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RECENT GLOBAL CONCERNS

Climate Change and Water Scarcity.

Amplification of overall uncertainties by
superposition of model upon model, each with its
own assumptions & inaccuracy.

TWO CATEGORIES OF PHENOMENA

Universal: e.g., increasing greenhouse gases,
particulate and aerosol in the atmosphere.

Disjunct: Local or regional, e.g., flood flow,
groundwater depletion and contamination, soil
erosion, sedimentation, and biotic succession.



VULNERABILITY OF GROUNDWATER

AMultidimensional concept which expresses
aquifer - social condition relationship that leads
to Aqui f amrimsic static characteristics
beyond human control.

AMajor research aspects: methods, measuring
and assessing, finding indicators.

RATIONALE OF GROUNDWATER PROTECTION

Generally imply the GW conservation, in terms

of quantity and quality, so as to permit efficient

long-term exploitation of aquifers, especially as
a secure and reliable source of water supply.



THE INVESTIGATED AREA
AND THE GEOLOGICAL FEATURES
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EXTENSIVE AL LUVIUM S CRYSTALLINE ROCKS .

ALLUVIUI ARD SANDS TONE DISCONTINDOUS T BASALTS

~ LIMESTONES cv. AOUIFER IN HILLY AREAS

Rural land area: 93%.
Farmers depend on GW.

The alluvium (> 500m thick) has the most productive and extensive GW
under unconfined and semi-confined conditions and under unconfined
conditions in the fractured zones of consolidated formations.




REGI ONOS WATER PR

AEconomy is mostly based on agriculture which
accounts for 70-80% of freshwater withdrawals.
AGroundwater development: 145% in Punjab,
109% in Haryana, 70% in UP and 300% in Delhi.

ATotal Replenishable GW: 171 Km?3
Alrrig. GW Withdrawal: 131 Km3
ADomestic + Industrial Withdrawal: 11 Km3

AUtilisable GW: 138 Km3

APer Capita Water Availability: 1040 m3 (in 2008)
APredicted Per Capita water availability by 2025
~1000ms3/annum ( c hr oni ¢ O6water s



SOME HARD FACTS

Rapid growth In population,urbanization, industrial
activities, landuse changesand competition for econom
development

Unplanned disposal of wastes and indiscrimin
application of agrechemicals,

Due toleaching of contaminants, seepage from rigeanc
drains,

Zonal disparity and inadequate availability of surface w
supply leading to




SYMPTOMS OF THE PROBLEM

- Lowering of groundwater levels
- Decline in productivity of wells
- Intermixing of polluted water with fresh water
- Expanding areal extent of groundwater pollution

CONCERN OF RESOURCES MANAGERS

ASearch adequate quantity of good quality GW.
AAssess gquantity and recharge characteristics.
AEvaluate water quality and degradation causes.
Aldentify GW flow pathways of inter-mixing
AProtect water from depletion and degradation.,
AEvolve a Partnership/Participatory approach.




Why Isotopes?

Water memorises its origin and path

Isotopic fingerprints are imparted during:

Phase change: fractionation during Stable Isotopes in Water
evaporation and condensation i (tH,0)
te.m.peratur.e & humidity dependent. 11,180 503 )
Mixing of different water/vapour

masses. 'H2H1O dd ( a
Selection of rain events during runoff d( a ¥ (R/R,T 1).1000

and groundwater recharge. R=Ratio (180/160; 2H/!H)




How Do Isotopes Help ?

Isotopes fingerprints in atmosphere, streams and
groundwaters represent an integration of
source inputs to the system that extend over
large spatial and temporal scales.

A Integrate processes in space and time,
A Indicate the magnitude of key processes,
A Record responses to change condition,
A Trace origin and movement of key elements.



POTENTIALS OF ISOTOPE TECHNIQUES

C Temporal & spatial variations in the environmental isotope composition
of rainfall, river and local groundwater provide information on

U Beneficial Effects [recharge & mechanism to shallow aquifers]
Reconstructing paleo -climate conditions during the GW recharge
Non -Beneficial Effects [water-logging and salinization problems]
Contribution of new channels to groundwater in different zones
Contribution from each source at a given location

C Rainwater Harvesting : To locate the altitude of recharge & understand the
recharge process of perennial/non -perennial springs in mountainous
catchment for suggesting suitable conservation/protection measures

and planning suitable artificial recharge measures.

C Modelling techniques for safe abstraction of groundwater defining the
hydraulic boundaries of an aquifer, regional groundwater velocity
etc., and validating groundwater numerical models.

C ldentify sources, mechanisms, extent of salinization/pollution of GW and
prediction of the fate of contaminants in groundwaters. \%,

;
;
;
;



SCHEMATIC MAPS SHOWING LOCATIONS OF THE ISOTOPE STUDIES
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Recharge (%) to Groundwater

d - Shift of tritium peak (cm)
R - Rainfall and/or Irrigation (cm)

Re/R=q nx d x100

Re T Recharge
g n Moisture content (vol %) from the

depth of injection to the depth

of tritium peak shift \I/



Observed and Model Profiles of Tritium Tracer
Movement at Some Places in the Ind&angetic Plains
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A wide range (1-50%) of annual recharge from
rainfall, average being 20% (UP); 16% (Haryana),
18% (Punjab), 6% (Rajasthan) and <8% (Delhi),
depending on the frequency, intensity and
distribution of rainfall.

Estimated Recharge in Punjab, Haryana,
Rajasthan including Delhi by 3H method:

14.8 + 2.5 km3/yr
(Datta et al 1973,1977, 2009)

NASA/GRACE Estimated GW Withdrawal:
17.3 + 4.5 km3/yr (2009)

GW has become vulnerable to water table decline by

2-8 m to 30-40 m in different parts during 1960-2003.
Datta et al. (2001); and Datta (2005)



Water Table b.g.l. (m)
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GROUNDWATER RECHARGE, DRAFT
AND DEVELOPMENT

.....

Annual Ground Waler Recharge Annual Ground Water Draf Stage of Ground YWater Development
in meter (metre) nw)
B 0398101350 0351025 [] Ote 10
] 0.278 100338 Ml 01610035 100 70
0,164 10 0,278 70 to 100
0104 ta 0,161 gl 006t001 100 1o 300
[] 00410006
[ HotAssessed [ Mot Assessed

(CGWB, Chatterjee and Purohit, 2009)



GRACE, NASA OBSERVATIONS

Decline in GW Level Monthly time series of water storage

INDIA GROUNDWATER anomalies in northwestern India.
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Richard A. Kerr, ScienceNOW Daily News

10 August, 2009 M. Rodell et al. Nature 460, 999-1002 (2009)

d0i:10.1038/nature08238

Estimated Withdrawal: 17.3 + 4.5 km3/yr
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T METEORIC WATER LINE
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ALTITUDE VARIATION IN GW
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Relationship between dD and d®O
in Rainfall at New Delhi (1961-2005)

100

dD =6.87 d*®0 + 3.6533
R2=0.9185, N=123
For Precipitation < 30 mm

Precipitation <30 mm - §
Precipitation >30 mm - §

dD = 7. 5075 d'®0 + 6.3869
R2=0.9633, N=166
For Precipitation > 30 mm
[

15  -10 -5 0 5
dt0 ( a)

Datta et al (1999, 2009)
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O RAIN IN NEW DELHI CAN NOT BE EXPLAINED BY SIMPLE
CONTINENTAL EFFECT ALONG KOLKATA-NEW DELHI TRACK

O0~20% VAPOUR FROM ARABIAN SEA IS NECESSARY TO MIX

WITH BAY OF BENGAL VAPOUR TO EXPLAIN NEW DELHI RAIN
[Sengupta and Sarkar, EPSL, 250, 511-521, 2006]



dD and d!8O Relationship in Rainfall (1961-2005)
and Groundwater in New Delhi

100

\'
Groundwater - \“\& \‘\\,
50 Precipitation- § B ~~\,
—~ dD =7.166 d'80 + 4.3482
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Datta et al (1999, 2009) \i



B3O/ Isotope Signatures in Groundwater of
Delhi Area
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Plume-like features B3 give a clear visualisation
of groundwater flow-paths of mixing.

Small isotope gradients indicate the zones of
high permeability and high groundwater potential.
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Groundwater in Pre-monsoon is isotopically enriched, indicating
depression focused recharge from isotopically enriched rainfall.
Postmonsoon GW is relatively depleted, suggesting dilution effect

due to lateral flow from surrounding areas. I




180 isotope content frequency distribution in
groundwater of Delhi region
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Isotopic Characterisation of
Potential Groundwater Recharge Zones in the NCR

Fresh water aquifers of limited thic
underpion by saline ground water,
yield prospects dwikd

Potential Recharge Zones

768 769 7 7 2 3 74

Occurrence of Saline GW and High Chloride (mg/l) Plumes

Dynamics in Groundwater of Delhi Region
(Datta et al, 1996, 2006) \fw



Multi -lonic Diagram indicating Groundwater
Intermixing and Pollution Charactristics

Kanjhawala Block and Alipur Block
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GROUNDWATER STRATIFICATION IN DELHI
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GW FLOWPATHWAYS
OF INTERMIXING IN
PUSHKAR VALLEY,

HIGHLY SALINE WATER
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Groundwater Vulnerablllty to Nitrate In NCT Delhi
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Groundwater Vulnerablllty to ngh Fluorlde (>1 5 mg/l) In Delhl
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Non point sources contributing contamination to groundwater

Leaching of salts with irrigation water and surface run-off water lead to groundwater

pollution.

50% of the area is affected by fluoride pollution and 33% by nitrate pollution.

High nitrate groundwaters can meet considerable nutrient requirement of different

crops.

Concentration of
nitrate and fluoride
In groundwater Is
governed by nitrate
and fluoride content
of water recharging
from the unsaturated
zone, degrees of
evaporation/recharge
additions from
groundwater flowing
Into the area from
surroundings and
amounts of fertiliser
applied.

(Datta et al, 1996).




Isotope signature based characterization of
(Cu & Zn) contamination of groundwater in Delhi

Peri-urban
Soils
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180 isotopic
enrichment
with increasing
Zn and Cu
levels indicate
leaching of
anthropogenic
wastes and
agrochemicals
etc. along with
agricultural
and urban
surface run-off.
(Datta et al, 1999)
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IAEA/CRP Sites at IARI Farm, New Delhi
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Deep Drainage of Nitrate and Salinity in IARI Farm

&Il -lrrigated Site, Il -Unirrigated Site Sampling DateApril,2003
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Depth Pofiles (Irrigated Soil Core, 27Feb 2005)
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