestic purpose and municig
uses. Relatively poor quality water is used for gardening, vehicleawdsbilegs. The wastewater
generated is either treated locally or goes to a centralized treatment system. The treated water either
joins the streams or groundwater or is available for reuse in agriculture. The storm water generated in
the urban area inding that from roof catchments is also collected, treated and can augment the water
resources for use in urban areas.

As the box on the top right hand side indicate, the water use is a function of several complex
physical, socieconomic and institutioreahd policy factors, viz., income level, water pricing structure
and prices, supply restrictions, climate, seasons and culture, pollution tax and pollution control norms,
subsidies for water conservation technologies, groundwater regulation and taxpp el
institutions and organizations. The demand for water reduces with increase in price, and less elastic tc
price changes under hot and arid climates and also when income levels are high.

On the other hand, the wastewater, if treated and remymeded, can reduce the effective
water supply requirement in the urban areas. For instance, the domestic wastewater can be treated ar
reused for gardening, car washing and toilets. If not treated, it can deteriorate the quality of water in th
naturakystems and ecosystem health. The nature of raw water treatment, water supply and wastewats
treatment systems depend on water quality standards applicable to the urban area, climate, hydrology
and quality of water available from the natural systengltepds available for wastewater treatment,
financial health of the water utility, economics of various water and wastewater treatment options and
land availability. To elaborate, when stringent water quality standards are strictly enforced by the
enforcirg agencies (say the Pollution Control Board), the incentive to set up wastewater treatment
systems that treat water to very high standards would be high among the water users like the
municipality and industries. Similarly, {acgée wastewater treatmgrgtems cannot be employed in
congested urban centres, with very high land value.

The availability of water from the water resource system for water supplies depends on
hydrobgy, gedwydrology of the basiagquifer in which the region/basin, natural matelity, urban
land use and larmbver, type of housing stocks and topography. In addition to the conventional
sources of water (such as risggramsakesponds and groundwater), urban areas can augment their
water supplies through rainwater haingsBut, the amount depends on the rainfall (hydrology) and
the total roof area and roof characteristics. The urban storm water, if collected treated in detention
systems, can be used to augment the lakes, or aquifers.
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Figure 1. Generic Framework for Integrated Urban Water Management
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Benefits of IUWM

Accordingto a WHO report on cost benefit analgdig/ater and sanitation provisigiigHO,
2004) achievinthe MDG target in water and sanitation, by using simplekegies, from a health
point of view, would lead to a global average reduction of 10% of episbadebed Choosing more
advanced types of technologies such as provision of reguladedeirpiped water would lead to
massive overall health gains, ibu$ also the most expensive intervention. The burden of disease
associated with lack of access to safe water supply, adequate sanitation and lack of hygiene
concentrated on children under five in developing countries. Accordingly, emphasisghoattidre
interventions likely to yield an accelerated, affordable and sustainable health gain amongst this gro
The analysis points to household water treatment and safe storage as one option of particular potent
This intervention results in highalte improvements while incremental costs remain low compared to
other types of interventions.

According toUN WWAP (2009) achieving the water and sanitation MDG target would
definitely bring economic benefits, giag from US$3 to US$34 per USfleste. Additional
improvement of drinkingiater quality, such as pedfituse disinfection, in addition to access to
improved water and sanitation would lead to a benefit ranging from US$5 to US$6DipezdtkRip
According to th&IWI(2005), 1.4Billion people stand to benefit if the MDG for sanitation is met. The
economic benefits could be as high as USD 65 billion annually, with the greatest proportion of th
benefits expected to accrue to the poorest regions in the world.

A compelling argument in saqut of further resource allocations to improving access to water
and sanitation services is made when evaluatihgattie and the soeezonomic benefitand the
additional benefits of improving access to safe water supply and sanitation helps tatismapand
informed decisiomaking, for resource allocation. Among the many possible and valid criteria, the ratio
of economic costs and benefits of different intervention options is critically important. Also important
in assessing costs versus lisnisf that a ministry of health or water affairs would be unlikely to
consider costs and benefits which have implications arising to other ministries, despite the importan
of these costs and benefits (WHO, 2000). The implication of this is that wiieg axhe particular
ministry perspective in evaluating cost effectiveness the true efficiency of many environmental heal
interventions is not measured, resulting in aseotsral misallocationreésources (WHO, 2000).
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Box 1: Overarching Practices under IUWM

1 In high rainfall hilly and mountainous, roof top rainwater harvesting should be part of the mainstre
supply system, and subsidies should be available for poor people to adopt the system.

1 In urban centres falling in lownwedium rainfall areas, RWHS would be suitable for only large bungalo
provision of subsidies for the same should be subject to metering and volumetric pricing of supplie
public utility. The level of subsidy should be equal to the uraf postiuction of the amount of water that g
be harnessed by the system.

1 In order to encourage all batmw dwellers to adopt RWHSow and medium rainfakgions, it is importarn
that incremental block rates for pricing of urban water are adopted. dase, the pricing for levels of
higher than the basic needs should be fixed in such a way that it is higher than the unit cost of pr
water through roof water tanks.

1 In flood prone areas, flood management would be critical tarackiestainable urban water supplies,
sanitation that ensure basic survival, community health and environmental management.

1 In areas prone to watiegging (shallow water table areas), contamination of groundwater from leach
toilet should b utmost concern.

1 In high rainfall, mountainous areas, roof water would be an important resource and source for u
supplies from the point of view of augmenting the water supplies and also making it cost effective.

1 In low-lying cities that retve very high rainfall that cause flash floods, collection of roof runoff in tanks
help reduce the intensity of floods, thereby reducing the capacity requirements of storm water draina

1 In semi arid and arid areas, the urban storm eeaitdre detained in detention ponds instead of allowing i
mixed with sewage and effluent; this can be used to recharge groundwater using the method
storage/recovery systems.

9 In subhumid and humid areas, urban storm water can be stodtentralized detention ponds
sedimentation, and then discharged into natural drainage systems. This can reduce the capacity re
storm water drainage systems, and prevent urban floods.

1 Wastewater treatment and reuse: land availakiligndrnprices would be important considerations in cho
WWT technologies.

9 Domestic wastewater has to be separated from industrial effluent to reduce the treatment costs.
make treatments easy and feasible. Also, sewage has to be sepestdet fvater

9 Decentralized treatment of the domestic wastewatetsarglsein the same localities would reduce
infrastructure and energy requirements for collection and disposal. It would also reduce the mun
demand.

9 Anaerobic trament of wastewater would remove the organic matter and suspended solids; help gene
from biogas (biogas); also, it is advantageous from the point of view of reuseaiétheater for irrigatio
and fish farmings the heavy metals wouldrémoved. For aerobic treatment, very little land is needs
energy intensive and generates a lot of sludge

9 Growing duckweed is useful for removing the nutrients (nitrogen and phosphorous) and heavy metal
wastewater; the same biomass produaedie nutrient uptake can be used to grow fish in other ponds
provided it does not contain heavy metal residues. This is suitabkhdonisiudnd humid environments.




1 In urban areas with very few polluting units which follow similar processes and prastygeesaf effluents
stringently following pollution control norms would be a viable strategy.

1 In urban areas with scattered populations (with low population density) and also in centres where pof
is very large, a part of the wastewgteyater) should be first treated in decentralized treatment systel
only the remainindgplackvater) should only be taken to centralized systems.

9 Decentralized sanitation systems (leach type, and septic tanks) can be encouraged only if gbbeinsl
deep, or is of poor quality and not used for human consumption.

1 Effluent from septic tank from housing stocks and commercial establishments could be use
beds/constructed wetlands for further improvements in area where sewerage systiéon ¢®not available

1 In small towns (towns and municipalities), since groundwater contribution to water supplies is high
should be to augment the groundwater reserves, by levying prices (taxes) that cover resource cost, pr
andcost of environmental damage; and using it for recharge projects like SAT.

1 In larger towns and cities, the users of private well water, who are not connected to the utility serviq
levied charges that include only resource cost & environtheantaBla ge costs. At t he
those connected to the utility, but still use private wells, should be kept at such levels that their total ¢
supply is comparable or higher than what the utility charges. The idea ishte apgdatunity cost of deferrin
metering and payments to the utility high.

9 Actions of RBOs should be coordinated with those of the urban water utilities, as either of their acti
affect each othersd performance.

1 River basin organization shooédry out pollution treatment, and the utility has to pay the environmen
component of the water charges to the RBO.

1 The agency doing regulatory functions of Water Quality Management and the agency which carries
control measures sldube separate.

1 The pricing of water and sewerage should reflect the increasig lovagiginal costs of water supply and
disposal, specifically addressing the costs of environmental damage in production and consumpti
opportunity costs afepletion.

9 The cost of using/depleting water would vary from region to region, but would be highest in the m
scarce regions.

7 Decision to do metering should be based orberstfit analysis. Water metering and volumetric pricing 9
receie priority in urban areas that have high percentage of UFW, and in areas where physical scar
resources is of higher degree.

1 To make urban water affordable to the poor, either subsidies should be paid by the government t
distributionof water coupons, or incremental block rates with very low rates for basic level of consump
be introduced.

1 Leakage prevention in the water supply system would be a major area for IUWM interventions, and m
high priority in urban cees that have populations scattered over large geographical areas, and also thg
undulating terrains which increase the leak.

20



Construction of Urban Typologies for India

The type of water management interventions, which are sustainable for an urban area, wou
depend on a wide range of physical, smgoomic, cultural and institutional factBtysical factors
such as the hydrological regime, #@ogical environmentlimateand topography will have a great
bearing on the water supply option, which is sustainable for an urban area from physical and econon
points of viewFor instance, hydrological opportunity for roof water harvesting pyrehdsi®n the
magnitude of annual rainfall, and the cost per unit volume of the harvested water would depend on tt
pattern of rainfalSimilarly, theainfall and topography wowceatly influence the type of storm water
drainage system which is required would influence the peak runoff from the urban storms, and the
surface drainage possibilit@sohydrdogy, rainfalland the climate togetheould greatly influence
the degree ofulnerability ofaquifersto pollution from omsite sanitation andffluent disposal
Therefore they would also determitiee potentialof usinglandbased reatment processes for
wastewatetn the same way, the climatic facfesperature, sghine and wind speed), and altitude
would influence on treffectiveess obio-chemicatreatmenprocesses

Overall water situation (whether water is naturally scarce or abundant), which is determined by
range of physical factors, can influence not only the cost of production & supply of water, but also thi
viability of watemetering & pricingThe ways in which these factors influence the various physical
options for urban water management are illustrated in the tool descriptions feBTools 3

On the socieeconomic front, characteristic like the level of urbanizatidd hawve a great
bearing not only on the feasibility of demand management options such as metering and volumetr
pricing, but also on the economic viability of some of the wastewater treatmentAsptemzsds the
first, high level of urbanization woulitrease the social affordability of payment for water supply
services. As regardeetsecondthe price of land also would change with the level of urbanization
thereby affecting the viability of certain wastewater treatment.dpéisides thesi&ndavailability,
which is an inverse function of urban population density, is a crucial factor determining the type o
wastewater treatment system viable for an urban area. The size of the urban area (whether big or sn
will determine the viability of seraf the water supply options, determined on the basis of some of the
physical factors, for water supply for an &tege again, the manner in which these factors influence
the decisions on demand management options are illustrated in the tool deforijicls 1014

But, India is a country with a lot of spatial heterogeneity in the physic&¢c@ommic and
cultural conditions. Particularly, annual rainfallsyal evaporation (determined by temperature, relative
humidity and wind speedjola@y, andtopographyaryspatially and these variations show a pattern
There are regions with high rainfall and humidity. Also, there are regions with extremely low rainfall ar
hyperaridity. While the country has a total of 5,000 plus towns/citiezesabire found, starting from
large metros, large cities and small towns. There are small towns which are highly urbanized. At t
same time, there are large cities which have up to 50% population living in slums. Again, within that, tl
level of urbanizan can change from town to town.

The urban administration can be Town Municipal Council, or Municipality or Municipal
Corporation or Metros, which will have a great bearing on the technological option which can be opte
for to supply water, and institutal models which need to be pursued. Now, there are a large number
of permutations andombinations possible +@sis the physical environment, seeamnomic setting
and the type of administration. It is difficult to develop a tool kit for each gnsitenagion, which can
be encountered. Therefore, it is important to identify the dominant typelogiegng from a
combination of characteristics, be it physical, orscaimmmic or administratjvend design tools for
various components of integratetban water management system for each one of Ahgqmology
here is a geographical domain, which are sire#aris certain characteristics. For instance, places with
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low rainfall and high aridity cover large areas in the country, but those waimfedivand high
humidity is uncommomliso, basalt formations are eithethimplateau region or the plains, but are
not found in hilly terrain.

Thetool kit isdeveloped for dominant typologies thatpisesical characteristics, viz., rainfall,
topography, geology and clin@téhe urban aredhe reason is there is general spatial trend in most of
these characteristics. While designing thg tbel unique situationgs-avis the socieeconomic
features and administrative types otitban agas are incorporated separately within each typology, on
a case to case basis, depending on whether that particular characteristic matters or not for the tool
guestion. The major reason for doing this is that no general spatial trend in many @etteneauc
characteristic is seen unlike in the case of physical charadtenistissance, highly urbanized large
cities are found throughout India, except in the north east. Cities with high and low population densitie
are found everywherg. orderto identify the dominant typologies, we have superimposed the India
maps, each one showing the variations in one physical characteristic, on the map which shows differ:
types of urban areas. Using the superimposition of the thematic layers, wetifiadelilelominant
typologies. They are given in Talle 1
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Table 1A: Urban Typologies in India

Typology |[Common Characteristics of the Typology

No

1 AlluvialPlainLow RainfalHigh Evaporation
(A1-P1-H3-E3)

2 AlluviatPlain Moderate High RainfaHigh Evaporation
(A1-P1-H5-E3)

3 Extensve AlluviumPlainsModerateHigh Rainfal Moderatedevaporation
(Al-P1-H5-E2)

4 Extensive AlluviunilainsVery High RainfalModerateEvaporation
(Al-P1-H7-E2)

5 Alluvium/Sandston®lainModerate Ratiligh Evaporation
(A2-P1-H4-E3)

6 Sandstonalluvial depsitsPlairHigh rainfalModerate evaporation
(A2-P1-H6-E2)

7 Sandstonealluval deposit$lilly regionsHigh rainfalModerate evaporation
(A2-P3-H6-E2)

8 Thar Desert
(A2-P4-H1-E3)

9 Crystalline Bck-Plain Moderatdo High RainfaltModerate Evaporation
(A3-P1-H5-E2)

10 Crystalline RoclPlairHigh RainfallModerateEvaporation
(A3-P1-H6-E2)

11 Crystalline RockslateatModerateRainfalHigh Evaporation
(A3-P2-H4-E3)

12 Crystalline RocKgountainous regieXery High RainfaModerateevaporation
(A3-P3-H7-E2)

13 BasalRocksPlateatLow RainfalHigh Evaporation
(A4-P2-H3-E3)

14 BasalRocksHills-ModerateHigh RainfalHigh Evaporation
(A4-P3-H5-E3)

15 Coastal AlluvigPlainVeryHigh RainfaiModerateeEvaporation
(A5-P1-H7-E2)

16 CoastaAlluvial Plain-Low RainfalHigh Evaporation

(A5-P1-H3-E3)
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Naturally Water-Scarce and Naturally Water-Rich Regions

M. Falkenmark had developed an index named physical water siexciyaissess the water
scarcity of a region, which expressed water scarcity as a function of water resources and population.
Going by M. Falkenmark, a region is physically-seatere, if the total renewable water availability
exceeds in that region eeet® 1,700 fiper capita per annum. The region can be calledstvagsed, if
the renewable water availability is below 17p6rmoapita per annum, but above 100@emcapita
per annum. Further, &craeggiedn iWoterlailahilieyis@mnmea bd wa
range of 500 and 1006me r capi ta per anrmwm,r cemd i falrenleumtad
availability falls below 500 per capita per annum. Here renewable water availability is sum of the total
annual dependable rungénerated in the region and the annual replenishable groundwater. So far as
India is concerned, these figures are available only for the country as a whole (Engelman and Le Roy,
1997), and just one of the states, i.e., the state of Gujarat for whiglhrébeafe available for the four
regions, viz., south Gujarat, north Gujarat, Saurashtra and Kachchh (see, IRMA/UNICEF, 2001).

Obviously, it is extremely difficult to estimate the renewable water resources of different
typologies, we have identifiedreeytdo not coincide with the boundaries used for assessing either
surface water resources (basin antbasibs) or groundwater resources (districts, watersheds and
blocks/mandals). Therefore, we have used certain simple criteria, which use thedtms key fa
affecting the natural water resource availability in a region, such as rainfall, geology, evaporation and
topography, for deciding on whether a region is-s@eze or wateich. Regions, with very high
rainfall (and above) and low evaporatiotr@aged as watech, irrespective of their geological
settings. Regions with high rainfall (and above) and alluvial geology irrespective of the annual potentia
evaporation rates are treated as wiateregions. Regions with low or moderate or ntederhigh
rainfall, but with high evaporation are treated asseatee regions irrespective of their geological

settings. The classification of the sixteen d
ri chdéd axndaroowed gabklBgi ven
A region, which is referred todmgaterrichd i n t hiseadnatwablyl watkichtregion as

per ourdefirition. Likewise, a region which is referred tsvaserscarcéi s O nat tsrcalricy d6wa
But, itisto be keptinmindtha 6 nat ur al water ri chn-échse,thees no
regiondés available water resources are curren
waterscarcity or water stress is felt. It is quite possible that the reneatablesources are not

harnessed or utilized to the extent determined by technical feasibility and economic viability.
Nevertheless, as observed by Kumar and others in the context of India, natursdigresategions

are physically watecarce régns (Kumaet al 2008), while vice versa cannot not always true. There

are a few regions in India where not all the utilizable renewable water resources are tapped. These
regions can still develop its wagsiources.

Table 1B: Water-scarce and Water-rich Typologies

Typology Characteristics of Typology Naturally Naturally
No. Geology Topograph] Rainfall | Evaporatiol Water Rich| Water Scarc
1 Alluvial Plains Low High Fxk
2 Alluvial Plains Moderate | High *rx
High
3 Extensive Plains Moderate | Moderate Foxk
Alluvium High
4 Extensive Plains Very High | Moderate *rk
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Alluvium
5 Alluvium/ Plains Moderate | High Fokk
Sandstone
6 Sandstone Plains High Moderate Fxk
alluvial deposits
7 Sandstone Hills High Moderate *rk
alluvial deposits
8 Sandstone Thar Desert | Extremely | High kk
aluvial deposits Low
9 Crystalline Plains Moderate | Moderate Foxk
Rocks High
10 Crystalline Plains High Moderate *rk
Rocks
11 Crystalline Plateau Moderate | High Foxk
Rocks
12 Crystalline Mountainoug Very High | Moderae kk
Rocks
13 Basalt Rocks | Plateau Low High kk
Rainfall
14 Basalt Rocks | Hills Moderate | High rxk
High
15 Coastal Alluvial| Plains Very High | Moderate hk
16 Coastal Alluvial| Plains Low High roxk
Rainfall Index Evaporation Index
Extremely low: 1006200mm Moderate: 15002500mm
Very low: 206400mm High: 25003500mm
Low: 4063600mm
Moderate: 606800mm
Moderatéo high: 8031200mm
High: 12001600mm
Very high: Above 1600mm
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IUWM Framework for Different Urban Typologies

1) Alluvial-Plain-Low Rainfall-High Evaporation (A1l-P1-H3-E3)

Water supply source: Groundwater pumping for small townsd amunicipalities; groundwater g
imported surface water for corporations and metros; excess imported surface water to be
recharge

Wastewater treatment: waste stabilization ponds (WSP) for small towns and municipalities and
water to beused for irrigation purpose; SAT in river bed aquifers for large municipalities/corpora
be used for recharging the aquifers; decentralized WWT systems (reed bed; WSP etc.) 1
gardening; toilet and car washing; then centralized treatmexuelss water using membrane (if wat
imported) for reuse

Storm water management: collection and storage in detention ponds and discharge into stre
gravity recharging

2) Alluvial-Plain- Moderate High Rainfall-High Evaporation (A1-P1-H5-E3)

Water supply source: groundwater as source of water supply for small towns, municipalities
contribution from groundwater decreasing with population size); groundwater pumping by
users in large municipalities to be restricted; and irsritebe based on permits; imported surface v
in large corporations.

Wastewater treatment: waste stabilization ponds (WSP) for small towns and municipalities and
water to be used for irrigation purpose; SAT in river bed aquifers for laggeafities/corporations tg
be used for recharging the aquifers; decentralized WWT systems (reed bed; WSP etc.) f
gardening; toilet and car washing; then centralized treatment for excess water using membran
imported) for reuse; ttea wastewater for irrigated agriculture in peri urban areas

Storm water management: storm water to be collected in detention ponds (local) and discharg
streams for gravity recharging

3 & 4) Extensive Alluvium-Plains-Moderate High to Very High Rainfall- Moderate Evaporation
(A1-P1-H5/H7-E2):

Water supply source: river lifting and groundwater as source of water supply for small
municipalities (with % contribution from groundwatereasing with population size); Groundw
pumping by ingidual users in small towns and municipalities to be unrestricted; and in met
based on permits

Wastewater treatment: Centralized wastewater treatmesing ASP;réated wastewater to ponds
nutrient removal using DWT; later on for fish potida

Storm water management: storm wateto be collected in detention ponds (local) and disposed o
rivers after coolingpn very high rainfall areas, rain gardens can be constructed for runoff rédu
flood prone areasf both typologiestorm water from roof tops cae bollected in roof water tardesd
the excess can be released into the storm water drains.
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5) Alluvium/Sandstone-Plain-Moderate Rain-High Evaporation (A2-P1-H4-E3)

Water supply source: groundwater for towns; groundwate imported surface water for lar
municipalities and corporations

Wastewater treatment: decentralized waste treatment systems such as septic tanks; centralij
systems such as WSP; treated water to be used for irrigation

Storm water management:: collection, storage into detention ponds and discharge into strean
sedimentation & cooling

6) Sandstone-alluvial deposits-Plain-High Rainfall-Moderate Evaporation (A2-P1-H6-E2)

Water supply source: river water/tank/wetmanaged lake water for twyriver water + groundwater f
large municipalities

Wastewater treatment: activated sludge process; treated water to be used for fisheries

Storm water management: Stormwater collection and safe disposal in streams after pond detentio

7) Sandstone-alluvial deposits -Hill-High Rainfall- Moderate Evaporation (A2-P3-H6-E2)

Water supply source: wellmanaged lake water +groundwater for the towns in the area

Wastewater treatment: activated sludge process; treated water to be used for fisheries; neatmodyit
using waste stabilization pond

Storm water management: no special actions will be needed, except collection & conveyance (¢
water through UGDs, as the surface drainage will be extremely good in the hills

8) Thar Desert (A2-P4H1-E3)

Water supply source: wellmanaged local tank/pond as water source for small towns; imported
water for large towns/cities (Jodhpur for instance)

Wastewater treatment: Decentralized treatment system for black water (septic tank) for scattered
waste stabilization pond for domestic wastewater treatment; treated sewage to be diverted fq
membrane technology for treatment and reuse in case of imported water

Storm water management: Storm water collection and storage in natural pamits/tafter detention ¢
aquifers are saline
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9) Crystalline Rock-Plain-Moderate High rainfall-Moderate Evaporation (A3-P1H5-E2)

Water supply source: well managed tanks/ponds for small towns; imported surface water from n
distant reservoirs ftarge cities

Wastewater treatment: activated sludge process, treated wastewater to be used for fish production

Storm water management: runoff reduction measures in large cities and towns with large built up &
collection of excess runoff inteletion ponds and then surface storage; just collection, detention and
of storm water in towns in small built up area

10) Crystalline Rock-Plain-High Rainfall- Moderate Evaporation (A3-P1-H6-E2)

Water supply source:: River/lake water for smatiwns/municipalities; river/lake water + groundwater
corporations; as water source; river/lake water + imported surface water in metros

Wastewater treatment: ASP for wastewater treatment; disposal into tanks/lakes of treated wastewatg
produdion

Storm water management: to be collected in local detention tanks; and to be diverted
streams/tanks/lakes

11) & 13) Crystalline Rocks/Basalt-Plateau-Low to Moderate Rainfall-High Evaporation (A3/A4-P2
H4/H3 -E3)

Water supply source: waterfrom wellmanaged lakes/tanks for small towns; groundwater pumping & ¢
water from lake/tanks for small towns & municipalities; imported surface water for corporations, V|
percentage of well water; and only imported surface water for melrasafvaged lakes to be used
recreation; fisheries in urban centers).

Wastewater treatment: centralized WSP for WWT in small towns and municipalities and divers|
irrigation; decentralized treatment systems for domestic wastewater (reduhdledyte®SP) to be usé
back in gardening; car washing & toilet use in large cities; the excess wastewater to be taken t
WWT systems and disposal of treated water #ftéake

Storm water management: Runoff reduction measures other than FBA& RG; excess storm waf
collection, detention ponds, and surface storage

12) Crystalline Rocks-Mountainous region-Very High Rainfall- Moderate Evaporation (A3-P3H7-
E2)

Water supply source: Roof water harvesting tanks + river lifting

Wastewater treatment: Centralized wastewater treatment for wastewater using Activated Sludge P
anaerobic systems wondt wor k .dNuteenttemovg foomwastewat
using duck weed in natural lakes; use of the treatedatestor fisheries

Storm water management: collection and disposal into streams; no need for detention ponds
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14) Basalt Rocks-Hills-Moderate High Rainfall-High Evaporation (A4-P3H5-E3) (T, M)

Water supply source: Water from welmanaged lakes/tanks for small towns with some amount of liftin
restricted use of the limited groundwater alailakhe rocky & hilly terrain

Wastewater treatment: waste Stabilization ponds, treatedntatieeused for irrigated agriculture

Storm water management: Collection and conveyance of storm water through UGDs, and drainage o
from the town will be through gravity

15) Coastal Alluvial-Plain-Very High Rainfall-Moderate Evaporation (A5-P1-H7-E2)

Water supply source: Water from tanks/ponds and river bed for small towns and municipalities;
groundwater pumping + tank/ponds/river bed for corporations; and imported surface water for large
Roof water collection systems for scatteredigigns

Wastewater treatment: Activated sludge process; and disposal of treated wastewater into the ponds/{
fish production for tans, municipality & corporatiddiembrane technology for higher level of treatment
reuse for domestic purposerirtros; sludge to be disposed off into the sea/ocean

Storm water management: Collection in detention ponds; and disposal in to streams after sedimentat
cooling; recharge into aquifers fiegiwith large built up area.

16) Coastal Alluvial -Plain-Low Rainfall-High Evaporation (A5-P1-H3-E3)

Water supply source: Surface water + groundwater for small towns; surface water +groundwater &
desalination in municipalities and corporations; and imported watircedesalination of saline
groundwadr or seawater in metros

Wastewater treatment: membrane technology for large cities (metros); and treated wastewater to be
domestic water supplies other than drinking; SAT/waste stabilization pond for treatment of wastewa
small towns and micipalities; treated wastewater tdiberted for irrigation in the panban areas

Storm water management: Rain garden for collection and simultaneous recharge of storm water for
corporation and metros (with large built up area)
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Demography, urban water demands

Water supply, wastewareatment, storm water management

Urban water demand is a function of population and per capita water demand. The per capit;
demand (here we refer to the normative water demand) varies with income levels and climate. Risi
income can lead to increasedter demand as water needs for environmental services such as
gardening, tree plantation, and environmental flows in rivers/streams i{Roszggantt a| 1999).

Water demands are higher in hot and arid, and hot & humid climates as compar&d ancold
climates. The growth in per capita water demand is also a function of how the population is growin
(WRI, 1995). Theeason is this. Higher growth in urban population is likely to trigger growth in demand
rate itself, which is owing to greaterdriee water for environmental sanitation. Larger cities would
require greater amount of water for watering tree plantation etc. Hence, there are two sets of challenc
in urban water demand projections: doing correct projections of future populatiomajewtibing

correct projections of per capita water demand.
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Description of Tool 1:

Conceptual issues in urban population projections

There are conceptual issues in urban population projections owing to the mismatch between th
city administrative boundary and the territory of the urban area. When the administrative boundaries
cities remain fixeaf long periods of time, they are likely to misrepresent the actual growth of a city in
both territorial and population terms. When administrative boundaries change with relative frequenc
one can assume that they are reflecting the actual territemsiexpf the urban area linked to the
functioning of the city, with habitations at urban levels of population density. Two metros where sucl
expansions have happened in the very recent past are Bangalore and Ahmedabad. For a given city, i
populatond at a are available for both ocity proper
preferred because they are expected to better represent the territory associated with the urb
agglomeration than the data based on administrative boundaries.

For awy given city, effort should be made to ensure that the time series data of population
conforms to the same definition over time. Adjustments have to be made whenever necessary to achi
internal consistency. Often, the changes involved demand thié¢riloa dor assessing the population
of a city is changed. That is the case when data on a city in terms of the urban agglomeration &
available for only one or two points in time and there is a longer and more consistent series of data «
the populatoof t he oO0city proper6. I n those <circums
administrative boundaries, are used instead of those on the urban agglomeration since a sufficiently I
time series based on the latter concept is normally not passdgentstruct from the data available.
When such reconstruction is possible, it is undertaken.

Underlying Premise

In order to derive equations for urban demographic projections, the following studies were
mainly used. The firdusly pertains to thetructural apects of urbanization in India. The second study
pertains tothe impact of female enrollment in schawisfertility rate. The first study shows the
following: 1] the large urban areas in ladé experiencingapid growth in populatioowing b
constantmigration from villages and smaller tobetsause of their link with national and international
markets2] smaller ones are experiegdow growth rateswing tothey being trapped in the local and
regional economynd 3] in exception to whas found generalcioss the countrthe smaller urban
areasn socieeconomically backward statéfndia, continue tattract rural populations owing to lack
of infrastructure (electricity, roads and irrigation) in rural anehthis is evidentoin the fact that
more than half the population in such towns are engagegdadulturgKundu, 2006)The second
study shows thatlternative paths of future female enroliment in edueatiaignificantlyinfluene
thetotalfertility rates(Lutz andScherbov, 2004)
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Urban population projection functions for different categories of towns/cities

For small towns in soeezonomically forward regions, the population of a given tow
0nd f(Pdsestimated as:

P*(1+0Q) ~n:

Where, 00Q0 is the mean value of compol
previous decades expressed in fraction;
forecasting.

For large towns/cities and in small towns in regions which arecmewmnically backwal
the popul ation of @&figdstimatedas: own after o0no

P (L+ DXHF¥]) PN oo )

Where X is the compounded annual growth rate in population of the previous
expressed in fractions; aAds the average increment in the compounded annual growth
decadal populations in four decades, also expressed in fractions.

The Map provided below che used to decide whether a particular city or town fal
socieeconomically backward or forward region. It gives the human development index figure
As we have seen, the level of secamomic development should be an important considerat
choosing the driver of population growth for any small town. The human development inde
useful indicator of the level of seemdnomic development of different regions as it captur
economic conditions, life expectancy and educationa, stthtthree aspects of seetmnomig
advancement. Intuitively, it would also capture the female literacy, a factor, which has a
future fertility rates, and population growth. This is because the regions of low female it
coincide wh those which are soe@gonomically backward. The map showing the HDI valu
different districts of India, based on 2001 data is given below. The districts that are having |
l ess than 0. 50eaaareo mircaltleyd beaithkbBlaoateksexceearingdd
ar e treat-edommsmi ¢adbd tAycordinglyr aeqaatiahs are used for populd
projections.

Note:for more detaileefer section 5.1 in IUWM Technical Report

33



Figure 4: District Wise Human Development Index

Map of District wise Human Development Index
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Description of Tool 2:

Urban Water Demand Projections:
Estimating the Per Capita Water Demand

The per capita urban water demand is a function péthepita domestic water dematiets
nature and sizs&f industries located within urban areas which are dependent on urban watdosupplies
manufacturingamount of water required for growing trees and maintaining embeanmental
management services, including parks, fountaingteth are public gds.The per capita domestic
water demand is a function afthe per capita income levels, which infligéme amount of water
which dwelling use for various purposes like gardeclimitpe and/ehicle washing anther amenities
b] the climateand ¢ price of water But, there are practical issues in estimating the demand based on
income owing to the difficulty florecastig the incomelevelsof different segments of the urban
population and the exact price of wat€hereforewe haveconsideredh normative water demand,
which is based on size of the,cityd type of sewerage sysf€ne value is constant for the entire
population.Nevertheless, provision is made for meeting special demands such as f@ardening
bungalows

However, this doasot mean that the cities should keep provision for meeting all those needs of
individual households and commercial establishments which are not essential. Whether the city/tow
should make provision for meeting these demdeplsnds on whether the reseuis plenty or scarce.

If the city is falling in a region which is watarce, there could bgo sets of issuasvolvedin
provisioning water for meeting such needs. First: the financial and environmental costs of supplyin
large amount of water thabuld meet all requirements would be high; and 2] there are ethical issues
involved in using water for meeting such needs in situations of scarcity, even when the consumers :
made to pay the full cost of provision of water supply.

Per Capita Water Demand Projections

Since per capita water demand (normative) is a function of the pogudatitself, we have
done population projections firSince the provision of water for trees etc. is to be decided on the basis
of city size, water demand profatdi are done for different categories of towns differently. Here, the
environmental water demand is considered only for large towns (Class I) and metros.

Per capita water demand ¥ (m*/annum) for a town belonging to metros and Class |
cities is estimated as:

_ (€+8)+ 80+A4V+0+x)

o S )

Where,€ is the per capita water demand for domestic uses applicable to those categories o
cities and is expressed ihper annun{Table 3)
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In estimating the peapita waterdea n d, a o0 c o r rbe appliedon thd parcdpitar 0
water supply onormo6é for the particular city/
domestic water dentn Thi s o0cor r becdstimated frongrimdryo arvey data Iy
comparing the per capita use in cities/towns falling in different climates, but having adequate wate
supplies.

1 4 is the per capita water demand for gardening estimated from the survey data for
bungalows (Afannum)

1 d8is the fration of the urban households living in bungalows

 Vis the per capita environmental demand for waférafita/annum), and it can be
estimated from the survey data (climédge) or on the basis of the norm

1 o is the industrial water demantinested on the basis of industrial outputs generated
within the townTable 2)

Table 2: Water Use Rates for Unit Production for Different Industrial Production Units

Sr. No. Category of Water Requirement
Industry (m%/Ton

1 Integrated Iron & Steel 22

2 Smelters 82.5

3 Petrochemicals and Refinery 17.0

4 ChemicakCaustic Soda 5.5

5 Textile & Jute 20

6 Cement 4.5

7 Fertilizer 16.7

8 Leather Products 30

9 Rubber 6.6

10 Food Processing 6.8

11 Inorganic Chemicals 200

12 Sugar 2.2

13 Pharmaceidals 25

14 Distillery (Req. Per 1000 ljtre 22

15 Pesticides 6.5

16 Paper & Pulp 200

17 General Engineering 2.2
Total

Source: Report of the National Commission on Integrated Water Resources Development titled
ol ntegrated Wat ert ARrsfar Actioche § GBSOV el o p me n
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Table 3: Normative Domestic Water Demand for Different Categories of Towns/Cities

Sr. | City/Town Category Per Capita Normative Wal Remarks

No Demand for Domestic Use

1 Metros (27 of them i 150 Presence of @hned sewera(
India) system

2 Non-metro cities 135 Do

3 Non metros  withou 70 Decentralized sewerage disp
planned sewerage system

While estimating the per capita urban water demand, we have not considered the water requir
by commercial establishmerithe reason for this is that the main water demand by commercial
establishments such as hotedstaurantsshopping complexestc. is originating thafor human
consumptior{(drinking personal hygiene, cookimg)ichis alreadgonsideredh the domestidemand
of the urban population. One argument against this appgroalchbe thathe significant floating
population whiclurban areas would normally have and which canandédtenademandor human
consumptioncanget left out in the procedBut,it is also important to keep in mind the fact that there
would be largecaleand continuousnovement of population from the city rioral areas and other
cities on a daily basis, which would actually take away a portion of the water demand for hume
conaimption. In nutshell, considering the demand by commercial utilities might lead to double counting
of human demand for water.

Aggregate Urban Water Demand

~

The urban water demand function (k) can be

A= +péééééééééeée. (2)

Where,f is the population of a town at a given point of time yasdhe per capita water
demand in tannum of that town.

Note: Formore details refer section 5.2 in IUWM Technical report
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Physical & technological options for urban water management

Those are physically feasible, secomomically viable
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Description of Tool 3:

Identifying technically feasible and cost effective options for urban water supply

In order to identify technically feasible and cost effective option for urban water supply in
different urban typologiebget data available from 301 towns and cities acrossrimdager supply and
costof production & supplwere analyzed.

The findings emerging from these anglygés regard to technical feasibility of water supply
from a particular sourcare as follows:irst in cities/towns and villages of states faltintgard rock
areas viz., Andhra Pradesh, Karnataka and Tamil Nadu, the percentage contribution of groundwater
drinking water supply, in terms of number of households covered, is much smaller than that of surfac
water. Whereas in the villages and tdalhsg in the alluvial plains of Punjab, UP and Bihar, the
groundwater contribution to the total drinking water supply, in terms of number of households covered
is much higher than that of surface w&econdith passing of time, the water suppliepathanges
from a single source to a combination of sowcexss regionghis is indicated by the increase in
percentage of town populations covered by the combination of water supply sources among the grot
of cities falling in Class Il category frér per cent in 1978 to 40.90 in 19930 (source: CPCB
survey of 299 cities, 345 towns and 23 metros). With passing of time, and with ipo@aag&an,
the water utility will have to tap more than one source, as the existing sources eitheéefbacoore
inadequate to maintain the supply levalsd Targer cities depend more on surface water resthiatces
areexogenoufMukherjeet al 2010

As regardshe cost of production of watet is found to beheavily dependent on the overall
waterendowmentThe water abundant regions are the easterrGadgetic plains, covering most
parts of Uttar Pradesh, the entire Bihar, and alluvial plains of West Bengal and Assam. These areas
high rainfall, very good aquifers, and perennial fiosteeams and rivers, and large number of ponds
and tanks. The watscarce regions are those in peninsular India, underlain by hard rock aquifers with
low to medium rainfall and high aridity; hilly areas receiving high rainfall; western India underlain b
hard rocks, sei consolidatedocks andunconsolidated alluvium mostly wittry low to low and
medium rainfall; north western India, with low to medium rainfall, high aridity but underlain by alluvial
aquifes. In parts of eastern and central Indiaactenized by hard rock formations, the groundwater is
scarce, but surface water resources are abundant, with rivers, streams and tanks/enrsisarce
regionswhere physical sustainability of water supply soywer,ithe cost 6 production of vater is
high. In contrastthe costis very low in watexbundant regionsvhere the physical sustainability of
water supply sources is good

The reasons for high cost of production of watevater scarceegions are as followsrst
groundwater resoces potential is very low in the hard rock areas of the south and western India
(Chatterjee and Purohit, 20@®1, 2005) Seconthey are heavily ovexploited in most parts of the
south Indian peninsula, western India and most parts of alluvialvestéin Indig GOIl, 2005)
Depletion of groundwater resulting in lowering of water levels, increase in cost of wells/bore wells
pumps and the reducing well yields increase the cost per unit of water phimgpedrface water
resources are heavily eappropriated in the basins of peninsular, western and north western India,
barring the Godavari river basin in the Seag{Kumar et a] 2008) Hence water is not available in
the downstream parts after the monsoon months. As a result, water énhdsotaght from distant
placedor meeting urban water needs. The degree of dependence on exogenous wateriihcreases w
increasing size of the diukherjeet al 2010.
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The cost of production and supply of water alone cannot be the consideratmogorg a
particular source of water supply. How sustainably water supply can be provided is also an importa
consideration. In other words, a particular source of water supply might work out to be cheap, bu
might be able to meet only small fractiotineftotal water demand of a town or ditye examples are
the tanks located in and around large cities of Andhra Pradesh and KarnataRat, Ithehiasecond
source, which has to supplement this first source, might work out to be prohibitively elgrergses.
overall, the particular system might work out to be expensive.

Also, thepossibilityof arranging alternative sources besameonsideration. A particular
source might be very expensive. But, in situations where the possibility of arrangmgteve #t
absent, the costly systems will have to be resorted to.

Integrating thdoregoinganalyss, it could be reasonably argued that groundwater alone could
be sustainable sources of the sole water supply in small towns in the water abundahéastgons
Gangetic plains, after the local surface water sources are tapped. It could be the sole source of we
supply in the alluvial Indo Gangetic plains, where surface water resources are limited. In very large cit
groundwater in conjunction tvisurface water from large reservoirs and lakes could be the sustainable
sources of water suppWhereas groundwater could be one of the many sources of water for meeting
urban water needs in small towns in the waégce regions of the south. Exogerswuface water
would become the major source of sustainable water supply in large cities of the south, which can
supplemented by local groundwdteshould be remembered here that a cost effective option for one
typology will not be cost effective &mother typologylhe tool # 3 provides technically feasible and
cost effective water supply optiémstowns and cities it6 different typologies (Table 4
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Table 4: Water supply Options for different urban typologies

Typology Water Supply Options
Lifting fromGroundwater |Local Surface  wafSurface wafRHWS/
local river |abstraction [lake/pond/  [from reservoirsjimport Desalination
tank
1 XXX XXX
2 XXX XXX
3 XXX XXX
4 XXX XXX XXX
5 XXX XXX XXX
6 XXX XXX XXX
7 XXX RWHS
8 XXX XXX XXX
9 XXX XXX XXX XXX
10 XXX XXX XXX
11 XXX XXX XXX XXX
12 XXX RWHS
13 XXX XXX XXX
14 XXX XXX XXX
15 XXX XXX XXX XXX
16 XXX XXX

Note: XXX indicates that suitable options fdiedint typologies
For more analysis which forms the basis for choosing the water supply options for each one of the

typologies, as provided in TahlplBassee section 7.1tine echnical repoxin integrated urban water
management.
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Description of Tool 4

Socio-economically and institutionally viable options for water supply

In the first step, we havested the various water supply options physically feasible and
economically viable for different typologieg,iagjuite likely that in the same typology, more than one
option would be viable from both fronts. Ttableprovides a list of options for each typology, and
does not mean that one can fully depend on one of these options. It only means that ldre particu
option could also contribute to urban water supply provisions, or in other words, it does not integrate
environmental sustainability considerations.

Whether his option could actually becowm&ble for a given town can be decided on the basis
of seveal criteriaThey are: cost of supply; supply potential; scope for decentralization; and the O & M
requirementd o elaborate: the contribution of a particular option to improving the overall water supply
should be significant; as far as possible, thenogtiould be onén which there is scope for
decentralized management of the infrastructure and services; and 3] the system should be as simpl
possible to enable O & M by the local staff of the uiihymanner in which these criteria will have to
be used for selecting a sustainable water supply source for a town is shown irbthe Table

The cost figures of water supply for some standard s¢greesdwater based sources and
surface water based sourees)provided foClass | and Class Il citiesder different typologies in
Table6 and Table,#espectivelyrhe unconventional sources such as RWHS and desalination systems
are not included in this. They are provided separately in the subsequent Bexti@ason for
providing the cost figuresplogywise is that the cost of water supply is a function of the water
resources endowmenithe water endowment changes wigology. The reasotypologytakes into
account the key physical parameters that determine the water resource endowmeint safch sy
rainfall, topography, geology/gegdrology and climatéhe cost figures are based on 1999 prices and
therefore have to be revised taking into account the average inflation rates for the time period elapsed

The supply potential faquifes in an urban arear in other words the extent to which local
groundwater resources can meet the urban water dearabd,worked oiftthe name of the district,
which the city/town falls in, is known. éllestimation procedure integrates the phgsistinability
considerations, as it takes into account the annual renewable recharge of groundwater against the an
water demand.ikewise, the extent to which the local catchment yield can meet the urban water
demand can be worked out if the namé&efoasin in which the city/town falls, is known. Table gives
theaverage catchmeneld of unit catchmeatrea for 18najor river basins.
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Table 5: Socio-economically and institutionally viable options for water supply
Note: the shaded hkoindicates that a particular criterion is important for the given category of

Criteria for]  Overall physical condition w. r. to wateilagity and socieconomic status
choosing g Waterscarce Water rich

technology [ City Small town City Small town
option for| including including
water  suppl metro metro
Improvement [ Urbanized| Urbanized Less Urbanized| Urbanized Less
urbanized urbanized

Unit cost of
production

Supply
Capacity

Possibility for
decentralizatio

Need for O &
M
town/city.

Note: Urbanized and less urbanized refer HD map

Table 6: Average cost of production per-cub-meter of water supply in Class-I cities

Typology Average cost of production per cubieter
Clasd cities
Surface water Ground water
1 3.79 2.03
2 1.37 0.87
3 0.96 0.87
4 0.46
5 3.67 3
6 1.73 2.67
7 1.72 -
8 4.95 -
9 2.00 3.50
10 0.74 1.67
11 2.25 1.06
12 2.78 0.85
13 2.24 2.07
14 1.74 -
15 - 0.81
16 - 2.93

Source: NIUA 1999
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Table 7: Average cost of production per-cub-meter of water supply in Class-11 cities

Average cost of production per cubic meter
Clasdl cities
Typology Surface water Ground water

1 - 2.06
2 1.34 1.19
3 1.21 1.03
4 2.03 2.10
5 1.53 4.58
6 2.37 1.36
= n _
8 0.72 10.12
9 1.86 1.79
10 2.08

11 4.56 4.08
12 3.05 4.70
13 2.61 -
14 2.50 0.93
15 2.44 -
16 -

Sourceaut hor s6 estimates based on NIUA (2005)

Note: the costs are for 1999 price levels, and therefore need to be adjusted for curremgtices, us
inflation rates
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The extent to which the urban water demand in a town can be met by grouXid\{#a)ezan b
estimated by the mathematical formulation as:

Ax
8 +p

X =

6666666666. (1)

Here,
1 4 is the groundater richness in terms of/per annum per sg. km
1 @is the population density of the urban area in no. of persons per sq. km
1 pis the estimated per capita water demandigarroapita per annum

1 wis the distribution (conveyance) efficyein percentage.

The population density of the urban area can be obtained from the total geographical a
total population.

Mathematical formulation for estimating the supply potential of local groundwater system

Groundwater richness of different districts
The groundwater richness of an area is defined as the average quantum of renewab
groundwater resources available per unit area of threinegistion, and was estimated by taking the
ratio of the average distnise renewable groundwater resources evaluated for a five year period by the
central ground water board (CGWB), and the geographical area of the district. It is exptsssed in m
km per annunThey are given for all the districts in India in Figure 3.
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Figure 3: Groundwater richness of different districts of India

Mathematical formulation for estimating the supply potential of local surface water catchments

The amual utilizable yield of a catchment (in MCM per annum) having ansaf&g &fMm) and
average runoff ratdm/annum) can be estimated as:
Annual utilizable yield of a catchment in MCM per annum

////////////

R=Axrééeééeééeééee.. (1)

The extent to which the urban water demand in a town can be met by local surface water (Y
(%) can be estimated by the mathematical formulation as:

1 *
i*: et oot et e e e (2)

Here, R* is the uncommitted yield from the catchment obtained by subtraetingtah
committed flows from the total catchment yiglch MCM per annuny is the estimated per capita
water demand inTper annumy is the efficiency of conveyance of water from source to the demand
site andP is the total urban population in million.

Y=

Catchment Yield

Theestimates averagatchment yieltbr 18 major river basins in India is given in Tablae
amount of water from the catchment or basin already committed for othandisgspropriated
through reservoirs and diversion systems, need to be factored out to estimate the uncommitte
catchment. In many river basins, these committed flows are very high. Some examples are the Gan
Sabarmati, Banas, Cauvery, Krishna, Pe¢heanest flowing rivers north of Tapi in Saurashtra and
Kachchh. On the other hand, a large share of the flows in Brahrvigghrea river system in the
north east, and Godavari in the south remain untapped. But, the actual utilizable surface runoff in
basin can vary widely from upper to lower catchment in the basin due to the large difference:
encountered in rainfall and reference evaporatigh (ET | n mo st of l ndi ad ri
comparatively higher in the upper catchments, apth\&&. Hence, the planners should make their
own judgmentswvhile deciding the probable runoff rates, depending on the location of the catchment
under consideration »asvis the basin drainage area.

Table 8: Annual Flow, Utilizable Surface Water and Average Runoff Rates

Sr. Name of the river basin| Catchment | Average Annual| Utilizable surfac{ Average
No areain India| Surface water | water resource§ Catchment
(sq. km) potential (kr¥) (kn7) Yield(m)
1 |Indus 32128¢ 73.31 46 0.143
2 | Ganges 861452 525.02 250 0.290
BrahmaputrdMeghna 236136 585.6 24 0.102
3 | Godavari 312812 110.54 76.3 0.244
4 | Krishna 258948 78.12 58 0.224
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5 | Cauvery 81155 21.36 19 0.234
6 Subarnarekha 29196 12.37 6.81 0.233
7 Brahmani anBaitarani 51822 28.48 18.3 0.353
8 Mahanadi 141589 6688 49.99 0.353
9 Pennar 55213 6.32 6.86 0.124
10 | Mahi 34842 11.02 3.1 0.089
11 | Sabarmati 21674 3.81 1.93 0.089
12 | Narmada 98796 45.64 34.5 0.349
13 | Tapi 65145 14.88 14.5 0.223
14 | WFR south of Tapi up t 55940 87.41 11.94

Tadri 0.213
15 | WFR south ofTadri up to 56177 113.53 24.27

Kanyakumari 0.432
16 | EFR between Mahanadi 86643 22.52 13.11

Pennar 0.151
17 | EFR between Pennar 10013¢ 16.46 16.73

Kanyakumari 0.167
18 | WFR of Kachchh § 321851 15.1 14.98

Saurashtra including Luni 0.047

Source: basedalata provideith GOI, 1999: Table.@ for more detailsefersection 7.1 in IUWM Technical

report
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Description of Tool 05:

Determining the Hydrological Opportunity and Cost of RWHS

The hydrological opportunity for roof top rainwater harvestingingt@oh of the total amount
of rainfall & snowfall; the roof catchment area; and the characteristics of the roof which determines th
runoff coefficien{Kumar, 2004¥larsden Jacob Associates, RO0Ws meanshe amount of rainwater
or water from snow ett that can be captured increases with increase in magnitude of rainfall, increas
in roof area and increase in runoff coefficient of roof.

The cost per cubic metre of water would depend on the type of material used for construction
of the tank, the pe of geological formation that exists in the area in question and the actual storage
capacity required to store the runoff generated. The actual storage capacity is the most complex part
the planning question. For a given storage capacity provideffiedtiee storage increases with the
number of days of withdrawal during times of inflow. We have considered the total number of days o
water withdrawal from tank during times of inflow to be equal to the tobdrmafmainy days.

It is to be noted herthatin India,the regions having low rainfall also experience the annual
rainfall in very few rainy dgy@mar, 2004Pisharoty, 199Mence, foregionshaving low rainfall, the
roof water tank is assumed to function as a storage system for moweedn be usebhter onin
winter and summer, and not as a stezagediversion system. As a result, in such cases, the effective
storagevould be same as thersige capacityrovided.While the cost of the system depends on the
storage capacity provil¢he cost per unit volume of storage depends on the effective storage.

Mathematical simulatiooarried out for high rainfall regions (with rainfall magnitude ranging
from 2000mm to 3000mmsing assumed values of roof catchment area, annual ramfallyany
days and daily tank water withdrawal rates shownihatost is lower for RWHS with larger roof
catchments, while the total amount harvested would be higher. It also shows that the unit cost reduc
drastically when the households increaseddily withdrawal in proportion to the greater inflows
available from the larger catchments. It also shows that the unit cost reduces with increase in number
days of withdrawal, which was assumed to be a function of increase in number of raigy days, al
therefore days of inflow into the tank.
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The total amount of water that can be harvested (Vin m
V=czAxpééééééééee. (1)
Here,o is the roof area in 3nd is the total annual rainfall imeters and ¢ is the runéf
coefficient for the type of roof that exists. The runoff coefficients for different types of |

given in table below.

Table 9: Runoff Coefficient for Different Roof Types

Type of Roof Runoff Coefficient
Galvanised Iron Sheet 0.90
Asbestos Shee 0.80
Tiled Roof 0.75
Concrete Roof 0.70

The storage capacity required to storage a volume of as:
Vigne =0 Axp—d=né ééééééé(2)
The unit cost of collection of water through RVEHS - _...... (Rs/m?) can be estimated as

1600 {aebou—840), . . . . . .
Croof—tank = - 66éé6éééé. )(3

Here,? is the daily water demand idoha family/housing stock implementing RWF$
the number of annual rainy days in the place under considérati@mpirical value of 160C
taken as the cost of creatore cubic metre of underground storage syktewever, this valu
can change depending on the local specific situation.

Note: For More details refeection7.4 in IUWM Technical Report
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Description of Tool 06:

Scope of Desalination

Desalinations a fast emerging water treatment technology around theTiwrlchethod of
creating freshwater supplies is becoming cheaper in the wake of the drastic reduction in cost
membranesThere are many different technologieailabldfor desalination: Ieverse osmosis; 2]
multi-stage flash distillation; and, 3] electrolgsigerse osmosis can be chosen for raw water having
different levels of salinity, effectively from the point of view ofldwsimembrane can be chosen in
accordance with the conaatibn of salts in the raw watElash distillation is used for seaewat
Electrolysis can be used for wide range of salinity.

In India, ®astal areas of many regiarisch receive low to medium rainfalls and which are
underlain by hard rock geology, epxcthe coastal stripexperience absolute scarcity of water
Groundwater is the only source of water in these relgiobtems of water shortage are more severe in
the cities/towndocated in these regiori3esalination technology can be used to crestenwiater
supplies in these regions for basic survival needs such as drinking and cooking. The level of To
Dissolved Solids (TDS) in groundwater is higher than 5,000 ppm in these coastal belts, but does n
exceed 10,000 ppm. Therefore, the processwvaiide Osmosis (RO) using membrane technology is
most ideal for desalination in the avéaenbrackish teris not available in plenty, then seawater can
be used for desalinati@ut, in addition to RO, flash distillation can also be tried in sutibrsstua

The cost effectiveness of RO systems would deper{d] @areful selection glant size
keeping in view the demand for water so as to make it run at full cijapityper selection of
membrandeeping in view the salinity of raw wdBjra@quate investigation of quality of water to be
treated; [4] uninterrupted supply of electric power; [5] use-obmosive material for construction of
the plant; and6] use of trained staff for operation arantenancézOl, 1999)lt is alsamportait to
note that the cost of production of water is
on Shah et al., 1997Tablel0) and also the cost comes down leivering salinity of the raw water

The cost of flash distillation depemasthe source of thermal power used in distillation.
recent years, there has been increasing recognition of the scopecairocoof desalination plants
with power plantias El-Nashar, 200Hoffman and Zfati, 2003; Agashichev an®&lishan, 2003
Lokiec and Kronenberg, 2001). In fattout 95% of the total potable water production capacity in the
MENA countries is produced via cogenerafitoffman and Zfati, 2003). Tiehoice of the type of
power plant and desalination technology is an importarand is highly dependent on-sitecific
conditions and economic consideration (Hoffman and Zfati, B0€8 coupling of steargenerating
power plant and a thermal desalination plant, heat in the form of steam generated by the power plant
usedas the source of heat for thelacated desalination plant-Mdshar, 2001; Hoffman and Zfati,

2003 Faibish and Ettouney, 20@)periencehows that Wwen multistage flashistillation is used in
conjunctionwith power plantfor co-generation of ettricity & waterwith theheat in the form of
steam fom powe plants used for heating brinethe boilers, the cost of production of water comes
down drasticallyhe experience in Israel shows a cost of US $ 0.58qfdreated water.

The econonais of desalination, in terms of cost per cubic metre of treated water, for different
types of technologies and for differdenels of salinitgre presented in Table Ebr one toconsider
these figures faworking out thecost of desalination systenvgp factors need to be kept in mind.
First: the cost of membranes has been rapidly coming down over the years and therefore need to
factoredin while looking at RO systen®econd: for all desalination systems, the cost figure need
upward revisions ttake into account the inflation, as the figures provided are quite old.
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Capital Cost and O & M Cost of Desalination Plant by Installed Capacity using Reverse
Osmosis

Table 10 provides the capital cost (e plant) and 0 & M cost of RBased desalination
systems of various sizes. The costs are based on 1997 prices and therefore need to be updated
inflation. But, also, the capital cost of RO systemsdeclined significantly over the past few years.
Currently, it cost Rs. 2.5 lac for a plant haviagacity of 1 fper hourProportionately, the capital
cost for various plant sizes would come down.

Table 10: The Capital and O & M Cost of RO Plants of Different Capacity

Capacity of Desalinati¢ Cost of Plant Cost ofO and M/ Cost per m of
Plant (M per Day) (Rs. In Lac) Year (Rs. in Lac) Water

10 6.0 to 10.0 1.6 2.0 61.80105.60

20 8.011.00 2026 50.3665.20

30 9.014.20 2.6 3.40 40.9656.60

50 16.027.20 3.6 6.0 38.10.61.70
100 20.041.30 7.011.0 30.6653.00

Source: Sha#tall99 and aut horsd own anal ysis
Economics of Desalination under Different Technologies

The cost per cubic metre of desalination depends also on the salinity of raw water, type o
treatment used in addition to the size of the plant and utilization.

Table 11: Cost of Production of Water for Different Types of Desalination Systems

Sr. | Type of raw Technology | Level of| Cost of wate| Remarks
No | water salinity Treatment
(Rs/n7)
1 Seawater Reverse 25,000 30.0105.0 | The cost is &unction of the plan
desalination | Osmosis ppm+ size & potential utilization
2 Desalination | RO 5,000 27.030.0 Do
of  brackish 6,000 ppm
groundwater
3 Desalination | Multi-stage | 40,0000 | 60.00 Freshwater recovery is 20%;
of seawater | Flash and above cost significantl reduces i
distillation coupled with power plant (thern
nuclear) to Rs. 25 pef af water
4 Brackish Electro < 5,000
water dialysis ppm

Source: based on Shah e{X897; IRMA/UNICEF (2002; Osmarnet al(1999)
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Description of Tool 07

Determining Technically Feasible Option for Wastewater Treatment

Wastewater treatmewtin be divided into four phases: 1] preliminary treatment; primary
treatment; secondary treatment and tertiary treatment. The secondary treatment, which is the mc
important treatment proce# urban wastewat@myolves two main processes: nitrification and de
nitrification.The treatment for wastewater can be biological, or physical or chemical.

Nitrification is the process of conversion of food into ammonia and then into nitrates by a
biologicaldegradation process. Further conversion of nitrates into nitrogen requires both bacteria ant
some specialized chemical compounds like metRanpitrification is a process involved in the
treatment of wastewater. As wastewater is collectetlemtraent facility, it contains high levels of
ammonia. Through a bacterial degradation process this ammonia is converted into nitrate. If discharg
into the environment, the nutriemth nitrate in sewage effluent can have a devastéct on water
ecosystemdDe-nitrification refers to the process using a combination of chemical additives and
bacterial degradation to convert nitrate JNi@@o nitrogen gas (Nwhich is released to the atmosphere
(Gijzen, 2001Methanol activates anaerobic bagtarich decomposes nitrates into nitrogen gas.

The two majoconventional wastewater treatment systems available for urbariarease
biological processes usharterial digestioare aerobic treatment systems, and anaerobic treatment
systemsAerobic systems require oxygen to be supplied mechanically, whereas anaerobic systems wo
treat the wastewater through the use of anaerobic badterm.are several versions of these basic
treatment systems available. The difference is in the deageatr@ntThe septic tank, thenaerobic
filter/baffled septic tanlgndsludgeaup-flow anaerobic blanketre all anaerobic treatment systems.

The aerobic treatment systems have several versions: the aerobic reactor using the activa
sludge procesaerobic tanks; and facultative pomts. aerobic reactors are enénggnsive systems,
as oxygen has to be supplied mechanfoallgeration(Parr et al 2004) The less conventional
treatment systems are constructed wetlands which treat wastefli@ter foom septic tankkrough
filter media and Soil Aquifer Treatment systems, which use natural filter medignstodita for
removing BOD, nitrates, phosphates and bgctang waste stabilization systems which use both
anaerobic and aerobic treant pondgor removal of BODapart from bacteria

The performance of wastewater treatment sydtesmhsise biological processges, function of
theclimate, temperature, solar radiati@ehydrological environment and soil structsoerce: basl
on Lawenceet al 2001Maraet al 1997Parret al 2004Pefiaet al.2002 for removing biechemicals;
and soil moisture and temperature (Getha 1975¥or removing micro organismEhe anaerobic
systems performvell under hot climatéen the presence of googlinshing and with high BOD
concentrationtherwise their performanceould declineAerobic treatment systems function well
under cold climatesinder high temperature, more energy would be required for aeration, which would
reducethe economic viabilityVaste stabilization ponds work well under high temperature, with good
sunshine anbigh wnds. If temperature is low, the performance would go down unless the area of the
pond is increased substantialgeduce the intake of BOBead But, his wouldncrease the cost

SAT, that use both biological degradation and natural filteattbadsorptionyequiresdeep
sand bed for the wastewater to pass through before joining the groundwat€sB¢st@®00Rose,

1999) Therefore,tiis important to decide on the type of treatment systems basess@mphysical
considerations of temperatuaditude, wind speed, sunshamel geehydrological environmeritable

12 provides the wastewater treatment technologies that are teclwasdllg for the 16 different
typologies, which take into account these factors. Talplevides empirical values of degree of
treatment possible with different types of decentralized wastewater treatment systems

52



Table 12: Wastewater Treatment Options for Different Rainfall, Climates, Geo-hydrology and Topography

Type of waste water treatment technologies

Onsite Waste Stabilization Ponds Soil Aquifer Constructed | Septic Tank Activated Anaerobic
sanitation _ _ _ Treatment Wetlands sludge Treatment
Tvol Anaerobic Facultative | Maturation process
yﬁo o9y ponds ponds ponds
0 Depthto Temperature| Temperature| Temperature | Depth of GW Soil texture anq Depth of Land Land
GW table | and Land and Land and Land table and soil | land availdlity | ground water | availability | availability and
availability | availability | availability texture and temperature
temperature
! XXX XXX XXX XXX XXX
2 XXX XXX XXX XXX XXX
3 XXX XXX
4 XXX XXX
5 XXX XXX XXX
6 XXX
7 XXX
8 XXX XXX
9 XXX XXX XXX XXX
10 XXX XXX
11 XXX XXX XXX XXX
12 XXX XXX
13 XXX XXX XXX XXX XXX
14 XXX XXX XXX
15 XXX XXX XXX
16 XXX XXX XXX XXX

Note: XXX indicates the suitalechnologies for thgpologiesinder consideration




Table 13: Degree of treatment possible with different wastewater treatment systems

Sr. | Type of treatment systen| Efficacy ofl Permanent arg Suitability
No Treatment (% (mP) required pe

BOD m? of daily inflow

reduction)

1 | Septic Tank/Imbff Tank | 2550 0.5 ST is suitable for deep WT areas
IT suitable for up to 3ffday of
influent

2 | Anaerobic filter/ Baffleq 70-90 1.0 In AF, nonsettleable and dissolv

Septic Tank solids are removed by bringing th
in contact with active bacteria
A good filter provides a surface g
of 90300 m per ni of reactor
volume

3 Facultative aerobic pond| 8090 25.0 Land area required is large; but a
area also depends on the tempereé

4 | Anaerobic pond 7590 4.0 Produces low quality, but lessigk;
suitable for hot regions

5 | Constructed wetlands | Do 30.0 To treat effluent from septic tanks

6 | Waste Stabilization Pond 90 6.4019.20 Sunlight and heat required. The

depends on the temperature

Sources: based orPefiaet al(2003; WHO (1989)TZ Technical Information W8e

The required area, however, increases with the degree of pollution. In case of closed anaerol
systems, there may be no land requirements as they are usually constructed underground. In addit
the area for sludge dryibgds will range between-00QLnf/m* of daily flow, depending on degree of
pollution and dsludging intervals.

In India wastewater is generally used as aquaculture stabilisation ponds and for irrigating croy

Although official estimates are not avail8blauss and Blumenthal (1990) estintla¢earea under
wastewater irrigation to be over 73000 ha. It occurs along rivers which flow through such rapidh
growing cities as Delhi, Kolkata, Coimbatore, Hyderadadedabad|ndore, Kanpur, Patna,
Vadodara, &ranasiDharwadetc. Along the riverthe water is diverted wigirsto canals and often to
tanks and then channelled to the fields for irrigation. If such uses were included, a much higher figu
than 73000 ha would be obtained as in Musi river, Hgdeabone there are approximately 40500 ha

irrigated with wastewat@an der Hoek, 2004).

Note: For more detailpleaseefer section 8.1 in IUWM Technical report

54



Description of Tool 08:

Determining the socio-economic viability of the WWT options

As thefirst stepin selecting the WWT technologies, we Idemtifed the options that are
physically feasible for a given typology on the basis of various considerations such as clima
topography. The physical feasibility is to be ascertained ocmsithefbthe degree of reduction of
pollutants in the wastewatéihile some wastewater treatment technologies can be made physically
feasible in any physical environmentdvis temperature, sunshine, wind speed etc.), making that
system work would worout to be prohibitively expensive. Therefore, physical feasibility in a way
means affordabilityrhe different wastewater treatment systems which are physically feasible undet
different rainfall, climate, ghgdrological and topographical ditions aregiven in Tabldd2 They
were arrived at on the basis of extensive research on the performance of various WWT technologi
available internationally and the knowledge available on the physical factors influencing the physic
chemical, and biological peeses involved in WWT.

Then, decision on whether to choose it or not can be taken on a variety of consi8eragons.
of them are: 1] land area available for treat?pesmbpandfish production potential of wastewater
(Gijzen, 2001)4] degreef sophstication involved in the treatment system; 5] capital cost of the
system; and 6] 0 & M coshey are presented in a matrix form in Tabl€hough all the factors in a
way lead to socieconomic viability of the technologyes factors have to be ddesed carefully.

First not all these factorsightbe important for a given town or cigr a city with physical shortage

of land, the land area required for the treatment system would be important rather than the capital cc
of the systenSecondeah factor has different weightage, even if applicable to a particular situation.
For examplethe weightage @b & M requiremeidtas a factoto be considered in decision making in

the case of a small less urbanized townld be much higher in companisio factors such as
opotential of using treated wastewater for crop prodactidor fish production.

The capital and O & M cost of thitypes ofwvastewater treatment systems viz., activated sludge
procesgASP) TF; and Waste Stabilization POMEP) along with theletails ofand area requirement
per unit volume of wastewater to be treatedgiven in Table&lThese figures would help guide the
decisions on the type of WWT systems to be chosen on thef thesiiteria presented in Table 14

Economics of Wastewater Treatment

Assessing the economic value of the treated water is not easy. It depends on the kind c
opportunities that exist in the urban/peMban situation for reuse of wastewater. There are four
different types of possibilitiek] there is a very high demand for the wastewater for irrigation, and
currently untreated wastewater is used; 2] there is no demand for wastewater for irrigation, and her
will have to be disposed into streams; 3] there is no demand for wastewagatior, ibut there is
water demand for growing fish; and, 4] currently, untreated wastewater is not used for irrigation c
fisheries due to high level of toxicity. In the first case, the cost of treating the wastewater should be le
than the incrementdlenefits accrued from reduction in the health risks to the irrigators, and the
environmental damage caused by degradation of the soil and groundwater quality. In the second &
third case, the cost of the treatment system should be less than thelbeuwefitewing to reduction
in the general environmental quality of the stream/river and improvements in aquatic life. In the fourtr
case, the cost of the treatment system should be less than the incremental economic outputs gener:
from crops irrigated ith wastewater and the reduction in environmental risks associated with unsafe
disposal of effluents into the streams.
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Table 14: Socio-economic and institutional viability of the WWT options

Criteria for choosing
technology option fo

Overall Socio-economic Condition

wastewater treatmrien

Land-rich Land-scarce

City Small town City Small town
including [ Urbanized | Less including ["Urba [ Less
metro urbanized | metro nized| urbanized

Land area for treatment

Crop production potenti
of WW

Fish production potenti
of WW

Degree of sophistication

Capital cost of the systel

O & M requirement

Note: shading indicates that the particular criterion is important for the typqlegstion

Table 15: Evaluation of Net worth Investment for 50 MLD capacity Sewage Treatment Plant

ITEM ASP TF WSP
Assumed capacity (2025), MLD 50 50 50
Assumed Ultimate Demand (2040), ML 67 67 67
Land Required in Ha/MLD 0.18 0.16 0.8
Cost of Land, RsadHa 200 200 200
Capital Recovery Factor, CRF 0.12 0.12 0.12
Total Annual Cost (TAC) (lac Rs) 1022.94 604.1 124.88
Present Discounted Cost Factor, DR | 8.06 8.06 8.06
Net Present Worth dhvestment (lac Rs] 8156.28 4869.06 1006.55

Note: For more deila refer sectio.1.15 in IUWM Technical Report
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Description of Tool 09:

Technically Feasible Storm Water Management Practices
Concept of Integrated Stormwater Management

IntegratedJrban SormwaterManagements a management concept that hatved in the
west over the last 20 to 30 years largely in response to the knowledge that the rapid conveyance of ur
storm water led to the environmental degradation of receiving waf@dfaraysnd Eadi2000). Itis
more recently influenced by theaidleat urban storm water could provide a valuable water resource.
Overall, it isaboutenabling more sustainable management of urban storm water environments. It is
attracting a lot of attention in places where storm water drainage network is sepaeaiefaga
networksSeparating out the storm water from the wastewater is important on two counts: 1] it prevents
the dilution of wastewater, thereby increasing the energy recovery efficiency in treatment processes; :
helps in preventing contaminatairstorm wateran mportant resource in watgrarce regions.

The potential benefits of integrated storm water management #i@d1lfeduction
minimizing peak storm water discharges from urban catchr@gnislution minimizatiorby
preventing, ctdcting, and/ or managing pollution lga@k sorm water retentierharvesting and
beneficial reuse of rainwater and storm water runoff within or near the urban catjhutsm
landscape improvemeshowing rather than hiding water by functionatigrporating storm water
into urban streetscapes and green;anea$] eduction of drainage investmeimgaovative integration
of storm water systems into the urban environment for reducing the cost of infrastructure.

These synergetic effects are diffico achieve in storm water management in practical
situations always. The reason being: there is very low incidence of cities which experience problems
frequent flooding problems facing physical shortage of water, and vice versa; 2] issues off polluti
water bodies are least likely in places which experience fl8qdgen flood control benefits of
storm water management become high, the berfefitater conservation become .|d&hen the
economic benefits of creating new water soaredsgHhike in mountainous area with high rainfall, the
flood control and environmental management beneflikedyeo bevery low.

Storm Water Management Measures

Storm water management measures can be structural &taictaral. Mn-structural storm
waer control measures include a wide range of actions that can reduce the volume of runoff an
pollutants from a new developmetuctural storm water control measures are designed to reduce the
volume and pollutants of small storms by the capture aedofestorm water, the infiltration of storm
water into porous surfaces, #melevaporation of storm wafBiational Academy of Sciences, 2008

The storm water management interventions for an urban area depends auth@fastorm
water generateids potential to createbanfloods;the utility of the storm watér improving urban
water managemerand, the economicviability of usingt as a sawe of municipal water supplies.
Therefore,apart from rainfall, climate, soil characteriatidslanelse (Dussaillanet al 2009, the
storm water management interventions for an urban area have to take into account the overall walt
situation, the topography and -¢sdrological environmermecause of the influence of such physical
variables othe dfectiveness aftorm water managememterventions, the decisions have to be taken
for each possible situation separately. Hendewetollowed thel6 urban typologies atttkir sub
categorizatiofbased on land use) for identifyg\WyMinterventiongTable 1§ The design procedure
for rain garden is also provided subsequently, and can be used for whichever typology it is relevant.
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Table 16: Storm water management options for different towns/cities

Typolo
gy No

Types of Storm Water Management Interventions in

Large Cities with large built
up area*

Small towns with large built up
area

Small towns with small built up area

1

Storm water collection usi
UGDs, and pond recharge 1
recharge after detention

Storm water collection usi
UGDs, amnl pond recharge aft
detention

Storm water collection using UGDs,
pond recharge after detention storage

Storm water collection al
pond recharge

Storm water collection, and pg
recharge

Storm water collection and safe dispos
natural sinkfger pond detention

Storm water collection, alj
safe disposal in streams &
pond detention

Storm water collection and s
disposal in streams after pg
detention

Storm water collection and safe dispos
streams after pond detention

Rain Gardes; excess stor
water collection and sg
disposal in streams after pd
detention

Rain Gardens; excess storm W
collection and safe disposal
streams after pond detention

Storm water collection and safe dispos
streams after pond detention

Sorm water collection, por
detention and rechari
through ponds

Storm water collection, po
detention and recharge throu
ponds

Storm water collection, pond detention
recharge through ponds

No large cities

Storm water collection and s
digosal in streams after po

detention

Storm water collection and safe dispos
streams after detention

No special actions will be needed, except storm collection & conveyance of storm water through U(

surface drainage will be extremely godte hills

Storm water collection and storage in natural ponds/tanks after detention as aquifers are saline in the 7

Runoff reduction measurg
excess storm water collecti
detention ponds and storg
on surface

Runoff  reduction meares;
excess storm water collecti
detention ponds and surfg
storage in tanks

Storm water collection, detention ponds
surface storage

10

No large cities

Runoff reduction measures ot
than RWSTSs; excess storm w

collection, detention pondsnd

Storm water collection, detention ponds
surface storage
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surface storage

11 Runoff reduction measur| Runoff reduction measures ot| Storm water collection & conveyance u
other than RWHS & R({ than RWHS & RG; exse storm UGDs, detention ponds and surface stora|
excess storm water collecti| water collection, detention pon
detention ponds, and surfg and surface storage
storage

12 Roof rainwater collection tanks for domestic water supply; runoff from other built up area teedeofd
naturally by virtue of the hilly topography

13 Storm water to be collect| Storm water to be collected | Storm water to be collected in UGDs,
and conveyed through UGL UGDs, and stored in detenti| storage in detention ponds and sur
storage in detention pon|ponds and surface storage| storage in tanks
and storage in tanks tanks

14 Collection and conveyance of storm water through UGDs, and drainage of water from the town will |
gravity

15 Storm water collection & convaga using UGDs, and disposal into ocean

16 Storm water collection & conveyance using UGDs, and storage in garland canals for continuous recha

aquifers (for preventing intrusion of seawater)

Note:

For more details refeection 7.3, ilJWM Technical Report
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Design and Evaluation of Rain Garden

Dussaillanet al (2005) developed a model for design and evaluation of rain gardens for
climatic conditions. The model uses the following parameters for estimating thalamateriin th
rain garden surface depression: 1] the r a3
of the impervious area to the pervious area; 3] soil infiltration rate; and, 4] the runoff,
generated when the average defthe ponding exceeds the maximum pond depth.

dh,
di A4 = Orun—mz T Ornin - Oiufi.!trntiﬂ:lz - oru:lzﬂff

The soil infiltration rate is estimated using the Green and Ampt Infiltration equation, on thg
the depth of ponding at the time of infiltration, the diffee in initial and saturated soil moig
storagefl... — #&.,;) and the capillary intake of walgr.|.

The equation is:

dF(t) _ [ . B/ ]
dt [F(t)
Here F is the cumulative infiltration, and t is time.

B is estimated as:
B = |_h'|.-\'f T hs (t:ljl-ﬂsﬁr - EE:IH'J
The soil is modelled as three homogeneous layers where the percolation between them is a
only gravity driven. Then the draing@s from a top layer to the one below is approximatedg

et al., 1993; van Genuchetral 1980) as:

The drainage between layers is estimated using
) 1
d(t) = K kY2 (1— (1 — km)™)

1/

P Fres) | =1 —
mandm =1 n

L ESRL‘—ErEgI

(6-8
Here, k = —F

K_.. is thesaturated hydraulic conductivity of the soil which drains. The RECARGA ma

benchmarked to the RECHARGEOdel Dussaillant et al., 2Q0&ith good results. Then it was u
to model the impact on recharge of the same type of rain gardeteébitan cell to three cities wi
differing climates: Madison, Wisconsin (humid); Santiago, Chile (semiarid Mediterranean);
Nevada (arid climate).

For the humid climate of Madison, modelling results show very high recharge rates in the rg
where a rain garden with an area of 10 to 20% of the contributing impervious area maximize
For the semiarid climate of Santiago, Chile, the optimum ratio was 10 to 20%, and for the &
of Reno, Nevada, USA, it was closer to 5%. Optimuaisvimr garden to impervious area ratios W
not present apparent problems for plant survival, as judged from simulation results.

The modelling shows that in arid climates, increasing the infiltration area will not help beyong
increasing # recharge through the rain garden. The reason for this is that thraeeppatior
would become excessively high when the area increases whereas the inflow remains constg
Wet detention ponds are storm water control structures providing botlomeseat treatment of
contaminated storm water runoff.

For more details refer, Section 7.3.7 in IUWM Technical Report and also Storm water manageme
manuals given in the list of Manuals
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End use Conservation and leakage reduction
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Description of Tool 10:

A. Water-less Toilets

Waterless toilets use no water for flushing and require only small amounts of water for cleanint
The most common types are-pognposting, composting and dehydration toilets, based on dehydrati
and composting processes. These toilet systems provide the ideal environment for pathogen destruct
in human waste through dehydration and/or decompo3iibat results from it is compost material
The available systems vary from simple toiletdemmborarily storage of excreta to enhanced toilet
systems with osite treatment. The human waste is stored in watsgajat and welentilated
containers and is converted in a comidasimaterialwhich will be dour freeln some systems only a
pre-composting process takes place in the sealed chamber of the toilet. In these cases the mattel
transported for the finalization of the composting process to an adequate facility. Maintaining the rigt
level of humidity is crucial for an appropriatgdi@tion and composting process. Therefore, dry toilet
systems often provid&cilityfor urine separation.

B. Low Volume Flush Toilets

Watersaving toiletsequirelower flush volumeas compared to common flush toil8sme of
these toilets are alawailable with separated drainage for urine to reducegtige/eémpacts on the
receiving environment and to facilitate the reuse of the urine as a fertilizer. They can be differentiated
toilets with low volume cisterns (including vacuum toilets¥]udiiacisterns and cisterns with water
saving retrofit devicelsow-volume toiletgypically use 6 litres of water per flush, but there are also
toilets available which require only 4 litres or everooelitre per flush(source: Ultra Low Flush
Toilets, a Massachusetts water authority publication, 20@8% are three types of lgalumeflush
toilets: gravity tank toilets, flushometer toilets and vacuum Toibegsavity tank toilets flush based on
the gravity flow of water, flushometer toikeiguire a minimum water pressure for the .flikk
transport of faeces in both systems is provided by gravity flow in sewer pipelines after flushing. Vacuu
toilets require only a very small amaofimtater which is actuallged as a slip additive. Aftashing
the transport of faeces is provided by a vacuum created by a vacuum station connected to a collect
tank at the end of the sewer pipeline.

C. Water-saving low head showers

Watersaving shower heads, or demlume showerheads, improve watese efficiency
compared with higholume shower heads by mixing water with air, improving the spray patterns or by
creating a narrower spray that simulates the feeling of much water-wothrimvflows. A variety of
spray and other design options ardladla for new lowolume showerheadRetrofitting of
conventional higliolume showerheadsn be done witHow restrictorsShower heads using flow
control devices can be used to adjust the flow rates, independent of the water pressure. The function
generally based on a disc containing an elastig that is controlled by pressure. Under high pressure
the Oring flattens and reduces the water flow while it relaxes and allows higher flow under lowe
pressure. Additional wasaving devices, maimgplied in public buildings to avoid water losses, are
metereevalve taps, delivering a preset amount of water before shutting automaticalkgloffingelf
springloaded taps feature a knob that automatically shuts off the water when the usdradiealses t
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They are appropriate when the installed shower heads are meeting the comfort criteria of the user;
water has to be saved without changing behaviour pattern and without loss of comfort.

D. Pressure Reducers

Pressure reducers can be instaithdreat the supply point of a building or at certain points
inside a building in case of larger or higher buildings. Pressure reducers are installed between pipe
joints to reduce the water pressure and to reduce the flow to taps and other figtteebndlogy is
appropriate when Buildings are equipped with a centralized water supply; and the water pressure in

whole building or in building parts is high (above 3 Ky/@able 15 provides the conditions under
which various efficient water usshteologies and devices can be used in the urban housing context.

Note: This section draws heafriiyn UNEP, 2008:160421

Table 17: Technological options for efficient water use in domestic sector and the socio-
economic conditions

Type of | Features Conditions for | Type of urban situations for which it is most
technology which it is | suitable
appropriate Poor urbar Rich urbarf New Tall
neighbow | neighbouwr | settlement | housing
hoods hoods stocks

Waterless toile

Cost ranges fror
Euro 8 to Euro
50

Waste haso be
transported
mechanically

When water shortag
is acute; income
low; sewage dispos
facility not availably
area for use of faeg
and urine are availah

*k*k

**k*k

Watersaving
toilets

Three types
gravity type
flushometer typ
and vacuunype

System is connect
to a treatment facilit
pressurized wats
supply required fg
flushometer to worK
water is metered

priced volumetrically

**k*

Low head Inexpensive; When water has to | falaie Fxk
showers retrofitting is| saved without loss
possible comfort; or without
changing the
behavioural patterns
Pressure Easy to install Used when the wat
reducers needed for evel supply is centralizg ikl
floor of the|and pressure is ve
building high (> 3 bar)
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Description of Tool 11:

Water auditing, and leakage detection and reduction

The purpose of water auditing done in urban water supply systems is to assess the amount
unraccounted for water, in the form of technical losses due to leakage in the pipelines and,leaking ta
and theadministrative losses due to theFiso different methods can be employed to assess this,
depending on whether thennections are metered or.rit, it is to be kept in mind that while the
first method helps find out tatcounted for water, the seconé helps find out technical los€xssce
the amount of waccounted for water is assessed, the next step is to find out where the leakages rea
occurringSeveral engineering methods can be employed to detect the exact location of the leakage i
pipelne networkThe types of technology used and the methtehbkfdetection are givenTiabke 18
The technology employed dependlsh@ ground situation (see section titled: which technology is best
for leakage detectioséction 8.3.i IUWM Technical Bpor).

Economic Viability of Leakage Reduction Measures

Once leakage is detected, then based on the amount of deakhgecost ofengineering
interventions forleakage reductioto be employed, the economic viability of leakage reduction
measureseaed to be ascertained. The biggest issue in leakage reductiothescthett of leakage
reduction should be less than the cost of producing the water that is saved through leakage reductit
Economic viability therefore depends on the cost of leakagatime measure. It is to be kept in
mind here that ile the cost of leakage reduction is a function of the degree of reduction in leakage, the
unit cost is not constant. Low degree of reduction in the leakage could be achieved with minimum un
costs fMontgomery Watson, 2008nd for higher degrees of reduction in leakage, the unit cost would
go up exponentially. Hence, what determines the cost of leakage reduction is the level to which tt
leakage is to be brought down, rather than the degree oforedBetiause of this, the unit cost of
leakage reduction will be lower in situations where the current leakage is very high.

But, the unit cost of leakage prevention, corresponding to reduction of pipeline leakage to &
certain level, would again be an se/déanction of the area covered. This is because of the fact that
when same volume of water is supplied to a small area, the amount of engineering infrastructu
required to do leak proofing would be comparatively(dessce: based oBPA, 2006: 40)
Thereforeto determine the extent of cost saving through leakage reduetiexietit of leakage in
pipeline networkeeds to be assessed

Sincethe cost of production and supply of water is very high insgatee regionteakage
reduction measure®uld be economically vialiere Theexperiences the city of Bangalore in leakage
reduction(Rs. 7.2/m) (Tsuchiya, 2004yhere cost of leakage reduction and cost of production &
supply of water (Rs. 10.12)r(Source: ADB, 200&)ye compared, also dembate this even without
considering the value of water, or the cost of depletion of avateenvironmental cost of its
degradationTherefore, the questi®of whether togo for a leakage reductimeasure or nowould
only apply to cities and towns iain are falling in wateich regionswhere the cost of production &
supply of water should be compared against 8teotdeakage reductioBut, economic viability
considerations alone cannot force urban water utilities to go for leakage reducties. mbéas
availabilityof trainedpersonnelwho can undertake leakage detection surveys and execute engineering
works for leakage reductisequally importanEmall towns, especially those which are not urbanized,
would find it difficult to manage itnad staff for undertaking these activities.

Table 19rovides the various considerations for deciding on leakage reduction measures fol
urban areas falling in different typologies.
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How to Do Water auditing?

Water audit can be done in two ways depgnai the situation that exists. In case, the
connections in a water district are metered, then audit become easy. The total amount of water used
at the end user levsholumetrically measured for a stipulated time period (say one week); and the total
amount of inflow into the water systesmonitored. The difference would give the total amount of
water lost in conveyaramaccounted for water.

In the second case, when connections are not metered, the water distribution system is divide
into different zones, and flow is allowed into only one zone or district (with a trunk line len@® of 20
km) by turning off the valves in other distribution lines. Flow naetarstalled at control points.

Water flow into the district is measured overlao@d period, with measurements taken during night
time and day time. The minimum flow rate during night time is compared against the atierage day
flow rate to estimate the percentagaaoounted for water. Here, the assumption is that the minimum
flow rate during night time is due to the leakage alone, when no one draws water from the tap.

Leakage Detection

Table 18: Equipment for leakage detection

Apparatus Method of Detection

Electric leakage detect Picks up leakage noise electrically on grothadesu

Freezing method This method keeps the water inside the pipe frozen with liquid air|
repairs

Portable minimum floJ This flow meter is used at the minimum night flow measurement
meter
Leakage Nois This instrument locates the legkay processing leakage noise picki
Correlators at two point on pipe

Underground radars | This radar radiates eleetnagnetic wave to ground so as to searc
underground condition

Time integral typ| Making use of the continuity of leakagee)dhis instrument is able
leakage detector check whether the leakage exists or not

Non-metal pipe locator] Making use of the transmission noise, this instrument can locate {
metal pipe

Helium gas leaka{ Detect leak points despitersunding noises
detector for burie

pipes
Electreamagnetic Identifies a spot of leakage by detecting fluctuations of re
leakage detector electromagnetic waves in accordance with the movement of leakir|

Source: the Bureau of Water Works, Tokyo Metropolitan Government
Which Technology is best for Leakage Detection?

Leak noise correlators can be used to detect leaks in plastic pipes. Leak noise correlators
portable computer based devices with onboard data acquisition and analysis components. It works
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measuring # vibration (vibration censors) or sound (hydrophones) signals at two points that bracket
the location of the suspectedk. But, leak noise corretatare effective when the surveyors measured
the actual sound propagation velocity in the pipe anchaseaftelators, with appropriate filer setting.
Vibration censors were effective in detecting large leaks (201/min). Hydrophones had to be used t
detect small leaks (6l/min). But, the listening equipments were not effective unless listening censors
devices were used at access points that were close to leak sources. Noise correlators are more effic
and give more accurate results than the ordinary grased sound listening equipments. But, as
Tokyo experience shows, leakage detection by acaibbcdsrbecame extremely difficult due to the
increase of city noise, traffic density, and congestion of buried structures. In such casesgrd¢ictro
detectors or tracer gases will have to be used.

Table 19: Leakage reduction measures in different types of cities under water-scarce and water-
rich conditions

Criteria for| Overall physical, socio-economic and political set up
Selecting a netwo
for Leakagq Water-scarce Water rich

Reduction Cities Small towns Cities Small town
Programme including | Urbanized | Less includirg | Urbanized Less
metro urbanized | metro urbanized

Unit Cost of
production

Cost of leakag
reduction

Staff training

Note: shaded area indicates that the particular criterion is not important for the typoéstpifor
more detailsefer section 8.3i8 IUWM Technical Report
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Description of Tool 12

Economics of 24 X 7 Water Supply Scheme and UFW Reduction

Before we look at the merits of 24 X 7 water sigghlgmewe would examine the effects of
intermitent water supply. Indian cities and tolaang intermittent watsupply(ADB, 2007). Irurban
areas, as water becomes more and more scarce, utilities tend to resorntp tresstliotation of water
supply, orthe assumption thétwould result in uced cosumption. Contrary to thistudies show
that increase in duration of water supply resulted in disproportionate reduction in average per capi
waterus¢ sour ce: based on ADBt200F and RIUAZOOFT anal ysi s u.
In addition, it creas huge problems of inequity in access to water. Gextdonof the
population would be completely left out of the service. Amongst those who get water, by virtue of thei
position in the hydraulic system, the poor consumers will have the least sdtdhyng water. The
rich urban consumers would be able to manage their supply requirements by putting up large stora
systems. This was found in a small town named Mulbagal in Karnataka where the per capita u
consumption was found to be a directfiam of the per capita intermediate storage capacity, and the
same was a function of the household income. The inequity in access to water was also high. Furth
the inequity was of slightly higher degree in wards, which had lower average perrcapitageate
Intermittent water supply comes wittoat. Whiletireduces the ability of thélity to raise the
water tariff and charge the full casting to poor qualitupply, indireatost to tle consumerns very
high They actually incarveryhi gh cost thepoo gqualipnatersupplysparce: David
Fosterper. communicatignAs found by Misra and Chuan Eng (20€¥9 coping cost of poor quality
water supply isften higher than the amount communities are willing to pay ornsesetose to
affordable water bills

Link between 24 X 7 and UFW Reduction

Theprerequisitdor introducing 24 X 7 water supply schente minimize the UFW. Metering
would enable detection of illegal tapping of water, one part of the UFW. Metesichgenable
introduction of volumetric pricingvhichwill impact on the water consumption at the end use level
also. The 24 x 7 water supply would reduce the need for providing intermediate storage systems also.

The benefits of reducing unaccountedwater are of three types. Fisist savinglue to
reduction in amount of nenevenue water supplied. This is the impact of meterieggbyrthe utility
canfind out how much water is loft in theft, therbbingable to detect the illegal connectiSasond:
the reduced wastage at the user level which is the impact of volumetriofpsiateg Third the
saving in the cost of provision of intermediate storage systems.

The third parametazan be estimated by taking the weighted average of the cdpheity
storage facilities maintained by housing stocks belonging to different segments of the casxety.
such storage facilities are not available, the opportunity cost of intermittent water supplies would be hi
as households will have to adjhstrtroutine to match the water supply schedule. However, evaluating
this cost is complex as they depend on the-socaimmic profile of theousehold members. So, here
wecan onsidelthe situation where family invests in intermediate storage systems.

They are captured in the equation (1) provided in the box, for estimating the cost saving from 2
X 7 water supply and UFW reductidnwe assume that the final UFWhe same, the cost saving
would depend on what was the initial level of leakagesystem.
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Mathematical formulation to estimate the economics of 24*7 water supplies, and UFW
reduction

The cost saving 24 X 7 water supply with UFW reductian be mathematically expressed as:

X[(Al_ﬂz}*':water—suppl?"' Itfj’"":stu:rrage] ,,,,,,
Ciaving = (1-4,) éééééé. (1)

Here:

A; andA-ar the UFW in fractiondefore and after the introduction of 24 X 7 water supply

@ is the total storage capacity available as a fraction of the total annual volume of water
the utility; and

Civater—supply is the cosof water supply (Rs/i

Csmmge is the average cost of storing water per unit volumeJRs/m

This can be estimated by taking the weighted average of the capacity (volume) of the stor
maintained by housing stocks belun¢p different segments of the society.

When Would 24 X 7 Water Supply & UFW Reduction Be Economically Viable?

The economic dynamic of reducing UFW with metering improves with the extent of
unaccounted for water in the system before rehabilitatidimeatwst of production & supply of water;
the original volume of water supplied; and the cost of rehabilitation.

The unit cost of leakage reduction is not constant for different degrees of leakage reduction in
pipeline network. When applied acrossaonss, it means that high degree of reduction in leakage could
be affected with low unit costs, if existing leakages are high. The unit cost of rehabilitation would be &
inverse function of the area covered. This is because of the fact that when samef vaditer is
supplied to a small area, the amount of engineering infrastructure required to do leak proofing, numb
of meters required to measure the supplies and the length of service lines wo(sduredesmsed
on EPA, 2006)

For the samez# of population, the economics of 24 x 7 water s(yy UFW reduction)
would be better under the following conditions: 1} the population density is very high, meaning the
same amount of water would be supplied over a smaller area, reducing thieedo$tastructure; 2]
the cost of production & supply of unit volume of water is relatively high; 3] UFW before intervention
is very high; and 4] quality of water supply prior to introduction of 24 x 7 is very poor in terms of
reliability and duration.
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Economic Instruments for demand reduction

69



Description of Tool 13:

Role of water pricing in urban water demand management

Pricing of urban water supplies serves two purposes: 1] recovering the cost of producing &
supplying water; and @ducing the wastage of water, which helps in managing the (\&foiahd
Bank/GOl, 1998) As regards the secomage, @mestic water consumption can be varied substantially
by snall changes in usage methodkolrsehold production process, opportunities for changes in input
proportionsin response to movements in relative prices &kiseover, part of demandhidc is
because dhilure to fix leaking pipes, or to turn off taps afterasebe controlleloy pricinglf the
price ofreflects the fact that it is plentiful and its delivery costs are very low, then "wasting" water is
inefficient only if creates arsfgcant eternal diseconomy

An implication ofprice elasticity of water demasdhat a mistake in pricing can have large
consequences for water use. Prices that are too low create a demand to expand water delivery bey
the efficient pointSince urbawater systesin Indiaareprimarily financed by general taxes or revenue
from another utility, undgricing water can be very expensive to s¢uieltyet a] 2000).

There are issues with pricing water. The first one concerns what componemisofstia i
be included in water pricing. If water prices have to cover all costs and if costs are high due to inefficie
or corrupt management, much economically ntedravater usage can be cut Affother problem
concerns with the consumers adiribuing enoughvalle to thequalityof water If the effective
demand for quality is too low becausabafve reasonsonsumers may respond to higher prices for
piped water by consuming too much-tpuality water from alternative sourted are contaminate
(Noll et a] 2000).

Pricing to Reduce Usage Externalities

Research on the effects of improved water systems demonstrates that simply increasing tt
quality of water at the point of consumptiolh beeffective in improving the health of the poputatio
only if accompanied by good wastewater and sanpatioies(Esrey, 1996But, ezen with perfect
information, prigate incentives to install sewerage or wastewater treatmenaigytemthan its social
benefitdNoll et a] 2000).

If either uses or water utilities are not held accountable for the costs that they impose on others,
they will overproduce pollution and use large amount of water for ppllupoges. Thsolution for
this problem is to impose a tax that fully reflects the margatalf pollution on others (see Baumol
and Oates, 1988, and Cropper and Qa&3?). Taxes creat@enalty for water pollution, and so
provide a financial reason to invest in either sewers or water treatment Thegegvestments, in
turn, willraise the price of water use, and so curtail consumption and the pollution that it creates. Usel
and water utilities will then have an incentive to cut back on polluting uses of water, and to treat was
water to remove pollutants, until the marginalof@iatement equals the marginal cost of pollution.

If instead of using taxes the government issues regulations that require these investments, t
utility has a financial incentive to delay taking actions and to undertake the minimum actions that a
consistent with the law. The decision about the level of tax to impose is subject to distortions in the
political proces3hismay cause the government to demand too much rather than too little abatement.
In addition, political distortions also may misatkothe burdens of pollution and pollution abatement
for the same reason that they can distort the price st(naliret aj] 2000).

The norms for pricing urban water sup@iesdiscussed this section. Table 18 helps us test
the viability of meterg and pricing of urban water supplies.

70


file:///D:/AppData/Local/iuwm-arghyam/Price%20Elasticity%20of%20urban%20Water%20Demand%20in%20three%20South%20African%20Metropolitan%20Cities.doc

Norms for pricing of urban water supplies

Theimportance of using volumetric pricfogwater suppliesndpollutiontax for wastewater
generateds instruments for reducing the demand for water for consuapdigollution assimilation,
respectivelyis well understoo®ut, t is difficult to meter both supplies and wastewater in domestic
sector. Therefore, a water supply pricing norm that takes into account the negative environment
effects of water supplye., pollution would address both the issues.

The norm for fixing prices can be based on certain sound principles and objectives. Financic
cost recovery is an interim objective in urban water pricing. In the long run, the objective of pricing
should besuch that it reflects the increasing4amgmarginal costs of water supply and its disposal,
specifically addressing the costs of environmental damage in production and consumption, and tt
opportunity costs of depletion. This is referred to as magpaatunity cost of production (MOCP).

The MOCP has inbuilt economic efficiency and financial cost recovery considerations.

This can be defined as: MPE MDC + MEC =MUC

MDC =Marginal Direct Cost (of the resources needed to supply water & provelectiage
treatment facility)

MEC = Marginal External (Environmental & Social) Cost due to the negative impacts on
environment and society owing to reservoirs, ecological damage, pollution from sewage etc.

MUC = Cost of using/depleting the resource
SourceWorld Bank, 2007

The cost of using/depleting water would vary from region to region, but would be highest in the
most watescarce regionSource: based dtumar et al 2008; World Bank, 2007)his would,
however, be determined by the alternatises of water that exist in the region under consideration
Not only the cost of depletion but also the marginal direct cost of production (MDC) of water also
could vary significantly from region to region.

Meteringis required for introducing volumetrblock rates. But, metering decisions must be
subjected to co$tenefit analysis and introduced on a-logsase basis. The case for metering will
become strong as both incomes, and water sambtlisposal costs increase. The reason is that the
cost saing and economic/social benefits from reduction of wastage and effluent load would increase &
higher costs of production of water. Also, the feasibility of introducing meters and volumetric pricing
would increase with increase in income, as affordabtlity be higher at higher incomes.

The marginal opportunity cost pricing could be used for deciding prices for uses far in excess ¢
the basic needs within domestic sector, and commercial and industrial sectors. Such prices would be
higher than thoskxed for achieving financial cost recovery. But, the community may not be willing to
pay the marginal opportunity cost of production of water (MOCP) due to problems of affordability. So,
the norms for price fixing can be arrived at by integrating trerroo€ affordability and equity with
economic efficiency and full cost recovery considerations. In the case of low income groups needir
water to meet low levels of demand, a lower tariff could be used for domestic watetrssppiies.
the decision owhether to do metering and volumetric pricing of water supplies in a particular urban
area should integrate several considerafibey. are: unit cost of production & supply of water;
percentage UFW; volume of water sup@i#ardability and politicalil(see Table 20
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Table 20: Economic viability & political feasibility of metering & volumetric pricing of water
supplies in different types of urban areas in water-scarce & water-rich conditions

Criteria  for| Overall physical, soee@onomic and political set up
Selecting |
Utility for
Metering &
Volumeric
Pricing

Waterscarce Water rich

City Small town City Small town
including including
metro metro
Urbanized | Urbanized | Less Urbanized | Urbanized | Less
urbanized urbanized

Unit cost of
production

% of UFW

Volume  of
water
supplied

Affordability

Political will

Note: The shaded portion indicates that the criteria for metering are not relevant for these typologies.

It is good to start metering individual domastgrs, and commercial and industrial users. In
cities where majority of the population live in apartments, pricing bulk users would be the only optior
for charging for domestic water supplies. But, this would call for creating new institutional mechanisn
at the level of the user group. Given the politically infeasible nature of tariff rise, a gradual approach
price reform would always be desirable (World Bank, 2007). Public hearings, consumer education, &
transparency are necessary to overcomenasigtaprice reform, especially when the quality of the
existing service is poor. Often the consumers are not informed about the various components of th
charges the utility levy; the actual cost of the services provided, and the level of subsidifgiven;
they have been arrived at.

Note:for more details refer section-6.8 in IUWM Technical report
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Description of Tool 14:

Estimating the elasticity of urban water demand

Changing price of water can influence the consumption levelsvBittinfiluences would also
depend on the household income; the manner in which price change affects the overall financial burd
on the consumers; and the climatic conditions which determine the physiological wéiaseeeufs
Hoffmanet al 2006; Qhsteackt al 2007Renwicket al.199§.

Field based research was carried out in three metropolis of South Africa to estimate the pric
elasticity of urban water demand for domestic purposes, covering high income, middle income and lc
income groups. e cities are: Cape Town; Tshwane; and EtheKweiresults showed that price
elasticity of water demand is a function of household inNsomeePayment Strategies and Price
Elasticity of Demand for Water for Different Income Groups in Three Sdlrbeau Areas, March
2004 Report No 1296/1/04)

Olmsteacket al (2007) estimatede price elasticity of water demand with houséhatidata,
structurally modeling the piecewvliisear budget constraints imposed by increasing block pricing. They
devebped a mathematical expression for the unconditional price elasticity of demand under increasir
block prices and compared conditional and unconditional elasticities analytically and empirically. Tl
study whichinvolved 1082 households from 11 urbarsarethe US and Canada served by 16 public
utilities found that the price elasticity of water demand was higher under increasing block prices (IBP
than under uniform (marginal) price. The demand elasticity was 0.59 under IBP, against 0.32 under Ul

Rerwick and others (1998) formulated an econometric model to assess the potential of price
policy as a residential water resource managewiantCalifornia. This econometric model explicitly
incorporates alternative demand side management (DSM) galisyeints, endogenous block pricing
schedules, and a Fourier series to separately capture the effects of seasonality and climate on reside
demandThe analysis reliemh agencievel crossection time series data for eight water agencies in
Californiarepresenting approximately 7.1 million people or 24% of the total population.

The estimation results suggest that price is a moderately effective instrument in reducini
residential demand within the observed range of prices. The coefficient on thaé priaegof water
is, as expected, negative and statistically significant. The estimptex @Masticity of demand equals
-.16, implying a 10 peent increase in price will reduce the aggregate quantity demanded by 1.6 percen
Isolatingseasonal owprice elasticitindicated that the owprice elasticity of demand for the summer
months (JuneAugust) equal® 20.The estimated owprice elasticitig only valid within the region of
obseved marginal prices which ranged from $.47 to $ 4.25.

A studyby Hoffman et al. (2006) to estimate the p&cmcome elasticity of urban water
demand in Brisbane, Australia showed that the-rehonprice elasticity of demaratross all
householdss -0.507, while the lofrgn price elasticity of demandisl67.The income elasticity of
demand of 0.235 suggests that a ten percent increase in income is associated with a 2.35 percent inc
in the quantity of water demanded.

Cairncross & Kinneafl992) usethe date from ausvey of the quantities of water purelas
from vendors in the squatter areas of Khartoum, Sedasssess the effect of water price and
household income on domestic water consumftienstudy used observation artdrview. In spite
of the substantially higher charn@&8%6 of income against% in Meiya)water consumption in Karton
Kassala was as high as that in MEigosehold water consumption against income and expenditure on
water consumption showed price elasticity or income elasticibne reason for this ithata low
income houdwld's consumer surplus domestic water is very high.
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Price and Income Elasticity of Urban Water Demand

Theprice elasticity of urban water demand is a function of climate, income and pricing structure
Higher the prices, lower would be the consiampif income and climate remain the same. However,
the income elasticity of urban water demand also depends on how critical is water supply to sustaini
the households income. If the consumer surplus from use of water is very high, in relatidalto the to
household income, higher price may not lead to lower consumption. Higher the temperature and aridit
lower would be the price elasticity of water demand. Higher the income levels, lower would be the pric
elasticity of water demand, under similaat#sn The results from a study undertaken in three cities of

South Africa on the price & income elasticity of wateairtibare furnished in Taldg

Table 21: Price & Income Elasticity of Water Demand in three Cities of South Africa

Total pice Elasticity ol Range of Values Falli
Ineeme s Demand within 95% Confidence Levs
Low Income Groups
Tshwane -0.365* -0.227, -0.502
Cape Town -0.110 -0.048, -0.290
Ethekwini -0.130 -0.038;0.195
Mid Income Groups
Tshwane -0.167* -0.022, -0.191
Cape Town -0101 -0.025, -0.177
Ethekwini -0.134 -0.012;0.161
High Income groups
Tshwane -0.116* -0.039, -0.220
Cape Town -0.087 -0.048, -0.223
Ethekwini -0.137 -0.050;0.225

Note: * = Statistically significant difference (on a 5% level) in pric#yelzstween low, middle, and

high income.

SourcePayment Strategies and Price Elasticity of Demand for Water for Different Income Groups in
Three Selected Urban Areas, March, Ré&dort No 1296/1/04).

For more details refer section 6.2 in [IUWNhh&al report
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Description of Tool 15

Resource evaluation and planning of urban water management actions

The tools describeshrler would help the urban water management professionals to do some
quick assessment of the watgoply & demandtaation.But detailed analysis of the potential future
water supplieagainst the demandsd the resource condition emerging outwbiild needletailed
evaluation of the urban hydrolagyualitative and quantitative aspects.

Constructing thepoteratl water balanok the urban area is crucial to assessing the water
availabilityThe nextstep is to analyze and compare the actual water use hydrology: residential an
industrial water use, the discharge of wastewater andvstemmuroff. A compason of the water
use hydrology witlthe water balance may result in a better understanding of the problems and
opportunities for storage and augmentation in the long run

Data on Water Availability

Urban hydrology is very complex with runoff from aatcatchments; runoff from artificial
catchments; groundwater; and wastewater outflows. They also interact among each other. The sto
water flows can contribute to the stream flows into rivers, lakes and ponds. The amount of storm wate
generated is a faton of the rainfaltharacteristicand the land us€hange# land use can increase
the storm water flows, and potentially threaten the ecosystems by increasing the sediment load, &
water temperature etc. A typical flow diagram for analyzingahewater cycle shown in Figur8.

The data need for analyzingirban water resource availabélity 1] @atchment characteristics
for estimatinghe rainfalrunoff relationship?] the annual rainfalls for several years, particularly for
locationshat are falling in low to medium rainfall regions to arrive at the stream flows in different years:
3] the location of various water bodies, their storage femtdresnd infiltration rag 4] the depth to
water table and the pre and post monsoon #tictis; 5] the land use and land cover of the urban area,
including the roof area and characteristics, to estimate the storm water generation pgbeentiadn6]
drainage pattern; He outflows of wastewater, and the rate of wastewater generatouglity of
wastewater and level of assimilation due to mixing up with streams and water bodies; 8] infiltration rat
from water bodis; 8 Jhe geehydrological parameters

Of thee, sudace wategroundwater interactianand owastewatereturn flowsd are the two
critical components whieffectboth water galityand quantityn the urban areéut are least known
There are certain physical factors which influ¢ineesurface watgroundwater interactions
significantly in urban environmenig.,formation characteristics, and -ggdrological environment
(Ahmadet al 2004)Taking these factoend the nature of their influenoéo consideration ectain
typologies are constructéor analyzinghe possiblegroundwater surface water interastidie
possible groundwatsurface water interactions under each typblagy t wo scenari os,
during ti mes o fpurmepci hnagr gdewr ianngd are preeested onfTal@®.e c har
Similarly, theange offactors which influencéreatment ofvastewatereachingindergroundnamely,
water table condition, soil type and clinfeaarce: basesh Laurenceet al 2001; Gerbat al 1975;
Parret al 2004; Rose, 199@re identifiecnd typologies constructéithe degree of treatnteof
wastewater possible under different typologies is presented #3.Table

These tools essentially helgnowing whether this particular component of urban hydr@ogy
important for a particular town or city that represents a unique typaoggtance, it woultell us
whether surface watgroundwater interaction is important tiee city, which is underlain by alluvial
formation and deep water table conditiansl hence whether a detailed study would be needed or not
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Figure 4: Schematic Diagram of the Hydrological System in an Urban Area
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The above diagram helps us identify the vital components of urban hydrological system for any give
urban area; the key hydrological parameters thatpargant for the area. Table @®vides enough

leads on how these variables can influence the urban hydrological system and water availability f
different geological formations under differenthyyelnological settg.

Table 22: Type of groundwater-surface water interactions under the typologies those are
possible in India

Type of | Deep  water | Shallow water table condition Coastal Areas
Formation/ table No pumping Round the year | No pumping | Pumping
Geo-hydrology | conditions pumping
Consolidated | Weak surfac| Recharge limited { Recharge | Groundwater | Maintain the
water the short period of continuous outflow to seg groundwater
groundwater | monsoon and stogd throughout thq to maintain balance  an
link after steep rise [ yeaf hydrostatic check
WT balance movement of
Semi Weak surfac| Continuous Do Do seawater.
consolidated water recharge during th Intrusion  will
sandstone, groundwater | whole year be faster with
limestone link increase it
Unconsolidated | No recharg€; | Continuous Do Do porosity, ang
recharge during th presence 0
whole year caverns

Table 23: Degree of treatment possible for municipal wastewater under different typologies

Water Tabld Heavy soil§ Heavy soils, ari Light soils, ariq Light  soils] Hard rock geology
Condition humid to sub|to semi ariqto semi ariq humid to sub| with fissures an
humid climate | climate climate humid climate| cracks exposed
the surface
Deep wate| Does not exist | High degree g High degree o
table treatment treatment
(biochemical & Low level of bie
bacteriological) chemical
Shallow Watel Reasonable Reasonable ley Low level off Low level ofl purification; ng
Table level of bie|of bio-chemical bio-chemical bio-chemical | bacteria & Wwus
chemical and treatment; loy treatment; nq removal
treatment; poo| bacteriological | level of| bacteria an
bacteriological | purification bacteriological | virus removal
purification purificaton
Outcrop area| Low level off Low level of bie| Very low level Very low level Not applicable
of deep| bio-chemical chemical of bio-chemica| of bio-
aquifer treatment;  nq treatment; treatment; poo| chemical
bacteria & viru{ reasonable lev| removal of treatment; nc
removal of bacteria an{ bacteria & virug bacteria
virus removal removal
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Note: Heavy soils are those with high clay content. Light soils have poor clay corthemiBad
treatnent here refers to reduction in BOD and COD. Arid to semi arid climate ensure hot and dry
conditions, whereas cold and humid tehsuhid conditions ensures cold & moist conditions.

For more details refer section 9.1.1 in IUWM Technical Report

Description of Tool 16:

Generating Data on Water Quality

In urban water management, water quality monitghQM) is of paramount importanice
order to make sure that: people in the urban areas get water of adequate quality; and also the qualit
the naturabkink into which the wastewater is disposed, is not adversely affected to cause undesirak
effects on the water ecosystem and the uses that they cater to.

Water quality monitoring is an expensive gB#was, 1996l1t is impossible to monitor
groundweer in all the towns and cities for all water quality parameters given the magnitude of work an
the resources needed. Therefore, it is important to identify: the pockets which are most vulnerable
groundwater pollution; the pockets that have pollutthgstries; and pockets having low ecosystem
carrying capacity. This will helgaonomizinVQM.

There areimportant conclusi@emerging from the ansiy with regard to factarsluencing
the decision omparameters for monitorirend networkdensity.They are 1] pollution vulnerability
should be an important consideration in deciding on the density of monitoring network in a region; 2
foll owing the same set of parameters for poll
type of paramete should be decided by the history of groundwater quality problems, and the nature of
polluting sourcefhased on Kumar and Shah, 2084) 3] for the sanievel of pollution load, the
degree of pollution of water body would be an inverse functionemfohyestem carrying capacity. This
also means that following a uniform standard for effluent discharge will not be effective in controlling
pollution, and the standard should be set by the ecosystem carryindRajeaaity and Das, 2008)

The tools promed in this section concern: 1]tinel for assessing tdegree o¥ulnerability of
aquifer to groundwater pollution in different typologied,2] the tools fodeciding on théypes of
water qualityparameters to be monitor@d each typology, witdue consideration to presence or
absence of industries and ecosystem carrying ¢apatiggree of aquifer pollution vulnerabllitg
aquifer pollution vulnerability assessmenbased on the findings emerging from review of past
research thatlegreeof contaminatiorof aquifers to pollution is a function of the rainfall, the soil
characteristic€CPHEEO/WHO, 2005 Gerbaet al 1975 Rose, 1999and thegechydrological
environmentThe toolto decie on the paameters to be testéat groundwater alityis prepared on
thebags ofan extensive rew of natural groundwater quality problaansss Indmastates undertaken
by Kumar and Shah, (2004phefirst tool (for assessing the degree of vulnerability of groundwater to
pollution) is given in TabR4 and the second (for deciding on the water quality parametessifig)
is given in Table 25
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Table 24: Degree of vulnerability of aquifers to groundwater pollution

Type of| Hard rock| Hard rock| Heavy alluvig Heavy Light alluvia| Light

aquifer/Soils, | strata; low tq strata; higl soils, low td alluvial soil§ soils; low td soil;

rainfall medium rainfall medium high rainfall | medium rainfall
rainfall rainfall rainfall

Unconfined Medium High High Very  high'Very  high Highest degre

aquifers  witt{ vulnerability | vulnerability| vulnerability  FEEE el A Lalele= I 1y A eI RISl et o]l TaY

shallow WT

Unconfined Low Does not| Very low| Does  not| Low Does not exist

aquifer with| vulnerability | exist vulnerability [ exist vulnerability

deep WT

Confined Does not Does  not| Not vulnerable| Not Not Not vulnerablg

aquifer exist exist vulnerable | vulnerable

Outcrop area o| Do Does not| High Very  high Very  high Highest degre

confined exist T ]| I Bvulnerability - vulnerability: of vulnerability

aquifers

Note: In India, confined aquifers are found only in alluvial basins. As a result, there are no outcroy
areas encountered in hard rock aquifers. The hard rock aquifers include basalt and crystalline rocks.

Table 25: Essential Water Quality Parameters to be monitored in Different Urban Typologies

Typology Water QualityParameters

No Large industrial cities Small industrial towns Small norAndustrial towns

1. Fluorides, TDS, heavy metals | Fluoride, TDS, Fluoride, TDS

heavy metals

2. Nitrate, TDS, Heavmetals Nitrates, TDS, Heavy metals | Nitrate, TDS

3. Arsenic, Fluoride, Nitrate, BOl Arsenic, Fluoride, Nitrate, BOIl Arsenic, Nitrate, BOD, pH
pH, Iron, heavy metals pH, Iron, heavy metals Iron

4. TDS, BOD, Arsenic, Nitratel TDS, BOD, Arsenic, Iron| TDS, BOD, Arsenic, lIror
Iron, heavy metals Nitrate, Heavy metals Nitrate

5. TDS, Fluoride, Iron TDS, Fluoride, Iron TDS, Fluoride, Iron

6. BOD, Nitrate, Iron BOD, Nitrate, Iron BOD, Nitrate

7.

8. TDS, pH, Fluoride TDS, pH, Fluoride TDS, pH, Fluode

0. TDS, Fluoride, pH, Hea\ TDS, Fluoride, pH, Heavy metg TDS, Fluoride, pH
metals,

10. BOD, Nitrates, Heavy metals | BOD, Nitrates, Heavy metals | BOD, Nitrates

11. TDS, Fluorides, Heavy metals| TDS, Fluoride, Heavy metals | TDS, Fluorides

12. Iron lron Iron

13. Heavy metals, TDS, Fluorides| Heavy metals, TDS, Fluorides | TDS, Fluorides

14. Fluoride, TDS Fluoride, TDS Fluoride, TDS

15 Nitrate, BOD, pH, heavy metal| Nitrates, BOD, pH, Heavy metg Nitrate, BOD, pH

16 TDS, Chloride, pH, Hea\ TDS, Chloride, pH, Heavy metd TDS, Chloride, pH
metas

Note: The inherent chemicals found in

groundwater are: fluorides, nitrates, nitrites, chlorides anc
arsenicfor more details refer section 9.1.2 in IUWM Technical Report

79



Description of Tool 17:

WEAP simulation of urban water system

For generating comprehensive knowledge about the benefitskarekfiis of the many tools
and systems which falithin the ambibf integrated urban water management, many knowledge gaps
need to be filled iThe followng comments about knowledge gaps and research needs relates to the
integrati@spect of IUWM rather than its constituent components.

Knowledge gap about infrastructure cost saving

At the present time, water authorities are not sufficiently confidbatlohgterm changes in
system performance and operation and maintenance costs resulting from the operationalising of IUW
concepts. One such concept will be integrated operation of local groundwater system, lakes and tar
and a distant large reservorr supplying water to an urban area. The normal tendency of the urban
utilities is to tap only one source, if it is capable to meeting all the demand, instead tapping multip
sourcesAccordingto Coombes and Kuczera (2002), infrastructsesavings Wionly be realized if
water authorities downsize or defer augmentation of centralized infrastructure to account for lowe
system burden achieved by implementing IUWM approaches.

One reason is th#tte experiences other utilities such as enehgywe notbeenencouraging
Alsg, the utility managedo not want todiverg very far fron the leastisky traditional planning
practicesThey are conscious d@he difficulties in bringing about changes in existing technical system
configuration Further researdnto the changes in system behaviour, and therefore, the changes in
designandoperation and maintenance requiremernégkisng

Knowledge Gaps about Outcomes & Impacts of Experiments

A major knowledge gap is how best to integrate cwdtigg teunologies into existing
infrastructure systems. Little work thastheccur
potential of more strategically focused retrofit and/or replacement programmes, collectively considerin
allotment, streetcale and regional infrastructdriis requirs greater attentioim the coming years
Further, he efficacy of nostructural technique®r storm water management ag.not well
understood. Research into the acceptabiliyeofa s u r e s sowsce entrold ansl gprévention at
sourcé particularly those that require behavioural chaingelividuals is also requirddhe impact
analysis of policies pertaining to urban densities should go beyond transport, energy, housing a
employment to include ingia on water systents,provide a holistic approach to urban planning and
sustainable development.

Extending IUWM Concept into Urban Planning

AccordingtoNi e mc zy n o wi c antedraie@ SyStem: solubiddsebased on sustainability
criteria must be iraduced already at the level of {ergn regional physical planniegguide all
subsequent detailed planning and implementation. Such solutions should be put into practice in tf
construction of ur ban Maurtz20&) akddistusdedhteneed foi polityr a s t
and planning frameworks and the opportunitiegwith planning hierarchy

There is significant scope to extend the concept of IUWM into the arena of integrated urban
planning. For instancejth verticd growth, cities wil be able to provide water supplies with lesser
manpower and lesser cost; sewerage system at lesser cost; and cities with well laid out streets
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sufficient clear space will be able to provide efficient solid waste disposal; cities with smalle
geograpical area and with higher population density will be able to implement leakage reductior
measures cost effectivelg o ur c e: b a s edalysisrof NUAOGJ.or sd own

With new interventions,eaneed to make sure thwa are not just shifting the eovimental,
social and economic dtienefits of urban water servicing in either time or,sppac@mply shifting
themto a new locatigror by moving fronnmmediate negative impact to a slow building butéomgy
impact. Thee is a need fa commonly aged, robust, assessment tool that could be used to evaluate
the merits of proposed alternative water servicing omoesvironmental, social and economic
criteria, considering short, medium and loeger ime horizons

WEAP Model for Analyzing the Impacts of System-wide Water Management Interventions

Water Evaluation and Plann{MgEAP)systema model developed by Stockholm Environment
Institute, Bostonis one of the tools for planning urban water manageinean. simulate any urban
water managesnt system, like it is used to simulate water management systems of riviéadeasbins.
on several inputs pertaining to urban water demands and sapgliearious interventions for
changing thensuch asvaer import, water harvestingr&charging, stormvater managementater
conservation technologiegterpricing leakage reduction etth model caconstructfuture water
supply & demand balascevhich included b usi ness as and scanarlowitts cesviy a r i o
introduced intervention§he WEAP modelin any towhcity can be configured depending on the scale
at which output are requiradhether at the aggregate level for the town or for the zone or ward level

The model canrsulate the interactions of various componenfhpsical system$§exting
water availabiliffgroundwater, surface water, catchmealisding both built up and natgrahd also
the interactions of various seemdnomicand ecologicasystems affectingrban water demands
(domestic consumers, agricultural users oficipah wastewatermanufacturing and riverine
ecosystemsTherefore, it can incorporate the likely effect of any changes occurring in one component
of either physical or soeconomic system on the othiercan also simulate the interaction between
the supply source and the demand sites in the fomonekyance of water and lossesl potential
interaction betweedemand site and supply sources in the form of fédws. While deciding on the
management interventions and their scale, various esmmaimic and environmental criteria can be
used.

The inputs required for running the WEAP model in difféypotogies are given in Table 26

Table 26: WEAP simulation of urban water system for different urban typologies

Sr. Nature of Urban Water Management | Typologies for which it | Other

No Planning is applicable characteristics
A WEAP modeling inputs
1 Current population figures wawise All  typologies, exce
coastal ones
2 Population projection data Do
3 Per capita domestic water use ifatesach| Do

ward; and per capita water demand
different time horizons

4 Annual municipal water use other t| Do
domestic
5 Irrigated area within the municipal lin] All waterscarcg Not important for

81



with the breakip of area under differe
crops; also the average depthriogation
provided to the crops

typologies

with
mor¢

metros
population
than a million

6 Physical, chemical and bacteriological q
of the municipal waste water
7 The points of disposal of the municil All typologies All towns/cities
wastewateaind the approximate volumes; with centralize(
sewage collectid
system
8 Type of treatment viable for the area anq Do Do
physical efficacy of the system
9 % households having decentrali Do Humid, sukhumid
sanitation system and thetat amount o regions with
wastewater generated per day shallow WT
10 Sustainable groundwater yield All typologies with hafg
rocks & sandstone
alluvium+ all coast;
typologies
11 Urban drainage studies to examine chq All typologies excej
in drainge pattern hilly & mountainous
areas
12 Total area of different catchments wh Hard rock peninsula
form the source of water for tanks/lakes | central & eastern Ind
which have tanks
13 The annual rainfall figures for 30 years | All typologies Rainfall  intensit
also (floogprone
area)
14 Rainfalrunoff relationships All typologies, except tf
one with rainfall mor
than 1,800 mm
15 Infiltration rates for lakes/other surfg Hard rock pemsular &
water bodies; daily evaporation rates central India, easte
India
16 Total number of groundwater abstrac| All typologies
structures owned by municipality
individuals
17 Average groundwater utilization capacif All typologies Actual well vyield
the wells and number o
hours of runnig
important for harg
rock areas
B Survey of water supply & sewerage
infrastructure
1 Mapping of the water distribution g All typologies
sewerage networks
2 Leakage detection survey Networks older than 3
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years

C Hydraulic Modeling

1 Measurement of pressure losses at| Old networks Towns/cities
control points spread in larg
geographical area
2 Estimation of roughness coefficient of pij Do
3 Detection of points of excessive leak] Do Plus large citie
water tapping cities with low ¢
connections
4 Water auditing Do Also in largd
networks  wher
population densit
IS low
5 Identification of stretches for remdidg,| Old networks

redesign etc.

Based orthe outputs generated fraMEAP modelthe various inputs considerfer planning
urban water management can be reviewed. For instance, if the gap between future supplies and dem
for water is goingto be wileor t he 0 b u s i n gtlses theavariables suehlas percapiaa r
water supply requiremesdn be revisited Also, the outputs can provide leads on which parameter is
critical to changing urban water balance. Based on this lead, detailed studies can B®rinitiated.
instance, if leakage reductimeasures found to impact on th&ture water balancef a city
significantly, then detailed stusias be carried ot find outthe actualcosts, and subsequently, the
same can be used in the model to get more refined results of water Hmalancee details refer
sectiorf.4 of theechnicaleporton inegrated urban water management.
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Description of Tool 18

Techno-institutional model for water supply & sanitation for the poor

Many constraints have hindered the efforts of the various institutions to provide adequate wate
supply and sanitation. Theglude: firstly, institutional inadequacy and insufficiency of conventional
approaches which hindered participation of stakeholders and informal institutions in infrastructure
provision and managemd$tren, 1989; Fekade, 1997; UNCHS, 1996; Aetoaki1994;Kyessi,

2002). Secondlsupplydriven infrastructure provision sticking to rigid planning/ design standards and
regulations thus failing to bridge the growing gap in services especialynémmewcommunities.
Similarly, trying to provide assef the urban poor to a centralized sewerage system would be difficult
as the poor communities live in low lying areas or river beds which are often drainage outlets of urb:
storm water. Also, the fact that many low income communities live in illega¢sis automatically

deny them rights to infrastructure provisions such as piped water supply, drainage or sewera
connection, as they lack proper entitlements.

Thirdly, high cost of conventional systems that did not recognize progressive impofvement
infrastructurg(Choguill, 1996, 1999). The progressihygovement model may seem to favour the
majority of households in developing countrieshtigiess than US$500 per y&bgula, 1999nd
spends more than 50 per cent of that on {E@nde,1999; Kyessi, 2002). The apprdackvater &
sanitation hence has to be demand driven, flexHal@isinfrastructure provisions, with dependence
on informal institutions. Two glaring examples of dewh@eh approach to building water &
sanitationnifrastructure, which is based on gradual improvement maghlable iDaar e Salairhe
technical, natural, human and financial resources were mobilized from the neighbouring loce
government bodies, donors, civil society members, private indawdllsliticians. Three types of
models exist for water supply: 1) privately managed and operated water systemynitybased
water management system; and, 3) household water management system. This might be essenti
meet the needs of people belogdo different income groups (Anzerona et al., 1998).

Table 27: Water supply for urban fringes: gradual improvement model

Time horizon Step by step technological change Remarks
stages Stage | Stage Il Stage |l
Type Traditional A Shallow  han( Motor pump and raisg Technical support from th
well punp tank with stand pipe ar municipality/ corporatiof
with distribution needed for design of the w
network pump set, storage a
distribution system
Scale Small and A Mediun  scalg Large scale up to5400| Large and consolidated slu
open; usg¢ (sufficient for 40| cubic metres (sufficiel with many adults having voti
bucket tol 50 families) for up to 1,000 familieg rights; ration cards
scoop water
Operation Household A Household A Household member{ When the scale increas
and member membes A Hired pump operatoj c o mmuni ty men
maintenance A Hired attendant able to provide O & M
Quality of| Biologically Chemical quality mg Periodic water quality testi
water contaminated not be assured; b| might become necessary
chances of biologic
contaminatiorare less
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Table 28: Water supply for slums: gradual improvement model
Time Step by step technological change Remarks
horizon Stage | Stage |l Stage |l Stage IV
stages
Type Stand posts A Surface A Storage & A Individual Technical support
Storage Tan| pumping systerl households design of storage
with severa with distribution connected to th{ connection
taps pipes to eac|l municipal sewera
house system The real owner is:
to the slum dwell
A Obtaining  lang A Obtaining land without
tenure is crucial tenure is crucial
Scale Cover a fey A Medium Large scale up to { Large slum with -B00| Stage Il & IV for
households| scale 5,00 cubic metrg households; per cap| many adults havin
in small  (sufficient (sufficient for up tq water use comes up
slums for 4050 1,000 families the oOonor mo
families)
Operation & No specia| A Slum A Slum committe{ A Slum committee t{ When the scale in
maintenance| O & M Committee to take O & M| take O & M| able to provide O ¢
work responsible decisions; recov( decisions; recovs
for water charges water charges; collg
protection off A Hired pump| connection charge
taps, andg operaor for| for sewer;
ensure routine operation | A Hired pump
distribution | A Plumper hireq operator for routing
of water locally for repairs operation
A Plumper hired local
for repairs

Note: For more details refer section 11.1 in IUWM Technical report

85



Social and institutional aspects of urban water management
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Description of Tool 19, 20, 21 and 22

Capacity Building for lUWM

Capacity building in the water sector is a new concept that starts from three (plaprises
and Hartvelt, 1996): Whter is a finite resource, for which numerous users compete, most notably the
waste dischargers (who lower the usefudhéiss water); 2] water is essential for a healthy ecasomy
well as for the environment and, therefore, it is a resource that should be managed in a sustainable v
3] institutional rather than technical factors cause weakness in the sector.

Capacity bilding efforts have been typically implemented as training and education programs
based on the idea that equipping individuals with new knowledge, skills and professional competenc
will enable them to successfully operationalise sustainable piAftiedy, 1997 However,the
organizational and broader institutional context presents as great an impediment to the sustainal
management of urban places as the inability of professionals, technicians and ordinary people
operationalise sustainable tmwaent (Wakely, 1997; Brown, 2Q03herefore, local government
capacity for IUWM is dependent on not only having sufficiently developed human resource capacity b
also sufficient capacity within organizational and directive contexts (Wakely, 1997199B8!DP,
Peltenburgt al 2000)The variouslimensions of capacityiloing are presented in Table 29

Table 29: Dimensions of Capacity Building

Capacity Description Interventions
Building

Equipping individuals with th Recruitment, training
Human understanding, skills and access
resource information, knowledge and training t

development | enables them to perform effectively
Organizational | Elaboration of management structul Changing institutional structure; repor
change processes and procedures, not only w systems; financial powers; funding
organizations but sl the management
relationships  between the  differ
organizations and sectors (public, pri
and community).

Institutional Making legal and regulatory change| Water pricing & water distributi

reforms enable organizations, institutions policies, laws on protection of wg
agencies at all levels and in all sectg sources, development of new instituti
enhance their capacities. prevention of water thedtc.

SourceBrown, 2004

The instruments for capacity buildi@gol 19), which can be adopted in the urban water
context,by external agenciese listed in Box The institutional design principbasd practicedor
urban water management and tisétutional design agitia(Tool 20 & 21pre described Box 2and
3, respectivelyThis is based on extensive review of the design principles for sustainable water
management, and best practices world{#dmleriksen, 1998; kisand Chuan Eng, 2007The
institutional regime, which emerges asirlaé dutcome of theuggestedpplication of the principles
and practices, and the design criteria prfbesks22) in the urban water sectas presented in Figure
4.
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Description of Tool 19

Instruments for Capacity Building

The instruments, which can be used to build institutional capacities of urban water sector

comprising urban local bodies, the state urban affairs departments and central urban developme
ministry, are as follows:

1)

2)

3)

4)

Technical assistance for sector analysis and programme development: water sector
assessments, which comprehensively analyze the national and state water sectors and sug
priority action plans, need to be undertaken by interdisciplinary teams.

Technical assistance for institutional change: The expertise for this will differ depending on

the institution that is under consideration and it may relate to policy, micro eaoagnoic
structures, management systems, and administrative arrangements. Thisfican ouritie

lateral agencies such as the World Bank, Asian Development Bank and UNDP, and nationall
and international experts on institutions.

Training for change at different levels, including decisiemakers, senior staff and engineers
with manageal assignments, junior staff and engineers with primarily executive tasks,
technicians and operators, and other stakeholders.

Education of prospective experts who will play a role in the sector: The water pollution

control subsector is so complex addvelops so fast that in most developing countries not
more than 10 per cent of the required technical expertise (as university graduates) is availak
Many graduates are inadequately prepared for the tasks in their(&@eantsy 1991 his
encompass physical and technological sciences, financial and human resource manageme
and behavioural sciences.
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Description of Tool 20:

Box 2: Institutional design Principles and Practices in Urban Water Sector

Separating out water resource management functions from water supply functions:
The biggest intervention in institutional reform is the one by which the utility to confr
opportunity cost of using water, including pollution. For this, the urban water utilities ha
financially autonomous institutions, where llagg to manage their affairs without interferencg
support from the government. Hence, corporatization of the utility becomesquigite. Also
the functions of water resources management andelated services will have to be looked
by separate agencies. Thihg agency concernadich allocagethe resource will have to be
differentfrom the agency which uses water

If the utility is autonomous and has to purchase water in bulk from the open mark
have strong motivation t@aover the cost of supplying water. Also, the utility would be
pressure to: reduce the dependence on purchased water by tappingdheentional source
such as desalination systems; and reduce the negative effects on environment causeatdry
disposal thereby increasing profitability.

On the other hand, the presence of formal water markets would force the basin :
which is trading in bulk water, to manage the resources efficiently and sySidbityadniyl Tooth
2007). Here ithis case, the utility will have to obtain water rights in volumetric terms from tk
and also pay for every unit of pollution load it generates. The utility would recover theosta
and the cost of environmental degradation from the consunagldition to the cost of buildin
and managing the water supply & sewerage infrastructure in addition to the above ones.

Create an independent water pricing regulatory authority: The authority can decide t
pricing norms and tariff levels in consulatvith the primary stakeholders based on per
review of the operating costs and efficiency figures provided by the utility. This essenti
that the utility will not be in a position to raise the water tariff on account of high operatig
will have to first raise the operating efficiency by reducing tieveome water, improving t
staff efficiency and efficiency of the machinery and infrastructure. This will force the age
much more transparent in business.

Separating out water quality regulation functions from pollution control measures:
The basirwide regulation of water quality can lie with the River Basin Organization. O
models are availalflehéret, 1993)he Pollution Control Board can do water quality ororat
and RBO can undertake pollution control measihesnstitutional design principle to be follov
is that he agency doing regulatory functions of Water Quality Management and the age
carries out pollution control measures should be wg(Faealeriksen, 1998)

Stakeholder involvement in urban water governance: stakeholder participation should
encouraged in urban water governance, by creating a separate forum for their invol
improve the overall governance. Such a forum camtiakg. 1] provide periodic feedback on
norms for fixing the charges for water supply & sewerage connection, and provision
subsidies to disadvantaged sections; 2] decide on the norms for water supply, supply schg
7 or intermitterjt and any restrictions needed in water supply during droughts; 4] decid
criteria for provision of subsidies for adoption of weffement technologies by the urb
consumers; and 5] decide on thegity for illegal connections.
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Description of Tool 21:

Box 3: Institutional Design Criteria for Urban Water Management

For more details refer section 10.4.1 in IUWM Technical report
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Description of Tool 22:
Institutional Regime for Integrated Urban Water Management

The various agersi which would be involved in urban water management sector, their roles
and responsibilities and the interactions amongst them and also with the primddestakehshown
in Diagram. Thevaterabstraction andllocationrules norms foreffluent dishargeard the fiscal
instrumentdor controlling inefficient use and pollution suclvasmetricwater chargesewerage
chargesand pollution tax are the organizing features of this institutgiale The dynamics of
interaction between various ingidns envisaged under the new institutional regime are 10.4.2 of the
techncal reporon integrated urban water management.

Figure 4: New Institutional Regime after Reforms

Policies and bylaws
»| Municipality <« State government
a
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contracts pollution charges Wastewater treatment
v Bulk water service 4§ e
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Description of Tool 23:
Organization Set Up for IUWM under Different Conditions

One of the routes to organizational strengtheasfimgterutilities or ULBgor improvedurban
water management is by involwagous stakeholders in performing different funetfom® capital
works, to operation and maintenarfcggancialand human resource management to monitoring of
water supplies and quahtiepending on the unique skills they bringather than performing all
functionsrelated to running urban water systeemselvesThese stakeholders could be private sector
agenies, community groupsmalsca¢ service providers @ublic agencies such as the Pollution
Control Board. Depending on thature of urban local body, the strengths cearg Hence, the
functions which can be effectively performed by the utilityeddltlB can also chandggo are the
functions which need te performed bgther stakeholders

Based on the review of international and local experience with different models of urban wate
management including private sepsoticipationn capital wds, private sector involvementné&

M, involvement of smadcale service providers in 0 & M relatdd tasid involvement of communities
living in the fringes the provision of water supply & sanitation seryvigasger varying situations of
urban adhinistrationand taking into account the gensttalation prevailing in urban ared regard

to political stability, government powéne alternative organizational models for urban water
management are worked out.

The important research studighich have been used to work out the organizational set up are:
Perald (2003Biswas and Tortajada, 20@3)st according toBiswas and Tortajada (2003) from the
Third World centre for Water Managemeaitied out in several countriggmary instiitional model,
which is likely to come up in futpievery significant improvement in the current performances of the
public sector institutiong:urther, he private sector will play an important role within this new
institutional paradigm, but not ke managers of large concessions, but as providers of specific services
like meteireading, billing, bill collection, leak detection and repair, vehicle management, construction c
desalination plants on a BOT basis Setcondly: going by the experiepigeate sector participation in
urban water supply is likely to come up if country is politically atebgovernments are powerful
(Perad, 2006).

Talde 30provides the organizational set for urban water management with the suggested role fo
communityorganization, private agencies, and small scale service providers for performing roles such
building capital work, undertaking operation & maintenance, doing financial and human resourc
management and overall monitoring of water supply, under tiffeeenadministrative set ups.
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Table 30: Organizational Set up for Urban Water Management in Different Types of Towns

System

community or Urba

Urban Local Body @

Type d Slums/Small Urba| Small Towns Large Cities Metropolis
v [|Urban | Settlements
S < |Centre
=)
z=
Capital Works Urban Local State Level Agency* | Urban Loca| Specialist
Bodies(ULBs) Urban Local Body g Body, or Privat{ Metropolitan
Small Autonomou| Sector Authorities
Utility (SAU) or Privatj (SMA), or|
Sector Private Sector
Operation  and Small Scal Servicq State Level Agency, | Same as aboy Same as abo\
Maintenance Provider, Community Urban Local Body d private secto| private  secto
Works Involvement SAU, or Private Sectq| involvement ir] involvement ir]
service provish|the case 0
in the case (g earlierset up**
ULB
Ownership of thq Either with| State Level Agency | State Levg SMA

Agencies

from local wate
resource departme
or pollution contro
board

Body (ULBs) or locd
water resourc
department 0

pollution control boaro

Local Bodies(ULBs) | SAU
Financial & Community with Do Urban Local| Same as abovg
Human hired professiond Bodies (ULBs
Resources management staff Private Sector
Management
Monitoring If done, by| By the community wit| Urban Loca| Same as abovs
Community with helj help from Urban Locg Bodies (ULBs

Water
departments

* Public Health Engineering Department or State Level Water Supply and Sewerage Board
** Private sector involvement is to be governed by the following considerations.
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Description of Tool 24:

Criteria for Selection of Private Sector Participation (PSP) Models for Integrated Urban Water
Management (IUWM)

Review of international experience with PPP showB@¥atwvould work when the political
system is by and large wamrypt; governments/ bureaucracy functions; but the urban local body lacks
enough technical and managerial skills and financial resources. Obviously, BOT contracts ar
oconcessionsoO are necessary when a newtonngt er
system already exi$Biswas and Tortajada, 2008hereas in the case of large urban local bodies,
wherein the technical and managerial skills are present, but administrative/institutional capabilities f
direct contact with the communities @veent, private sector participation can be sought for provision
of basic services. They can include: detection of illegal connections; installation of meters, taking me
readings, billing and collection of water charges. One important issue withadieigris the high
corruption and false readin@sing byBraadbaaret al (1998), théact that secondary cities are too
large for user management of the kind found in small towns and rural areas, and that they are too srr
and too numerous to be mtized is compelling reason for PPP in such cities.

In situations where the upkeep of the system is poor or the agency is lacking committed huma
resources to run and maintain the system, an O & M contract could be made to a private agency. He
the paymet is normally fixed. In order toeate incentive among the private agencies to save water, the
payment could be linked to the number of water supply connections being serviced. Such contracts &
made in such instances where the private agency doagenti make major capital investments for
sourcing water, or building the basic distribution infrastructure etc.

Where major investments are to be made, and the government has the capacity to make tho
investments, lease agreement is a good propdsiia).the use of private agency should be to get
highly skilled manpower for specialized services such as design and operation of sophisticat:
wastewater treatment systems, desalination systems etc. In other instances, the improvements
institutional eangements for the public utility need to be tried out. This could be for tapping financial
resources; adopting pricing policies.

Overall, the decision to privatize urban water supply should involve the following consideration:
political stability and peer of the government; effectiveness of overall governance; the overall financial
condition; the ability to raise finances from external sources; infrastructure conditions; and the
institutonal capability in terms of policies & legal framework and adhtiv@scapabilitieSource:
based orBraadbaaret al (1998) Biswas and Tortajada, 2003; IWE ElcaRfPP database, Franceys,
1992 Perald, 2006\ccordingly, the favourable urban conagitr trying out different PPP models
are presented in Figube They are six PPP models considered for this, viz., divestment, BOT,
concession, lease, management contract and service contract.
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Private Sector Participation in IUWM

Models for PSP

Divestment

BOT Type Concession Lease Managemer@ontract Servic&€ontract
Characteristics
of the Models
Contract Duratig | *Indefinite *20-30years *2530 years *8-15years *35years *1-2 years
Asset Ownershif | *Private *Private/Public *Public *Public *Public *Public
Capital WMestmen | *Private *Private *Private *Public *Public *Public
O&M *Private *Private *Private * Private * Private *Private/Public
*Stable & NonCorruptPoliticalSystem *Governmenhascapacity *Upkeep of system is pootLargeULBs,Lacking
*GovernmentBureaucraclunctions to male major investment *ULB lacking human Adminidrative/
*SmallULBs Lackng Technicl Managerial ~ *Requirement dfighly ~ resourceto run & Institutional Skills&:
Favorable & FinanciaResources skilled manpoweor maintairthe system capabilitieéor direct
Conditions specializ services contactwith people
*For Constructing New Water Supply *Design and operation of*For improvement in the *For improving
SystergSchems sophisticated wastewater existing systems existingsystem
treatment systems, *Pump operation *Installatiorof
desalination systems etc cleaning of sewers &  metes, meter
Nature of drains, metering readinghbilling &
collectiondetection
Involvement of illegalconnection

Figure 5: Private Sector Participation Possibilities in Different Urban

For moe details, refer section 11.18/M Technical Report
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Description of Tool 25:

Appropriate staffing of urban water utilities

Appropriate staffig is crucial for strengthenimdpan water utilities. Now, two utilities offering
the same level afater supply, wastewater and solid waste maeagervices may be requiring
different levels of staffing. This is because there are many physical aecbrsoTic factors
influencing the staff efficiendyence, a staffing norm based on simple criteria of the size of population
to be catered willhimproperHence the various factors thafluencsthe physical, management and
economic performance of the utility need to be identified.

Factors Influencing Management Performance

The managerial performance of the urban water utility in termevisign of water supply,
sewerage collection and treatment, solid waste disposal etc is a function of the institutional regime
especially the incentive structures; and training and skill development etc. But, it is also a function of t
characteristiosf the urban area, which is influenced by the way they are planned. Number of staff per
6000 connections and numb eors ofenhinagementfpérforma@er 6 0 0 0
analysis using data from 301 towns/cities stiaw cities with higpopulation densityould beable
to manage thewater supply affairs with lesser number of staff. At the same time, they will be at a lesse
advantage when it comes to managing solid waste collection and disposal.

Factors Influencing Institutional Performance

Number of connections per unit size of the population is a good indicator of institutional
performance of urban watdility (Arghyam/IRAP, 2009). Analysigh number of staff per thousand
popul ation and number o fshowsethatlarget theostafs sizg, bigher h@ 0 O
institutional performance, expressed in terms of number of connections per thousanujikrgns.
same staff strength, cities with higher population density will be able to provide water supplies to
largemumber of people.

Factors Influencing Physical Performance

Increas in area coverageduces the physical performance. This validateskaovell theory
in water supply engineering, and is perhaps due to greater length of the distribution lihes per ur
volume of water transported and the greater pressure to be maintained in the waterline due to high
pressure losses. Both length and pressure increases the technical losses in water supplyr pipelines.
analysis using data emerage percentage ofcarted for wate(AFW) for cities with different
geographical ameshows that with increase in geographical area AR&\Ptcreases.

Staffing Norms for Urban Water Utilities

A methodto work outthe norms for stafig of waer utilities is to look @he norms of those
which are performing wellherefore, w compared the staffing of utilities, which have differential
performance, butot markedly different itheir physical attributdgletros weraised as a benchmark
for comparing performance as tBhgw the best performance. The following attributes are considered
for performance. 1. Water supply coverage. 2. Demand coverage. 3. Sanitation coverage. 4. Wastew
treatment. First of all, the water supply coverage is highest for metros, whengaly tegpss lowest.
Rate of solid waste collection is also highest for them. Sanitation coverage is highest for metros both
terms of population covered and the proportion of the geographical area covered. Further analysis al
showed that higher thaftstrength, higher the number of connections for that population.
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Table 31: Staffing norms for urban water utility

Sr. No | Staff Category No. of Persons fo] Most Suggested amendments
6000 p g desirable norms
(current)
1 Water Supply 4 0.73 1.00 Can be 10% less if urb
Sewerge population density is ve
high
2 Wastewater Treatment] NA 0.50
3 Solid Waste Collectid 2.3 2.50 Can be 10% more if t
& Management urban population density
very high
Source: based on authorsod analysis

The saffing norms for urban water utilities is worked out on the basis of the following
important inferences drawn from analysis: 1] raising the performance of the utilities of smaller town
from the present levels to that of the metros would require briagitygrpstaffing and improving the
staff composition; and 2] further improvement in performance of the utilitestain areas like
wastewater treatmewbould require higher staff strength. The tool on staffiagle 3} provides
empirical norms fortaffing difference services such as water supply & sewerage, wastewater treatmer
and solid waste colten & management, and indicates Hbese norms should be changed under
different physical conditions.

There are three majsteps,which will havesignificant implications for improving the staff
efficiency in managing urban water supflfesy arel] implementation of SCADAalati and Kumar,

2005; Wachasundar, 20(f)d2] computerized billing; and 3] automation of metering. Supervisory
Control and Data Acquisition System is meant for operational control of the system for optimum
performance and bettefficiency(Newquist, 2000)it is done by logging and transferring of data
relating to reservoir levels, pump discharge, pump efficiencypressere, water quality etc. to a
master contrdiacility (Talati and Kumar, 2008y this the utility can save the staff time required for
physical supervision and monitoring of performance of reservoirs and gate operations, and coordinatic
amongst mtiple locations(Newquist, 2000)Also, use of sensors in SCADA can be used for
continuous monitoring of quality of water in the distribigi@tem. It could also monitor pressure
development in the pipes, thereby guiding valve operations and avettingeghef pipe burs{per.
CommunicationlTippesamy, February, 2010)

Thedetailof the detailed methodology used for arriving at the norms for staffing of utilities are
provided in 10.5.3 of the techniegdart
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Description of Tool 26:

Community Participation in Urban Water Management

Community participation in the context of urban water management is a complex theme, anc
has many dimensions. It can be at different degrees in different contexts. The involvement o
community in urban water managenentld cut across various spheres viz., 1] planning of water
supply & sewerage systems (mainly having an influence in the selection of the type & nature of techni
systems for water supply, sewerage disposal, wastewater treatment supply, waterdsigsply 2ch
Delivering certain services, which are parts of udtan wanagement activitieD8grall governance
of urban water as civil socieipcluding making of the rules for fixing the price of water, introduction
of supply water restrictiongailing on investment/funding priorities, provision of budget for public
auditing; and 4] implementing best practices

Nature and Degree of Community Participation

The upper boundaries of involvement for a local community institution in urban water
managment activities would be defined by its operational jurisdiction, the level at which the schem:
operates and the physical characteristics of the sEbeparticipation to be meaningful, it would be
advisable that the next layer of community institutisncreated at the level of the hydraulic
infrastructure. This will help internalize some of the externalities in local management induced b
conflicting management decisions taken by different local communities.

Thephysical characteristics of the s&héona great exterdandefine the level of involvement.

For simple | ocal schemes, it would be easier
same will not be true for a scheme which involves long distance water transport through pipelin
involving heavy pumping machinery, and leak detection edaipmen

For a given community, the desirable level of participation is determined by its own perception:
of oparticipationo, and the abilityhatroacptaerrtiisc
which would influence the level of participation to a great &teat. c o mmuni t yds per
ability to participate would change according to their level of knowledge and exposure and capability
mobilize resources. The capgbdan be social, economic and human resaiated.

But, the willingnessf the communityo participate would change according to the priorities of
the communities. In a highly cosmopolitan community, the ability to participate in planning and
managernt decision making relating to urban water systems and to mobilize resources for the sarn
might be high. Sahigher levebf participations desirablenithis case. But, the community may not
have the time to commit for achievinig,ths theopportunit cost of norparticipatiormight notbe
significant. Against this, in the case of slum dwellers, the knowledge, skills and resource mobilizii
cambility will be much lesBut, the commutyi might have more time to spareéh@sopportunity cost
of nonpaticipaion would be highHence, the most desirable level of participation might be low in the
form of their involvement in repair and maintenance. But, it would be achievable.

The other factors that determine the degree of participattrde: a] hongeneity of the
group/community (communities from the same clan, religion, caste, creed etc. are likely to participa
more and better than a heterogeneous society); b] incentive (whether financial, natural or human as
gains, e.g. capacity building) lwldommunity see/perceive in case of participation; and c] effective
leadership. Here it is important to remember that the incentive structure can influence the opportunit
costs of norparticipation and therefore the willingness to partickigtee 6provides the suitability
conditions for different spheres of involvement of comreamturban water managemehe forms
of user participatiothe characteristics of participation; the processes involved and the benefits.
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User Group Involvement in UWM

é&:ﬁree:q:;t *PlanningSystems *Service Delivery *Overall Governance *Implementing Best Practice
*Areas with Norexistent  *Existing systerfailed to ~ *Communitywith alequate  *Areas wittinformed and
formalwatersupply meet the wat demands  level ofawareness in respect knowledgeableommunity
system *Economicinfeagbilityto  to WateManagement Establishedommunity
. have individualonnections *Community with sound  groups/organization
Suitablity *Established Socibletworks ~principlesof WM

FormsofUs e

L 2 e [ =2 ==

Particpation *Consultation *Discussion *Cooperation & Mobilizatior
*Comprehensiveommunicationmechanism  *Directinteractiorbetween  * Community takesctivepartin
between the watetility & the customear community& government developingolicy& designingroposals
*Group formation promoted *Communitiecommunicate  *Communityshareslecisiormaking
*Greater accountability their viewontheintended ~ powers
*Views ofthe public aresought proposa *Communityparticipaten improved&

Characteristics *More participatory demandresponsivservicalelivery
*Public hearing& MeetinggStakeholder  *WorkshopgRoundtable$Field Trips  *Large Group Meeting8rainstorm
Analysis *FGDs *Forumténterviews *Advisoryboardgocus groupsForums — sessionsNegotiationgPlanning
*Opinion polls *WorkingGroups Cells*Usersperformingpublic

Processes functions*Publicrepresentation
*Minimal Community Resistance *Eyuit *Sustainability *Efficiency *Community Empowerment *Ownership
*Sustainability *Efficiency *Community Empowerment  *Communitymaragingservice delivery
Desired *Sustainability *Efficien¢Zost Sharing
Benefits *Target Vulnerable Groups

Figure 6: Suitability Conditions for Different Spheres of User Group Involvement in Urban Water

management

Note: For more details refer Section 10.5.1 in [IUWM Technical Report
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Description of Tool 27:

Training for Capacity Building

Most urban water utilities in India today perfeary limited functions. In the case of small
towns, the job is mostly limited to supplying treated or partially treated or untreated water to the urba
consumers, with the orientation mostly on conventional systems. But, there are-ntavwenional
water supply systems, which can provide future water supplies in many cities and towns such :
rainwater collection tanks, and desalination systems. The conditions under which they are feasible,
opportunities they offer and their economic aspects needitmlerstood by the professionals.

In most cities, wastewater is not treated at all. Similar is the sitis@tian storm water
generated in urban areas. Neither there is adequate system for storm drainage and disposal. In m
towns, the storm watérom most parts of the town/city is collected by the sewers.

Planning, designing, building and operating wastewater treatment and reuse systems would a
require good understanding of the theories ircH@mical engineering, biology, environmental
engneering and environmental economics, which are used in the design of wastewater treatment a
reuse systems. It also would require familiarization with various wastewater treatment technologies ni
available, as these technologies are not in use irttayrian areas in India. Providing for integrated
storm water management would require sound understanding of the very concept of sustainable stol
water management. All these would require training.

Over and above, the various emerging concepts im wetar management such as demand
management, community participation in urban water management etc., which are part of urban wat
cycle management, and the technical and economic tools for achieving them need to be understood
various levels such a® thureaucrats in the municipality/ corporations, the technical staff handling
urban water systems within the municipality/corporation, the representativesaplie

But, the types of training which the primary stakeholders require for buildicepteireto
participag in urban water management would be different from those which the utility officials require
for implemennhgthem. Generally, the officials of the utility would be concerned with different aspects
of various technical, institutednand policy interventions. Again, there are too many topics to be
covered. It is impossible to cover them in one module, given the practical issues involved in attendir
long duration trainings for the participants, and the need for some time dut&gen bee training
eventand another event to facilitate good learning. Therefore, it is important to split the training
programme into several modules on the basis of the themes and their utility for the stakeholders.

The idea is that themes, which atevant for certain stakeholders only, can be appropriately
targeted. @ol 29 provides the list of different training modules, the topics which can be included under
each module, and the target grolipble 2 suggests the types of IUWM training modelesant for
different stakeholders under different typologies.
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Table 32: Listing of Capacity Building Training Programmes at various levels and Module Contents

Module No and | Topics Participants

Theme

Module 1 1. Importance of water security & environmental sanitgg TMC (ULB) Ward Councilors, Political lead
One Day Orientatio 2. IUWM and its scope for the town WATSAN Officials, SHG reps, Private wza
programmelown Level 3. Need for participatory approaches vendors and operators, Local NGOs, impleme

agencies of IUWM etc.

Module 2 1. Introduction to IUWM TMC (ULB) Ward Councilors, Political k&g
Project Launchin 2. Economics of investments in [IUWM WATSAN Officials, SHG reps, Private wza
Workshop 3. IUWM Principles & Practices vendors and operators, Local NGOs, impleme
(Integrated Urban Wat 4. IUWM framework and the key elements agencies

Management)

Module 3 1. Survey of urban water infrastructure TMC (ULB) key officials, WATSAN Officia
Understanding existit 2. Use of decision support systems (GIS) for \ Ground water department, river basin ageng

urban water systems

distributionplanning; water supply system design
Use of expert systems for analyzing the res
dynamics, hydraulic efficiency estimation, and I
detection

any)

Module4
Community involvemer
and Participation

=

Level of community involvement in water & sanita
activities

Role of community in IUWM

Legal rights/regularities of CBOs in IUWM

Representatives from community, TMC govel
body members

Module 5
Urban water
management

cycle

PwNPEfwn

Water resource management (river, ponds, lakes, ac
Water supply management

Water demand management

Analysis of urban hydrology (roof water catchm
storm water flows)

Efficient water use in umbareas & technologies
Water treatment & reuse potential

Water vending

Packaged drinking water & and its SWORT analysis

TMC (ULB) key officials, WATSAN Officia
GWD, CBO reps, Land use board, Pollu
control board, IUWM implementing agencies €

Module 6 (2 parts)
1) Waste water
2) Solid waste

= Wh PN O

Generation of waste water
Treatment of wastewater
Reuse of wastewater (potential & threats)

Solid waste management and recycling

Sewerage board, SWM agencies, Publics,
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Module 7 1. Accounting of storm water TMC (ULB) key officials, WATSAN Officia
Sustainable Storm Wal 2. Using storm water for town needs: water quality asp| CBO reps, Private water vendors and operi
Management 3. Storm water management and reuse options implementing agencies.etc
Module8 1. Adoption of eco friendly toilets /sanitation facilitie TMC (ULB) key officials, WATSAN Officia
Eco-sanitation an reduce water consumption and contamination CBO reps, indstrial entrepreneurs and relg
industrial wast 2. Newer technigues to control industrial wastes officials from departments, pollution control bo
management health departments
Module 9 1. Existing organizational set up, and governance sysff TMC (ULB) Ward Councilors, Political lead
Institutional change 2. Institutional capacity building in UW Sector WATSAN Officials, CBO/SHG reps.

3. Instruments for cageity building

4. Institutional reforms

5. Publieprivate partnership and relevant models

6. Community participation in UWM, and the roles
Module 10 1. Price elasticity of urban water demand TMC Governing members, WATSAN offici
Water Pricing & Watdg 2. Economic principles in pricing urban water CBOs
demand managemt 3. Metering of water supplies

4. Technical issues in metering
Module 11 1. Generating data on urban water sys&rsupply WATSAN Officials, GWD,TMC (ULB) ke
Setting up of MIS 2. Setting up database on GIS platform officials, department officials from irrigati

3. Generating management information systems Urban planning,
Module 12 1. Role of service providers for O & M of urban w| TMC(ULB) Ward Councilors, , WATSA
Operation & systems Officials, implementing agencies of IUWM, pei
Maintenance of Wat 2. Preparation of contracts service providers etc.
supply and sewera 3. Contract laws and their provisions relevant for \
gystems supply and related services
Module 13 Urban bylaws for promotion of RWH tanks Key experts from various Departments

Rain Water Harvesting

N =

Use of rainwater for meeting urban water needs: (¢
aspects

reed to environment,
Urban development,

agencies
WATSAN,

Agricultu
So

3. Design of rainwater collection systems development etc. TMC (ULB) Ward Calams,
CBO/SHG reps, Local NGOs
Module 14 1. Role of groundwater in urban water management | Key experts from various Departments
Ground water recharge 2. Key characteristics of groundwater inudraas agencies related to environment, Depart
3. Groundwater management officials from Irrigation, Agriculture, WATSA
4. Artificial groundwater recharge: sources, and techni¢ Urban development, Social depeient etc. TM(

(ULB) Ward Councilors, , WATSAN Officig
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CBO/ SHG reps, far me
NGOs, land use board

Module 15 1. Tools for improving the finance of water utilities (pri¢ TMC (ULB) key officials, IUWM implementi
Financial Management mobilizing funds) agencies etc.

2. Improving revenue celttion systems

3. Online payment of water charges, and grievance sys
Module 16 1. Prevention, mitigation and preparedness for | Disaster management units, TMC &WATS
Risk management &climate related disasters officials, Urban planning department

2. Extension of WATSAN fadiles according to the grow
of population& migration
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Description of Tool 28
Institutional arrangement for urban water management

Institutional arrangement in water manageroant be defined as a combination 1)f
legislation and regulations; 2) policies and guidelines; 3) administrative stjuetowsjic and
financial arrangemeng); political structures and proces8gsistorical and traditional customs and
valuesand,7) key participants or act@itchell, 1990).

Improved IUWM will require engagement with a complex array of administrative, political,
institutional, social, economic challenges in cities. There is a need, therefore to stimulate changes
policy ad practice in urban water management within institutions, other levels of government and civi
society. The new paradigm is likely to require: changes in holistic environmental thinking; changes
institutional structures and frameworks; change in umseaofs and resources; changes in managerial
methodologies and approaches & changes in approaches to financial planning and management
include explicit attention to ppmor and gendepecific strategieEdwards (1988) haeveloped
manual that providepractical and immediately useful information about developing and managing
institutional change projects in the water supply and sanitation sector. He points out that institutione
devel opment foungn the deelomnknd af ¢coagasiratisivaistems and the people within
the system which make therd work

Institutional Integration

Planning and management of water resources involve complex considerations of the physic
systems affecting water availability, and theesmmanic systems affectigater us¢gKassem, 1996).

In order to integrate these complex aspects related to water resources management, comprehensive
complex systems such as river basins should be the unit for governance of water resources and not Ic
systemgKlomp et al 1996EI-Ashray, 1991Therefore, there is a need for building institutions at the
level of river basins that are capable of balancing the current and future demands with the supplie
without threatening the hydrological and ecologiearity of the basin. The functions of various
institutions engaged in different aspects of water development and management in the basin will have
be integrated at the basin level to manage the entire water system comprising water resource system
water supply and use system in a comprehensive manner.

A single agencliere an RBQis required to carry out water resource management functions at
the level of river basins. Since water resource management needs at thewobelyleagiles across
the basina range of micrevel actions will be needéténce, a decentralized institutional format
would be required for the RB8part from carrying olVRM activities, the RBO can be vested with
the powers for allocation of rights to various sectousevincluding the urban water utility. In this
process, they become the coordinating institution for various line agencies dealing with water relat
services for different sectors of use, and can integrate their activities at the level of {iwendasin
2006) In this set up,he service agencies will have to obtain the volumetric water use rights from the
RBO (please sé&w Institutional Regime for Urban Water Management after Reforms: Tool 19)

In tool 19, we havdiscussed the larger institusibreformin urban water sector, in which the
relationship with external agengash as the state, RBO, state pollution control board etc., are
discussedThe process of organizatiordangahrough various modes péibic private participation
anduserinvolvementn urban water managememgdadequatstaffingof utility can be identiftbfrom
Tool 2Q The tainingneeddor capacity building of various stakeholdenrgecan be identified from
Tool 21.The waysto improvethe finance of utilities suels watepricing andJFW reductiorcan be
found inTool 13 Therefore, we would only disciimesregulatory approaches in this tool.
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Regulatory Framework for Water Resource Management

Regulation is an integral part of the institutional arrangemevatér resource management
(Mitchell, 1990; Frederiksen, 1998js can comprise of regulations of water resources in terms of
guantity and wateelated services through acts and laws; establishing regulatory framework for effluen
disposalthat take itb ecosystem carrying capacs#gtting upof regulatory frameworks by local
communities; and use of economic instruneérsasian bargainirepforcement of effluelischarge
normsfor SMEs and declaration of critical zones of heavy damage.

Regulation of Water Resources and Services
There should be acts that provide the regulatory framework for water resources and wate
related services. South Afrleas the National Watéyct (1998) and National Water Services Act
(1997), two laws that directblate to waterThe WSA provides the regulatoffamework for the
provision of water services by local authorities, under the overall authority of the Minister. The NWA
mandates the Department to ensure that all activities relating to water resoureesemargg
whomever they are undertaken is in accordance with the requirements of the Act.
Thecatchment/basin management authoritesuse the information about water development
plans for towns and cities falling within its drainagdoartiee ceternination of allocations to these
towns and citiesTherequirement of water as per tinaer development plamust be reflected in the
catchment management stratggiyne authority concernethe urban water utilifyon the other hand,
should refer to theelevant catchment management strategy for information about the availability of
water to support proposed water services targets; water quality requirements for the wastewater that i
be returned to the water resource after use; and the ripariaofrigjetsiownstream water users.
Hence, the Acts should provide for administratinstitutional mechanisms for better coordination
between resource management agency and agencies that provelatedtzrvices.

Regulatory Framework for Effluent Disposal

Theregulatory framework has to be locasipecific, guided by the ecosystem carrying capacity,
rather than uniform standard for dischargeffafents(Rajaram and Das, 200B)e importantspect
of regulation of effluent discharges will be bestngulished with the help of local bodies, as
management of ecosystems has to be at the local ecosystem Jevie¢rentile dynamic nature of
impact of effluents can be appreciated only by those who are affected by it on a-gmaily tasimsot
be centalized.

The key aspect of protecting environmental resources is the assignment of property rights ti
facilitate its protection from industrial externality. The first step is to work out the ecosystem specific
standards for effluent dischaye argue thdhe surface water endowment in a region and the type of
aquatic life could be a strong indicator for ecosystem carrying capacity and deciding the effluel
discharge normgisavis water qualityAs a general principle, in surface water abundant areas wi
perennial streams and rivers, the norm could be less stringent.

Community Regulation of Water Quality through Monitoring

Any regulatory programme will be successful only through effective monitoring. But, with the
current density of WQM sites mainéai by the CPCB, effective monitoring and regulation is a distant
possibilityHencethe local council of the areas affected by these effluent discharges can be empowere
to collect samples randomly at a frequency based on the toxicity of.eThesssampleshallbe
ser for analysis preferably to a district level accredited laboratory or public funded academic/researc
institutions Thelocal SPCRBanprovide a supporting technical ratethis The impact of information
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availability in the hands lotcal communitwill be akey factor in cost effectiy®llution regulation.
The main advantage in involving the local people is that a major portion of manpower cost can b
saved, since they will volunteer to safeguard their own survival.

Slowly, the loal councils can be aided to upgrade their programmes to address domestic sewac
treatment, nopoint sources of pollutioand finally total environmental management for sustainable
development. The emphasis should be to utilize existing institutioasi@oaskarch) in every taluka
(subdivision of a distrjcand district.

Other Important Steps for Comprehensive Regulation

Regulation of large industries through economic instrurRents:large industry operating in a rural
setting, the economic ingient of coasian bargainiagn effective option. The industry can negotiate
with a local council for its discharges and compensations to arrive at a consensus. The agencies
SPCB/MoEFcanprovide technical assistance to the local council in prgtidetir interests and to aid

the industry in integrated pollution prevention control (IPPC) efforts. However, such approaches shoul
be resorted to only if pollution control is technically feasible or economically viable.

Regulation of small and mediwnterprises (SMEsJhe first requirement is to locate them in
clusters/industrial estates based on industrial symbiosis and carrying capacity. But, control of these \
remain a major soegzonomic challenge. The only way out in industrial estadeshiznnhel the
effluent of SMEs to a CETP, and also to ensure that it functions efficiently. This can be made possibl
through efficient monitoring, and heavy penalties have to be imposed to compensate the victims.

Declaration of critical zoneAreas ofheavy damagaround industriesvhere remediation is not
possible in the sherm, should be declared as pollution hotspots/critical zones and the affected
population must be resettled/ rehabilitated. Where resettlement is not possible, legisldtiom shoul
framed which will hold the industries responsible to provide livelihood allowance, medical facilities
health insurance and license fees for local resources.

Synthesizing the above analysis, the nature of regulations for water management has to |
location specific, depending on the type of urban area (small or large), the type and sources of water
(whether surface water or local groundwater), the nature of pollution (whether many small polluters, or
few large polluters, etc. The instrumentgdgulation and the agency for monitoring water use and
pollution would also chge according to the situatidmne regulatory frameworks for WRM in the
urban areas for the most common situations are summarizee igd3rabl
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Table 33: Regulatory Framework for Water Resource Management

Type of Wate|
User/
Polluter

Regulation
by

Nature of regulatior]

Instrument for Wate
Quantity/Quality
Management

Vol.  Allocation/
Water Quality
Monitoring by

Water Metering/ Water Quality Testing

Water Quantity Management

Water utility| River Basir{ Evolving broad Volumetric, bas#wide| RBO Metering of water withdrawal by |
using surfac{ Organizatio| WRM plans for thq allocation; enforceme utility
water for| n (RBO) basin, and definin of water rights; an
municipal water rights fo| levying wier tax from
supplies different sectors the utility
Urban wate|l RBO Do Do RBO Do
utility  using
local
groundwater
Groundwater | No Groundwater ta No metering of withdrawals, but only |
pumping by regulation (based on wells kept no. of wells
individual a very lowdvel
urban
consumers*
Water Quality Management
Large citiey RBO Setting norms o| Pollution chargeq State Pollutiof SPCB
located withir] effluent quality payment for WWT tq Control Board
large rivel the service providg (SPCB)
basins and performanc

monitaing
Small  towng Do Setting norms o| Pollution charges ar By community Accredited district level agencies of
located within] effluent quality payment for WWT1 with technical state government or academic instituti
large basins system; an{ support from

perfamance SKCB

monitoring by

community
Small  towng Local Setting norms o| Use of environmentj By community Do
located outsid| community | effluent disposg protection laws, with with technical
large basins based on knowled( technical support q support from

of the local eco SPCB SPCB
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system

Regulation 0

RBO

Setting norms o

Direct regulation an

Pollution

contro

Pollution control board

large industrief effluent quality| technical assistee board
including that fol
quality of differen
types of pollutants
Large numbe|l RBO Placing them all i Investment in CEPTs | Pollution control State Pollution Control Board
of small one locality an board
industries levying pollution tax
Declaration of RBO IPPC* with 510| Resettlement, c

critical zones

year binding targets

livelihood allowance

medical allowance

*IPPC is integrated pollution prevention and control
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Governance, Policies and Legal Framework

109



Description of Tool 29:

Practices for improving urban water governance

Governance refers to the art of rule makivigter governance refers to the range of political,
legal, social, economic and administrative systems that are in place for effective management of wz
resouces and their service delivery at different levels of society. Governance translates into politic
systems, laws, regulations, institutions, financial mechanisms and civil society development a
consumer right@tGWP, 2003)Good water governance esséptiaads to sound practice of making
rules relating to water resource evaluation, water resource planning, water development, and wa
managemenH(nter Districts Water Board, 1982; Page and Bekker, 2005).

Four Important Areas of Urban Water Governance

The fourareas burban water governance, improvements in which can bring about, major
improvements in the performance of urban water systems, are: water and wastewater pricing; urb
water infrastructure financing; and water supply.

Governance of wataupply refers to making rules regarding the per capita supply levels, the
supply schedules, the quality of water to be sugpletdsion of new connections; the desirable level
of consumerawar eness about water suppl ye,nefedri ass a
Governance of water & wastewater pricing refers to making rules relating to fixing prices of urban wat
supplies and sewage, which would touch upon matters such as: the norm for fixing prices; who shot
fix the prices; who should admii@ighe prices; and who should have a say in fixing pricing norms; and
nature of subsidies for the poGovernance of water infrastructure financing refers to setting rules &
norms regarding: setting priorities on the type of infrastructure to be suppomater sector;
preparing the DPRs and cost estimates; who should give the financial approval; release of funds 1
building infrastructure; and infrastructure building performance review process.

Challenges in Achieving Good Governance

Good govermace of urban water supplies means that the rules and norms regarding water
supply are most user oriented; and are also known to the urban wafBnisiseesans that for good
governance of water supply, the norms regarding per capita supply levdisyasfd\giar should be
worked out on the basis of the climatic conditions and theesociomic status of the dwellers,
keeping in mind the highest quantum that users are willing to buy at the prices that exist.

The challenge in improving governanagtdin water pricing is to make sure that the estimates
of cost of water supply provision, cost of depletion of the resource and the cost of resource degradatic
are authentic. When private agencies are involved in water supply provision under PPB&ritotherw
is necessary that the abowentioned estimates undergo full scrutiny by an independent regulatory
authority in order to make sure that the consumer interests are protected.

The key challenges in improving water infrastructure financing ipgtréezing investments
in urban infrastructure that give due considerations to physical sustainability and economis
considerationgnaking ULBs in water scarce regions to invest in water efficiency plans, and greer
infrastructurg and linking release diunds to outcomes rather than outputs; arakingreview
technical and financial propogatsurban infrastructure projeatsiependent

Based orour understanding of the universally accepted criteria for good governance, and
supported by theeviewof international literature on best goemce practicesnd study oflimited
experiences from Inagigdowns we have listecertain governangeacticeghat have the potential to
improve urban watenanagment They fall under sigkategdes, viz.instiutions for urban water
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management; urban water & wastewater pricing; water infrastructure financing; water supply; pro po
governance of water and pro poor sanitation. They are summarized3 Table
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Table 34: Urban Water Governance Practices

Criteia for Good
Governance

Key Performance Area

Practices

Accountability,
transparency,
predictability,
participation

Institutions  for  Urbar
Water Management

1.Enabling Act for private sector and community participation in urban
management futions

2. The roles for both communities and private sector to be determined usin
principles in institutional design, management

Urban water & waste wal
pricing

1. An independent regulatory authority approves the charges, and the manre
the various cost componentsd are wo

2.Sound economic principles are used for fixing water prices

3. The norms used for fixing prices and working out the water bills are know
consumers.

4. The actual efficiency levels obtained bytilitg is maintained at desirable levels
also known to the independent regulatory body and the consumers.

5.Income related measures are used to target the subsidies for the poor.

6. Good redressal mechanism exists for the consumers to conoplatheatariff ang
the changes.
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Water Infrastructur
Financing

1. Prioritizing investments for water infrastructure based on sound analysis
resources.

2. Creating specialnds in state & central governmetatsassist municipalities
implementing green infrastructure projects

3. Develop Water Efficiency Fundo support municipalities in the design
implementation of water efficiency programmes.

4. Water efficiency plans and programimbe made an integral part of the usvater
infrastructure project.

5. Implement &Vater Efficiency thett sets mandatory water efficiency standar
appliances and phases out outdated technologies.

6. Linking fund release to outcomes rather than outputs.
7. Creating independent auttyoto review technical & financial proposalgview the
technical proposals and budgets.

Urban water supply

1. The norms regarding per capita supply and quality of water to be worked o
basis of the climate and the samonomic status oféhdwellers, keeping in mind
highest economic demand.

2. Scientific studies for demand estimation for different income segments an
given climate to be made mandatory for fixing norms of water supply.

3. The norms relating to connectionchadg and Omaxi mum wa
zones, the procedure for application and the eligibility criteria to be made publig

4. Supply schedules to be worked out on the basis of proper scientific assessn
schedules that are convenient, amdmown to them in advance.

5. Clear cut timeframe to be fixed by the water utility in consultation with the t¢
department for complaint redressal, and this should be known to the consumer

6. Users to know the quality of water being supplied
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7. The utility to have cleeut rules regarding the type of information on water qug
be shared with the public, the frequency, and platforms used for sharing.

8 . The <criteria wused for -bekefeifnicna
revaled to the public, and if penalties exist for such uses that also should be
the water users through public awareness campaigns.

Pro-poor governance (
Urban water

1. Recognizing eme complaints as legitimate

2. Consumers to have a sayixmg priorities regarding the beneficial water use
non-beneficial water uses.

3. Affordability to be made an important criterion for fixing water tariffs and d
connection charges

4. Holding engineers accountable, if they fail to respoathaints

5. Convening monthly meetings to give city residents the chance to talk with ¢
institutional processes.

Improving Sanitation fd
Urban Slums

1.The official sanctioning of urban infrastructure projects to be subject to prov
WATSAN services for the construction workers

2. Starting of any construction to be subject to certification by the concerned
of completion of such works.
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Tool 30: Legal Framework for Integrated Urban Water Management

Urban Bylaws for Sustainable Urban Water Management

Urban Land Ceiling Act: The aim of the proposed urban land ceiling law should be to prevent
unscrupulous lateral growth of urban areas, particularly in cities/towns which have very low populatio
density. This can be achievggioviding for imposition of differential taxes on new developments and
old developments by the urban local body. The building tax for new developments could be kept at
much higher level than that for old ofid® license for housing stocks and otbgeldpments in new

areas should be subject to them managing their own water supply, wastatmatat and storm

water drainage systems.

Building Bylaws: In very high rainfall plains as well as hilly areas, the building bylaws should provide
for provision of separate rainwater storage tanks by new constr@nignose new constructions

which haveunderground storage tanks, with capacity proportionate to the size of thkouddfbe

given license to construct. The completion certificate shsedubd by the competent authority only

after site verification to see whether the proposed construction is built as per the plan approved by tt
urban local body. Disincentive could be created for old constructions, which are not complying by thi
new builling bylaws, in the form of additional taxes.

In high rainfalbreas and those prone to flodds, new constructions should provide for rain gardens,
in proportion to the total built up area.

Legal Framework for Metering System: In order to make meteg and pricing of water supplies
efficient and smootlthe legal framework should provide for: 1] protection of consumers against false
metering and charging false bills; 2] penalizing of consumers who tamper with meters to protect tt
utility interests3] consumer right to ask for timely replacement of malfunctioning meters; 4] creation of
special testing labs for proper functioning of meters; and, 5] protection of meter readers from physic:i
assault by errant consumers.

Water Resource Regulatory Act: Researchers for long have argued that for sustainable water resource
management, the agency responsible for water allocation should not be same as the agency using
water Frederiksen, 1998; Kumar, 208&parating out the water resource managemetibrigrfrom

water service functions would create conditions under which the utility (the water supply agency) wou
be confronted with opportunity cost of using the walbe Water Resources Regulatory Act, being
proposed here, i® provide for estabhsnent of tradable water rights and creation of RBOs as
legitimate organizations for fixing and allocating water rights, and its enforcement, and regulation ¢
water qualityCurrently, only one state in India, i.e., Maharashtra had &Rééaerces Regidey Act

of 2005,and this Act had provided for the establishment of a Water Resources Regulatory Authority
There are legal provisions under this Act, for setting up of river basin organizations (RBOS).

As per the Maharashtra Water Resources Regdlathority Act (2005), River Basin Agencies
issue bulk watemtitlements based on the category of use (irrigation water supply, rural water supply
municipal water supply or industrial water supply) and subject to the priority assigned to such use unc
State Water PolicyM(WVRRAA, 2005).Further, it was stipulated th#te existing Irrigation
Development Corporations should function as River Basin Agé&wiesurrently, IDCs are only
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responsible fosurvey, planning, design, construction and managaiméajor, Medium and Minor
Irrigation Projects, and irrigation water services. Hence, the new arrangement is likely to protect tt
entrenched interests of irrigation Corporations tealkerate water for the sector it is concerned with,
which is agaibghe principle of sustainable water resources management in the river basin.
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Tool 31: Policy Framework for Urban Water Management

Table 35: Policy Framework for Urban Water Management

Sr. Type of Policies Typologies Policy Actions
No
1 Policies to encourage runo| Very high rainfall, plain are| Taxes for housing stoc
reduction including those prone {without RWHS, and tg
floods benefits for those having
2 Policies to encourage wg Waterscarce  cities/towny Water metering 4
conservation at end user level | and large cities volumetric pricing
3 Policies to reduce unaccoun Waterscarce towns, and | Water metering & pricing
for water large cities
4 Policies to discourage wg Waterscarce towns, ar Incremental block rates
consumption for low valued uq large cities
(gardening, swimming pool)
5 Policies to encourage exces| Waterrich areas, but wif Declining volumetric price
consumption WS infrastructure haviif with increasing use or fix
excessive capacity charge
6 Policiesd encourage waste wg Cities with very high lan Volumetric sewerag
reduction prices; cities where hil charges
concentration BOD i
needed for energy recovery
7 Policies to reduce toxic wal Areas where industrighits| Stringent pollution contrq
reduction at the manufactu| are heterogeneous norms
level
8 Policies to discourage horizon Cities with very low densi| Implementation of Urbal
city expansion and with water scarcity Land Ceiling Act
9 Policies to encoura( Cities fHling in groundwatg Subsidized electricity f
groundwater use abundant areas domestic & municipg
pumping of groundwater
10 Policies to discouraq Cities where groundwa{ Groundwater abstractio
groundwater  withdrawal f{ depletion is causir tax to be kept higher thg
municipal uses environmental degradation| the unit price of supplie
water
11 Pro poor policies for wat{ Waterscarce towns and lan Subsidized tap  wat
supply cities supply connection chargg
12 Pro-poor environmentg Areas  vulnerable to | Subsidized connecti
centralized sanitation sees groundwater pollution1 charges for centraliz
particularly those in tlf sewerage system for pg
urban fringes families,
13 Pro-poor decentralized sanitat|f A r e deast vdlnerable to | Subsidies for toilet wit
services groundwater pollution6 septic tank construction
other areas in urban fringeg

Note: Vulnerable, highly vulnerable and very highly vulnerable, for more details refer section 17.1
in IUWM Technical report
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