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ODISHA POWER GENERATION CORPORATION LTD. OPGC
A Joint Venture of Govt. Odisha & AES Comp., USA) ower for rogess

2 X 660 MW Thermal Power Project Office: Resource Centre, Ib Thermal Power Station
Dist.: Jharsuguda 768234, Odisha, Ph.: 06645-222212 Web: www.opgc.co.in

OPGC ll - MOEF - 2014 - 3133
Date* [10th Dec 2014]

To:

The Director {Thermat),

Ministry of Environment, Forests & Climate Change
Govt. of India,

Indira Paryavaran Bhawan,

Jor Bagh Road,

New Delhi- 110003

Subject : Compliance of terms towards environmental clearance given to Expansion of existing Coal
based thermal power plant of OPGC by addition of 2X660 MW (Unit 3 & 4) at Banharpali in
Jharsuguda District, in Odisha.
Your Ref. no. :i) MOEF letter no. J-13011/59/2008-IA.11 (T) dated 04.02.2010
L i) MOEF letter no. }-13011/59/2008-IA.II (T) dated 22.01.2014
Our letter no. :ii) This office letter No. OPGC: 2589/WE dated 21.10.2010
:iii)  This office letter No.OPGC:2680/WE dated 30.11.2011
:iv)  This office letter No.OPGC-4084/WE dated 03.07.12
) This office letter No.OPGC-397/WE dated 13.02.2013
:vi)  This office letter No.OPGC-006/WE dated 09.01.2014
:vii)  This office letter No. OPGC It — MOEF — 2014 - 1421 dated 02.07.2014
:viii)  This office letter No. OPGC Il — MOEF — 2014 — 3133/WE dated 10.12.2014
Dear Sir,
In continuation to our letter under references above, the compliances to the terms set in the
environmental clearance is attached herewith.
Encl: As above.

Thanking You.

Yours Faithfully,

(Ron Me Pavioind )

Executive Director (Construction)
(On behalf of Odisha Power Generation Corporation LTD. Unit 3 and 4 Expansion project)
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ODISHA POWER GENERATION CORPORATION LTD. OPGC
(A Joint Venture of Govt. Odisha & AES Corp., USA) otver for rogress

2 X 660 MW Thermal Power Project Office: Resource Centre, Ib Thermal Power Station
Dist.: Jharsuguda 768234, Odisha, Ph.: 06645-222212 Web: www.opgc.co.in

Copy to:-

1.

The Director (S), Govt. Of India, Ministry of Environment & Forests, Eastern Regional Office,

A/3, Chandrasekharpur, Bhubaneswar-751023.

The Member Secretary, State Pollution Control Board, Orissa, Paribesh Bhawan, Nilakantha Nagar,
A/118, Unit-8, Bhubaneswar-751012.

Regional Office, State Pollution Control Board, Orissa, Plot No. 370/5971, At —Babubagicha (Cox
Colony) St. marry Hospital Road, PO-Industrial Estate, Jharsuguda, Dist. -Jharsuguda - 768203

The Incharge, Eastern Zonal Office, Central Pollution Control Board, 247, Deshpran Shesmal Road, ClI
Building, 1* floor, Kolkata-7000331.

The Managing Director, Orissa Power Generation Corporation Ltd.

The Director (Operation), Orissa Power Generation Corporation Ltd.
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ANNEXURE 1
ODISHA POWER GENERATION CORPORATION LTO. OPGC
| A Jon! Ventuie ot Govi of Odisha & AES Corp USA) Power fJor Pragress

Zone A Tth Fisor Fortune Towers, Bhubaneswar - 751 023 Odisha
F1 0674-2303765 66 Fax 0674 2303755
Web www opgc comn ‘i

Letter No 7“7, ] dt 1907 014

To

The Dwis onal Forest Officer
shar uguda Forest Division
Dist jharsuguda

Sub  Approval of Site Specific Wild Life Conservation Plan in respect of {b Thermal Power Station,
Banharpalli in Jharsuguda district by M/S OPGC Ltd

Demand for Site Sprcific Wildlife Conservation Plan

Your Letter No 1826/ Dated 30.06.2014

Sur

Wi h reference to the letter and subject ated above we are informing herewith that we have directly
credited through Transaction 1d No AA286709 dt 18 07 2014 amounting 10 Rs 6.62,92,000/ {Rupees Six
Crores Si ‘tyTwo Lakhs Ninty Two Thousand) only drawn on Umon Bank Of India, Main Branch,
Bhubaneswar deposited wi v Od  ha State CAMPA in Account Number 34490201010 428 fUnion
Bank Of India, Sundarnaga New Delhi, 110003CGO (IFSC Code- UBINO533498) through JV towards
deposit of Site Speafic Wildlife Conservation Plan Fund You are requested to submit the confirmation

apainst the above payment for our Records & Audit

Thanking yo

our fanth%w
(3 (L
Sr Asst Manager {Finance)Project

Encl As above
Copyto 1) PCCF (WL} & Chuef Wild Life Warden, Odisha

2)RCCH Sambalpur Circle Odisha

3)$r Assistant Manager (Fin) cum DDO for information

4) 5r Manager {Mines) for information & necessary action

5) DGM (Ciwil), ITPS, Banharpalli Jharsuguda for information

§) Sr Manager {Mechamical) Corporate Office

y
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HYDROGEOLOGICAL STUDIES AT ASH POND A, B AND C, IB THERMAL POWER STATION,
JHARSUGUDA, ODISHA.

INTRODUCTION

Odisha Power Generation Corporation Ltd. (OPGC) was incorporated as a wholly owned
Government of Odisha Company on November 14, 1984 under the Companies Act. 1956
Government of Odisha as part of the reform process in the energy sector, had divested 49°

of its share capital in favour of a strategic investor namely AES corporation, USA in the
month of January, 1999.

The existing business activity of OPGC is confined to generation of 420 MW (Unit 1 & Unit 2

of electricity from its plant IB Thermal Power Station (ITPS) located in the district of
Jharsuguda. The two units of 210 MW each at ITPS are running successfully for last 12
years. As part of its growth plan, OPGC has accorded top priority for the setting up of two
more units 2x660 MW (Units- 3&4) at the same location. OPGC is also developing the
captive coal block (Manoharpur & Dip side of Manoharpur) allocated to it in IB Valley area for
the expansion at ITPS.

As a part of the thermal ower station, two ash ponds (Ash pond A & ash pond _exist at
about 4km towards east and southeast direction. Another ash pond C is under construction
and is located in between A & B ash ponds.

The hydrogeological study is being conducted for all three ash pond areas to know the
subsurface geological features, aquifers and ground water characteristics.

The location map of the study area is given in the Figure 1 and a Pond layout shown in the
Figure 2.

SGS India Private Limited 2013-02/ Version 1.2/ 15.07.2014 Page 1 of 39
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OPGC (ITPS) has invited SGS India to carryout Hydrogeological study of the ash pond area
and accordingly, SGS India Private Limited (SGS) has carried out the Hydrogeological
studies to understand the aquifer charactenstics, delineation of subsurface features and
groundwater level from the ash pond area and its surroundings. The study involves,
Hydrogeological, geophysical investigation and water & soil testing. The study results area
are summarized in this report.

The Study was undertaken between 22™ April & 29" April 2014 by SGS India.

OBJECTIVES AND SCOPE OF WORK

The principal objective of the study 1s to understand the hydrogeological features including
groundwater level and leaching behavior and any contamination exists from the Ash pond A,
B and C at IB thermal power station, Jharsuguda, Odisha

The scopes of work include;

e De’ Ing subsurfate geological features in & around the ond locatio .
e Possibility in groundwater quality and so’l contamination from the Ash pond
e Groundwater table, groundwater and surface water quality

e Leaching behaviour due to ash pond operation.

The secondary data received from OPGC for correlation with the primary data collected
during hydrogeology studies

e Previous soil investigation (geotechnical study) reports related to ash pond C

e Water analysis reports for the ash pond and surrounding areas including seepage
water analysis reports from ash pond.

SGS India Private Limited 2013-02/ Version 1.2 15.07.2014 Page 1 of 39



DESCRIPTION OF STUDY AREA

The study site is located at near Bhalupali and behind Rengali village in Jharsuguda district.
The location is marked on survey of India Toposheet as shown in Figure 1. The total ash
pond area is about 500 acre and is bounded by 21°%41'4.09"N latitude and 83°53'54.29"E
longitude at a height of 185-210m above mean sea level. The site is at about 4km by road
from 1B Thermal Power plant towards east & southeast direction and 14 km North of Hirakud
dam. The toposheet (scale 1:50000) as shown in figure 1 shows that the Ash pond area lies
adjacent to back water of Hirakud river. The general slope of the ash pond area is from East
to West, which is about 8 to 10m elevation difference.

The salient features of both ponds are as follows.

Ash Pond A

Area

Structure

197 m.
Coordinates

Nil
Ash Pond B:
Area
Structure

202 m
Coordinates

Nil

SGS Ind a Prvate L mted 2013-02/ Version 1.2/ 15.07.2014 Page 2 of 39



3.1. TOPOGRAPHY

It is a plain area with the general topography sloping towards the south and south west
Rengali and Kantaritika villages are the nearby villages situated adjacent to the ash pond B
and at an elevation of 185 & 200 m (amsl) respectively.

Towards northeastern side of ash pond, the land is more or less flat in nature where
agricultural activity is practiced. The ash pond B is fully exhausted and reclaimed by partial
vegetation using grass species. Refer Figure 3, 4 and Plate 1 for base map & image of
reclaimed ash pond B, as a part of reclamation process, ash mound is prepared to
accommodate more ash at the center of the reclaimed ash pond B.

PLATE 1: AsH POND B (RECLAIMED BY PARTIAL VEGETATION)

Regarding ash pond A, which is presently active and the ash generated at OPGC is
unloaded in the form of ash slurry in it. The pond ash from Ash pond A is removed and
transported to nearby industries for their consumption in Cement industry and brick making
The ash pond layout map is given in Figure 5.

The stability test of ash pond A & B was conducted by OPGC by engaging Department of
Civil Engineering, lIT Madras during April 2011.

Currently, ash pond C is under construction which is located in between ash pond A & ash
pond B adopting HDPE liner at the bottom and sides to avoid seepage of ash pond water

SGS India Private Limited 2013 02/ Version 1.2/ 15.07.2014 Page 3 of 39



3.1.1. STATIC STABILITY ANALYSIS OF THE ASH POND

The ash pond was analysed for static stability using plane strain model using PLAXIS 8. The
compressibility characteristics of the foundation layer below the embankment is found be
quite insignif cant when compared to the foundation soil.

The major portion of the embankment is made up of burrow material (Clayey sand) up to the
level of EL 199 m and compacted ash for the proposed construction (i.e. rising of level from

EL 202 m to 205 m). This 3 m level rising is to be carried out by compacted ash
embankment with nominal earth cover
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SGS India Private Limited 2013-02/ Version 1.2/ 15.07.2014 Page 4 of 39



———

—————

]
L2 oy
) ) eaze
3 M I3 9% g
1.0y 5 P
10048 034
ase e384
1wy
7, nmo b 2 -
o “ nm ” wrae
w48 s ry
e
n
7]
e
re
I e
fsnidi V2]
19904 id es
1 mn
n
iy a0
B n2e wam
tase ese
woars
3
WP e wa
09 N e
14
904 w2 W
e
7
e w
won 2
& guua s
10348
£
n 84D
W [t
wiel 30 mﬂ
o =
» b w
a5 wrzs
™ wn
Wi
72
=
r
wmn
mee
we—
ars
tons
™
w7

roves Béed
9440
pﬂ
1809
w
xﬂ-ﬂ
19208
R
343
e
9 e
N
E : mare
7.3 nese
[ 1)
n
s
m =7
7 190
s 54
ma
man
"
.
W BR
g
LAYOUTP  OF
B30

FIGURE 4: CONTOUR MAP OF THE AsH PonD A

SGS India Private Limited

2013-02/ Version 1.2/ 15.07 2014 Page 5 of 39



L5 A

PLATE 2: PRESENTLY ACTIVE ASH POND A

/

-

3.2. GEOLOGY

Lithologically, the area comprises formations of Gondwana group (Boulder bed, Sandstone
Shale and coal seams etc.), Laterites to alluvial deposits of Quaternary age. Sedimentary
formations (sandstone, shale and clay) equivalent of Barakar formation of the southern part
of the study area is covered by the Archeans, whereas the northern part is covered by the
Gondwanas'. The laterites of both high and low level occur extensively in the state. The brief
descriptions of major geological formations are given below Table 1.

TABLE 1: GEOLOGICAL FORMATIONS OF JHARSUGUDA DISTRICT

Boulder bed, Jharsuguda,
Sandstone, Shale and
coal seams etc.

' Source: Kamal Jeet Singh (Gondwana Formation of IB river valley Odisha 2006.
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3.3. CLIMATE

The area experiences a sub-tropical climate with characterized as tropical with hot summers
and mild winters. Rainfall occurs mainly during the monsoon stretching between Mid junes to
September. The climate of the entire basin is ‘tropical monsoon type’ with four dist nct
seasons, i.e., summer from March to May, Monsoon from June to September Post
monsoon from October to November, and winter from December to February’. The
temperature gradually rises from end of February to May, sometimes, upto 44 Cto 45 C
December and January are the coldest months when the mercury reaches to around 8 C

3.4. DRAINAGE

The drainage in the study area is mostly dendrite in nature and it is mostly controlled by the
Hirakud Reservoir. The study area is located within the Hirakud reservoir watershed. River
Mahanadi with its tributary IB is the major river flowing through IB Valley, Jharsuguda area
and the many of the streams forms the northern boundary of Hirakud reservoir has a number
of such streams running in north-south direction The drainage map of the study area Is
given in the Figure 6.

— —

— —

Debiprasad Taudia (Rapid environmental impact assessment using remote sensing and geographic
information systems: A case study of river Ib Barrage, Odisha)
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3.5. SolL

There are mainly two types of soil viz lateritic soil and alluvium soil predominantly exists in
the ash pond area. These soils are generally residual and have poor fertility.

3.5.1. LATERITE AND LATERITIC SOILS

The lateritic soils occur extensively towards northern Jharsuguda plateau; this is attributed to
the comparatively flat uplands favouring greater illuviation of iron and manganese and
excessive leaching of bases. Around the periphery of Hirakud reservoir low level ground and
laterite are observed in study area of Ash pond.

3.5.2. ALLUVIAL SOILS

Alluvial soils are observed in limited areas of the ash pond and mostly occurring in levees of
Hirakud and IB River. Besides localized ones along the stream terraces have stratified
alluvial material deposited along the stream banks.

3.6. HYDROGEOLOGY OF THE REGION

The semi-consolidated Gondwana sandstones form moderately good aquifers when it is
weathered and fractured. Diverse hydrogeolo " al conditions have been observed over the
area due to variations in rock types, geology and structures. The rock types ranging in age
from Achaeans to Recent, The classified rock formation of Boulder bed Sandstone, Shale
and Coal seams, ground water occurs in weathered residuum and deeper loosely cemented
friable and fractured sandstone. Ground water occurs under phreatic condition at shallow
depth and under semi-confined to confined conditions at deeper depth in the hydrogeological
units.

The rocks belonging to consolidated unit are devoid of any primary porosity from the
hydrogeological point of view but consist of secondary porosity, developed subsequently by
the tectonic and structural movement and also due to weathering and erosion process. The
weathered residuum of consolidated rocks form ground water reservoir at shallow depth and
are designated as shallow aquifers while fractures, joints etc act as ground water reservorr at
deeper depths and this ground water bearing zones at deeper depth are designated as
deeper aquifers.

The aquifers in semi-consolidated formation are mainly formed by the weathered and
fractured sand stones in Gondwana rocks, and semi-consolidated and loosely cemented
sand stone or sand layers in Tertiary deposits of Jharsuguda district. Ground water occurs

3 Soils of Jharsuguda District: 2009 (Dr. Antaryami Mishra)
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under water table condition in shallow aquifers. The shallow aquifers in Gondwana rocks are
formed by weathered and fractured shales, sand stones and normally the thickness of
weathered zone 1s thin. The unconsolidated formations include laterite and recent alluvium.

4. GROUNDWATER LEVEL MEASUREMENT
4.1. GROUNDWATER LEVEL MEASUREMENT USING ELECTRICAL WELL SOUNDER

Ground water level measurement provides information on the effects of climate, land use
change and ground water abstractions. Ground water level measurement is carried out
nearby Ash pond area during pre monsoon season. Ground water level was measured using
Electrical well sounding device (Figure 7 & Plate 3) and is a simple continuity detector will
be used towards measurement. The monitoring and sampling location are shown in Figure 8.

Model 101 P7

Tape Guide:
ml prevents tape
from scraping
‘ the t e =
o E ofw lica ing
E

Water Level Meter:
anchored to the well casing
with the tape guide for stable
operation.

High quality

PVDF tape: hangs
straight in the well for
accurate water level
measurements

P7 Probe:
zero measurement
point located he e

FIGURE 6: CROSS SECTION OF ELECTRICAL WHLL SOUNDER
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4.1.1. DEPTH TO WATER LEVELS IN ASH POND NEAR VILLAGES

The groundwater levels were measured at 3 different locations at Bhalupalli, Rengal and
Kantatikra villages during the pre monsoon season 2014 and the details are shown in Table

2 and Figure 9.

TABLE 2: GROUND WATER LEVEL MEASUREMENT DETAILS

Water Level
(inm)

9.31

FIGURE 8: CROSS SECTION OF WATER LEVEL NEAR ASH POND AREA

From the above Ground water level measurement the ground water level range between 9
to 20m and the shallow water table conditions occurred in this area. The groundwater flow
direction is towards southeast to northwest following the general sloping pattern.
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4.2. GEOPHYSICAL INVESTIGATION METHODS

As a part of geophysical investigation, electrical resistivity technique (vertical electrical
sounding — (VES) is used to determine the thickness and composition of the sub-surface
formations and to identify water-bearing zones at the study area.

4.2.1. ELECTRICAL RESISTIVITY TECHNIQUE

Electrical resistivity technique is a kind of geophysical investigations. Electrical Resistivity
Method for sub surface exploration is by far most reliable, fast and economic in delineating
changes in the lithology of sub surface formations. The technique can effectively identfy
presence of water, clayey, sandy zones and hard rock'’s.

An electric current ‘I is passed through the ground by connecting with the battery, the
terminals of a pair of electrodes AB, driven in the ground and called Current Electrode Pair
The voltage V, developed due to current flow across another pair of electrodes MN, known
as Potential Electrode Pair and driven in the ground, is measured.

The ratio between Voltage V and current | is the Resistance R of the ground as per
well-known Ohm"s Law between M and N. It may be expressed as.

R=  -Ohm's Law =

The current flow direction and equi-potential line configuration are shown in Figure 10 &
Plate 11 below.

Resistivit Rho2

Meast  Resistivly

eststiity Rhot

nce

Currant Electrode (1)

o o~
A M N [
La Resmstrvtly Rho 1

Resistance = W/
Reaistivity = Geomotric Faclor for Elocirode
Asmay © Rasistonca

FIGURE 9: SCHLUMBERGER ELECTRODE CONFIGURATION USED IN THE SURVEY
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PLATE 4: ELECTRICAL RESISTIVITY SURVEY (SCHLUMBERGER METHOD) WAS CONDUCTED AsH POND AREA

The measured resistance valu R, is ultimately converted to Electrical Resistivity value by
multiplying it with a factor, known as Electrode Spacing Factor ‘K’.

p K*R

Spacing factor K depends upon the relative spacing between current and potential electrode
pairs and also upon the electrode arrangements The reason of converting the resistance to
resistivity value is that the resistivity, unlike resistance, is not dependent upon the physical
dimension of the medium through which the electric current passes. The resistivity value is
related to physical properties of the medium. The relative variation in resistivity value may
indicate if the formation is compact, fractured or loose and many other related physical
properties. As the current electrode separation is increased, current lines focuses at deeper
level of the sub surface and information of potential difference measured is related to deeper
sub surface depth. The variation in resistivity value with increasing current electrode
separation is plotted in a log-log graph and is called Vertical Electric Depth Sounding curves.
Generally fresh water bearing formation shows higher electrical resistivity value and clayey
sediments, a poor ground water bearing zone, indicates low resistivity value. Simlarly if
quality of ground water is poor, it is manifested in Vertical Electric sounding curves (VES
Gurves) with low electrical resistive layer.
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With this idea, differentiation can be made about presence of good/poor water
bearing zones at different depths in the subsurface.

4.2.2. DEPTH OF INVESTIGATION

The maximum depth of 100m was measured below the ground surface during in this study.
As explained above, the separation of current electrode pair decides the sub surface depth
to which geo-electric response can be recorded. Under favorable condition, the depth of
investigation varies 1/3rd to half of the current electrode spacing. In the present study, the
depth of interest was deeper (more than 50 m bgl), current electrode spacing was tried to be
kept around 180 m so that response from depth of about 50 m can be recorded clearly.

4.2.3. EQUIPMENT

Resistivity equipment, used for measurement here was SSR-MP-ATS (Make: Integrated
Geo Instrument and Services Pvt. Ltd., Hyderabad). It is a dry battery driven unit having
power generation up to 2 kVA with matching current controlled system, highly suitable for
deeper depth probe in the sub surface the receiver is a highly sensitive unit to record
resistance range of 10”° to 10* Ohm with inbuilt stacking facility for achieving better signal to
noise ratio.

/
——""4.2.4.-BATA ANALYSIS AND INTERPRETATION—"""_ =

The fourteen numbers of Schlumberger depth sounding measurements were carried out with
maximum current electrode spacing in the study area and reflect the change in lithology,
configuration are presented as depicted in Table 3, and survey location points were plotted
in the index map as shown in the Figure 11. The data have been analyzed to prepare
aquifer formation using different software’s.
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The field VES curves are converted to geo-electric parameters, which are true resistivity and
used for defining the thickness of individual sub surface layers. The true resistivity value of
the layer is ultimately converted to lithology of the layer including the expected ground water
quality. This is based mainly on field experience, available electric and litholog from the
existing wells in the survey area and knowledge on the limitations associated with electrical
resistivity survey.

Field data analysis and interpretation have been done at 14 points around Ash pond area
and nearby village. The various model prepared to reflect the change in lithology,
configuration are presented in Figure 12 & 13.

The first layer is the topsoil is composed of laterite and mixed with loose sediment
formation. This layer has reS|st|V|ty values range from 11 Qm to 3278 Om and a thlckness
between 0.1m and 3 m depth It is generally unreliable for groundwater accumulatlon in alI
the VES stations.

The second layer is the Feldspathic and mixed medium sandstone and it comprises of wet,
moist, dry and thin bedded. The resistivity ranges from 5 Qm to 9873 (m and the thickness
various from 1 m and 22 m bgl, having poor hydrogeological characteristics.

The third layer-3 partially wesgthered layer and has resistivity of 7 Qm-art 445 Omarda
thickness of 6m and 37m, these layers are found in most of the survey stations at ash pond
near villages. The VES station fall into silty sand with sand clay formation. This layer is
partially convenient for ground water accumulation and hence the aquifer can yield water in
sufficient quantity and economical use.

The fourth layer is the weathered layer and the resistivity value ranges from 6 Om to 178
Qm and the thickness various from 6 m and 33m. This layer enhances the accumulation for
efficient groundwater potential. It is very favorable and productive in river source of
groundwater formation. The weathered/fracture zone gives rise for the convenient flow of
water from the aquifer to the earth surface.

!

l
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TaBLE 3 GEOPHYSICAL SURVEY INTERPRETATIONS

VES No Location No Resistivity Depth (m) Thickne From(m) To Tentative Lithology
ohm-m ss m m
E 1 Budapalli 1 175 1 1 Laterite with mixed
N:21.67014 sediments
E: 83.90725 2 106 3 3 Feldspathic
Ee:219m sandstone
3 18 25 23 3 25 Silty sand with sandy

clay carrying qualty
of roundwater

4 28 Inderminate Below 25 Fine to medium
sandstone
VES 4 Inside Ash 1 100 1 1 0 1 Mixed loose
Pond B sediments
N 216 2 9873 1 0 1 sandstone laterite sol
E 90062 3 106 24 2 24 Fine to medium
Ee 214m sandstone
4 10 Inderminate Below 24 Silty sand with sand
clay carrying quality of
roundwater
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VES No Location

VES 8 Ash Pond C
(In betwee
pond A & B
N: 21.68495
E- 83.90810
Ele: 199 m

VES 9 Saradapa
(near Ash
Pond C & B)
N:21.68833
£:83 90730
Ele: 197 m

VES 13 Saradapali
(behind Ash
pond B

N: 21.69454
E: 83.90379

Ele: 204 m

SGS India Private Limited

Resistivity
ohm-m

1
12
10
30
63
13
13

30

1

30

Depth (m) Thickne
ss m
0.12 012
3 3
24 21
Inderminate
0.3 04
2 2
36 34
Inderminate
3 3
4 1
13 8
46 33
Inderminate

From(m) To

m
o} 0.12

0.12 3
3 24
Below 24
0 0.4
0.4 2
2 36
Below 36
0 3
3 4
4 13
13 46
Below 46

Tentative Lithology

Surface loose
sediments

Cla e sand

Silty sand mixed with
gravel carrying quality
of groundwater
Cross-beded
sandstone

Surface loose
sediments

Cla e sand

Silty sand mixed with
gravel carrying quality
of roundwater
Cross- beded
sandstone

Surface loose

sediments

Cla e sand

Silty sand mixed with

gravel carrying quality

of roundwater

Silty sand with sand

clay carrying quality of
roundwater

Cross-beded

sandstone
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4.2.5. THE SUBSURFACE HYDROGEOLOGY AND LITHOLOGY OF ASH POND AREA

Hydro geologically, the ash pond area’s main shallow aquifers include recent alluvial
deposits a large potential shallow aquifer corresponds with the alluvial deposits of the 1B
River and Hirakud reservoir near Ash Pond. Shallow potential bedrock aquifers underlie
most of the location near ash pond. Shallow sand and gravel aquifers were observed at
surface during field investigations of (Vertical electrical sounding conducted).

Based on geophysical surveys provide the valuable information to understand the sub
surface features related to the presence of aquifer.

Description of lithological Variation of Ash pond A, B and C and surrounding villages

The VES interpretation reveals four geo-electric layers across the Ash Pond area: the topsoil
consisting of Laterite and mixed sand; the weathered layer which is made up of sandy soil
and the bedrock constituting the fractured or fresh basement. The geo-electric sections show
subsurface variation in electrical resistivity along the profiles and attempt to correlate the
geo-electric sequence across the profiles.

The resistivity values in the order VES 1, 2, 3 and 10 has showing lithological variation of the
pond A, and surrounding villages (Bud i and Bh )]

Oto1

1t03

31035

Inderminate - 35
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The resistivity values in the order VES 4, 5, 6, and 7 has showing lithological variation of th
ash pond B,

1t03

31040

The resistivity values in the order VES 8 9, 12, 13 and 14 has showing lithological variation

of the ash pond A and B in between C and surrounding villages (Saradapalli, Rengali).

Ash pond C (Under construction) area have alluvial formation likely silty sand mixed with

clay and gravel

0to 20

20to 25

2510 45

The weathered formation of consolidated rocks form the source of ground water reservoir at
shallow depth and for deeper aquifer are of weathered, fractured zone of cross bedded
sandstone and this acts as good ground water reservoir in and around the ash pond area.
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4.3. WATER AND SOIL PARAMETERS ANALYSIS

4.3.1. WATER

The water samples at ash pond area, stream water (surface water flow adjacent to ash pond
A, B and C towards east) and groundwater towards west and north of ash pond were
collected by SGS as shown in the (Figure 14 & Plate 5). The Groundwater, Surface water
and surface soil Samples were collected from in and around Ash Pond area at IB Thermal
Power Station, Jharsuguda, Odisha for analysis of various heavy metal parameters. The
different sampling locations are described below in Table 4 and 5. Water samples were
collected and analysed by following the standard procedures prescribed by APHA 2012
methods. Water analysis was conducted at SGS India Pvt Ltd Gurgaon laboratory.

TABLE 4: GROUNDWATER SAMPLE COLLECTION DETAILS OF NEAR ASH POND AREA

Groundwater sample locations

TABLE 5: SURFACE WATER AND SoiL SAMPLE COLLECTION DETAILS OF NEAR AsH POND AREA
Soil and surface water Location

Location Latitude Longitude Well type
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PLATE 5: SURFACE WATER SAMPLE COLLECTION OF AsH POND LEACHEATE AREA

The present study is to evaluate any presence of contamination (heavy metals) or effect of
ash pond on the surface and ground water in the region. In this study some of the water
samples were collected and analysed to confirm any presence of contamination. Details of

concentration of heavy metals in th n water samples near the ash ponds and at
the surrounding villages are given in Table 6.

The pH of the water samples ranged from 7.28 to 8.30, Iindicating slight alkaline during the
pre monsoon 2014. The elements concentration analysed in the tube well waters were
Copper (Cu), Arsenic (As) and Manganese (Mn) followed by Fluoride (F) and Cadmium (Cd).

Fluoride in the groundwater and surface water of the ash pond area reported insignificant,
i.e., from 0.2 to 0.9 mg | in the ash pond A and surrounding village.

The Manganese contents various from 0.05 to 0.1 mg L in ground water and from 0.06 to
0.08 mg/Lin surface water samples.

A comparison of data is also made between the concentrations of the trace elements in the
waters of the tube wells near the ash pond and those of the tube wells in the villages shown
in Table 6. The concentration of other metals conforms to the normal and nearly similar in
the water samples in all locations. Heavy metals of ground water samples and surface water
samples in and around Ash Pond area at IB Thermal Power Station Jharsuguda, Odisha
conform to the stipulated standards for drinking water quality (1S: 10500).
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TABLE 6: HEAVY METALS OF DIFFERENT WATER SAMPLE

Pre monsoon 2013

Pre monsoon 2014

Cadmium (as Cd)

<0.05

Pre monsoon 2014

Parameters
(mg/L except pH)
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4.3.2. LEACHATE TEST (SOIL) FOR HEAVY METALS OF ASH POND AREA

Normally it is found that a substantial amount of ground water pollution contamination is
caused by heavy metals leaching from the effluents running through ash pond. The fate and
transport of heavy metals in leachates depend upon their variable complexing abilities, the
relative concentrations of other constituents and upon the environmental conditions
particularly the acidic value. The generation of leachate is a result of percolation of
precipitation through open landfill or through cap of the completed site. Leachates contain
many contaminants that may have a deleterious effect on ground water. It may bring
ecological and health associated risks if poorly managed like contaminating the
groundwater. The rate and extent to which such metals will be attenuated by leaching
through the soil would be affected by the extent to which soluble complexes are formed
between the metals and other components of the leachates.

The total concentration of the element can be used to assess its environmental impact only if
it is present in the environment as a single species. However, it is quite difficult to identify
individual species and quantify them in the environment. Several heavy metals that may be
prese  andfill leachates are considered as priori pollutan ground water resources
like Cd. The composition of landfill leachates is dependent on many factors such as the
origin, waste composition, climate condition, site hydrology, bacterial activities and duration
of generation of wastes. In aquatic environment, the metals will exist as free metal ions,
inorganic complexes, organic complexes and associated with colloids. The solubility and
mobility of heavy metals are often controlled by complexation with dissolved organic matter
The behavior of metal in polluted ground water due to long term leakage of landfill leachates
into the ground water is highly influenced by several factors such as dilution and adsorption
on the soil.*

The study is to determine the speciation of some selected heavy metals (As, Cd, Mn and Cr)
in the ash pond leachate from a Ash pond A and B at IB thermal power station, Jharsuguda
Odisha with a view to ascertain their impact on the ground waters.

The above mentioned metals have been selected for the study because these metals are of
common environmental concern vis-a vis. their ecotoxicology and health hazards to the
human beings as well as to aquatic biota. Their speciat on is also similar, that is, different

4 Balaram Pani (2013 Effect of Seasonal Variation on Metal Speciation in Leachate from a Thermal
Power Plant Ash Pond: Impact on Grou  Waters
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chemical forms of these heavy metals are very closely correlated to each other and these
metals are more likely to affect the water quality parameter depending on the nature of their
chemical forms, distributing patterns order of the stabilities of their complexes and so on. For
characterization of heavy metals of the leachate, the samples were collected from the
following sites

Details of the concentration of heavy metals in the Surface oIl samples near the ash ponds
and at the surrounding villages are given in Table 7.

TABLE 7: HEAVY METALS ANALYSIS OF SURFA E SOIL SAMPLES

Surface soil

<0.01

From the analysis results, it is found that the concentration of the heavy metals | below
<0.01 except for Manganese where the maximum concentration is 5.42mg kg. There are no
specific standards available for soil in India to compare. Overall soil quality of the area does
not vary much within the Ash pond and near village area.

CONCLUSION

The study undertaken by SGS with the help of Geophysical technique’s in delineating the
subsurface geological and hydrogeological features, including groundwater level, ground
water charactenstics and leaching behavior of contamination from the Ash pond A and B at
IB thermal power station, Jharsuguda Odisha.

* An integrated approach has been adopted in this study by utiiz ng various tools like
hydrogeology geophyscs and groundwater chemistry. Geophysical studies were
carried out to decipher the aquifer geometry and possible signatures of ash pond on
lithology an groundwater regime
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Water level data along with limited field visit and geophysical surveys are adopted to
study the area.

* Based on the available information and the geophysical investigations it is concluded
that Ash pc;nd A, B & C is located in an area where shallow aquifers.including recent
alluvial deposits a large potential shallow aquifer corresponds with the alluvial
deposits of the IB River and Hirakud reservoir near Ash Pond. Shallow potential
bedrock aquifers underlie most of the location near ash pond. Shallow sand and
gravel aquifers were observed which is considered to have medium to good

‘ groundwater potential. '

* The shallow aquifer weathered underlying formations at around expected below 2-4
m bgl and indicate huge water sources to the Ash pond area. It is covering HDPE
liner at the bottom and sides at the new construction of Ash pond C to avoid seepage
of ash pond water into neighboring lands or back water.

e Ground water level measurement, the ground water level range between 9 to 20m
and the shallow water table conditions occurred in this area. The groundwater flow
direction is towards southeast to northwest following the general sloping pattern.

e On the basis of the study of the leaching of heavy metals from ash pond, the

_—— following conclusions can be drawn:TFhe concentrations of all the heavy metals
under study in the leachate were invariably well below the permissible limits for
discharge of effluents as per the Indian standards 10500 and WHO limits for drinking
water quality. However, the result obtained for the hand pumps near ash pond area
depicts non-detectable contamination level. The good condition of these sampled
wells observations reveals that good quality drinking water can still be obtained in the
surrounding village area. Also it is suggested that the assessment of the ash pond
area and analysis of water samples from hand pumps in the surrounding village's
area should be carried out periodically. This will encourage constant assurance of
good water availability.

e This also reveals insignificant leaching of heavy metals from ash pond to the ground
water, most probably due to low leaching behavior of Pond Ash and alkaline
condition of Ash water (>6).
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