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ACWADAM’s work: ..in the most hydrogeologically diverse
setting 1n the world — based on partnership and collaboration

We are a think-tank and action-research
based organisation working on the science of
groundwater and its applications to societal
development. We work on the practice and
policy of aquifer-based, participatory
groundwater management...

« Aquifer-based groundwater management
« Training
» Action research and decision support

« Policy and programmes

Bringing aquifers closer to communities. . .
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Net Groundwater Abstraction
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Sector-wise groundwater usage: continents - recent

Continent-wise groundwater use: relative quantitjes of usage in different sectors
f’ﬂ Margat & van der Gun,|2013

Nearly 1000 m3 of Oceania
groundwater is
extracted every year

across the world...

Of this over 200 m3 of
groundwater is
extracted for domestic
water provisions,

Europe (including Russian including drinking water

Federation) = IRRIGATION (km

South America DOMESTIC (km3/year)

= INDUSTRIAL (km3/year)
Nearly 70% of the

annual global

TP
groundwater extraction ] _.1
i 33

is used in agriculture, of
which more than 50% is
in Asia alone...
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Groundwater use in agriculture: global trends India’s groundwater

abstraction has now
reached 25% of the

| Development in groundwater withdrawal in selected c
global annual total

India became the
largest extractor of
groundwater in the
world in the 1980s...

United States

Groundwater withdrawal (cubic kilometers per year)
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Source: Shah 2005.

Credit: Comprehensive Assessment of Water Management in Agriculture S g 2
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India’s oft-unfathomed groundwater
dependencies g

e

Rural drinking water: almost entirely
groundwater — 98%

Agriculture: 60-70% of total use

Urban: 48% of water supply share is
groundwater

Industry: no official figures...

But 55 percent of the surveyed
industries used groundwater in
conjunction with or without some other
source of water

Well for tigers in Nagzira'

Iy ©23

Shab (2009), Agriculture Statistics, various yearsy DDWS (2009); CSE (2012); MoDWS-CAG, 2017, FICCI+Columbia Water Center
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What does the future hold: urbanisation

Various sources

 Global urban population to nearly double to 6.4 billion by 2050
* 90% of the growth in low-income countries
« Urban slum dwellers will number 2 billion in 30 years time

» Urban Indians 800 million by 2050




Water Scarce Cities (WSC) Initiative

WATER SCARCSE TES

By 2050, the number
of urban dwellers living
with seasonal water

shortages ly on groundwater, globally.
)ecially in “developing cities” is quite

* Modification of groundwater
observed.

* Many problems around grou

WATER SCAMCE QIS

In the next 3 decades,
demand for water in
cities is projected to

« TWOo major consequences: increase by 3
» Paradox of urban recharge — tr: o T S aces and
leaking mains and sewers gt slo | <

« Contaminant loading of sub-su
haphazard waste-disposal
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http://pubdocs.worldbank.org/en/588881494274482854/Water-Scarce-Cities-Initiative.pdf
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Urban groundwater- snapshot
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Typology based distribution of urban habitations 'ﬁ":\;ﬁﬁ%bgica' setting

India’s hydrogeological diversity Aol
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Hydrogeological formations

Typology based distribution of rural habitations
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Volcamic = largely basalt Extensive alluvium
—f Himalayan mountain region
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The Urban Continuum: A Schema in Four Stages ersnan and kukam, 2015)
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Urban groundwater pie L@ =

’h

Naturalix

Recharge area

Adapted from Kulkarni, H; Shah, M (2014) e g2
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Trends in Surface and Groundwater use across variously sized Urban
Settlements in India Ssource: Kulkarni, H; Shah, M (2014)

{Gmmataruse. .

Surface waler USe « ee—
 —S—
LARGE TOWNS
SMALLTOWNS . OR ——» LARGE CITIES —» METROS
SMALL CITIES

Pune’s annual
groundwater
footprint as much as
4-5 TMC...

PUNE CITY

Surface water use limited
10 ponds/waler bodies

Groundwater use

Surface water use may Increase
as formal water supplies
estabkshed

Groundwater usage shifts
outwards into suburbs and pers-
urban aneas, groundwater and
surface waler are transporied
from ped-wban/rural aroas
inward

Near equal share of surface
waler and groundwaler, athough
much of the groundwaler share
unacknowiedgad’ in civic watar
supply,

Large water transports through
tanker-supply,

Wells are drilled into aquifers
feeding springs

Large share of ‘imported formal
surface water supply, with even
greater share of
‘unacknowledged groundwaler
abstraction and transport in
suburbs and pan-urban areas;
uncertainty in the projected trends
of groundwalter use (1,2 0r 3) -
possibly different in different
metros

Spring-water supply simost gone
| naghigible

Groundwater
3-4 TMC from bore holes

1-2 TMC from dug wells —

needs further validation

£ xR
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URBAN DEMAND EQUALS PRECIPITATION IN MANY

CITIES...

Metropolitan
Region of India

Sr. No. Name Typology Water demand (mm) Actual annual rainfall (mm)
1 Greater Mumbai city Volcanic 1770 2257
2 Delhi city Alluvial 1108 747
3 Kolkata city Alluvial 1987 1709
4 Chennai city Crystalline 1032 1324
5 Bengaluru city Crystalline 574 870
6 Hyderabad city Crystalline 512 851
7 Pune PMRDA Volcanic 1084 1015
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Pune district annual rainfall with accumulated anomaly
1901 — 2015 (after IMD and IWP) Rainfall and

s ACCUMULATED ANOMALY msm ANNUAL 10 per. Mov. Avg. (ACCUMULATED ANOMALY) = = Linear (4 variability both
have increased
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Accumulated
rainfall anomalies
affecting recharge

are dominantly
negative now...
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POPULATION IN MILLION

10

PUNE: WATER SUPPLIES AND SEWAGE GENERATION

= Population

“ Actual supply in TMC

Estimated sewage generation in TMC

1 2

DECADES-1981TO 2011

3

3.5

w
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1.5

ANNUALWATER SUPPLY AND SEWAGE IN TMC
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Average Water Supplied & Losses in (MLD)
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WATER SUPPLY METRICS

Per capita | As per PMC| Supply as Actual Excess
Estimated Sewage
Population | Growth |supply as per| data Actual | per norm in | Supply in water
Year | Population Growth generation as per PMC
(Million) Rate (%)| norms 150 | supply 228 |TMC/Year @ | TMC/Year @ [supply in data TMC/Year
LPCD LPCD 150 LPCD | 228 LPCD TMC

1881 | 1.203.351 1.20 | 0 0% 180502650 274364028 2.33 3.54 1.21 2.33
1991 | 1.566.651 1.57 | 363.300| 30.19% | 234997650 | 357196428 3.03 4.60 1.58 3.04
2001 | 2.538.473 2.54 971.822| 62.03% 380770850 578771844 4.91 7.46 2.55 4.92
2011 | 3.132.143 3.13 593.670| 23.39% | 469821450 714128604 6.06 9.21 3.15 6.08

1. Supply @ 228 Ipcd corrected to 26% losses

2. Sewage generated at 66% of actual supply (above)

3. Estimated/actual sewage generation

4. Estimated additional sewage generation due to groundwater usage

5. Estimated extraction of groundwater from the additional estimate of
sewage due to groundwater usage (applying the index of 66% as in point 2)

6.8 TMC

4.5 TMC

6.08 TMC

1.58 TMC or 44740616 m3 or 166 mm

3.78 TMC OR 107037676 m3or 400
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Groundwater | No of BWs in Total Total
Pump capacity | Pump output (LPM) pumping ) Groundwater | Groundwater
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Season wise Groundwater
Season wise Pumpmg hours
abstraction (m3)

- Pump output
t . .
_a er Total water | Supply from water water water (LPM) (minimum Pump Total Groundwater
Number of | requirement A . . . . . . g
A | requirement MIDC per | deficit per | deficit per | deficit per | capacity | postulated on the [ output abstraction/ year
residents | per capita per _ _ . .
day (in liters) per day (liters) | day (liters) |day (liters) | day(m3) year (m3) basis of sample | (m>/hour.) (m3)
W measurements)

37000 | 228 | 8436000 400000 | 8036000 8036 | 5 | 200 | 12 | | 612 | 657 | 6966 7348 7883
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Geology map overlay on Pune municipal Geology on municipal
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Aquifer-wise distribution of broad land-cover types
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Total Aquifer recharge area distribution %

Recharge area matrix
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Urban Groundwater Management —
COMPONENTS

* Phase 1: MAPPING

« Mapping and Registration of Key Groundwater Sou Gover”ag‘;it;ir?;b"c L
» Participatory Aquifer Mapping, mcludmg a recharge |
« Stakeholder database — .‘

* Phase 2: MANAGEMENT

» Strategic recharge activities — concept of public recharge -
* Participatory Groundwater Management efficiency, equnty and sustainability

| < Phase 3: GOVERNANCE ' - %
* Regulatory framework -

. Secunng Groundwater from impacts of Samtatnon and Waste Dlsposal
Protactlon of Recharge Zones

- Institutions that are organised around Urban Governance structures — mohallas,
wards etc.

Local resources

Community participation

» ) A
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Wipro Bengaluru campus

Nandi water supply
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Fence diagram of watershed drawn from borehole logs based on
narrative information by various stakeholders...




Fence diagram of watershed drawn from
VES data based sections - ratification of social narratives
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Aquifer mapping: Output

Wemtboal suns

m Fesctunod prasie

Catserire

\jnti

West - East cross section of Study Area

Lo S
LU R TS

Output from Excel polished in corel




Lake-groundwater interaction: Pre-monsoon

NNW Priya's dugwell
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Lake-groundwater interaction: Post-monsoon
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1 year water level data from a borewell tapping Deep aquifer
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Aquifer patterns: Case 1 South India
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Aquifer patterns: Case 2
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Aquifer patterns: Case 3 South India
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Aquifer mapping: Output
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Wipro Chennai campus: a geological layout
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Borewell statistics

« 1 out of 5 houses has borewell + municipal connection

« Approx. 320 BW per km?, avg 40 new BW drilled/day (S. Vishwanath-Biome)
« 1.75 lakh borewells as of 2013 (BWSSB-unofficially)
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Adarsh Palm Retreat (APR) cluster

Area: 127 acres, Population: 6000

Shallow Aquifer (Solution within the challenge)
* Prevent water seepage/flooding in the basement
« Minimize external source of water

L Discharge & Recharge
areas in APR

: . . - Weathered rock thickness upto 4m
P - Weathered rock thickness upto 15m
) - Weathered rock thickness upto 30m
@ APRlocation

ra Rechaye area
¥ Feecramge’Vhdravaal wels
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VES resistivity data based section

VES data fence diagram along NE-SW direction




Shallow aquifer pumping model
based on T=2 m?2/day & S=0.03

APR drawdown simulations with 100lpm for various APR radii of influence simulations with 100lpm
pumping periods for 2 hrs at various distances from pumping well

Time (days) Time (days)
0.01 0.10 1.00 . . 0.10

E E
c c
2 2
o o
© ©
2 2
© ©
ju. ju.
(] (@]

—— 100lpm-1hr 100lpm-2hr 100lpm-3hr

Monsoon: Pumping @ 100 Ipm for 2 hrs followed by 2.5 days of recovery.
Dry season: Pumping @ 100 Ipm for 1 hr followed by 8 days of recovery.
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Outcome

« “"Water seepage and flooding problem is a blessing in disguise”.

« Leveraging thicker shallow aquifer and vast area by diligent
pumping & concurrent rainwater recharge.



Kaikondrahalli cluster

Kaikondrahalli (KKD) - Inter-relationship between Lake and
surrounding wells tapping shallow aquifer & lake conservation.

HOBO sensor water level data Priya’s well-KKD lake-rainfall (mm)
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Rainbow Drive (RBD) cluster

Area: 34 acres, Population: 1200

Challenges:

« No formal municipal water supply, entirely borewell & tanker water
dependent

Actions:

« Communitizing borewells

« Optimal waste-water management
« Banning of borewell drilling

« Water metering & LPCD reduction
« Recharge wells




« Identifying & delineating aquifers.

« Demarcating discharge & recharge areas.

RWL contour map of RBD recharge wells for a perlod of 1 year {2016)

June 20146
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