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ABSTRACT
India is facing the most significant urban groundwater emergency in its modern history. Driven
by unparalleled demographic shifts, haphazard horizontal urban expansion, and an archaic
legal architecture inherited from colonial jurisprudence, the nation's primary municipal
aquifers are depleting at rates that outpace natural replenishment. The socio-economic impacts
of depleting urban ground water are highly unequal, forcing low-income urban populations into
dependency on unregulated informal water tanker economies, while wealthier enclaves deplete
deeper fractured rock aquifers. This paper argues that existing technical and policy
interventions, such as the Central Ground Water Authority's (CGWA) guidelines, remain
limited by weak enforcement and fragmented administrative design. To resolve this crisis, a
comprehensive policy transformation is required. This must include transitioning from
individualistic absolute ownership doctrines to public trust governance, implementing
localized Water Sensitive Urban Design (WSUD) principles, and deploying
decentralized, cyclic wastewater-to-aquifer recycling systems to ensure long-term resilience

for all stakeholders.
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INTRODUCTION

The global landscape of urban water security is rapidly deteriorating, and India is at the center
of this ecological stress. According to projections by global urban dynamics models, India is
expected to experience the highest volume of urban population facing acute water scarcity
worldwide by the year 2050 (Rosado et al., 2024). This demographic pressure is occurring
within a constrained hydrological framework: India supports roughly 16% to 18% of the global
human population but possesses only 4% of the world's accessible freshwater resources
(Nidhi, 2025). Within this broader water stress context, groundwater has served as an

unacknowledged buffer, quietly supporting the rapid expansion of India's urban areas.

For several decades, the primary focus of Indian water resource planning remained focused on
rural and agricultural contexts, where groundwater drives over 60% of irrigated agriculture and
85% of rural domestic drinking supplies. However, a rapid structural transition has shifted this
stress directly into municipal areas. The NITI Aayog's landmark Composite Water
Management Index (CWMI) report revealed that approximately 600 million Indians face high
to extreme water stress, resulting in severe public health and economic consequences
(Aayog, 2018; Khorakiwala, 2019). The report highlighted a striking baseline: 21 major Indian
cities—including New Delhi, Bengaluru, Chennai, and Hyderabad—were rapidly advancing
toward zero groundwater storage capacity, directly threatening the long-term economic

stability and basic survival of over 100 million urban residents (Khorakiwala, 2019).

Urban centres across India have historically treated groundwater as an open-access
resource, relying on private borewells to compensate for underfunded, deteriorating, or
incomplete centralized municipal piped water infrastructure. As municipal water utilities
struggle with high rates of Non-Revenue Water (NRW) due to leakages and illegal
connections, private extraction has intensified. This creates an unsustainable dynamic where
urban expansion systematically reduces the physical space available for natural aquifer

recharge while simultaneously doubling down on subterranean extraction.

HYDROGEOLOGICAL FOUNDATIONS AND THE MECHANICS OF URBAN
DEPLETION
Understanding the urban groundwater crisis requires examining the diverse sub-surface

geology of the Indian subcontinent. The hydrogeological profile of Indian cities determines
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their localized storage capabilities, yield potentials, and vulnerability to permanent structural

damage from over-extraction.

The Dichotomy of Aquifer Formations

India’s urban centers can be broadly divided into two major hydrogeological zones:

Alluvial ~ Aquifers  (Indo-Gangetic  Plains): Cities such as  New
Delhi, Kanpur, Lucknow, and Kolkata rest upon deep, unconsolidated alluvial
deposits. These formations possess high porosity and permeability, capable of holding
immense volumes of water within interconnected pore spaces. However, the sheer
volume of extraction required to sustain these dense urban areas has led to dramatic
drops in the water table. This requires water extraction from deeper, semi-confined to
confined sandy layers that take centuries to naturally recharge.

Hard-Rock and Fissured Aquifers (Peninsular India): Cities like
Bengaluru, Hyderabad, Pune, and Chennai are built upon crystalline basements
consisting of Archean granites, gneisses, or weathered basaltic traps. In these hard-rock
terrains, groundwater storage is restricted to fractured networks, fissures, joints, and
the upper weathered layer known as the regolith. These aquifers have low storage
capacity (often less than 5% specific yield) and are characterized by rapid localized
depletion. When these fractures are pumped dry, they frequently collapse under

lithostatic pressure, permanently destroying the sub-surface storage capacity.

Anthropogenic Disruptions to Natural Aquifer Mechanics

Urbanization structurally alters the hydrological cycle, transforming how water interacts with

the built environment. In an undisturbed eco-system, precipitation infiltrates the soil profile,

moves downward through the vadose (unsaturated) zone, and recharges the saturated

unconfined aquifer. Urbanization disrupts this process through three primary mechanisms:

Proliferation of Impermeable Surfaces: The construction of asphalt roadways,
concrete pavements, commercial complexes, and residential roofing forms an artificial,
impermeable layer over natural soils. This layer cuts off natural vertical infiltration,
preventing rainfall from reaching underground aquifers. Consequently, localized
precipitation is converted into accelerated surface runoff, causing frequent urban

flooding while leaving underlying aquifers dry.
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o Destruction of Natural Recharge Basins: Historically, Indian cities relied on
interconnected systems of wetlands, lakes, and floodplains that functioned as natural
retention zones and recharge structures. Encroachment, real estate speculation, and
municipal waste dumping have systematically eliminated these blue spaces. For
instance, in Chennai, urban development expanded by 173.8% between 1988 and 2017,
growing from 211.2 $km”"2$ to 578.4 $km"2$, which directly caused the severe
shrinkage of surrounding rural areas, agricultural lands, and natural water bodies
(Rosado et al., 2024).

e Sub-surface Dewatering and Geometry Modification: Modern multi-story urban
construction requires deep basement excavations, underground transit systems, and
foundational piling. These structures cut through shallow unconfined aquifers,
requiring continuous mechanical dewatering during construction. This process actively
drains shallow water tables directly into stormwater networks, throwing off local

groundwater flow patterns.

STRUCTURAL DRIVERS OF THE CRISIS: AN ANALYTICAL FRAMEWORK

To understand why this crisis has reached a critical tipping point, we can apply the Drivers-
Pressures-States-Impacts-Responses (DPSIR) framework. This model demonstrates that the
depletion of India's urban aquifers is not a purely climatic or natural phenomenon, but rather a

direct outcome of socio-economic and institutional choices (Rosado et al., 2024).

Macro-Economic and Demographic Shifting

The primary macro-driver is the sheer pace of demographic change. India's urban population
is growing rapidly due to natural population increases and rural-to-urban migration driven by
agrarian distress. This concentration of individuals inside industrial and commercial hubs
places intense localized stress on existing natural resources. As cities expand into adjacent rural
land, these peri-urban zones become landscapes of competitive extraction. In these areas,
agricultural land is rapidly converted into unregulated water-pumping stations to supply central

municipal cores (Rosado et al., 2024).
Centralized Infrastructure Disconnection
The rapid physical expansion of cities has consistently outpaced the development of piped

municipal water infrastructure. This supply gap can be attributed to several factors:
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o Financial and Technical Capacity Constraints: Municipal corporations and
parastatal bodies (such as BWSSB in Bengaluru or CMWSSB in Chennai) face regular
budget deficits, making it difficult to expand capital-intensive treatment facilities and
pipeline networks to outer urban areas.

e High Non-Revenue Water (NRW) Rates: Piped water networks in older urban centers
lose an estimated 35% to 50% of their total volume to physical leaks, aging
infrastructure, and unauthorized tapping.

o Inter-mittent Supply Schedules: Most Indian cities do not provide continuous (24x7)
water pressure. Instead, they operate on intermittent schedules, delivering water for
only a few hours every couple of days. This unreliability forces households, hospitals,

and commercial entities to dig private borewells as a primary or secondary baseline

supply.

The Failure of Localized Waste Management and Subterranean Contamination

The urban groundwater crisis is defined by a severe decline in water quality alongside
dwindling quantities. As urban density increases, wastewater generation regularly overwhelms
local treatment capacities. For example, in Chennai, nearly 1,073 million liters per day (MLD)
of untreated sewage bypasses municipal treatment networks due to capacity shortages and
incomplete sewer piping. This wastewater is discharged directly into open stormwater drains

and urban rivers like the Cooum and Adyar (Rosado et al., 2024).

This surface pollution directly impacts sub-surface water quality. Untreated sewage and
industrial effluents leak into shallow unconfined aquifers through unlined channels, fractured
bedrock, and poorly constructed septic pits. Consequently, shallow aquifers across urban India
show high concentrations of faecal coliforms, nitrates, industrial heavy metals, and elevated
Total Dissolved Solids (TDS). This contamination renders the water unfit for human
consumption without costly high-pressure filtration systems, such as Reverse Osmosis (RO),

which further generates concentrated brine waste streams.

COLONIAL HYDRO-LEGAL LEGACY
At the core of India’s unregulated groundwater extraction is a structural legal failure inherited
from 19th-century British colonial jurisprudence. The primary legal statute governing

groundwater access remains Section 7(g) of the Indian Easements Act of 1882.

18



Journal of Management & Public Policy, Vol. 16, No. 3, March 2025

The Indian Easements Act of 1882 establishes a direct legal link between groundwater rights
and land ownership, declaring that every landowner has the right to collect and dispose of all
water under their property within their own limits. This principle reflects the English common
law doctrine of Absolute Dominum, which views groundwater as part of the land itself. Under
this framework, a landowner can sink high-yield tube wells and pump water without volume
limits, regardless of whether it dewaters adjacent properties or drains a collective, shared

aquifer.

This legal framework creates several critical vulnerabilities in modern urban environments:

o De Facto Privatization of a Public Resource: Groundwater is hydrologically
interconnected across wide subterranean areas. However, the law treats it as
fragmented, private property tied to individual land plots. This prevents municipal
authorities from setting hard caps on extraction volumes within urban neighborhoods.

o Regressive Socio-Economic Bias: Because water rights depend on land ownership,
landless citizens, slum dwellers, and informal tenants are legally excluded from direct
groundwater access. Conversely, wealthy real estate developers and commercial
entities can buy large parcels of land, drill deep into fractured rock systems, and deplete
the shared water table with minimal legal exposure.

e Outpaced by Modern Pumping Technology: The 1882 Act was drafted long before
the invention of high-powered, electrical submersible pumps and advanced pneumatic
drilling equipment. While dug wells in the 19th century were limited by manual labor
and shallow depths, modern rigs can penetrate hard rock aquifers down to depths
exceeding 1,500 feet, accelerating the extraction process far beyond anything

anticipated by colonial-era legislation.

POLITICAL ECONOMY OF THE URBAN WATER MAFIA
Where municipal supply networks fall short and legal frameworks protect unregulated
extraction, informal economic networks fill the void. This has led to the rise of informal water

markets, commonly referred to as the "Water Tanker Mafia."

Operational Dynamics of Informal Water Supply
The informal water market is a highly organized, capital-intensive industry that thrives on the
institutional failures of municipal utilities. The market operates through a clear sequence as

shown in the table below:
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Table 1: Core Operational Dynamics Informal Water Supply

SI. No. | Phase Core Operational Dynamics and Vulnerabilities

1. Private operators buy or lease land plots in peri-urban fringes or
within city boundaries. They drill high-yield borewells,
Extraction _ L ) ) _
pumping millions of liters daily from local aquifers (Rosado et

al., 2024).

2. Fleet owners maintain fleets of diesel tankers (ranging from
4,000 to 12,000-liter capacities) that navigate urban corridors,
Transport _ ) ) .
operating outside standard transportation and environmental

regulations.

3. Tankers sell water directly to high-demand buyers, including

Distribution multi-story residential complexes, IT parks, manufacturing

facilities, and hotels.

Socio-Economic Costs of Informal Markets
The rise of unregulated water markets distorts urban economies and creates sharp social
disparities:

o The "Poverty Penalty" in Water Pricing: Informal water markets use speculative,
demand-driven pricing models. During summer shortages, tanker operators often
increase prices by 300% to 500%. Low-income settlements and informal communities,
which lack municipal connections and large storage infrastructure, end up paying
significantly more per liter for water than wealthier households connected to subsidized
municipal pipelines.

o Extensive Peri-Urban Depletion: Tanker networks often extract water from the
agricultural periphery surrounding major cities. This intensive pumping lowers the local
water table, dries up shallow agricultural wells, and forces small farmers to abandon
agriculture to sell their remaining groundwater directly to tanker operators (Rosado et

al., 2024). This process strips peri-urban ecosystems of their ecological resilience.

CASE STUDIES OF MAJOR METROPOLITAN CRISES
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The manifestations of the urban groundwater crisis vary across India's unique geographic and
geologic regions. Exploring specific metropolitan case studies highlights these regional

variations.

Chennai: Coastal Aquifer Salinization and '""Day Zero"

Chennai provides a clear example of the risks associated with rapid coastal urbanization. Built
upon a combination of low-lying alluvial sands along the coast and crystalline hard rock inland,
the city gained international attention in 2019 when it experienced a severe "Day Zero" crisis.
This occurred as its four primary surface reservoirs ran completely dry following successive
monsoon failures. With surface water unavailable, the city shifted its entire demand onto
regional aquifers. Intense pumping lowered the sub-surface hydrostatic pressure along the
coast, inverting the natural hydraulic gradient. Consequently, seawater from the Bay of Bengal
advanced inland, intruding into fresh groundwater zones. This process caused permanent
salinization in thousands of open and tube wells, rendering the water unusable for domestic or

drinking purposes without expensive desalination treatments.

Bengaluru: Hard-Rock Fracturing and Real Estate Speculation

Bengaluru sits on an elevated ridge in the Deccan Plateau, underlain by hard, fractured granitic
gneiss. The city's rapid evolution into a major technological hub drove a real estate boom that
expanded over a vast network of historic lakes built during the Kempe Gowda era. As these
lakes were drained, paved over, or contaminated with industrial effluence, the natural pathways
for groundwater recharge were severed. Today, the outer municipal zones of Bengaluru lack
comprehensive piped water networks and depend almost entirely on private borewells. To keep
up with demand, drilling operations must penetrate deeper fractured rock layers, with wells
regularly reaching depths between 1,200 and 1,800 feet. This structural over-extraction has
depleted the upper weathered zone and began draining deep, non-renewable fossil water
reserves. When these deep fractures are emptied, they can collapse under lithostatic weight,

permanently destroying the aquifer's structural capacity to store water in the future.

New Delhi: Deep Alluvial Depletion and Yamuna Contamination

New Delhi presents a distinct hydrogeological challenge, situated within the deep alluvial
plains of the Indo-Gangetic basin. The city’s groundwater crisis is characterized by deep
vertical drawdown and severe quality degradation. In southwest and northwest Delhi,

groundwater extraction far outpaces natural monsoon recharge. The Central Ground Water
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Board (CGWB) has repeatedly classified these districts as "Over-exploited." As water tables
drop by several meters each year, water extraction must target deeper aquifers that contain high
levels of naturally occurring fluoride and arsenic. Furthermore, the city's primary surface water
feature, the Yamuna River, is highly polluted with industrial waste and untreated municipal
sewage. During low-flow winter months, this polluted surface water infiltrates the shallow
unconfined aquifers along the riverbank, contaminating the city's municipal radial well network

with high levels of industrial ammonia and heavy metals.

CRITICAL EVALUATION OF EXISTING POLICY INTERVENTIONS
The Government of India and various state leadership teams have introduced several regulatory
frameworks and programs to address this growing crisis, but structural challenges limit their

overall impact.

Central Ground Water Authority (CGWA) Guidelines

Operating under the mandate of the Environment (Protection) Act of 1886, the CGWA issues
regulatory guidelines for groundwater extraction across India. A major component of this
framework is the Water Conservation Fee (WCF), introduced to place an economic price on
commercial and industrial groundwater extraction (Khorakiwala, 2019). Under this system,
infrastructure projects, industrial installations, and commercial entities must obtain a No
Objection Certificate (NOC) and pay a tiered fee based on their total daily extraction volumes
and the vulnerability category of the local assessment block (Khorakiwala, 2019).

However, an economic analysis reveals structural limitations within the WCF framework:

o Insufficiency of Marginal Pricing: The financial rates charged per cubic meter under
the WCF remain low relative to the operational revenues of large industrial and
commercial entities (Khorakiwala, 2019). For many companies, the fee functions as a
minor operational expense rather than a real economic deterrent, allowing them to pay
the fee while continuing high-volume extraction.

o The Lack of Absolute Volumetric Caps: The guidelines lack hard statutory limits on
total extraction volumes within critical or over-exploited blocks (Khorakiwala, 2019).
Once an entity obtains an NOC, it can extract significant volumes of water as long as it
has the financial capacity to clear the corresponding WCF invoice.

o Enforcement and Monitoring Gaps: The enforcement mechanism depends heavily
on mechanical water flow meters installed at wellheads. Across many municipal areas,

a large percentage of these meters are non-functional, improperly calibrated, or

22



Journal of Management & Public Policy, Vol. 16, No. 3, March 2025

bypassed entirely (Khorakiwala, 2019). This lack of reliable data limits the ability of

local authorities to track and regulate actual extraction.

Fragmented Landscape of Local Water Governance

Urban water governance in India is split across multiple, uncoordinated agencies, creating
overlapping mandates and accountability gaps:

This fragmentation prevents cities from developing comprehensive water balance budgets. For
example, a land-use planning agency might approve a high-density commercial development
zone without coordinating with the regional groundwater board to assess whether the

underlying aquifer can sustain the projected extraction demands.

COMPREHENSIVE FRAMEWORK FOR POLICY REFORMS AND
RECOMMENDATIONS

To resolve India’s urban groundwater crisis, policy interventions must move beyond short-term
crisis management. Instead, they need to target the underlying legal, institutional, and technical
drivers of over-extraction. The following structural transformations are designed to protect and

sustainably manage urban groundwater assets for all stakeholders.

Legal Transformation: Transitioning to Public Trust Governance
The foundational step to long-term sustainability requires decoupling groundwater rights from
land ownership, effectively modernizing the Indian Easements Act of 1882.

o Statutory Declaration of Public Trust: National legislation should explicitly
decouple groundwater rights from land ownership, overriding the colonial-era
provisions of the 1882 Act. Sub-surface aquifers must be legally designated as shared
public assets. Under this model, the state serves as the legal custodian, managing
groundwater resources to protect public health and ecological sustainability.

o Implementing Volumetric Cap and Allocation Licensing: Municipal authorities
should replace open-access pumping with a system of time-limited allocation licenses.
These licenses should establish specific daily volumetric extraction limits based on the
verified safe yield of the local aquifer. High-volume commercial and industrial
extractors should be required to install smart, tamper-proof digital telemetry meters that
transmit real-time extraction data directly to a centralized municipal portal, with
automated penalties for over-extraction.

Institutional Integration: Establishing Unified Urban Water Authorities
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Cities must dismantle their siloed administrative structures and consolidate urban water

management under a single, accountable entity: Unified Urban Water Authorities (UUWAsS).

The proposed UUWA model integrates three core functions into a unified administrative

workflow:

Integrated Urban Water Budgeting: The UUWA should balance all water sources
within a city, tracking surface allocations, groundwater extractions, and treated
wastewater flows together. Land-use approvals for new commercial or residential zones
should be legally conditioned on a favorable subterrancan water impact assessment
from the authority.

Cyclic Wastewater Management: The authority should manage the full water
lifecycle, ensuring that a rising percentage of municipal wastewater is treated to high
standards and intentionally routed to artificial aquifer recharge networks.

Proactive Aquifer Governance Systems: This component focuses on mapping and
protecting key urban recharge zones. By integrating geological data directly into
municipal land-use planning, the authority can legally restrict construction over highly
permeable soils, paleochannels, and wetlands. This preserves natural infiltration paths

and protects urban aquifers from structural damage and surface contamination.

Infrastructure and Engineering Upgrades: Water Sensitive Urban Design

Cities must systematically re-engineer their built environments to restore natural hydrological

functions, transitioning toward Water Sensitive Urban Design (WSUD) and Sponge City

frameworks.

Mandatory Permeable Hardscaping: Municipal building codes should be updated to
require that a minimum percentage of all unbuilt exterior areas in new developments
utilize permeable concrete or interlocking porous pavers. This alteration allows surface
water to infiltrate the soil, reducing urban runoff and increasing localized aquifer
recharge.

Widespread Bioswale and Bio-Retention Implementation: Stormwater drainage
networks should be retrofitted with natural bioswales, rain gardens, and vegetative
channels. These green infrastructure elements slow down surface runoff, filter out
suspended solids and heavy metals, and promote natural infiltration into shallow
aquifers.

Deep Injection and Managed Aquifer Recharge (MAR): In hard rock and alluvial

urban areas with deep water tables, cities should install managed aquifer recharge
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systems equipped with sub-surface injection shafts. These shafts route filtered
stormwater past impermeable clay layers directly into deeper weathered rock zones and

sandy aquifers, helping to stabilize falling water tables.

Economic and Regulatory Adjustments: Regulating the Informal Water Economy
Rather than attempting to ban the informal water tanker economy, which provides a critical
supply bridge, municipal policy should focus on formalizing and regulating these networks.

e Zoning and Extraction Quotas for Tanker Fleets: The state should require all
commercial water tanker operators to register with the local UUWA. Tankers should
only be permitted to extract water from designated, monitored stations where the
aquifer's safe yield is verified, preventing localized over-pumping in vulnerable peri-
urban areas.

e Price Capping and Consumer Protection: Municipalities should implement
transparent, seasonal price ceilings for tanker deliveries based on transport distances
and volume. This measure helps eliminate price gouging during dry summer months
and reduces the financial penalty paid by low-income urban residents.

o Mandatory Quality Control and Certification: Registered tankers should undergo
regular inspections and water testing for microbial and heavy metal contamination.
Certified tankers should display digital QR codes showing recent water quality metrics,

allowing consumers to verify safety before purchase.

CONCLUSION

The urban groundwater crisis in India is a multi-dimensional challenge shaped by rapid
urbanization, outdated legal frameworks, and fragmented governance. As climate change
increases the variability of surface water supplies, the country's reliance on underground
aquifers will continue to grow. Treating groundwater as an inexhaustible, private resource is
no longer viable. Failing to protect these sub-surface assets threatens the economic stability

and public health of India's major cities.

Resolving this crisis requires shifting from open-access exploitation to a regulated, collective
management model. By updating colonial-era legal frameworks, integrating urban water
governance under unified municipal authorities, adopting Water Sensitive Urban Design, and

formalizing informal water markets, India can build resilient urban water systems.
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Implementing these structural changes is essential to transition Indian cities away from

depletion and toward long-term water security for all residents.
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