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About WELL Labs

Water, Environment, Land and Livelihoods (WELL) Labs co-creates research and
innovation for social impact in the areas of land and water sustainability. It is based at
the Institute for Financial Management and Research (IFMR) Society. WELL Labs
designs and curates systemic, science-based solutions using a collaborative approach to
enable a high quality of human life while simultaneously nurturing the environment.

About the Urban Water programme

The impacts of flooding and urban drought are expected to worsen as more people live
in cities, more and more land is built up, and extreme climate events grow more intense
and frequent. The Urban Water programme at WELL Labs designs pathways towards
water-resilient cities. We do this by addressing knowledge gaps to enable effective
decision making and building coalitions between governments, market players and civil
society groups.

We focus on:
e Aggregating data and drawing actionable insights
e Building an ecosystem for water resilience
e Co-creating evidence-based and user-centric solutions

e Designing market instruments and policies

About TIDE

TIDE is a 30-year-old not-for-profit science and technology organisation which was
conceived as a link between research organisations and communities, in adapting
technologies for a greener future and building resilient communities. Over the span of
our 30-year journey, TIDE believes technology, if tailored to align with the local
conditions, has the potential to address various societal challenges.

TIDE has executed more than 250+ projects on energy, livelihood, climate education and
WASH benefitting a million Indians spread across 15 states of India. In the last 3 years,
TIDE has extensively engaged with and supported Chikkaballapura and Chintamani
CMCs by demonstrating innovative and decentralised WASH interventions thus
providing improved access to the underserved communities.

About BORDA

Bremen Overseas Research and Development Association (BORDA) e.V. is a specialist
organisation active in the fields of sanitation, poverty alleviation, sustainable protection
of natural resources and the strengthening of social structures. BORDA was established



as a German non-governmental, not-for-profit organisation in 1977, by concerned
citizens from Bremen, with assistance from the Bremen Overseas Museum
(Uberseemuseum), various institutes of Bremen Universities, and trade and industry
enterprises as well as with support from Bremen’s Senate.

BORDA's mission is to improve the living conditions of disadvantaged communities and
to keep the environment intact through the expansion of Basic Needs Services in the
areas of decentralised sanitation, water, and energy supply as well as wastewater and
solid waste disposal. Since 2001, BORDA has concentrated on development-oriented
cooperation projects and services in the field of improving Basic Needs Services (BNS)
for the water and sanitation sector.

As a part of our recent projects, BORDA is supporting small and medium sized towns in
South Asia (India, Nepal and Bangladesh) to tackle the challenges arising due to
unplanned urbanisation in water and sanitation sector, by improving the infrastructure
and service delivery of local government, municipalities, and other public utilities.

BORDA works under the following mandates:
e Develop decentralised basic needs services on local government/municipal level
e Protect natural resources: Value renewable energy sources and recycling
e Develop capacity, know-how and facilitate technology transfer
e Advising sector policies — local to global level

e Provide technical expertise, global insights, and access to decision makers, to
make a meaningful contribution in the form of knowledge, technology, and
empowerment
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As an Assistant Executive Engineer at Karnataka Urban Water Supply
Drainage Board (KUWSDB) in Chikkaballapura, I've seen the complex water
management challenges in cities like Chintamani deal with up close.

The issues highlighted in this report connect with the daily struggles
faced by residents and underscore the urgent need for technical solutions and
strategic interventions. By adopting a comprehensive and integrated approach
to water management and sanitation, we can pave the way for sustainable
development and a brighter future for communities across Karnataka’s cities.

In Chintamani and other similar cities of Chikkaballapura district, the
management of sewage and drainage systems presents a complex set of
challenges. Inadequate infrastructure, coupled with rapid urbanization,
amplifies the problem, leading to issues such as pollution, environmental
degradation, and public health hazards. Moreover, the limited financial
resources available to municipal authorities further compound these
challenges, making it difficult to implement effective solutions.

The potential of Nekkundi lake and other surface water bodies to meet a
significant portion of Chintamani's water demand highlights a promising
opportunity for sustainable water management. However, the current
imbalance between water supply and wastewater treatment infrastructure
poses a grave rigsk to our environment and public health. Initiatives such as
the proposed sewage treatment plant near Bhukkanahalli lake demonstrate the
potential for transformative change. With adequate funding and support, such
projects can not only mitigate pollution but also provide a sustainable source
of freshwater for the community.

I appreciate the efforts of the researchers and stakeholders involved in
this study for highlighting these crucial aspects. Their dedication and
commitment to finding solutions serve as an inspiration to us all.

Latha.R
Asistant BsesntitiediRgigieeer,
CER PSR
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EQREWORD

As a person with strong ties to Chintamani, it's significant for me to address the water
challenges we encounter. This study tells us that our town, like many others, is
struggling with water and sanitation problems. It's clear that we need to act soon.

We're growing fast, but our infrastructure isn't keeping up. We're using too much
groundwater, which is running out quickly. Furthermore, the limited understanding of
sanitation and responsible water usage among our residents amplifies these challenges.
Additionally, the untreated sewage significantly adds to pollution, this emphasizes the
urgent need for complete solutions.

But amidst these challenges, there's hope. We can work together to find solutions. By
thinking smart and using new ideas, we can make a difference. This study is a wake-up
call for all of us to take action.

[t is imperative that we take a holistic approach to water management, one that
integrates surface and groundwater sources while prioritizing the treatment and
recycling of wastewater. By doing so, we can ensure the long-term sustainability of our
water resources and safeguard the well-being of our communities.

As the Commissioner, | am committed to working tirelessly alongside municipal officials,
elected representatives, and community members to tackle these challenges head-on
and ensure that every resident has access to clean water and sanitation facilities.

I'm grateful to everyone who participated in this study, shedding light on our challenges,
and guiding us ahead. lLet's unite and work towards a brighter future for Chintamani
together.
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EXECUTIVE SUMMARY

India's urbanisation narrative is entering a new phase, one in which the significance of
small and medium towns is on the rise. The government's establishment of industrial
parks in and around towns, combined with the increasing prevalence of remote work, is
shaping a transformed India where small towns assume a more pivotal role. Currently,
small and medium towns, characterised by populations below 100,000, account for
44.2% of the overall urban area in India and constitute 26% of the nation's total urban
population (Census 2011).

Despite this transition, significant attention and resources continue to be directed
towards large metropolises, neglecting towns and peri-urban areas. As a result, many
towns grapple with meeting the requirements and ambitions of their growing
populations, lacking essential infrastructure for even fundamental services, particularly
in water and sanitation.

Small towns could play a crucial role in advancing India's economic growth, but
addressing their water and sanitation challenges is key for sustained
development.

According to a 2021 Niti Aayog report, over half of the 7,933 urban settlements in India
lack any master plan. The absence of a comprehensive planning approach for cities and
towns results in challenges for surface water bodies, natural drainage systems, and
floodplains, which are vital components for ensuring water resilience.

Limited financial resources, staffing, and technical capacity pose significant challenges
for most small and medium towns in managing water and sanitation issues. This often
prompts towns to address immediate needs through short-term measures, resulting in
a disjointed collection of piecemeal interventions that fail to function as a unified
system.

These fragmented systems will be more susceptible to issues like water scarcity,
droughts, and extreme weather events in regions prone to climate variability.

To understand the problems and potential solutions to these water and sanitation
systems, we studied the town of Chintamani, which, like many other small towns
in India, lacks access to a major river and relies on groundwater.

Chintamani is situated in the Deccan Plateau, to the north of the capital Bengaluru in
Karnataka. Our involvement in Chintamani commenced with an effort to understand
the issues by first engaging in discussions with municipal officials and elected
representatives. From June to December 2022, spanning a six-month period, we
conducted primary data collection through household surveys, gathered municipal
records, and sought to address information gaps through interactions with Chintamani
City Municipal Council (CMC) officials.



Our analytical framework centred around the urban water balance, which provides a
quantified basis for urban flows; water resources feeding the city, areas of significant
usage, losses, discharge and storage. This exercise proved useful when we applied it in
the context of Bengaluru, which is already confronted with extremes of water scarcity
and flooding. But regardless of location, the process of creating an urban water balance
reiterates that water management cannot be done in a siloed manner because of the
interdependence of different systems. A comprehensive view of all the flows and stores
of water is a necessary starting point to narrow down on key problem areas and
potential opportunities.

Through this analysis, we found that Chintamani is plagued by challenges related to
both groundwater and surface water management. It also highlighted the town'’s
financial precarity, a problem not unique to Chintamani but documented on a
nationwide scale; municipalities simply do not earn enough revenue to meet their
rising expenditure and are increasingly reliant on state and central government grants.

GROUNDWATER

Chintamani is over-reliant on groundwater, which meets a whopping 80% of the
town’s freshwater needs.

The Chintamani CMC runs deep borewells round the clock and yet is able to supply
water to the town's residents only once a week. To address this water deficit,
households compensate by arranging supply through private borewells and tankers.
This is expensive and thus limits access to freshwater, a critical public good.

The household survey we conducted, albeit a small sample size, offered further proof of
this. It indicated that there is a high degree of inequality in household consumption
patterns that could be linked to socio-economic status. We found that a majority of
respondents, around 70%, consume between 45-70 litres per person per day (lpcd),
while 30% of the surveyed population was found to consume double this quantity,
around 100-175 Ipcd.

There is a significant burden on the aquifer underlying Chintamani, but there are
data gaps that impede better aquifer management and recharge.

Focus group discussions held with the municipal officials and ward councillors revealed
that the understanding of the aquifer remains low. They faced frequent borewell
failures; in fact, our analysis of municipal borewell records from 2020 found a
documented failure rate of 40%. Out of 322 borewell sites, 126 failed at the time of
drilling or in subsequent years.

To get a better understanding of how to manage groundwater in the region, we
conducted resistivity surveys to map the aquifer. We found pockets across the town
where shallow aquifers had higher storage potential due to deeper depth to bedrock.



Efforts to recharge aquifers through blue-green infrastructure such as permeable
surfaces and rain gardens could target these locations. Such a planned approach is
critical to boost groundwater availability in the region.

Water supply alone accounts for nearly 40% of the municipality's operational
expenses.

Running these borewells rakes up a high electricity bill. Close to 40% of the town's
revenue expenditure was spent on running water supply infrastructure, an analysis of
operating expenses over the last three financial years — 2019-20, 2020-21 and 2021-22 -
showed. Half of this meets electricity charges and fuel, while the rest is used to pay
salaries, and carry out repairs and maintenance.

While state grants for electricity and salary help meet a large part of these expenses,
there is still a perpetual deficit as cost recovery through user charges is as low as 10%.
This is because of non-revenue water (NRW), i.e. municipal water supply that is lost or
unaccounted for and thus not billed to the user. We found that the Chintamani CMC
has only 8,308 registered connections, which is significantly lower than the total
number of registered properties of over 20,000. The town's pipeline network reaches
most parts of the town but a high number of unauthorised connections along with
leakages contributes to NRW, and thus limited revenue for the local body through user
fees. But these losses and high power bills do not make a dent in water extraction.

To sum up, groundwater is expensive to source and is rapidly depleting. This raises the
guestion of whether surface water bodies could reduce stress on scarce groundwater

sources. There are many towns like Chintamani that are not in close proximity to rivers
or large reservoirs.

SURFACE WATER

Our preliminary analysis showed that over 50% of the town’s drinking water needs
could be met through local surface water.

Chintamani’s largest water body is the Nekkundi lake, which could supply 1.5 to 2
Million Litres Per Day (MLD) of water when it is filled to capacity. Supplemented by
smaller lakes in the region, up to 4 MLD could be drawn from surface water bodies as
opposed to the meagre 1 MLD currently sourced from the Kannampalli lake.

Add to this a recently-commissioned project to supply 3 MLD of water from
Bhaktharahalli Arasikere located 15 kms away from the town under the state
government's Nagarothana scheme. This means that fully functional, the town'’s
current demand of 7 MLD could be met in an average monsoon year through surface
water sources. While this would need to be supplemented to meet future demand,
improving surface water storage would lead to other benefits such as increasing
groundwater levels.



The high investment in water supply infrastructure precludes investment in
wastewater treatment, resulting in pollution.

Chintamani generates 5.72 million litres of wastewater per day. Sewerage network
maps showed extensive coverage; however, Chintamani CMC records revealed that few
households are actually connected to the network. Moreover, because of inadequate
treatment capacity, only 2 MLD is treated, resulting in a majority of the town’s sewage
flowing directly into lakes.

During our fieldwork, we found that there were flaws with the existing system with
sewer lines found to be either not operational or broken in places. Additionally,
improper maintenance such as the failure to carry out pond desludging on time
appear to have impaired the efficacy of the existing STP, located downstream of
Gopasandra lake. An STP has been proposed, one with a capacity sufficient to meet the
town’s requirements near the Bhukkanahalli lake. It is critical that such infrastructure is
funded and completed on a war footing to stem the flow of sewage into lakes and open
up a new source of freshwater.

Chintamani bears lessons for other small towns

This overview of the water situation in Chintamani underlines how interconnected
surface and groundwater sources are and how important it is to adopt an integrated
approach to water management. We detail each of these facets in the report, drawing
from secondary data sources as well household surveys, interviews and focus group
discussions with key stakeholders in the town, to compile a comprehensive picture of
how water flows, is stored and managed in this small town.

This quantitative analysis of Chintamani’s water balance coupled with qualitative
insights from our fieldwork highlighted challenges and opportunities that, we believe,
extend beyond this town's limits. Urbanisation and population growth is far outpacing
the delivery of basic infrastructure. Moreover, municipalities struggle to meet rising
expenditure requirements through its revenue and they remain beholden to state and
central governments to get by. Given this context, crucial aspects such as water and
sanitation fall through the cracks. This is an attempt to push for informed water
management and policy in India’s small towns.
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Water Management in Small Towns | Case Study of Chintamani, Karnataka

1.1 Background

Chintamani is located in semi-arid southern Karnataka

Chintamani lies about 75 kilometres from the city of Bengaluru. It is the administrative
(taluk headquarters) and economic centre of the district, and home to a thriving market
for commodities. Its current population is estimated to be 92,802, according to the
Chintamani municipality. The town lies towards the southeast of the state, classified as a
dry agro-climatic zone. It receives an average of 787 mm of rainfall every year, which is on
the lower end of the state average of 1,153 mm. During our study period, the region
experienced 50% above average rainfall in 2021 and 2022. This is typical of the cyclical
years of drought and surplus the region is documented to receive, pointing to a need to
prepare for both extremes, particularly worsening water scarcity.

Water supply, sanitation and waste management are responsibilities that lie with the
town Urban Local Body (ULB). First constituted in 1938, it became the Chintamani City
Municipal Council (CMC) in 1995 as the population grew and more villages came under
its jurisdiction. The CMC is administratively divided into 31 wards. Figure 1.1 shows the
ward map with the population distributed according to the Census of India 2011. As per
projection estimates, Chintamani’s population has risen by 22% from 76,068 (2011) to
92,802 (2022).

Figure 1.1 Ward map of Chintamani CMC and population density

Sowrce: Karnataka Ceagraphic information

System (KGIS] - Karnaotako State Remote

Census 2077
Legend
Population Density (person/sqkm.)
[ 11371 - 9897
[]9897 - 18423
o] 500 1,000 m [ 18423 - 26949
| | B 26949 - 35474

B 35474 - 44000
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Table 1.1 Population and households in Chintamani

Census 2011 Projection for 2022
Population 76,068 92,802
Households 17,849 20,622

Source: Census 2011 and Chintamani CMC

In India, small and medium town ULBs are funded through various sources such as the
Finance Commission — union and state, central or state government missions or
schemes, loans from international funding agencies, banks and other financial
institutions. This is apart from the ULB's own revenue generation through property tax,
fees and user charges as well as rentals.

The Chintamani CMC managed to generate a revenue share of 44.83% in the 2021-22
financial year, which is higher compared to previous years. This shows an improvement
but a continued reliance on state transfers or grants to meet its requirements.

Chintamani is thus prone to water scarcity and is governed by a cash-strapped
municipality. Its proximity to a metropolis like Bengaluru also makes it likely that the
town will continue expanding, underlining the need to ensure basic infrastructure is
prioritised. Chintamani makes for an important case study to: i) understand the
challenges faced by the people and by the local government; and ii) apply a water
balance framework and work towards a long-term roadmap for water security planning
in India’'s small towns.

1.2 Methods

The Rationale for a Water Balance

An urban water balance is an effective means to summarise all the flows of water in the
urban system. Essentially, urban water systems consist of complex patterns of water
extraction, consumption and discharge, bound by the town'’s broader hydrological
context. It provides a quantified basis for urban water flows; water resources feeding the
city, areas of significant usage, losses, discharge and storage (Kulranjan et. al. 2023). The
different phases are captured in Figure 1.3.

A water flow diagram needs to have a spatial and temporal scope. This implies that the
data needs to be calculated based on a defined geographical area and a time period
(Nesi, 2022). For this case study, we selected an urban administrative unit —the
jurisdiction of Chintamani town, which spans 15 sg.km., was used as a base for estimating
water flows. This region is overseen by the Chintamani CMC.
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With Chintamani veering between droughts and excess rainfall, we decided to use an
average rainfall year for the purpose of these calculations.

Figure 1.2: The different components of a water balance chart

‘ Available freshwater sources: Rainfall, groundwafer and surface
é N é water bodies.

* Distribution of freshwater to citizens through municipal
e supply, supplemented by private borewells and tankers.

6 Losses in the municipal water supply (non-revenue water)
'l Water demand across major sectors such as domestic,
) , T
-_— commercial, and institutional

Wastewater generated, both treated and untreated.

Water flows downstream and dischnrge into lakes

An urban water balance makes it easier to identify knowledge gaps, understand the
implications of potential interventions and makes it easier to analyse how strategies can
simultaneously address multiple dimensions of water security planning.

How We Developed a Water Balance for Chintamani

Given the dearth of studies and data on water management in Chintamani, we first
prioritised speaking directly with key stakeholders to start mapping the water situation
here. In January 2022, we gathered a preliminary understanding of the key pain points
faced by CMC officials. This conversation was an important starting point because we

were given lines of inquiry to investigate and corroborate through the process of
preparing the urban water balance.
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Some of the concerns that emerged in this discussion were:

e There is a high borewell failure rate, there is lack of awareness on the geology
and aquifer of the region.

e Pumping water is expensive, there is little left for other projects such as
wastewater treatment.

e A lot of water use is unaccounted for, leading to revenue losses for the
municipality and a lack of clarity on demand.

e Pollution of water bodies because of untreated sewage.

These problems stood out through the course of our fieldwork. We started out with field
visits to the town's water bodies and collected samples to assess lake water quality at the
start of the monsoon period in June-July 2022. We employed GIS to delineate the town'’s
watersheds and lake catchments to understand drainage patterns and estimate the
amount of flows into each lake.

We relied on borewell records from the CMC to understand groundwater extraction. We
later felt that while this data was useful, there were unanswered questions and that it
was necessary to understand the underlying aquifer better — particularly, to know what
could be done to help with recharge in the town. We engaged with Geovale, a firm with
geophysical expertise to carry out a resistivity survey at Chintamani. Such surveys are
used to determine the features of the subsurface and thus assess the potential for
groundwater storage.

We also consulted with the Karnataka Urban Water Supply and Drainage Board
(KUWSDB) to understand the experience of implementing water supply and sewerage
schemes along with proposed plans for the town.

While we visited pump houses and interacted with valvemen to understand how water is
distributed across town, we felt it would be necessary to understand the extent of supply
and gain a better sense of consumption patterns and undertook a survey of 427
households across the 31 wards. We also relied on previously carried out assessments by
TIDE-BORDA at Chintamani that included commercial & institutional surveys along with
an assessment of the WTP.

In November 2022, we had a second workshop with CMC officials to present preliminary
findings from the water balance exercise and gather inputs on current focus areas that
required further investigation.

As mentioned above, our analysis and calculations were bound by the Chintamani town’s
jurisdiction of 15 sq. km., governed by the Chintamani CMC. We decide not to consider
agricultural activities taking place in the town since it falls outside the purview of the
CMC. There are also no major industries located within Chintamani town. The Karnataka
State Small Industries Development Corporation (KSSIDC) has a relatively small industrial
estate located on Bengaluru Road outside town limits.
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This was the scope we began with and the methods we followed to fill the gaps and
better understand the intricacies that make up a complete water balance. In the
following section, we explain each component of the urban water balance chart along
with our estimates, and list specific assumptions and sources. We wind up the section by
acknowledging the limitations of the steps we followed and the gaps that remain.

1.3 Results: Calculating Urban Water Flows

Rainfall Run-off and Recharge
Chintamani experiences cyclical years of drought and excess rainfall

We began by examining the total amount of rainfall received in the town, how much
run-off is generated based on town’s land use pattern as well as recharge based on the
underlying aquifer profile and the extent lost to evapotranspiration due to climatic
conditions. The annual rainfall average is 787 mm, but during the study period, the
region experienced excess rainfall in 2021 and 2022. Chintamani receives half its rainfall
during the southwest monsoon period between June to September with an annual
average of 787 mm with 32.34 MLD falling within the town limits.

Chintamani faces cyclical years of drought and excess rainfall — 2014, 2016 and 2018 were
drought years, while 2015, 2017, 2020, 2021 and 2022 were excess rainfall years. The region
recorded 50% above average rainfall in 2021 and 2022. At the end of the 2023 southwest
monsoon season, Chintamani received below average rainfall validating the cyclical
pattern. Only one ward was reported to have experienced water logging, which is why we
did not focus on flood mitigation in this town. We argue that the town has to be
prepared for both extremes but drought, in particular, as it worsens water scarcity.

Figure 1.3: Annual rainfall in Chintamani
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Rainfall run-off increases with built-up land

Built-up spaces concentrated in the centre of the town have tripled in size in the past 25
years. The spatial analysis we carried out showed that only 7% of the land was built up in
1994, but this increased to 21% in 2021.

The significant portion of land within municipal limits remains un-built; around 75% of
the 15 sq. km. area is either fallow or agricultural land, although much of it is expected to
become urbanised over time. The remaining 4% is occupied by water bodies such as the
town's lakes. Run-off rates are dependent on the extent of built and unbuilt spaces in the
town. We used the curve number method (which uses a coefficient based on soil
conditions, land-use and hydrological conditions including infiltration) to estimate an
average annual run-off of 8.27 MLD.

It is important to calculate run-off rates because it can help estimate the potential of
capturing more run-off and using it to recharge groundwater. It's also important in the
context of small towns because these are not yet fully urbanised and there is room to
plan better and put in place infrastructure such as permeable surfaces and ‘sponge’
parks that would allow more rain to be captured.

Figure 1.4 Land use in Chintamani town 1994 vs 2021
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Aquifers and recharge rates are key for a town dependent on groundwater

Chintamani is characterised by a weathered and fractured aquifer system. FES (2010)
carried out a hydrogeological study of six micro watersheds in the Chintamani region
that considered infiltration as 12% of rainfall based on aquifer characteristics and
groundwater recharge from surface water bodies (estimated to account for 20% of the
total water stored during the monsoon season).

Therefore, natural recharge in the town is estimated to be 3.88 MLD while groundwater
recharge from the lakes in the town is 3.06 MLD.

We also calculated evapotranspiration; this includes evaporation that occurs through soil
and other surfaces as well as water released from plants into the atmosphere. By
deducting the run-off and recharge volumes, we arrived at 20.19 MLD as the amount lost
via evapotranspiration.

Table 1.2: Data summary: Rainfall, runoff and recharge

Component Avg annual flow (MLD)

Rainfall volume 32.34

Data source
- Annual report from Karnataka State Natural Disaster Monitoring
Calculation:
- Total rainfall volume = (annual rainfall x total town area) / number of days in a year

Run-off 8.27

Calculation: Curve number method
- Total run-off volume = (run-off from built area) + (run-off from unbuilt area)
- Total built area/run-off coefficient = 312 km? / 35%
- Total unbuilt area / run-off coefficient =10.98 km?/ 25%

Total natural groundwater recharge 3.88

Groundwater recharge (lakes) 3.06

Assumption:
- Natural recharge rate for hard rock aquifer