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6.1 ENVIRONMENTAL GEOCHEMICAL STUDIES IN
DECCAN VOLCANIC PROVINCE TO
UNDERSTAND THE SOURCES, TRANSPORT
AND DISTRIBUTION OF GEOGENIC AND
ANTHROPOGENIC TOXIC ELEMENTS AND
THEIR EFFECT ON HUMAN HEALTH

Deccan volcanic province

Reconnainace survey was carried out at Igatpuri, Kalsubai,
Bhimshankari and its surrounding areas to choose a suitable
site in Deccan volcanic province. Samples from different media
like rock, soil and sediments were collected to know the
concentration of ferromagnesium elements and their effect on
human health. The study on presence of these ferromagnesium
elements in soil and rocks, establishes the influence on human
health due to natural geochemistry or anthropogenic activities.

Development of techniques and methodologies for
exploration, assessment and management of
groundwater in hard rock areas

Water-rock interaction studies

Withdrawal of groundwater in excess to replenishment of a
aquifer system in many parts of India and elsewhere results
into continuous declining of water table causing economic
problems and deterioration of water quality. The problem is
manifold in hard-rock regions where the water table has gone
below the weathered zone and it could be extracted only from
fractured zone.

Studies were carried out at Wailpally watershed to understand
the distribution of uranium, thorium and fluoride concentrations
in rock, soil and sediment samples and found that some of the
soil samples having high concentration of these elements. The
studies reveal these elements are mostly derived from the
granitic rocks and residual soils.

The data will be used to understand the geochemical process
responsible for the leaching of elements from the rocks to
groundwater, distribution of heavy/toxic elements in rocks and
groundwater and for mass transport model to evaluate the
aquifer in terms of solute release and distribution.

Indo-Norwegian Institutional Cooperation :
Remediation strategy and cleaning up of
contaminated surface water body at Katedan
Industrial Area

Permeable Reactive Barrier (PRB) was installed at Katedan
Industrial area to clean up surface water and the effluents from
Noor Mohammed Lake. The effluents were treated with different

media like limestone, zerovalent iron, charcoal and sand to
know the decrease in concentration of toxic elements.
Laboratory studies carried out with individual media showed
remarkable decrease in the concentrations of elements like
As, Cr, Cu, Ni, Zn  as shown in Table 6.1

Sample ID As Cr Cu Ni Pb Zn
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)

SKNW 300 700 500 500 500 1000
(Spiked nala
water)

SKNW ZVI 99% 99% 98% 98% 100% 97%
Zerovalent Iron

SKNW LS 63% 86% 95% 94% 99% 98%
Limestone

SKNW WCC 97% 68% 94% 80% 96% 97%
Wood charcoal

Table 6.1       Laboratory batch studies at NGRI (Percentage
removal of toxic metals)

Industrial waste minimization and cleanup
Monitored natural attenuation of contaminated sites

Natural attenuation makes use of natural processes to contain
the spread of contamination from chemical spills and reduce
the concentration and amount of pollutants at contaminated
sites. Natural attenuation—also referred to as intrinsic
remediation, bioattenuation, or intrinsic bioremediation—is an
in situ treatment method. Natural attenuation is often used as
one part of a site cleanup that also includes the control or
removal of the source of the contamination.

Studies were carried out at Kolar Gold Fields, Bangalore,
Karnataka. The results show area is highly contaminated due
to presence of heavy metals. The analytical results in soils
show Arsenic (0.12mg/kg – 307.8 mg/kg), Cr (36.6 mg/kg –
689.7 mg/kg), Co (2.40 mg/kg – 99.2 mg/kg), Ni ( 8.3 mg/kg –
194.8 mg/kg), Pb ( 8.9 mg/kg – 164.4 mg/kg), Sr ( 68.5 mg/kg
– 729.5 mg/kg) and Zn (26.6 mg/kg – 217.6 mg/kg).

To estimate how well natural attenuation will work and how
long it will take requires a detailed study of the contaminated
site. The community and those conducting the cleanup need
to know whether natural attenuation, or any proposed remedy,
will reduce the contaminant concentrations in the soil and water
to legally acceptable levels within a reasonable time

Global Geochemical Baseline Mapping
Geochemical baseline mapping is essentially required to have
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the knowledge of the baseline concentrations of trace metals
from surrounding rocks away from anthropogenic activity.
These maps will be helpful to the policy makers regarding the
environmental management and to decide the future industrial
areas in India.

Soil, sediment and water samples were collected from southern,
northern and northeastern   parts of India covering Andhra
Pradesh, Chennai (Tirchy and surrounding areas), Karnataka,
Maharashtra (Nagpur, Jhansi and surrounding areas), Orissa,
Assam, Nagaland, Meghalaya, Tripura, Agartala, J&K, and
Himachal Pradesh. Depth wise soil samples were collected
(0-25 cms and a subsoil sample from 25-50 cms) and were
analysed for SiO2, Al2O3, Fe2O3, MnO, MgO, CaO, Na2O, K2O,
TiO2, P2O5, S, As, Ba, Co, Cr, Co, Mo, Ni, Pb, Rb, Sr, V, Y and
Zn) (Fig 6.1). The data and distribution maps are very much
useful for Environmental Management.

with a population of about 3 lakhs border with river Ganga on
the southeast, along with the effluents from various industries
is drained through Jail drain. Groundwater monitoring in 120
observations wells  have provided  good spatial distribution of
water quality data base. The water quality analyses helped in
characterization of TDS plumes emerging in the two
watersheds. Aquifer geometry has been delineated through
geophysical investigations. Groundwater flow and mass
transport simulation models indicate the plume dimensions
around the three tannery clusters.

The Kundan Road cluster and upcoming leather park cluster
should send their effluents to the CETP in Unnao or build their
own CETP to cater the needs of the industry. Treated waste
water from CETP has to be monitored in streams as well as
the groundwater for its impact periodically. As such the
contamination from tannery effluents are limited to the Loni
nala and Khar nala courses  and adjacent areas only  and a
continuous  thick  clay layer in the Gangetic alluvium is saving
the groundwater contamination  in the second aquifer. The
predicted contaminant migration from mass transport model
of Khar nala watershed for next 50 years indicate TDS  in
groundwater.  In general, the shallow aquifers have been
polluted up to a depth of 20 m around the tannery clusters up
to 2-3 km in the downstream (Fig. 6.2).

Extensive use of pesticides in agriculture has been causing
problems of persistence of pesticide residues in groundwater,
particularly the organo-chlorine pesticide (OCPs) residues,
which are extensively used due to their low cost and broad –
spectrum of toxicity to insects. Aldrin, chlorandane, DDT,
dieldrin, endrin, heptachlor, HCB are among the members of
the Persistent Organic Pollutants (POPs) group. In the study
area due to fertile soils, intensive agriculture is practiced.

(NN Murthy, K Rama Mohan, AK Krishna, BV Ramana, S
Srinivasa Gowd,  D Sujatha,  V Satya Priya, K Phani, D
Ramu,  N Vittal Babu and Vandana Parth)

6.2 ASSESSMENT OF ENVIRONMENTAL IMPACT
OF ANTHROPOGENIC  POLLUTION IN URBAN
ENVIRONMENT COVERING LAKES AND
INDUSTRIAL DEVELOPMENT AREAS.

Assessment of groundwater pollution due to tannery
effluents in Unnao District, Uttar Pradesh
(CSIR Network Project)

The sewage from central and northern part of the Unnao city,

Fig. 6.1 Distribution map of Chromium (mg/kg)

Fig. 6.2 Predicted TDS (mg/l) migration after 50 years in Unnao
District, UP
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Shallow water table and high permeability of alluvial formations
make them highly vulnerable to contamination. During the study
assessment of pesticide residues of OCPs has been made,
since large part of population is dependent on groundwater  in
the region. All the samples were analyzed for aldrin, dieldrin,
endrin, HCB, HCH isomers, DDT isomers/metabolites,
endosulfan isomers (α and β), endosulfan sulfate, heptachlor
and its metabolites  α and γ Chlorandane  and methoxychlor.
Total OCPs residues concentration in groundwater  has been
found to be elevated in dug wells as compared to the bore
wells (Fig.6.3).This is due to shallow water table in dug wells
and they are prone for contamination than deep bore wells. It
has been further observed that the residues of POPs viz., aldrin,
chlorandane, DDT, dieldrin, endrin, heptachlor and HCB, except
aldrin  and DDT are higher in deep groundwater when
compared with the shallow groundwater in dug wells.

The analyses showed contamination of  soil and surface water
with several persistent organic pesticides.   Total OCPs ranges
from 0.36 – 104.5  ng g -1 to 2.63 -3.72 μ g L-1 in soil and surface

water  samples respectively. As regards pesticide residue
persistence in Loni nala watershed total OCPs have not
exceeded 820 ng/l.  Here in also the dominant constituents
are HCH, T-DDT, heptachlor, endosulphan and HCB. The
results of analyses indicate a regular persistence of these
pesticide residues. The detection of these organo-chlorine
pesticides depend on the application and sampling date as
well as frequency of spraying on crops. In general there has
been a dilution or washout  of pesticide residues   due to
groundwater recharge during rainy season has been noticed
during post monsoon period.

Assessment of anthropogenic groundwater
contamination in  Pitampur industrial Hub, Indore
and Dhar Districts, M.P.

(CSIR Network Project)

Industries ranging from automobiles, pharmaceutical to textiles
are functioning in Pitampur IDA about 45 km from Indore during
last 10-15 years.  Two watersheds viz.,  Gambhir and Chambal

Fig. 6.3 Pesticide residues total OCPs vs. depth to groundwater  in  Unnao District
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cover the three IDAs. The sub-basins of two rivers viz.,  Gambhir
and Chambal, constitute the two study areas. The industries
are located in three sectors viz., Sector I, Sector II and Sector
III. Besides, a Special Economic Zone (SEZ) is coming up near
Sector III. Sector I is covered by the watershed of Gambhir
River whereas Sectors II, III & SEZ are located in  the watershed
of Chambal river. A TSDF (Treatment Storage and Disposal
Facility) site is being commissioned in Sector - I by the Madhya
Pradesh Pollution Control Board (MPPCB).

The Gambhir and Chambal rivers have sub-parallel to dendritic
drainage pattern. Thin quaternary alluvium consisting of clay,
silt, fine to coarse sand, kankar and gravel is restricted to narrow
patches along the course of rivers.  Deccan trap basaltic rocks
of Malwa group of Cretaceous to Paleogene age (68-62 m.y)
cover the entire area of the district. The region is characterized
by lava flows of “pahoehoe” and “aa” type. Mega-porphyritic
flows sit at the top of the formations (Fig. 6.4). The rocks belong
to upper-cretaceous to Paleogene age.   The rocks have only
secondary porosity in the form of fractures and  joints. The
aquifer type is mostly unconfined and semi-confined.  The rocks
have only secondary porosity in the form of fractures and joints.
The aquifer type is mostly unconfined to semi-confined. The
topsoil cover is predominantly clay. Depth to groundwater level
varies  <10 m. The two watersheds have been characterized
to possess  high to moderate groundwater potential.

Gambhir River watershed covers an area of 90 sq km. Chambal
river watershed has many industries and covers approximately
210 sq.km. The area is going to witness further industrialization
with a new SEZ coming up.  Integrated geohydrological, remote
sensing, geophysical investigations carried out during last 3
years has helped generation of geohydrologic database.
Groundwater flow and mass transport modeling has been

carried out to characterize the extent of contaminant migration,
if any for the prevailing conditions. Vertical electrical soundings
have been carried out to delineate the aquifer geometry. The
interpreted thickness of weathered & fractured zone has been
used  for deciding the thickness of weathered and fracture
zones in  development of groundwater flow and mass transport
models of the watersheds. Also ground penetrating radar survey
has been carried out at the TSDF(Treatment Storage and
Disposal Facility) in Sector I, which is  located in an ideal low
permeability formation of hard rocks.

Multi-electrode resistivity imaging surveys to observe the
stratification of layers in the area and also groundwater analyses
for major ion and trace element concentrations during pre
monsoon and post monsoon sampling have been carried out.
The water quality data base indicate that the area surrounding
Sector I and Sector II industrial estates showed slightly elevated
TDS, sulphate and chloride concentrations. The groundwater
contamination from a few industries has been identified.  Since
the IDAs are less than a decade old and a few chemical
industrial waste water emissions on basaltic aquifer have not
resulted groundwater contamination so far in the area.

Groundwater flow and mass transport models have been
constructed for two watersheds for assessing the likely impact
of anthropogenic activities on possibilities of groundwater
contamination for the present conditions in each watershed.
Prediction runs were made to assess the extent of  migration
of contaminants in groundwater for next 20 years in both
watersheds (Fig. 6.5). So far there is no significant groundwater
contamination in all the three sectors as indicated through
vertical migration of TDS from Sector I IDA in Gambir River
sub-basin  during 50 years (Fig. 6.6).

Assessment of groundwater quality around Ravva
on-shore terminal, Godavari delta, East Godavari
District, A.P.
CAIRN Energy Pvt Ltd, a joint venture with ONGC has been
producing oil from 5 wells in Ravva oil field near
Surasaniyanam, Krishna-Godavari basin, Andhra Pradesh
since 1992. CAIRN has requested NGRI to carry out
groundwater studies around Ravva onshore terminal for
assessment of present groundwater conditions including
groundwater quality with regard to sea water intrusion, if any,
in the area. For maintaining constant pumping  rate of  oil from
production wells, brackish water has been continuously injected
into these wells.   CAIRN has drilled 8 tube wells inside Ravva
onshore terminal on the east coast  for withdrawing groundwater
@ 500 m3/hr.   5 bore  wells are in continuous operation since
1992. The large quantity of groundwater pumping has caused
a cone of depression around Ravva onshore terminal.

Fig. 6.4 Geology map of  Pitampur SEZ & IDAs in Chambal  &
Gambir River Sub-basins, Indore, M.P.
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Fig. 6.6 Comparison of  vertical migration  of  TDS (mg/l) in groundwater from Sector I IDA in Gambir River Sub-basin  during  50 years

Fig. 6.5 Migration  of  TDS (mg/l) from Sector II & SEZ in Chambal
River sub-basin & Sector I in 1st&2nd layers in Gambir River
Sub-basin after 50 years

NGRI has established 45 observation wells including  pumping
wells inside  Ravva onshore terminal, covering an area of about
250 sq km.  Groundwater monitoring and water quality analyses
have been carried out during pre-monsoon and post-monsoon
2006. Multi-electrode resistivity imaging tomography survey
has been carried out to delineate the aquifer in the area.
Groundwater samples have been analyzed for δ18O on  a mass
spectrometer at NGRI for assessment of sea water intrusion,
if any, in the region.   The groundwater level contours indicate

a predominant flow towards coast in the absence of any other
large scale  groundwater pumping in the region. Groundwater
level contours also indicate flow from Kunavaram drain towards
the pumping wells in the Ravva  onshore terminal. The Ca/Mg,
Na/Cl and Ca/SO4 ratios are found to be very high as compared
with  low ratios of seawater and do not support  possibility of
sea water intrusion towards the pumping wells.  δ 18O
concentration (0/00) measured in the groundwater samples were
compared with SMOW(Standard Mean Ocean Water) for
computation of deviations. Deviations were ranging from -0.4
to - 0.8 0/00 indicating that groundwater has not enriched with
heavier isotope 18O,  which has confirmed that  there is no  sea
water intrusion  in the pumping wells.   Away from the terminal,
δ18O concentration (0/00)  in groundwater has been found to be
-3.0 to   -5.0 0/00 deviation with SMOW indicating mixing process
of rainwater and irrigation return flows from canal water. The
present study has  clearly brought out that predominant
groundwater flow is from west to east  towards Bay of Bengal
(Fig. 6.7). Groundwater is under confining conditions in the
coast, which while flowing upwards through overlying  marine
clay, dilutes in situ salinity of clay, which has resulted in brackish
water  in the tube wells of  Ravva onshore terminal.  The multi-
electrode resistivity imaging survey around the Ravva terminal
confirmed the occurrence of 20-25 thick marine clays with high
salinity as indicated by very low resistivity values < 2 ohm-m.

Capacity studies of groundwater resources in the
proposed industrial development areas of
Visakhapatnam region, A.P.

Neravagedda watershed hosts a number industries. Pharmacity
watershed covers NTPC’s Simhadri power plant and up coming
Pharma city  with associated CETP and TSDF .  The southern
most Visakhapatnam SEZ likely to host BARC facilities and
major industries around Pudimadaka. Groundwater occurs
under water table conditions in weathered residium and semi-
confined to confined  conditions in deeper  fractured zones.
The thickness of weathering  varies from 5 - 45 m.  Due to
reclamation of mudflats poor groundwater quality has been
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area of concern as leachate generation from rainfall would
impair groundwater quality. Prediction scenarios in mass
transport modeling have indicated that groundwater
contamination is  mainly confined to major industrial environs
(Fig. 6.8).

Fig. 6.7 Groundwater level contours in m(amsl) around Ravva on-
shore terminal

encountered in Neravagedda and Borammagedda  watersheds
from in situ salinity of the marine clays.   Shallow water table
has been encountered in all the watersheds.  The groundwater
exploitation is moderate in the southern part whereas expanding
industrial activities competing with growth of urban sprawl in
Neravagedda and Boremmagedda watersheds limit
groundwater availability during summer months.   Preliminary
assessment of impact of ash ponds of Simhadri’s power plant
indicate  development of hydraulic head of 3 m above
groundwater level, which has resulted in reversal of hydraulic
gradient around ash ponds in the watershed and  has been a
concern  of groundwater contamination in nearby villages.

The natural  groundwater recharge is varying from 58 - 45
mm/year and in the marshy areas, it is hardly 18 mm/year in
Nerava gedda watershed. Ecological flows in Mehadri gedda
is at present ~144 mcm, which are dependable, maintains
ecosystem processes around upper reaches of Mehadri gedda
reservoir. Further, it helps maintain sustainable withdrawals
from the reservoir during post monsoon period. Human
interventions in upland areas may impact these flows and thus
a concern  that no new water consuming industry should be
allowed in the upstream area as major industries are drawing
surface water supplies and  they mainly contribute to pollution
load. The assimilative capacity of ETP sludge dumps is another

Fig. 6.8 Predicted  TDS concentration (mg/l) in Neravagedda
watershed during 2026

MT3D model
Visakhapatnam Steel Plant and BHPV are  major industries in
the watershed.  Upcoming Gangavaram port is located north
of VSP and Visakha EPZ is also located here. Groundwater
recharge  is varying  45 -25 mm/year.  Due to limited thickness
of the groundwater potential zone, natural groundwater
recharge emerges as base flows along stream courses. Thus
the environmental space for VSP, BHPV and  Gangavaram
port  areas is available with regard to groundwater as well as
due to availability of land resources in respect of  assimilation
of effluents loadings.

NTPC-Simhadri Thermal Power station and upcoming
Pharmacity near Parawada IDA are future industrial growth
centres in the watershed. The area possess very good
groundwater potential supported  with large thickness of aquifer
formations as well as hydrogeological features. Ramky Coastal
Waste Management project and CETP in Pharmacity are the
likely sources of contamination from unforeseen construction
defects etc. Sea water has been used by NTPC-Simhadri  for
ash disposal in ash ponds. High TDS concentration of sea water
is causing diffusion of contaminants from ash pond on reaching
groundwater table  and  contaminants have started migrating
upstream of ash pond due to concentration gradient as well as
pressure gradient developed by local groundwater pumping.
Thus a few dug wells in the nearby village upstream of  ash
pond are  threatened with groundwater contamination. The
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studies  have confirmed  presence of sulphates and high TDS
concentration in irrigation and drinking water supply wells in
Pittavanipalem village lipssteam ash pond (Fig. 6.9).

Fig. 6.9 TDS  (mg/l) from ash pond of NTPC – Simhadri, TSDF &
CETP in Pharma City  — June 2026 & 2036 Scenarios

Hussainsagar Lake Catchment Area

There are 5 watersheds  draining the Hussainsagar
catchmentment area spread over 240 sq.km into the
Hussainsagar Lake viz., Banjara Hills  watershed, Yusufguda
watershed, Kukatpally watershed, Hashmathpet watershed and
Kharkhana watershed. Ashoknagar nala drains the
Hussainsagar Lake and meets Musi River in the downstream.
All the drains carry the domestic sewage/storm water runoff
except the Kukatpally nala, wherein some industrial effluents
may enter from industrial units in the watershed. Bimonthly
water quality of lake water has been analyzed for BOD, COD,
TN, TP and DO during one year from June 2003.  Also analyzes
were made for major ions. (Fig.6.10 and 6.11)

Remediation of total chromium in  groundwater of
Naoriayakhera industrial area,  Kanpur, U.P.

Naoriayakhera industrial area of Kanpur has chromium
contamination in groundwater due to dumping of chromium
salts during last three decades.  A well defined chromium plume
has been demarcated based on groundwater quality and water
level monitoring on 32 observations wells in the industrial area.
The lithological sections have been determined through
geophysical investigations for characterization of aquifer
geometry.  The water level and water quality maps particularly
of total chromium indicate the development and movement of
chromium plume. The sequence of Varanasi alluvium rests
over a granitic basement encountered in the bore hole at -502
m (amsl) near Panki, which slopes northward.

Groundwater occurs in a four layer aquifer system under water
table and confined conditions and same has been
conceptualized in the groundwater flow and mass transport
models (Fig. 6.12). Historical loading from chromium dump and
thereby its leaching action for three decades has been
simulated in the model to demarcate the chromium plume
boundary using the  natural hydrological boundary conditions
of Canal and Pandu river covering the Naoriyakehra industrial
area (Fig. 6.13).  The groundwater head and total chromium
concentrations have been calibrated in the respective models

Fig. 6.10 TDS concentration (mg/l)in Groundwater – Hussainsagar
Catchment October 2006

Fig. 6.11 Fluoride concentration (mg/l) in Hussainsagar lake catchment
area October 2006
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Fig. 6.14 Dimensions of   total chromium plume  in Naoriayakhera
IDA after 20 years from mass transport model

for June 2005 conditions.   The dynamic behaviour of the Total
chromium plume simulated in the mass transport model for 30
years of loading has provided insight for  selection of
appropriate location  and size of the Permeable Reactive Barrier
(PRB) for total chromium remediation in the area ( Fig. 6.14).

Fig. 6.13 Computed total chromium plume  in Naoriayakhera IDA after
20 years in mass transport model

Fig. 6.12 Computed groundwater level contours in m(amsl) and
groundwater velocity vectors indicating predominant flow
paths

Assessment of groundwater conditions and artificial
recharge measures in  HIAL(Hyderabad International
Airport Limited) watersheds, RR District,  A.P.

Hyderabad International Airport Limited (HIAL) is spread over
5000 Acres. Three watersheds of HIAL cover about 50 sq km
area. It is proposed to develop landscaping  and greenery in
about 2000 acres along access road and terminal building.
The runway system would also include parallel taxiway and
rapid exit taxiway systems, blast pad, runway end safety area
clear way provisions, and storm water drainage systems, not
only completed Phase I but also Phase II would be developed
during phase IA of the development as far as runway is
concerned. A terminal building of 67500 m2 area is being
developed initially during Phase IA. Access road connecting
the Srisailam and Bangalore national highways will have 60 m
width.

The artificial recharge to groundwater with in the region aims
at augmentation of groundwater reservoir by modifying the
natural movement of surface water utilizing suitable Agri-
engineering /civil construction techniques. Rainfall intensities
of  48.5 mm/hr,  89.2 mm/hr  and 136.8 mm/hr have been the
range of natural rainfall intensity with returns periods yearly,
biannual and once in 20 years respectively in the region.

A rain garden has been proposed in the region.The main feature
of rain garden is that it is an integral part of the landscape and
water infiltrates into the soil.  Water should stand in a rain garden
no longer than 48 hours after the rain stops. Rain gardens
typically do well in natural depression areas of the landscape.
If the area is already a natural depression, runoff will tend to
move towards it.   Landscaping has to be carried out to maintain
slope to be < 12 %. Only treated  storm water should be applied.
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appropriate design of storm water treatment facilities and
application  of treated water on the proposed  rain gardens for
sustaining groundwater  potential in the area.  Proposed
innovative water harvesting through rain gardens  will sustain
groundwater withdrawal for irrigation of horticulture in HIAL
during the post monsoon period.

Assessment of groundwater conditions in the
watershed covering ash pond and power plant areas,
Sterlite Energy Limited,  Jharsuguda, Orissa

Observation wells have been established at 32 locations for
periodical monitoring of groundwater level and groundwater
quality in the watershed covering the green field expansion
project area of proposed Super Thermal Power Station, Sterlite
Energy Limited at Jharshuguda, Orissa. Aquifer characteristics
were estimated by carrying out pumping tests at five locations
and infiltration tests were also carried out at the same locations.
The area exposes a wide spectrum of rock types. The
Peninsular Gneiss comprising augen gneiss and migmatite
represent oldest rocks of Archaean to Lower Proterozoic age
(Fig. 6.16).   Aquifer geometry has been determined by carrying
out multi-electrode resistivity imaging at 50 locations in the
watershed covering ash ponds and Aluminum Smelter Complex
(Fig. 6.17)

Groundwater flow and mass transport processes have been
conceptualized considering the ash pond area of 107 ha (1 km
x 1 km) in the centre of the allocated area .  A two-layer aquifer
system covering weathered and fractured zones with a total
thickness of 25- 35 m has been simulated in the model.   The
river boundary conditions have been assigned to Bhedan River,
and a prominent streams joining the Bhedan river.

Loss of pervious surface for natural recharge  should be
augmented by the proposed rain gardens salvaging the storm
runoff in the HIAL. The area between runway and HIAL
compound wall on the south will serve as in situ recharging
ground with appropriate landscaping through development of
a rain- garden. The storm-water  could be diverted in the area
with appropriate diversions on 4 -5 m width of flow channels
with in situ stone cover along the flow path  about 30 m from
the runway (Fig 6.15). The infiltration rate could be enhanced
by organizing  in situ stones along flow path of storm water in
the rain garden and maintaining a gradient  of less than 30 - 40
cm from the boundary wall considering other constraints of
clear view of runway from boundary etc.  Second  rain garden
would be developed along 7 km  on both sides of access road
and would  have a width of about 150 m (i.e. 75 m on either
side of the road). The rain gardens would aid augmentation of
groundwater recharge.  Significantly all wells, which are
proposed for groundwater exploitation  are located in the
downstream of the proposed corridor.  The groundwater flow
model study has indicated that all human interventions in the
airport area viz., impervious runway, apron, taxiways and rain
gardens will effectively contribute  a net reduction of
groundwater recharge of about  8%  within the watershed.  The
deficit may be replenished through import of surface water,
which could be  entering the rain gardens as treated waste
water to sustain groundwater resource within the HIAL
watersheds.

Third rain-garden complex could be developed around
detention basin and oil separators area so that the treated storm
water could be spread on the rain gardens.  The area of the
rain-garden would  be ~ 60 ha.

It is envisaged  to enhance  natural groundwater recharge  by
about 30% through  rain gardens to offset  losses of recharging
ground (~ 200 ha) through  impervious surfaces and buildings
in HIAL.   It would help salvage  storm  water runoff  through

Fig. 6.15 Location of  rain gardens in HIAL during phase I development Fig. 6.16 Geology and groundwater prospects map showing lineaments
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The groundwater head distribution was computed using Visual
MODFLOW simulation code and the groundwater flow has
been calibrated for March 2006 water level condition. The
computed groundwater velocity field  represents 15 m/yr
around the ash ponds. Using the computed velocity field, mass
transport simulation was carried out using MT3D software by
assigning TDS concentrations varying  from 1500 mg/l during
first 20 years,  with 2000 mg/l during later 20-year period  and
with 1800 mg/l during last 10-year period at the ash ponds.
Stacking of ash will be done in phases starting from the ridge
area within the life span of  50 years.  The  ash pond leachate
was assumed  to be reaching the groundwater table with the
above concentrations during the respective periods.  The initial
background TDS concentration  was assumed to be 400 mg/l.

The computed TDS plumes originating from the ash ponds
are found to be  contained within the earmarked area of Sterlite
Energy Ltd as the preferred groundwater flow direction is
towards the Bhedan River. The contaminant migration will be
spreading in the downstream side up to a distance of about 1
km during  next 50-year period within the assigned ash pond
area only (Fig 6.18). It will not reach the Bhedan river. As
regards the migration of TDS plume in the second layer,
representing fractured zone  may attain  concentration of <1000
mg/l after 50 years.  There is no threat to Bhedan river  water

being  contaminated due to ash pond leachate through base
flows. The hydrogeological, geophysical, remote sensing, water
level and water quality-monitoring database, prima facie, does
not predict  contamination of groundwater from the ash pond
of the captive power plant.

(VVS Gurunadha Rao, S Sankaran, BA Prakash, K Mahesh
Kumar, M Ramesh, N. Pavankumar, K Krishnakumar)

Fig. 6.18 Vertical migration of  TDS (mg/l) from ash ponds of  thermal
plant at Jharshuguda

Fig.6.17 Inverse model resistivity sections from  multi electrode resistivity  imaging   in the watershed
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