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6.0 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

The concentration of ferromagnesian elements is generally
more in tholeitic and picritic basalts of Deccan Volcanic
Province. Therefore, there is a possibility of these elements
leaching in to soil and groundwater through various geological
factors that may affect the  health of people living in that area.
In view of the above, there is need to study the impact of
these geological factors as well as anthropogenic factors to
correlate the diseases of the local people.

Igatpuri of Nasik district in Deccan Volcanic Province was
chosen to carry out the present studies to understand and
distinguish the sources of contamination i.e. geogenic or
anthropogenic or both. The studies were also carried out to
understand the distribution of toxic elements such as Ba, Cu,
Zn, Cr, Ni, Co and Pb in soil and rock samples. The results
reveal that soil samples in the study area contain high
concentrations of Ba 3009 mg/kg, Co 135 mg/kg, Cr 3387
mg/kg, Cu 162 mg/kg, Sr 235 mg/kg ( Fig.6.1), Ni 269.8
mg/kg(Fig 6.2), Pb 40.7 mg/kg, V 1087 mg/kg, Zn 133 mg/kg
and Zr 493 mg/kg. Further, the investigations demonstrated
that the high concentrations of these toxic elements may be
due to both geogenic activity and anthropogenic sources from
the agricultural activity. However, the results suggested that
the correlation of the toxic element concentrations in soil and
rocks and their impact on human health can be established.

6.1 ENVIRONMENTAL IMPACT ASSESSMENT AND
REMEDIATION OF CONTAMINATED INDUSTRIAL
AREA

Environmental Impact Assessment and Remediation of
Contaminated Industrial area has been taken up to study the
natural and anthropogenic sources of various contaminants
and suggest suitable remedial measures for removal of the
toxic metals.

Distribution maps for various toxic elements have been
prepared to asses their contamination levels in various
environmental media like soil, sediment and water samples.
Results  reveal that the soil samples were highly contaminated
with toxic elements(i.e.Cr, Zn, Ni and As) (Fig 6.3) and the
surface water also contaminated with heavy metals such as
Cd and Cr. Sediment samples collected from Kazicheruvu
Lake was investigated for the assessment of metal
contamination and their distribution in different grain size
fractions of the surface sediments. A reliable gas
chromatography-mass spectrometry method has been
developed for the determination of persistent organochlorine
pesticides in surface and groundwater samples. The results
reveal that OCPs such as BHC, DDT and dieldrin was detected
in the range of 0.5 to 111.6 ppb.

Fig.6.1. Distribution of Strontium in igatpuri (Nasik District) soil, mg/kg

Fig. 6.2. Distribution of Nickel in igatpuri (Nasik District)  soil, mg/kg
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A Remediation method called Permeable Reactive Barrier
(PRB), which is an in –situ method, has been initiated in the
laboratory by using different reactive materials on lab scale.
The preliminary studies show reduction in toxic elemental
concentrations through media like, zerovalent iron, limestone,
charcoal etc. which is most promising passive treatment
technology.

(N. N. Murthy, K. Rama Mohan, A. Keshav Krishna,
B.V.Ramana, D.Sujatha, Vandana Parth,  G.Machender,
S.Yasodha, A. Santosh Kumar)

6.2 GEOLOGICAL SEQUESTRATION OF CARBON
DIOXIDE IN DECCAN BASALTS: PRELIMINARY
LABORATORY STUDY.

Immense basaltic flows of Cretaceous-Tertiary ages spread
over vast domains in the world are recognized as playing an
important role in the global carbon cycling.  Large igneous
provinces (LIP) representing immense outpourings of mafic
(iron and magnesium rich) magmas with subordinate ultramafic
flows include continental flood basalts, volcanic passive
margins and oceanic plateaus. Carbon dioxide generated from
point sources of emission like Power and Petrochemical plants,
is considered the most significant component in the present
day atmospheric gas accumulation. Among the known
methods to sequester CO2, mineral carbonation is an effective
sequestration method in which the CO2 is reacted with minerals
to form solid carbonates which are stable over geological time
periods. During underground storage, injected supercritical
CO2 reacts with the host rocks leading to the formation of
secondary carbonate minerals – a phenomenon termed as
Mineral Trapping. The Deccan Volcanic Province (DVP) in India
composed of different flow units with typical tholeiitic

compositions and interlayered picritic basalts, consists of
columnar, massive, vesicular, amygdaloidal, tuffaceous and
brecciated varieties. These basaltic formations have the
necessary silicate mineralogy, characteristic composition and
internal structure to support geological sequestration of CO2.
Laboratory simulation experiments which were conducted over
5 month time windows, by reacting accurate quantities of
injected supercritical CO2 at a temperature and pressure of
100o C and 60 bars of CO2 respectively, in Titanium P, T vessels
having known amounts of water and picritic basalt samples
collected from the Igatpuri area in Maharashtra confirm the
operation of exothermal mineral carbonation reactions
effectively trapping the injected CO2 in the secondary
carbonates. These preliminary experiments were aimed at
ascertaining and establishing (a) the suitability of the picrites
- tholeiites from the DVP for CO2 sequestration, (b) their
chemical reactivity with CO2 under varied P, T conditions and
(c) characterizing the resultant secondary carbonates. The
whitish cluster of crystals developed over the picritic basalt
chips were carefully analyzed by FTIR Spectroscopy coupled
with SEM-EDS studies, which showed them to be ankerite
followed by calcite and magnesite respectively (Fig-6.4A-F).

 Fig.6.3. Distribution maps of Cr, Zn, Ni and As in Soil samples of Kazipalli IDA

It has been experimentally seen that the presence of water has
significantly increased the rate of carbonation (aqueous
mineralization) in the primary silicate minerals. The aqueous
mineral carbonation process was operated in three steps
simultaneously in one reactor. Firstly, CO2 was dissolved in an
aqueous phase resulting in a mild acidic environment with HCO3

-

as the dominant carbonate phase as shown by the reaction:
CO2 (g) + H2O (l)  à H2CO3 (aq)  à H+ (aq) + HCO3

- (aq).
Secondly, Fe/Ca/Mg was leached out from the primary silicate
minerals facilitated by the protons present according to the
reaction: Fe/Ca/Mg- silicate (s) + 2H+ (aq)  à (Fe/Ca/Mg) 2+ (aq)
+ SiO2 (s) + H2O (l). Finally, Fe/Ca/Mg bearing secondary
carbonates was precipitated in the process due to the reaction:
(Ca/Mg) 2+ (aq) + HCO3

- (aq)  à (Ca/Mg) CO3 (s) + H+ (aq).

Fig.6.4 A, B and C Megascopic photographs showing secondary carbonate
pods (whitish globules– indicated by arrows) developed in the picritic
basalt samples
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Fig. 6.5 TDS (mg/l) in the Industrial Areas around Ghaziabad – July 2008

Fig.6.4 D, E and F : SEM images of carbonate pods showing ankerite-
magnesite core covered by crystalline calcite crust.

The first step in maximizing the reaction rate was the careful
selection of process conditions such as particle size,
temperature and pressure of CO2. All the reacted samples
clearly show well developed secondary carbonate minerals
in the picritic basalts which being iron, magnesium and Ca
rich, have enabled the dissolved and diffusive CO2 to interact
and trigger the breakdown reactions of the primary silicate
minerals-pyroxene, olivine, plagioclase especially at low pH,
releasing iron, magnesium and calcium to form stable ferrous,
magnesium and calcium carbonates..  It is also observed that
the carbonate phases have cemented the intergranular spaces
in the reacted picritic basalts. Our preliminary results have
shown that the picrite flows from the Deccan Volcanic
Continental Flood Basalt Province, having appreciable
concentrations of iron, magnesium and calcium bearing
primary silicates can constitute one of the potential reservoir
systems for underground geological sequestration of CO2.

(S.N.Charan, P.S.R.Prasad, D.Srinivasa Sarma,
L.Sudhakar, U.Basavaraju, Ravi S.Singh, Zahida Begum,
K.B.Archana and C.D.Chavan)

6.3 STUDIES ON URBAN HYDROLOGY AROUND
GREATER  HYDERABAD

6.3.1 Hussainsagar Catchment Area

On going Pre monsoon and post monsoon groundwater level
measurements have been completed and the groundwater
fluctuations in some over exploited areas has been ranged
from 10-15 m during 2007.  Periodical monitoring of BOD in
lake water has also been carried out and earlier trends have
been reported to be continuing.

6.3.2 Ghaziabad City

Pre-monsoon and post monsoon groundwater quality in and
around Ghaziabad industrial areas were monitored.   Preliminary
results indicated that heavy metal concentration are elevated
in the Shahibabad Industrial cluster.   The TDS concentration
has been varying from 1500 – 3000 mg/l  (Fig. 6.5).  Detailed
analyses have indicated presence of  the Total chromium as
well as Hexavalent chromium in groundwater of industrial areas.
This may due to leaching of  indiscriminate dumping of solid
waste around the industrial    areas.  The investigations have
been carried out jointly with IITR, Lucknow.

6.3.3 Industrial Areas around Nagpur

Baseline data on the ground water quality for observation wells
set  up in the selected sub-watershed covering the Butibori
industrial   area near Nagpur and   35 km from Nagpur on the
Nagpur-Wardha Road.  It is one of the emerging indusrial
cluster with rapid expansion of MIHAN( Multi Modal
International Hub Airport at Nagpur.   Baseline groundwater
quality  data generated would facilitate decision making by
government agencies and regulatory bodies  for regulation of
activities in the area.

Koradi  (Flyash ponds) area is situated about 10 km from
Nagpur on Chhindwara road and there are 7 power generating
units producing 1100 MW of electricity.  The units consume
about 18000 metric tons/day of coal  and the fly ash dumps
are causing groundwater quality problems.   Thirty observation
wells have been selected in the 130 sq km  in the Deccan
Trap laden basaltic  aquifer.   Other major units include M/s
Indorama Synthetics and M/s. Moraji Brembana etc.
Groundwater Quality analyses have indicated elevated
Sulphate concentrations.  Further investigations are in
progress.

6.3.4 Studies on  Environment Impact Assessment -
Identification of source of Oil leakage  in the
premises of MRPL,  Mangalore, Karnataka

M/s. Mangalore Refinery and Petrochemicals Limited (MRPL)
has set up a huge Petrochemical Refinery Complex of 9 million
Tonnes per annum (MMTPA) close to Katipala village near
Mangalore, Dakshina Kannada District, Karnataka in
collaboration with ONGC.  As there were incidences of
emergence of oil in the spring flow around Nitrogen Plant and
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Fig.6.6 Location map of Nitrogen Plant & Athrukudi watersheds in MRPL,
Mangalore, Karnataka

Athrukudi areas within MRPL Premises (Fig. 6.6).  Karnataka
State Pollution Control Board(KSPCB) has suggested MRPL
to investigate the source of the oil leakage within the  Nitrogen
Plant and Athrukudi  watersheds.   Laterite  of Paleocene to
Recent age is the dominant rock type found in the area.
Lithomarge (impermeable clay)  seen below the laterites in
general is the main reason for emergence of springs at a short
distance from recharging ground in Hydro Cracker Unit(HCU)
to Nitrogen Plant areas.   The lateritic soil has a thickness of
about  20-30 m in the  plateau region  and  has become < 5 m
thickness in the valley parts.   Red lateritic soil has been seen
along  with clay in the leveled areas within the HCU and SRU.
whereas  clay loam has been seen in the dissected lateritic
plateau/valley region.   Streams originating in the slopes of
the plateaus are mainly fed by the groundwater –seeping out
from the lateritic column above the clay bed.

The groundwater level contours of June 2008 indicate
predominant  groundwater flow direction  from HCU & SRU
areas towards Nitrogen plant and  Athrukudi in the down stream
(Fig. 6.7).  Geophysical investigations were carried out at 28
locations in the  watersheds for ascertaining aquifer geometry
through the inverse model  resistivity sections computed from
the Electrical Resistivity Tomography (ERT).    Interpretation
of ERT images indicate that any leakage from HCU would
migrate through the underlying low resistivity formations
through SRU towards the nitrogen plant in the lateritic aquifer
(Fig. 6.8a & Fig. 6.8b).  Emergence of spring flows around

nitrogen plant was due to  overflow  of groundwater  above
the dyke in the nitrogen plant,  which has been acting as a
hydraulic barrier.   TDS concentration of groundwater  ranged
from 193 – 361 mg/l around Nitrogen plant.   The highest TDS
was reported from well No. M6  and the spring adjacent to
Nitrogen plant.   Similar elevated TDS concentration was found
during post monsoon period.  The VOC concentrations
indicated that the spring flow adjacent to the compound wall
of Nitrogen plant was 850 mg/l during April 2008.  The VOC
concentrations of groundwater in HCU and SRU areas have
also reported elevated concentrations.

Fig. 6.7 Groundwater level contours in m(amsl)  in  Nitrogen Plant & Athrukudi
watersheds, MRPL  -  June 2008

  Fig. 6.8 (a) Electrical Resistivity Tomography (ERT) Surveys  in & around
Nitrogen Plant & Athrukudi watersheds, MRPL
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Fig. 6.8 (b) Inverse Model Resistivity Sections from Multi Electrode Resistivity
Imaging (along NW-SE), Nitrogen Plant Watershed, MRPL

The sewer   network  carrying  oily waste water was placed at
1.5 m below the ground surface  with interconnecting manholes
in HCU and was located predominantly in the upper plateau
at   ~ 65 m (amsl).   The area of HCU  lies in the lateritic over
burden  resting on the hard rock.  Groundwater occurs under
phreatic condition in the lateritic over burden and  depth to
water table has been  varying from 15-20 m bgl.  In  the
dissected lower plateau near Nitrogen plant area, the depth
to groundwater is quite shallow at 1 - 4 m depth. National
Remote Sensing Centre Hyderabad  interpreted the Satellite
imagery of MRPL and   identified a prominent fracture zone
passing through the Upper plateau covering HCU  unit  through
SRU to the Nitrogen plant area in the Dissected Plateau within
MRPL.  The fracture zone extends in the downstream of  the
Nitrogen Plant area and Athrukudi watersheds.  The zone may
have higher permeability, which can aid faster movement of
groundwater as well as VOCs in the effluent, if any.

Aquifer performance test   indicated a drawdown of  < 2.2 m
in well No. M6  for a pumping rate of ~200 m3/day during the
Pumping test.   The well  sustained  pumping @ 200 m3/day
since September 15, 2008 and the VOCs concentration of
groundwater was maintained at 3000 mg/l.  Fracture zone
inferred from Satellite image interpretation  confirmed that the
Well No. M6  may be situated on the lineament extending
through SRU to HCU,and could be likely Source of possible
leakage of VOCs.   Elevated  VOC concentration in

groundwater was persisting  in Well No.M6 during January
2009 confirmed the view.24 hours groundwater pumping  from
Well no.M6 and Well No.M11was recommended to trap VOCs
in  the Nitrogen Plant Watershed and send the pumped water
to ETP Pipe line.  Presently, MRPL has initiated pumping
operations on both the wells.

The groundwater flow and mass transport modeling in the
Watershed also suggest that the computed TDS plumes from
the HCU  would migrate through SRU towards the Nitrogen
plant and Athrukudi areas,  wherever the groundwater table
cuts the stream bed,   emergence of springs could be noticed.
The contaminant migration will be spreading through the
prominent  lineament (fracture) covering two stream courses
towards the downstream side.   Visualization of TDS
contaminant migration in first layer towards the springs in the
downstream area indicate that even if there is a small leak in
HCU area,  it would take less than a year to reach the springs
in Nitrogen plant area.   The faster migration of TDS was
facilitated by the presence of fracture zone, which is  the
preferential groundwater flow path (Fig. 6.9a,b).   The leakage
of oil from sewer network on reaching the groundwater table
in the HCU area  would  migrate towards the springs in the
Nitrogen plant area following the  TDS plume path. The
computed TDS plumes after 20 years  along different rows
does not indicate fast migration from top layer to second layer
as the dominance of fracture zone has been confined to the
top layer.

Fig. 6.9 (a) Computed  TDS plume in Nitrogen Plant & Athrukudi watersheds-
MT3D Model after 20 years



NGRI

ENVIRONMENTAL STUDIES

100

Fig. 6.9 (b) Computed  TDS plume in Nitrogen Plant & Athrukudi watersheds-
MT3D Model after 20 years (2nd Layer)

The interventions suggested for continuous pumping from  Well
no. M6 and Well No.5 opposite the Nitrogen plant has helped
reduction of VOCs in the spring flows in the downstream
adjacent to the Nitrogen plant.   Continuous pumping has
created  a drawdown of 4 m  around well no. M6 has helped
lowering the groundwater table by ~ 1-2 m around the Nitrogen
plant area.Thus, dry conditions were observed since
December 1, 2008 around the nitrogen plant.    The predication
from the mass transport model indicate that the intervention
of groundwater pumping in the nitrogen plant area would
reduce the contaminant migration to a greater extent  in the
Nitrogen Plant watershed.(Fig 6.10)

Fig. 6.10  Location map of  BARC site, Mysore, Myosre District Karnataka

6.3.5 Groundwater Quality and Hydrology Studies  in
and around BARC, Mysore, Karnataka

The interpretation of satellite imagery of the watershed
revealed  a major fracture  passing in the  southern part  close
to the BARC  site.  The fracture trending  in  the East-West
direction cuts across the felsic and mafic bands of the
peninsular gneissic  rock formations around Yelwal.  There is
a lateral shift in the disposition of the fracture at the BARC
site from the resistance offered by hard and brittle felsic band
present there.   The process plants were situated in the gap
region  occurring between the two extended parts of the
fracture.  The East-West trending fracture has been passing
right on the drainage divide of Cauveri and Kabini Rivers is a
weak zone in the area and has facilitated formation of a  deep
valley on either side of the BARC.  Major stream courses
originating in the valleys join the Cauveri River.  The anomalous
nature of the stream course in the midst of normal drainage
network of around BARC area could be noticed from the
synoptic view of the satellite data.  All three drainage
networks(watersheds) around BARC site have slope control
for surface runoff whereas the major drainage network covering
BARC site  watershed  has  structure control.

BARC has drilled about 20 observation wells/ test holes for
groundwater monitoring inside BARC premises.  The
groundwater level contours of the pre monsoon  and post
monsoon seasons show a predominant groundwater flow
direction from BARC site  towards Dyavarahalli village in the
west (Fig. 6.11).

Fig.6.11 Groundwater Level contours in m(amsl) – June 2008 in and around
BARC site, Mysore



Annual Report 2008 - 2009
101

ENVIRONMENTAL STUDIES

Fig. 6.12 Typical  Inverse Model Resistivity Section from Multi Electrode Resistivity Imaging (along N-E), Adjacent to Solar Evaporation Ponds, BARC site, Mysore

Electrical Resistivity Tomography (ERT) imaging surveys were
carried out at 20 locations in and around BARC site.  The
ERT images  indicated  resistivity contrast showing  different
resistivity layers in the inverse model resistivity section at each
ERT survey location.   Generally there has been a weathered
zone underlain by a fracture zone resting on hard massive
granite basement rock in the entire watershed.  The hardness
of felsic bands indicted by satellite imageries have been
confirmed at  a few  locations with high resistivity values at
the top inside the BARC site.    The ERT surveys have indicated
good groundwater potential in the fracture zone close to BARC
compound wall in the south (Fig. 6.12 shown above).
Groundwater quality analyses for major ions did not indicate
any elevated concentrations except at  two  pumping wells
inside the BARC.   The TDS, Nitrate as Nitrate, Sulphate
concentrations was  found slightly elevated in  the wells close
to solar evaporation ponds.   There is no groundwater
contamination  reported outside the BARC.

A two layer weathered and fractured ground water ter flow
and mass transport model was conceptualized and developed
incorporating all the above geological, hydrogeological,
satellite imagery interpretation,  geophysical and water quality
information for assessment of  likely migration of contaminants,
if any, from the Solar ponds area.  The groundwater flow and
mass transport models were calibrated for the groundwater
conditions and water quality conditions of June 2008.    The
prediction made from the  mass transport model has indicated
that the migration of contaminants would be restricted to very
small area confined to the BARC premises and there would
be no threat to outside areas (Fig. 6.13a & Fig. 6.13b).

Fig. 6.13 (a) Migration of  TDS (mg/l) plume  from Solar evaporation ponds
existing & new in BARC Area  after  50 Years -2038

Fig.6.13 (b) Vertical Migration of  TDS (mg/l) plume  from Solar evaporation
ponds existing in BARC Area  after  50 Years -2038
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6.3.6 Assessment of Groundwater Conditions in the
watershed covering Jubilant Organosys Limited,
Nanjangud,   Mysore District, Karnataka

M/s. Jubilant Organosys limited is operating a Bulk Drug
industry in the Nanjangud industrial estate,about 20 km south
of Mysore in the Mysore district, Karnataka.  A Mother Liquor
storage tanks farm with recovered solvents was located in the
lowest elevation site inside the factory premises.  A diverted
stream channel  to carry the storm water from the  Industrial
area  traverses  in the central part of industry.   The stream
channel has always been receiving spring flows even during
dry season by virtue of its lowest elevation   in the Industrial
area.  The watershed covers about 3.4 sq km. in the Nanjangud
IDA, southern part of Mysore city close to the  Mysore  - Ooty
road in the Kabini river basin (Fig. 6.14).

Fig.6.14 Location map of Watershed covering Jubilant Organosys Limited,
Nanjangud, Mysore

A prominent paleo-channel passing  through the industry from
South east to Western part has been identified.   Highest
ground surface elevation was found on the South Eastern
Corner of Jubilant Organosys and lowest in the  stream
channel outlet on the western compound wall.    Hullahalli
canal from Kabini reservoir  is flowing on the west of Jubilant
Organosys.   The Kabini river flows from south to north about
500 m from the canal further west.    An inventory of 10 wells
including existing bore wells inside industry and wells in the
Kallahalli village was made to ascertain the groundwater
conditions.   Lowest depth to groundwater level within the
industry  was  < 2 m (bgl) during post monsoon and  the soil
was fully saturated with upward flow in the stream channel
adjacent to the tank farm for raw material storage in the  ETP
area close to western compound wall.

Based on inferred aquifer geometry from VES soundings in
the watershed,  it was recommended to construct a seepage
collection pit adjacent to the stream channel  and Jubilant has
constructed a pit (Fig. 6.15).  The following suggestions were
given accordingly the pit was constructed.

• Dimensions of the pit for collection of  seepage water
has to be 6 m x 2 m x Depth (1.5 m lower than the
stream bed)

• Pumping level in the pit should always be maintained
below 1 m  from the bed of the storm water stream
channel and continuous pumping of seepage water with
1 HP pump recommended to control the water level in
the pit

• Pumped out water may be sent  to the sewer line
connected to ETP and should not be let out in the
stream channel

• Prefabricated perforated side walls  up to the bottom of
pit  may be constructed to drain  maximum quantity of
seepage

• Prefabricated perforated blocks of  1 m x 1m x 0.1 m with
perforations at every 20 cm or any appropriate size for
structural stability may be considered

• Size of Perforations   may be 7cm dia

• Bottom of the pit may be made of concrete to arrest
seepage of collected water  from pit  entering the
groundwater, which may later  flow to the down stream
areas.  Gravel  of 0.5 m thickness has been put   in the
bottom of the  pit to filter the sediment from seepage
water before pumping. Periodical insertion of gravel is
also recommended.

Fig 6.15 Design of seepage collection pit adjacent to the stream channel for
arresting upward flow in the bed of stream
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A two layer groundwater flow and mass transport model was
conceptualized and developed incorporating all the above
geological, hydrogeological, geophysical and water quality
information for assessment of likely migration of contaminants,
if any from the sanitary landfill and ETP  in the Jubilant
Organosys.  The back ward tracking  was  used to compute
the catchment area of the pumping wells in Kallahalli village
and forward tracking has been  utilized for computation of
pathlines from the likely sources of contamination from Jubilant
Organosys. The catchment area delineated from the pathline
model does not indicate any possibility of contaminants
reaching from Jubilant Organosys limited towards the pumping
wells in the Kallahalli village (Fig. 6.16). The prediction made
from the mass transport modeling  further confirmed  that the
migration of contaminants would be restricted to very small
area confined to Jubilant Organosys limited and down stream
areas towards Kabini river.

Fig.6.16 Predicted Contaminant Migration from Jubilant Organosys  Landfill
and ETP areas after 30 Years

6.3.7 Assessment of Groundwater Quality around Ash
Pond of UPCL, Nandikur, Udupi   District,
Karnataka

Udupi Power Corporation Limited has been establishing a
Thermal power plant near Nandikur village in Udupi District,
Karnataka.    Disposal of ash from the plant was planned to be
stacked in Ash Ponds in the nearby Satnur village. Vast
expanse of   irregular   patches of  laterite  is formed mainly in
the area.   Groundwater prospects map indicates that the area

is  covered by  laterite of Paleocene to recent with mostly
messa type,  which is mainly a  runoff zone 2) Gneissic
component of Peninsular Gneissic complex with dissected
pediment with moderate recharge conditions. The migmatic
(banded/streaky) gneiss of  Peninsular gneissic complex of
Archean age is hard banded. Hoyamari hole flows in the
shallow valley fill deposits. The aquifer material of the major
formation i.e. gneissic formation consists of weathered rock,
fractured rock and fissured rocks.  Groundwater prospects
are very limited to the lineament zones only in the watershed.
No significant lineament has been found passing through the
Ash Pond area.

The watershed covering the power plant   is located close to
Nandikur village and the Ash pond is coming up in Santur
village falling in another watershed (Fig.6.17). Groundwater
level as well as groundwater quality was monitored in 30
observation wells   during April, June and October 2008. Depth
to groundwater level during pre monsoon (June 2008) veried
from 2-8  m in the Ash Pond. The groundwater level contours
of the pre monsoon and post monsoon of 2008 show a
predominant groundwater flow direction from Ash Pond area
towards Hoyamari Hole stream with a gentle hydraulic
gradient.

  Fig. 6.17  Observation Wells in the Watersheds covering Power Plant and Ash
  Pond Areas – UPCL,  Udupi district, Karnataka

However, the   rainfall  received has been  only  ~ 3000 mm
during the monsoon season of 2008.   Geohydrological
conditions in the area indicate that the aquifers with secondary
porosity occur at  > 10 m depth.   Groundwater quality analyses
carried out for pre monsoon (June) and post
monsoon(October) of 2008 indicate,  total dissolved solids
(TDS) concentration in groundwater  has to be < 50 mg/l in
the ash pond area  representing virgin groundwater conditions
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during pre monsoon and further reduced concentration has
been observed during post monsoon season.

Electrical   Resistivity Tomography (ERT) imaging was carried
out at 18  locations  within  Power plant and Ash Pond  area
watersheds. The Inverse model resistivity section of the
Tomographic image   indicates 10 m thickness of weathered
zone with an apparent resistivity varying from 130 -150 ohm
m  from the surface.    Apparent resistivity   > 200 ohm m may
correspond to hard formations at very shallow depths
(Fig. 6.18). Presence of hard rock  with low permeablity could
be found at 10m depth in  Ash pond area.    Presence of high
resistivity formation at the top does not allow seepage from
Ash pond to reach the groundwater table and most of the rain
water escapes as surface runoff.   Thus, the recharge to the
groundwater regime  would be very low  and  has been
assumed to be  150 mm/yr in the ash pond area and 250 mm/
yr in the western parts for average annual rainfall of 4000
mm.   The computed groundwater velocity field represents
an average groundwater velocity  of  ~ 10 m/yr.   The in situ
soils are the derivatives of laterite mantle of weathered granite
gneisses.   The thickness of soil varies from 0.3 – 0.8 m in the
area. The infiltration rate of the soils was moderate and varying
from 1 to 7 cm/hr and lowest infiltration was reported   near
Security gate of Ash pond.

Fig.6.18 Typical Inverse Model Resistivity Section from Multi Electrode
Resistivity Imaging (along E – W),

Mass transport simulation was carried out with the computed
velocity field using MT3D software.  Dynamic loading of
leachate  from the ash pond area was simulated  by assigning
TDS concentrations as per ash stacking plan for period of
50 years in ash pond area  by  UPCL.  Maximum leachate
concentration of 600 mg/l may reach groundwater table at
peak loading and which may later start decreasing as stacking
of ash shifts to adjacent area.  The predicted TDS migration
from the Ash pond of UPCL for next 50 years in the MT3D
model does not indicate TDS plume with concentrations
> 400 mg/l reaching out of the assigned Ash pond area.  The
TDS plume shall be confined to the assigned Ash pond area
only during next 50 years of loading of ash in the ash pond
area (Fig.6.19 a & Fig. 6.19b).

Fig.6.19 (b) Predicted Vertical Migration  of Leachate TDS (mg/l) in the Ash
Pond Area, UPCL-After 50 Years

Fig.6.19 (a) Predicted  Spatial Migration  of Leachate TDS (mg/l) in the Ash
Pond Area

it is suggested to cap the Ash stack temporarily during
monsoon season to minimize direct rainwater percolation
through the Ash dump as a precautionary measure.     Since
the area receives good amount of rainfall during south west
monsoon,  it is suggested to divert surface runoff  from ash
pond area not entering the Ash stack.  Drilling   of 8-10 Nos. of
piezometers  up to 30-40 m depth on the periphery  of Ash
pond was recommended for  monitoring of groundwater level
and groundwater quality on a regular basis for compliance
monitoring.

6.3.8 Assessment of Groundwater Quality in Amritsar
& Jalandhar Districts, Punjab

The intensive agriculture is, however, posing a serious problem
for sustainable agriculture production.  The water resources
which looked plenty at one time have become  scarce  with
the increasing demand on the available supplies for modern
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intensive agriculture.  The groundwater table has been
declining at an average rate of 0.23 m/year during last 15
years except in small isolated pockets. Thus, the water
management problems in the state need objective evaluation
to develop  sustainable  strategies for development,
management and utilization of water resources for sustainable
agriculture production.  In this context, under TIFAC project
ITSAP was implemented in Ludhiana, Muktsar, Patiala,
Amritsar and Hoshiarpur districts of punjab   The research
findings indicated further decline in groundwater table in the
central parts and groundwater quality deterioration as regards
pesticide residues in addition to general groundwater quality.
DST has assigned a project to horizontally expand the research
on groundwater quality database in Jalandhar and Amritsar
Districts under the present study.  It was noticed that the area
cultivated for rice is increasing whereas the wheat  grown areas
are reducing.  The area irrigated   through canal irrigation
during last three decades is only 30 per cent, whereas the
increased area brought under tube well irrigation is
188 percent.

Groundwater   level and quality monitoring   was   carried in
51 observation wells in Old  Amritsar district.  The depth to
groundwater level   varies between 10-12 m (bgl) in the
Western part of Amritsar  whereas it varies from14 to 18 m(bgl)
between Tarantarn and Patti in the southern part of Amritsar
District (Fig. 6.20a).  Maximum depth to groundwater level
was  reported from south of Patti area.  The groundwater level
contours of November 2008 (Post monsoon) does not show
any  contribution from Ravi River whereas some groundwater
outflow  from the district could be towards  Beas river in the
south (Fig. 6.20b).

Fig. 6.20 (a) Depth to Groundwater Level in m(bgl) Amritsar District, November
2008

Fig. 6.20 (b)  Groundwater Level contours  in m(amsl) Amritsar District,
November 2008

As regards groundwater quality, TDS concentration varies
between 650-850 mg/l and at a few places in the southern
part higher concentration > 1300 mg/l was reported.   Generally,
chloride concentration is varying 120 -140 mg/l and slightly
higher concentration has been reported in the western part of
Amritsar.  Sulphate concentration in groundwater varies from
100 -150 mg/l.   Nitrates as nitrate were found elevated around
Amritsar city and in rest of the district,it is within drinking water
limit. There is no elevated concentration of Fluoride in the
groundwater.

Groundwater  level and quality monitoring  was carried in  46
observation wells in  Jalandhar district. Topography varies from
248 -226 m(amsl).   The depth to groundwater level varies
from 12 - 20 m (bgl) in the northern part of Jalandhar whereas
it varies from 22 to 26 m(bgl) between Jalandhar  and Nakodar
in the southern part of Jalandhar  District (Fig. 6.21a).Only a
small amount of  river  contribution to the aquifer system  could
be seen from Sutlej river.     The groundwater level contours of
November 2008 indicate that the groundwater flows parallel
to the Sutlej river  towards the pumping centers in the south
western part of the district (Fig. 6.21b).
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Fig. 6.22 (a) Groundwater Level contours  in m(amsl)  in Bagjata Watershed,
Jaduguda Mines, UCIL, East Singhbum district, Jharkhand,
June  2008

6.3.10 Jaduguda Watershed

The groundwater level in Jaduguda watershed for premonsoon
ranges from 95-114m (amsl) and 98 to 136 m (amsl) ranges

Fig. 6.21(a) Depth to Groundwater Level in m(bgl) Jalandhar District,
November 2008

Fig. 6.21 (b) Groundwater Level contours  in m(amsl) Jalandhar District,
November 2008

The groundwater TDS concentration varies from 350 – 800
mg/l in the entire area except at two locations, which have
reported higher between Adampur and Jalandhar and   around
Nurmahal during November 2007.  Nitrate as Nitrate has been
found  elevated and is exceeding the drinking water standards
between Nurmahal, Rukukalan and Duduval villages, south
of Jalandhar city. In the absence of industrial units, the

agricultural operations may be responsible for high
concentration of Nitrate as Nitrate.    There is no  elevated
fluoride concentration in groundwater reported in the district.
The hydrogeological  and water quality database was prepared
for uploading on the web server for application of information
technology utilization by the farmers at the village nodes.

6.3.9 Assessment of Groundwater Quality in Jaduguda
Uranium Mines in Singhbhum Thrust Belt, UCIL,
Jharkhand

Uranium  Corporation  of  India  Limited  (UCIL),  under  the
Department of   Atomic  Energy   (DAE) has started  producing
uranium  since  1966  and  also generating  huge  quantity of
mill  tailings. The uranium milling wastes and the tailings are
disposed   in tailings ponds specifically designed and
engineered at two locations at Jaduguda and Turamdih.
However,  the leachate from the  tailings pond may contaminate
the groundwater regime by continuous seepage and leaching
of radionuclide’s and other toxic metals from the percolation
of rain water. A comprehensive geological and geophysical
and geochemical investigation has been carried out in the
watersheds  covering  the  tailings ponds  to assess the
groundwater/surface water quality and  radiological
characteristics  of  the groundwater, surface water  in  and
around  the tailings pond.
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Fig. 6.22 (b) Groundwater Level contours  in m(amsl)  in Jaduguda Watershed,
Jaduguda Mines, UCIL,  East Singhbum district, Jharkhand, June  2008

6.3.11 Narwapahar Watershed

The groundwater level in Narwapahar watershed for pre
monsoon ranges from 117-134 m (amsl) and 123-141 m (amsl)
ranges for post monsoon period (Fig. 6.22c). 18 water samples
for pre and postmonsoon period were collected from
groundwater/surface water/monitoring well to analyse for
different chemical constituents. The TDS concentration for pre
monsoon period ranges from 131 to 774 mg/l in groundwater.
Similarly the TDS ranges from 272 - 1152 mg/l in groundwater
for post monsoon period.  Sulphate (SO4) concentration in
groundwater ranges from 0-99 mg/l and 21 mg/l in surface
water samples for premonsoon period and 28-218 mg/l and
234 mg/l in groundwater and surface water respectively for
postmonsoon period.

Fig. 6.22 (c) Groundwater Level contours  in m(amsl)  in Nawapahar Watershed,
Jaduguda Mines,  UCIL  East Singhbum district, Jharkhand, June  2008

6.3.12 Turamdih Watershed

The water level in Turamdih watershed for premonsoon ranges
from 114-162 m (amsl) and 136-175 m (amsl)  for postmonsoon
period (Fig.6.22d). The TDS concentration for premonsoon
period ranges from 137-1414 mg/l in groundwater; 103-591
mg/l in surface water and at tailing pond site, it is 2829 mg/l.
Similarly, for post monsoon period the TDS ranges from
86-2918 mg/l in groundwater; 88-498 mg/l in surface water
and 214-311 mg/l in monitoring well samples.

for post monsoon period (Fig. 6.22b).  The pH ranges from
6.58-8.03 in groundwater, whereas in surface water it ranges
from 5.34-7.83 for premonsoon and 6.39-7.97 in groundwater
and 6.74-7.75 in surface water for postmonsoon period
respectively.  Most of water samples are of acidic in nature.
TDS concentration for premonsoon period ranges from
98-883 mg/l in groundwater and 188-3462 in surface water.
The TDS concentration in groundwater samples ranges from
79-1210 mg/l and 147-2374 mg/l in surface water and
339-2707 mg/l in monitoring wells around tailing pond for
postmonsoon period. The  Sulphate (SO4) concentration in
groundwater ranges from 8-157 mg/l and 9-736 mg/l in surface
water samples for premonsoon period and 18-558 mg/l and
29-1140 mg/l in groundwater and surface water respectively
for postmonsoon period

Fig.6.22 (d) Groundwater Level contours  in m(amsl)  in Turamdih Watershed,
Jaduguda Mines,  UCIL, East Singhbum district, Jharkhand, June  2008
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6.5 GEOPHYSICAL AND TRACER STUDIES TO DETECT
THE SUBSURFACE CHROMIUM CONTAMINATION
AND SUITABLE SITE FOR WASTE DISPOSAL IN
RANIPET, TAMIL NADU, INDIA

A factory situated in Ranipet area, Vellore district, Tamil Nadu,
India manufactures inorganic chemicals such as sodium
chromate, Chromium salts and Basic Chromium Sulfate rich
in chromium - VI. The area located in granite gnessic terrain,
receives an average annual rainfall of 1000 mm. About 1.5

Fig.6.23 Location map of Geophysical and Hydrogeological Investigations HRF,
CRIDA

Fig.6.24 MERI and GPR scan at Hayatnagar Research Farm, CRIDA

(S. Sankaran, N.C. Mondal,. D.P. Seth, K. krishnakumar,
S. Saheb Rao, D. Purushottam, H. Smita, G. Chandan)

Similarly, sulphate (SO4) concentration in groundwater ranges
from 1-184 mg/l and 1-640 mg/l in surface water samples for
premonsoon period and 29-418 mg/l and 21-52 mg/l in
groundwater and surface water respectively for post monsoon
period.

(VVS Gurunadha Rao,   A.K. Mohanty,  B. Gladson,
M Ramesh, L. Surinaidu, G. Thamma Rao, J. Mahesh,
B. Rajasekhar, Y. Prasanthi &  D.Chowdary )

6.4 DEVELOPMENT OF METHODOLOGY FOR
PROTECTION & CONSERVATION OF SOIL AND
GROUNDWATER IN DRY LAND ENVIRON

Central Research Institute for Dry land Agriculture (CRIDA)
is chosen for developing methodology for protection &
conservation of soil and groundwater in dry land environment.
CRIDA has two research farms located at Hayatnagar(HRF)
and Gunegal(GRF). Integrated geophysical techniques such
as Ground Penetrating Radar (GPR), Multi Electrode
Resistivity Imaging (MERI) and Vertical Electrical Sounding
(VES)  were deployed  at HRF and GRF of CRIDA to achieve
the following objectives

� To decipher aquifer geometry and it’s potential in dryland
area of low permeability formations (Hard Rock);

� To understand the groundwater movement in weathered
(Saprolite ) and fractured zones;

� Establishment a relationship with hydrological
parameters;

� Predict the aquifer yield using geophysical data;

� Enhance the soil moisture through engineering
interventions;

� Development of a groundwater flow model for
assessment and management of the groundwater
resource;

� Suggest suitable cropping patterns for sustainable
production under organic farming;

� To achieve ‘More Crops per Rain Drop’

A total of six Multi electrode Resistivity Imaging, four VES,
40 GPR scans are carried out and a total of 25 monitoring
wells are established to determine hydrogeological parameters
(Fig 6.23). Based on geophysical investigation drillings at
11 locations, among which 4 are deeper and 7 are shallow to
measure the radius of influence, is performed. The GPR scan
verified with MERI (Fig.6.24) has led to explore a large fracture
zone at HRF. Drilling is performed at this site, where water
struck at the depth of 70 fts.,  the water yield at 150 fts is
3 inch and the total depth drilled is 285 fts.
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Fig. 6.25   Total area of contamination in the watershed Ranipet, Vellore dist.  Tamilnadu

(S. Sankaran, R. Rangarajan, K. Krishna Kumar, S.Saheb Rao,  H.Smita)

lakh tons of solid wastes spreading over an area of 3.5 acres
having 3-5 m thickness in an open yard is accumulated over
two decades of plant operation on the facility premises.
Hexavalent chromium (Cr-VI), when leached in water can lead
to respiratory disorders and is carcinogenic in nature.
Geological and Geomorphologic conditions of the affected area
are vital parameters in understanding the pollutant movement.
Detail Vertical Electrical Sounding (VES), Multi electrode
Resistivity Imaging, Drilling of bore wells, chemical analysis
of soil, formation samples and tracer studies were carried out
to decipher the subsurface geology, lateral and vertical extent
of pollution zone in and around the Chromium dump site and
suggest remedial measures for containing the contamination.

The geophysical investigations particularly VES and MERI

could clearly demarcate the lateral and vertical extent of
chromium contamination in and around the TCCL dump site.
The interpreted layer parameters of both VES and MERI
correlated very closely with the drill time Litho-logs. The
concentration of Hexavalent chromium reduces with depth
towards south and down stream area. Chemical analysis of
groundwater samples in the watershed indicate that the
Hexavalent chromium has reached up to Puliankannu Lake.
There is no Chromium contamination beyond this lake and
further down stream towards Karai lake and Palar River. The
open land (9.0 acres) abutting the NE corner of the dump
within the premises of TCCL factory has a shallow basement.
The NE-SW trending Dyke can act as a natural subsurface
barrier. This open land area (around 2.5 acres) has been
suggested for a secured landfill site as a long term remedial
measure.(Fig 6.25)
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(b) (c)

Fig. 6.27 (a) 2D resistivity section by ERT with pole-dipole arrays  (b)   Measured apparent resistivity vs time (ms) plot and (c) 1D resistivity image by TDEM at Tiwari Tola,
Ramagarh

Fig 6.26

6.6 MULTILAYER AQUIFER MAPPING USING ERT AND
TEM IN ARSENIC AFFECTED AREA OF MIDDLE
GANGA PLAIN

Recently there has been recognition of significant-to-disastrous
arsenic contamination of groundwater regime in Uttar Pradesh,
Bihar, Assam, etc. A task has been taken to study the
hydrogeological set up and device an optimal pumping scheme
in arsenic affected area. To initiate the Middle Ganga Plain
(Balia-Patna sector) has been selected in the first phase
survey, where an integrated study consists of water sample

analysis, geophysical surveys has been carried out in order
to understand the multilayer aquifer set up in the arsenic
contaminated region as inter fingering multilayered aquifer
systems is expected to exists.

Most part of the Balia city is found free from Arsenic
contamination except than one patch in the eastern zone. The
areas at Tiwari Tola Ramagarh, Sripalpur and Bhavan Tola
villages in Balia district (U.P.) are the most affected with arsenic
contamination (i.e. 100- 500 ppb) in groundwater. Gangajal
village sector in Hajipur district (Bihar) has also been studied,
where arsenic contamination is found up to 500 ppb.(Fig 6.26)
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Fig. 6.28.Two dimensional resistivity distributions (upper) and multi layer aquifer
set up in the north middle Ganga Plain

6.6.1 Establishment of International Hydrogeological
Park at NGRI, Choutuppal, Nalgonda District, A.P.

National geophysical Research Institute, Hyderabad have
been deeply involved in research and development work in
solid earth geophysics on various sectors such as, exploration
and assessment of groundwater resources, earthquake
assessments, hydrocarbon and mineral exploration,
lithosphere & paleao-environmental studies, geo-
instrumentation, etc. Groundwater, an essential need for life,
has been taken seriously and a huge amount of work has
been carried out as R&D as well as number of projects towards
social aspects for exploration, assessment and management
of groundwater resources. Institute has taken another step in
establishing joint collaborative centre between India and
France (i.e. Indo-French Centre for Groundwater Research)
in 1999 to further understand the hard rock hydrogeology. As
centre is situated in the granitic terrain, where groundwater
scenario is quite complex, granitic hard rock has been studies
to:

� understand the structure and the functioning of the
crystalline and the weathered-fractured coupled system
of the aquifer at the catchment/watershed scale through
hydrodynamic flow modeling

� Understand the geochemical mechanism of groundwater
contamination of groundwater through study of rock-water
interaction and mass transport modeling.

� Establish the spatio-temporal variability of various vital
aquifer parameters and designing optimal groundwater
monitoring network.

Center has finally developed a decision support tool for
management of groundwater resources, which is one of the
major contribution of the hydrogeological science.

However, it was still felt that there is a need develop a
hydrogeological park in all aspects, where the subsurface
heterogeneity is well known and hence it can facilitate for

researchers including outsider at national and international
level to the hard hydrogeological model as well as calibrate
the systems. In this connection centre has selected ~104 acres
land of NGRI near Chautuppal in Nalgonda district, Andhra
Pradesh.

The proposed hydrogeological park covers an area of around
0.5 km2 at ~50 km in east from Hyderabad and lies between
latitude 17Ú 17¢ 24.14²- 17Ú 17¢ 52.17² and longitude 78Ú
54¢ 57.38²- 78Ú 55¢ 27.53² (Fig. 6.29). This falls in granitic
terrain of Archean age. It is mostly covered by scrubs (sparse
vegetation). The topography is gently sloping towards east.
The area is mostly constituted of orthogneissic granites (pink
granite), which outcrops at several locations along the western
limit of the property. The fissured horizon gets close to surface
in west zone of the park. On the S, E, and N limits of the site
, several dug-wells show that the sandy regolith is very limited
in thickness (non-existent to less than 1 m) and the laminated
layer is comprised between 12-15 m in thickness. The top of
the fissured layer is visible in the dugwell lying in the vicinity
and is believed that fissures start at around 15 m deep. The
area is surrounded by farmland and a few pumping borewells
are located close the property boundary.

Fig. 6.29.Location map of NGRI Hydrogeological Park, Chautuppal, Nalgonda
and plan  of  ERT profiles

Electrical resistivity tomography has been carried out using
Syscal Jr. Switch 48 with 10 m electrode spacing along seven
line-profiles running four lines E-W and three lines in ~N-S
directions. The first four lines (i.e. L1, L2, L3 and L4) were
covered with total 9 ERT profiles. Further N-S profiles were
carried out to confirm the identified anomalies in the E-W
profiles. All the ERT profiles have been covered using Wenner-
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Fig. 6.30  ERT sections with WS, DD and Mixed arrays along line L1

The ERT investigation reveals that the proposed area for
hydrogeological park has heterogeneous subsurface structure
as usual in granite. The south-west portion has shallow
basement as sheet rocks are exposed as well as confirmed
by ERT results.  In general, eastern site is constituted of thick
soil cover as well as thick saprolite, which were observed in
L1 profile.  Two deep basement zones with high degree of
weathering and fissuring have been observed at L2 profile at
200 m and 700 m (lateral scale). A ~40 m wide resistive
anomaly has been observed at 480 m (i.e. centre) of the L2
profile, which could be probably intrusive resistive lineament
such as dolerite dyke. However, it need some more supporting
investigation from other geophysical method such magnetic,
TDEM, etc.

(Shakeel Ahmed, V. Ananda Rao, Syed Ali, Subash
Chandra, Dewashish Kumar, G. Anil Kumar, Abdul Khalil,
E. Nagaiah, P.D. Sreedevi, Surendra Atal, Aadil Nabi, Haris
H. Khan, Visahono Zaphu, Sarah, Mehnaz Rashid, Kissa
Fatima, Krishnam Raju, D. Mallesh, Lavanya, Ahmaduddin,
Jerome Perrin, Cedric Mascre, Wajiduddin, Fazel Taras).

Schlumberger (WS) and Dipole-Dipole (DD) configurations.
ERT sections with WS, DD and mixed arrays along  L1 has
been shown in Fig. 6.30
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