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CURRENCY EQUIVALENTS
(as of 31 October 2007)

Currency Unit rupee (Re/Rs)

Rel.00 = $0.025371
$1.00 = Rs39.41
ABBREVIATIONS

AAS — atomic absorption spectrophotometry
ADB — Asian Development Bank
BOD — biochemical oxygen demand
Ca — calcium
CaCOs; — calcium carbonates
Cd — cadmium
CESG — Corporate Environment and Social Group
CGPL — Coastal Gujarat Power Limited
cr — chloride
COD — chemical oxygen demand
CO — carbon monoxide
Co — cobalt
CO, — carbon dioxide
Cr — chromium
Cu — copper
DO — dissolved oxygen
EIA — environmental impact assessment
EME — environmental monitoring and evaluation
F — fluoride
GLC — ground level concentration
HC — hydrocarbon
IS — Indian Standard
ISCST — Industrial Source Complex Short Term
Mg — magnesium
MGR — merry-go-round
Mn — manganese
MOEF — Ministry of Environment and Forests
MSEZ — Mundra Special Economic Zone
NAAQS — National Ambient Air Quality Standards
ND — not detectable
Ni — nickel
NOy — oxides of nitrogen
Pb — lead
pH — potential of hydrogen
RPM — respirable particulate matter
SEIA — summary environmental impact assessment
SO, — sulfur dioxide

SPM — suspended particulate matter



(i)

(ii)

TSP — total suspended particulates

TSS — total suspended solids
EPA — Environmental Protection Agency
Zn — zinc

WEIGHTS AND MEASURES

°C — degree Celsius

dB(A) — decibel acoustic

GWh — gigawatt hour

ha — hectare

km —  kilometer

m — meter

m? —  cubic meter

m®/hr — cubic meters per hour

mg/| — milligrams per liter

m/s — meters per second

MTPA — metric tons per annum

MW — megawatt

ppm — parts per million

ppt — parts per thousand

TPD — tons per day

ug/m?® — microgram per cubic meter
NOTES

The fiscal year (FY) of the Government and its agencies ends on 31 March. FY
before a calendar year denotes the year in which the fiscal year starts, e.g.,
FY2007 ends on 31 March 2008.

In this report, "$" refers to US dollars.
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12. Access Road. An access road will be constructed from state highway SH-6 to the
project site to bypass Wandh and Tunda villages.

2. Associated Facilities to Be Constructed by Other Entities

13. Transmission Lines. The net power produced by the power plant will be fed to a 400
kilovolt (kV) switchyard. Three 400 kV double-circuit lines will be constructed to transmit
electricity from the power plant’'s switchyard to Limbdi (300 km), Ranchodpur (390 km), and
Jetpur (330 km). Four additional transmission lines will be identified in due course. The Power
Grid Corporation of India Limited will be responsible for acquiring ownership rights, rights of way,
easements, and continued access rights necessary for the construction, operation, maintenance,
and upgrading of the new transmission facilities.

14. Coal Shipment and Unloading Facilities. The power plant will require 11-13 million
metric tons per annum (MTPA) of coal to be imported from sources such as Australia, Indonesia,
and South Africa. Existing facilities at Mundra Port can handle only about 4 million MTPA of coal.
Therefore, Mundra Port and Special Economic Zone Limited, the port owner, will construct a
new berth and install mechanized coal-unloading facilities and a mechanized coal-stacking and
reclaiming system specifically to meet the coal import requirements of the Project and the Adani
Power Project.

15. Rail System for Coal Transport. Coal will be transported from Mundra Port to the
power plant by a MGR rail system with bottom-open, bottom-release wagons. The active coal
stock and the reserve stockpile at the power plant site will each be approximately 500,000
metric tons, providing a total of approximately 15 days’ coal supply in addition to the storage
capacity of about 500,000 metric tons at the port.

B. Design and Construction
1. Design

16. The design of the power plant will strictly follow international standards for supercritical
steam power plants. The design of support facilities and associated facilities will also follow
applicable national or international standards, whichever are appropriate. As the power plant
site is located in seismic zone V as per Indian Standard 1893 classification, a seismic factor of
1.5 will be considered for all designs.

2. Construction

17. The site for the proposed unit is fairly graded with minimum undulation and will require
nominal filling and grading to achieve the proposed level of about 5 m above mean sea level.
Filling materials will come from the dredging of the two creeks and the excavation of land for the
construction of the inlet and discharge channels.

18. Civil works under the Project will involve the construction of main power plant and
control buildings, various other buildings and small facilities, the access road, and inlet and
outlet channels, as well as the dredging of Kotdi and Mudhwa creeks. Mechanical and electrical
works will involve on-site fabrication, assembly, installation, and erection of power plant
equipment, pollution control equipment, desalination plant, demineralization plant, control
system, power system, and various utility systems. Construction will require about 5,000 to
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6,000 temporary workers at its peak. Construction materials and plant equipment will be
transported by truck to the project site from Mundra Port and other areas.

C. Power Plant Operations

19. Coal Transport. Coal will be transported daily by rail from Mundra Port to the power
plant as described in paragraph 14. The volume will be about 30,000 to 40,000 metric tons per
day.

20. Fuel Oil Transport. The total consumption of fuel oil will be about 50,000 Kiloliters per
annum during operations. The fuel oil will be sourced from refineries in Jamnagar and Vadodara,
etc., and will be transported to the power plant by rail or road tanker. The fuel oil will be stored in
three tanks, two with 10,000 cubic meter (m®) capacity and one with 5,000 m® capacity.

21. Ash Transport and Storage. The power plant will produce about 1.8 million MTPA of
ash, of which bottom ash accounts for about 20% and fly ash 80%. Bottom ash collected in the
bottom ash hopper below the boiler furnaces will be conveyed by jet pump up to the ash slurry
sump for further disposal in wet form. Fly ash collected at various hoppers will be conveyed
pneumatically to fly ash storage silos. Air vented out from the silos will pass through suitable
control devices to remove fugitive fly ash. The dry fly ash collected in the fly ash silos will be
given to fly ash users, and the remaining quantity will be disposed off in wet form. The Project
has allocated about 241 ha of land for ash disposal. However, most of the ash will be utilized.
Closed trucks will be used to haul the ash to utilization points.

22. Seawater Abstraction. During operations, about 15.12 million m®day of seawater will
be used for condenser cooling and freshwater production. The spent cooling water and the
reject from the desalination plant will be discharged back into the sea.

D. Land Acquisition and Resettlement

23. The Project requires about 1,254 ha of land including the main plant area, the ash
disposal area and land for the residential complex, and for right of way. Table 2 gives
information on the land that is being acquired from the government, MSEZ, and private
landowners as well as the land for the right of way. Land acquisition is ongoing.



Table 2: Land Required and Ownership

Area Ownership/Types of

Plant Facility Village Areas (ha) Land

To be acquired
Main plant area Tunda/Kandagara 88 Govt. wasteland,

12 Govt. grazing land
218 MSEZ (to be notified and
allocated to the Project)
181 Private land
130 Govt (classified as forest
land but with no trees);
notification of land for
industrial use required

Subtotal 629
Ash disposal Kandagara 241 Govt. wasteland
Residential complex Nana Bhadiya 182 Govt. wasteland
Total to be acquired 1,052
Right of way
MGR rail system From Mundra Port to 100 Gouvt. forest, MSEZ, and
power plant site private land
Inlet and discharge 102 Govt. wasteland
channels
Total right of way 202
Grand total 1,254

Govt. = Government, ha = hectare, MGR = merry-go-round, MSEZ = Mundra Special Economic Zone.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study
Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.

E. Project Schedule and Contracts

24. The Project will be designed and constructed through a number of contract packages to
be implemented by reputed international and local companies with good track records. Table 3
shows a bar chart of project implementation. The first unit is scheduled for commissioning by
February 2011, with the remaining units commissioned at 4-month intervals. The Project will
commence full commercial operation by June 2012.



Table 3: Project Implementation
Mundra Ultra Mega Power Project

Duration| Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
Item (Days) | Jan|Feb|Mar| Apr|May Jun| Jul | Aug| Sep) Oct|Nov| Dec| Jan| Feb] Marf AprMay] Jun| Jul | Aug| Sep| Oct| Nov| Decf Jan] Feb] Mar| Apr|May| Jun| Jul | Augf Sep| Oct| Nov] Dec| Jan| Feb| Mar| Apr|May| Junf Jul | Aug| Sep| Oct|Nov| Dec| Jan| Febf Mar| Apr|May| Jun Jul | Aug) Sep| Oct|Nov| Dec| Jan| Feb| Mar| Apr MaﬂJun
CGPL UMPP UNIT-1 1,720]
Project 1,719|¢
General 820]
Ire 895/ -
Common Systems 1,129
Sea Water Cooling System 1,115
Coal Handling System 1,010]
Ash Handling System 948|
SG and Auxiliaries 1,100 ¢ +
STG and Auxiliaries 1,303|# ad
Double Flue Chimney 888|
Electrical System 1,146}
ion and Control 977|
Switch Yard 1,14
CGPL UMPP UNIT-2 1,114]
Unit Milestones 1,086
Common Systems 742
Coal Handling System 677]
Sea Water Cooling System 632]
Steam Generators and Auxiliaries 964 ¢
Steam Turbine Generator 1,114] ¢
and Auxiliaries
Multi Flue Chimney - 2 225) ¢ ¢
Ash Handling System 480
Electrical System 856 * .
ion and Control 682) *
400 kilovolts Switchyard 649) *
CGPL UMPP UNIT-3 1,114] .4
Unit Milestones 1,082 . d
[Common Systems 742
Coal Handling Plant 653] ¢ —
Sea Water Cooling System 632] ¢
Steam Generators and Auxiliaries 963 ¢ *
Steam Turbine Generator 1,114 * *
and Auxiliaries
Multi Flue Chimney - 2 670) ¢
Ash Handling System 480] ¢ <
Electrical System 860} ¢ *
tation and Control 682 ¢ -
400 kilovolts Switchyard 559 ¢ -
ICGPL UMPP UNIT-4 1,114] ¢ -
Unit Milestones 1,079 ha *
[Common Systems 742 * >y
Coal Handling System 617 ¢ -
|Sea Water Cooling System 717] ¢ *
[Steam Generators and Auxiliaries 960} *
Steam Turbine Generator 1,114f ¢ —p
and Auxiliaries
Multi Flue Chimney - 2 340) —t
JAsh Handling System 480) ¢ <
Electrical System 890) ¢ -
ion and Control 680) ¢ -’
400 kilovolts Switchyard 559 ¢ <
CGPL UMPP UNIT-5 1,168 ¢ *
Unit Milestones 1,076 ¢ -t
[Common Systems 742]
Coal Handling Packaging 617| ¢
Sea Water Cooling System 825 ¢
Steam Generators and Auxiliaries 961 ¢ —t
Steam Turbine Generator 1,116 ¢ s
and Auxiliaries
Multi Flue Chimney - 2 340 - .
JAsh Handling System 480] ¢
Electrical System 890 $
ion and Control 680) ¢
400 kilovolts Switchyard 559 ¢

Source: Coastal Gujarat Power Limited.



F. Project Management and Operations

25. CGPL will be responsible for the overall management of project implementation, both
construction and operations. Project implementation will be under the responsibility of a project
director. During construction the safety aspects at the site are overseen by the human
resources department and the contractors’ safety officer, the environment team from Tata
Power, and one CGPL officer. CGPL will recruit an environmental group head, two staff at the
managerial level, and two at the executive level. During full commercial operation, operating the
power plant will require about 718 people. Figure 2 is an organizational chart for power plant
operation.
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[l DESCRIPTION OF THE ENVIRONMENT
A. Physical Environment
1. Overview of the Project Area

26. The project area is on the coastal plain of the Gulf of Kutch and remote from major
towns and such sensitive spots as national parks; wildlife sanctuaries; biosphere reserves;
historical and cultural sites; defense installations; and places of historical, religious, or cultural
importance. The surrounding areas within a 10 km radius have several rural communities. The
villages nearest to the project site boundaries are Tunda, Wandh, Kandagara, and Nana
Bhadiya.

27. The project area is a plain of barren, sandy land with no human settlements and no
significant vegetation or wildlife. There is no protected area within 25 km radius of the project
site. Vegetation in the areas surrounding the project area can be categorized as northern
tropical forest subtype C-I, desert thorn forest. The project area is about 1.5 km inland from the
coast of the gulf between Mudhwa Point and Bocha Creek, which is about 2.8 km long. This
coastal stretch along the gulf has varied topography with vast intertidal mudflats crisscrossed by
numerous creeks. At low tide, the water recedes to as far as 4 km from the high tide line.

2. Climate

28. Climatic conditions in the project area have been established from data collected by the
meteorological station of the Indian Meteorological Department at Bhuj, about 50 km distant,
and at Mundra Port, about 25 km distant. However, the only available data on mixing height is
the data for Ahmedabad, about 310 km from the project site.

29. The climate of the project area in general is characterized by frequent droughts and
extreme temperatures with four distinct seasons: (i) summer from March to May, (i) wet
monsoon from June to September, (iii) post-monsoon from October to November, and (iv)
winter from December to February. Temperatures peak in the summer with an average
maximum of 41°C and are lowest during the winter with an average minimum temperature of
9°C.

30. The project area receives rains from the southwest monsoon. The rainfall is very erratic
in both extent and duration. Based on the records from 1982-2002, the mean annual rainfall of
Mundra Taluka was 429 millimeters (mm) and of Mandvi Taluka 319 mm. On average, rain falls
in the project area only 14 days in a year. This rainfall pattern, high evaporation rates, and the
lack of significant surface water resources make the area arid and increase seawater salinity.
However, the relative humidity is quite high, from 90% to 80% from January to October,
decreasing to about 60% in December.

31. As part of the environmental impact assessment (EIA), data on wind and air temperature
were collected at Tunda and Wandh villages from March 2006 to February 2007. The data were
analyzed to establish wind rose diagrams for each season. The prevailing wind directions were
in the (i) summer season from NW and NNW, (ii) monsoon season from WSW and NNW, (iii)
post-monsoon season from W and WSW, and (iv) winter season from NNE. Over the study
period, the prevailing wind direction was dominantly from WSW to NNW. The wind speed and
air temperature at the village are summarized in Table 4.
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Table 4: Summary of Wind Speeds and Temperature at Tunda and Wandh Villages

Parameter Maximum Average Minimum
Summer 2006

Wind speed, m/s 9.0 2.2 0.0

Temperature, °C 40.2 28.0 16.2
Post-monsoon 2006

Wind speed, m/s 6.1 2.2 0.0

Temperature, °C 34.9 29.0 19.7
Winter 2006/07

Wind speed, m/s 6.9 2.4 0.0

Temperature, °C 354 24.6 17.5

°C = degree Celsius, m/s = meters per second.

Data were not collected for the monsoon months.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.

3. Drainage

32. The project area drains into the Gulf of Kutch, about 1.5 km away, through several
natural channels (called nullahs) that are normally dry except during the rainy season. Two
creeks exist in the project area, Kotdi Creek and Mudhwa Creek. At low tide, Kotdi Creek is
about 1.5 km long from its beginning to its mouth at the sea, while Mudhwa Creek is about 0.9
km long. Their widths and depths vary along their lengths and with the tide. The distance
between the two creeks at their mouths is about 3.6 km.

4, Ambient Air Quality

33. Baseline data on ambient air quality were collected at eight locations within a 10 km
radius of the project area (the study area) during the summer of 2006 and the winter of 2007.
The selection of the sampling sites was based on the consideration of the MOEF's guidelines
pertaining to upwind and downwind directions, quadrants, topography of the area, sensitive
locations, and major habitation, if any. Table 5 gives information on the air sampling stations.
Table 6 summarizes the results of ambient air quality monitoring over the monitoring period from
March 2006 to February 2007. The methodology and data for each season is given in Appendix
1. The monitored air quality indicates that values of suspended particulate matter (SPM),
respirable particulate matter (RPM®), sulfur dioxide (SO,), and oxides of nitrogen (NOy) are well
within the stipulated National Ambient Air Quality Standards (NAAQS) and World Bank
guidelines for residential and rural areas, as shown in Appendix 2.

> RPMis particulate matter smaller than 10 microns.



13

Table 5: Ambient Air Quality Monitoring Stations

village Di_stance from Wind Di_rections
Project Area (km) from Project Area

Tunda 0 -

Jarpara 9 E

Desalpar 7 NNE

Mota Bhojapur 6 NE

Tragadi 6 W

Pipari 10 NW

Bidada 7 NNW

Kandagara 3 N

km = kilometer.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive
Environmental Impact Assessment Study Report for 4000 MW Imported
Coal Fired Mundra Ultra Mega Power Project. New Delhi.

Table 6: Summary of Ambient Air Quality Data
(March 2006 to February 2007)

(ng/m?)
SPM RPM SO, NOx CO
Maximum 142.0 98.0 18.4 248  2,050.0
Average 110.5 67.9 115 16.7 1,560.9
Minimum 78.0 34.0 7.0 10.9 900.0
98 Percentile 138.0 94.0 15.9 228 1,980.0

CO = carbon monoxide, NOx = oxides of nitrogen, RPM = respirable particulate
matter, SO, = sulfur dioxide, SPM = suspended particulate matter, pg/m3 =
microgram per cubic meter.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega
Power Project. New Delhi.

5. Noise

34. Ambient noise monitoring was carried out at the same eight locations at which ambient
air quality was monitored. Noise levels were measured using a precision noise level meter (the
digital model 2221 made by Bruel & Kjar in Denmark) on an hourly basis for 24 hours. The
monitored noise levels at all the locations in rural and residential areas were within the
prescribed limits of the NAAQS with respect to noise, as shown in Appendix 3. Results of the
noise monitoring over the study period are summarized in Appendix 4.

6. Water Resources

35. Surface Water. The project area has no natural surface water resources. However,
within the areas of Mandvi and Mundra talukas are two irrigation reservoirs with a total storage
capacity of about 104 million m* supplying irrigation water to about 20,606 ha. The Project will
not utilize these water resources.
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36. Groundwater. Groundwater resources in the study area have been extensively
exploited. In Mundra, groundwater abstraction is between 85% to 100% of its sustainable yield,
while in Mandvi, groundwater resources are overexploited. The Project will not use groundwater,
and will discharge the spent cooling water into the Kutch Gulf.

37. Groundwater samples were collected in the villages of Kandagara, Navinal, Bhujpur
Mota, Gundiyali, Jarpara, Desalpar, and Nana Bhadiya and analyzed for various parameters. A
summary of the water quality results is given in Table 7. The quality of the groundwater samples
does not necessarily meet the drinking water standards prescribed in Indian Standards 10500
(drinking water standards).

Table 7: Summary of Groundwater Quality Monitoring

Post-

Parameters Summer Monsoon monsoon Winter Indian
2006 2006 2006 2006/07 Standards

pH 7.3-7.84 7.2-7.6 7.3-75 7.2-7.6 6.5-8.5

Conductivity, mho 566-4,901 644-4,867 1,352-5,498 1,032-5,238

Dissolved solids, 335-3,917 356-3,018 796.1-3,342 634-3,016 2,000

mg/l

Total hardness (as 30.8-1,304 36.9-1,284 62.2-1,465 61.4-1,566 600

CaCOs), mg/l

Alkalinity, mg/l 37.9-116.8  49.3-215.3 86-695 256-698 600

Chloride (as CI), 69.3-2,391  75.6-1,148 183.3-2,230 23.5-1,869 1,000

mg/l

Calcium (as Ca), 5.6-236.3 6.9-214 9.4-245.6 10.8-274 200

mg/l

Magnesium (as Mg), 4.1-173.4 4.8-179 9.2-209.5 8.3-214.1 200

mg/l

Fluoride (as F’), mg/l 0.086— 0.102— 0.532-1.487 0.426-1.5 15

1.087 1.128

CaCOg = calcium carbonate, mg/l = milligrams per liter, mho = conductivity unit, pH = potential of hydrogen.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study Report for 4000
MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.

7. Seawater

38. Water Quality. Surface water samples and sediment samples were collected from the
coastal water of the Gulf of Kutch as part of the marine ecological survey (see paragraph 46).
The coastal waters show properties typical of a shallow semi-enclosed sea in an arid region with
little or no freshwater input. The annual variation of water temperature is between 24°C and
30°C, though localized higher temperatures up to 35°C can occur in isolated water pools formed
in shallow intertidal depressions during low tide. Table 8 presents a summary of water quality of
the coastal water. The overall water quality is excellent, indicating negligible pollution.
Degradation of water quality in some localized areas around industrial and urban center is
possible but would be marginal due to high waste assimilative capacity by semidiurnal tidal
flushing associated with moderate to strong tidal currents.
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Table 8: Summary of Coastal Water Quality

Sampling Locations

Parameters W1 W2 W3 W4
pH 8 7.8 7.8 7.9
DO (mg/l) 4.2 4.8 5.1 4.3
TSS (mg/l) 120 179 83 143
NO,-N (mg/l) 0.001 0.001 0.002 0.001
NOs-N (mg/l) 0.098 0.086 0.092 0.122
PO, (mg/l) 0.028 0.019 0.01 0.031
BOD (mg/l) 0.88 1.2 0.92 0.96
Salinity (ppt) 36 37 38 38
Heavy Metals

Cd (ngfl) 0.02 0.01 ND 0.02
Cr (ng/l) ND ND ND ND
Co (na/l) 0.07 0.05 0.08 0.06
Cu (ug/l) 0.35 0.24 0.32 0.17
Mn (ug/l) 0.09 0.12 0.12 0.11
Ni (ng/l) 0.86 0.79 0.92 0.88
Pb (ug/l) 0.07 0.04 0.03 0.03
Zn (ng/l) 0.12 0.17 0.13 0.16

BOD = biochemical oxygen demand, DO = dissolved oxygen, Cd = cadmium, Co = cobalt, Cr =
chromium, Cu = copper, mg/l = milligram per liter, Mn = manganese, ND = not detectable, Ni =
nickel, NO2-N = nitrite nitrogen, NOs-N = nitrate nitrogen, Pb = lead, pH = potential of
hydrogen, PO, = phosphate, ppt = parts per thousand, TSS = total suspended solids, Zn =
zinc, pg/l = microgram per liter.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.

39. Sediment Quality. The sediment samples had very low concentrations of heavy metals
comparable to natural background levels (see Table 9). The data indicate no heavy metal
contaminations in coastal bottom deposits in the study area.

Table 9: Metal Concentration in Sediments

(no/9)
Sampling Metal Concentration
Location Cd Cr Co Cu Mn Ni Pb Zn
S1 152 10.2 183 322 230 140 272 46.2
S2 128 183 202 309 197 173 36.1 734
S3 83 158 161 274 212 159 247 69.7

Cd = cadmium, Co = cobalt, Cr = chromium, Cu = copper, Mn = manganese, Ni = nickel, Pb =
lead, Zn = zinc, pg/g = microgram per gram.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.
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8. Land Use

40. Satellite image analysis was carried out to generate land use and land cover maps
covering 5, 10, and 30 km radii of the project area using the standard and established image
processing methods. The interpretation of the satellite data was supplemented by ground truth
surveys. The land use within a 10 km radius is presented in Table 10. There is no major industry
in the study area.

Table 10: Land Use Classification within 10 km Radius

(km?)
Land Use Class Area
Scrub forest 2.83
Salt pan 13.23
Mangrove 0.72
Built-up area 44.30
Fallow land 70.78
Nullahs 15.38
Agricultural land 33.15
Water bodies (sea) 63.54
Barren hill 25.54
Marshy land 46.72
Total 316.18

km?® = square kilometer.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental
Impact Assessment Study Report for 4000 MW Imported Coal Fired Mundra
Ultra Mega Power Project. New Delhi.

9. Soil

41. The coastal area parallel to the project boundary is a vast expanse of tidal mud flats with
salt-encrusted mud. Soil types vary a great deal from place to place along the coastline, with
alluvial soils that in some parts are saline. There are also areas with sandy soil. The project
area largely falls under the category of supra-littoral and saline banks devoid of mangroves.
However, the area proposed for the intake and discharge channels sustain mangroves that are
sparse (density on average 1 plant per 100 square meters), stunted (lower than 0.6 m) and of a
single species (Abvicennia marina).

B. Biological Environment
1. Terrestrial Environment

42. A reconnaissance survey of the study area was carried out in late May 2006 to
establish baseline ecological conditions. The survey was supplemented by secondary
information in the District Census Handbook Part ll—Land Use. A separate ecological
survey was conducted during the first week of December 2006 for the proposed railroad
corridor for the MGR system and the proposed service road alignment.

43. Flora. Apart from agricultural land, the study area has only sparse vegetation. Natural
vegetation in the study area is desert thorn forest, with Prosopis juliflora the dominant species.
Typical open scrub forest mainly constitutes thorny, stout species of Prosopis juliflora, Accasia
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spp. and Ephorbia spp., and Cassia auriculiformis The coastal area has small patches of
mangrove forest. Sand dunes are also found very close to the coast.

44, Fauna. Owing to its hostile environment, the study area has no wildlife of ecological
significance. However, the coastal areas, which have many salt pans, islands, and intertidal
coastal systems with mangroves, offer favorable conditions for feeding, breeding, and shelter to
a variety of birds. A study carried out during November 1999 revealed high avifaunal diversity in
the Mundra region and documented 140 bird species, of which 85 were terrestrial and 55
aguatic. Out of these, 71 were resident species, 44 migrants, and 25 resident-migrant. Based on
sighting, 21 species were reported to be abundant, 42 common, 51 rare, and 26 very rare.
Some of the bird species sighted during the survey were grey herons, pond herons, large and
small egrets, and black ibis.

2. Marine Environment

45, The Gulf of Kutch occupies an area of 7,300 square kilometers and has maximum
depths varying from 20 m at the head to 60 m in the outer regions. The navigation channel
needs periodic dredging in some areas due to the presence of several shoals. The intertidal
zone between the gulf and the project area is largely sandy and devoid of vegetation except
stunted mangroves. Kotdi and Mudhwa creeks sustain sparse and stunted mangrove vegetation
of about 1 plant per 100 square meters on average.

46. A marine ecological survey was conducted May 2006. The sampling was carried out in
the intertidal zone and up to a radial distance of about 3 km into the sea at four sampling points.
Surface water samples and sediment samples were collected at low and high tide. Plankton
samples were collected using a plankton net. Sediment samples were collected using an
Ekman’s grab, while the water samples were collected directly from the surface. The
productivity survey results are presented in Appendix 5. The coastal water of the Gulf of Kutch
was found to have high productivity and would provide favorable environments for fish and other
marine animals. The coastal water has no coral reefs, as the water is turbid and geochemical
and physico-chemical conditions are not conducive to the growth of coral reefs.

47. The Gulf of Kutch has a good fish population. The major commercial varieties of fish that
are caught are jewfish, Bombay duck, prawn, lobster, squid, cuttlefish, silver bar, hilsa, shark,
catfish, mullet, ribbon fish, shrimp, sear fish and croaker. In addition, the gulf has favorable
conditions for the growth and sustenance of different types of oysters, shellfish, and seaweeds.
During experimental fishing in January 2006, the fish catch rate varied between 8.0 and 18.5
kilograms per hour.

48. Despite the fishing potential of the gulf, there are no local fishing activities in the coastal
waters fronting the project area. This could be because most villagers are vegetarians and the
presence of a vast intertidal mudflat. The nearest small fishing community is located outside the
project area at about 2.8 km from Mudhwa Creek, where the spent cooling water will be
discharged.

C. Sociocultural Environment

49, Population. The project area is not inhabited. The surrounding area within a 10 km
radius of the project area covers Mundra Taluka and Mandvi Taluka, whose combined
population was 53,452 people in 2001 (2001 census data). Mundra Taluka has 10 villages with
populations ranging then from 799 to 7,595. Mandvi Taluka has 11 villages with populations
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ranging up to 5,762. The overall population density was about 145 people per square kilometer
(total area 36,489 ha). The average household size was 5.26 people. The literacy rate was only
54.2%, with the female literacy rate at 45.5% and the male literacy rate at 62.7%.

50. Social Infrastructure and Services. All the villages have electricity and basic social
infrastructure and services including schools, health and medical services, access roads, water
supply, post and telephone services, and public transportation.

51. Economy and Employment. Agriculture is the dominant economic sector of the study
area. Major agricultural products, for home consumption and sale, include wheat, pulses, castor
seeds, guvar, bajri, groundnut, maize, mug, and jowar. Minor products include cotton, kharek
(dates), isabgul, and chikko. Apart from crop cultivation, buffaloes, cattle, goats, and sheep are
kept.

V. ALTERNATIVES
A. With and Without Project Alternatives

52. Electricity consumption in India steadily increased at an average annual rate of 6% from
1995 to 2006, driven by high economic growth and huge supply backlogs. Although there has
been substantial growth in India’s generation and distribution capacities, many parts of the
country continue to suffer power shortages, both in terms of demand unmet during peak periods
and overall energy shortage. For Gujarat, the deficit in peak power demand would be 1,785 MW
in fiscal year (FY) 2007 and 3,656 MW by FY2011. For the region encompassing Gujarat,
Maharashtra, Haryana, Punjab, Rajasthan, and Uttar Pradesh, the peak power demand would
be 56,928 MW by FY2006 and 78,849 MW by FY2011. Even considering the installation of new
plants, there would be a shortfall of 22,829 MW by FY2011 in the region. It is evident that the
Project is desirable to close the demand-supply gaps. The alternative without the project is
obviously undesirable, as the worsening power shortage would constrain economic growth.

B. Alternative Fuels

53. Coal is still the most cost-effective fuel for generating electricity. Although coal has
greater pollution potential than natural gas, importing natural gas requires a large investment in
infrastructure. As the western region has no potential large-scale hydropower sites, the only
alternatives are coal and nuclear energy. Between coal and nuclear, coal is the preferred
alternative given its shorter gestation period, lower costs, and relative safety.

C. Alternative Project Locations

54. The location of a power plant is broadly determined by demand and capacity in the
transmission system. Locating the power plant as close as possible to regional centers of
demand reduces power losses in transmission. The project site therefore has to be in Gujarat
to meet demand in Gujarat and other western states. At present, there is no power plant
located near the project area. The nearest power plants are at Sikka, about 250 km away,
and Akrimota, about 210 km away. However, the 660 MW Adani Power Project is being
developed by Adani Power Limited near the project area to supply electricity to industries to
be located in MSEZ.

55. The selected project site was compared with an alternative site near Kandla Port. The
alternative site was not preferred as (i) the sea is not deep enough to handle large coal bulk
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carriers to meet the total demand of 12 million MTPA; (ii) the port has inadequate coal-handling
facilities; and (iii) the land is not suitable, being privately owned salt pans. The selected project
site is more appropriate as (i) a deepwater port is available for receiving the needed coal,
(ii) the area is uninhabited marginal land with minimal cultivation and no places of historic
or cultural value, (iii) the area is not environmentally or ecologically sensitive, and (iv) a
large part of the land is owned by the Government and the state.

D. Alternative Cooling Systems

56. Two cooling system alternatives were considered: (i) a closed or recirculation system
and (ii) an open or once-through system. In the closed system, warm cooling water is cooled in
cooling towers before being recycled. The system needs make-up water to compensate for
evaporation loss, and needs to discharge a certain portion of its water to maintain cooling water
quality. A closed system for the Project would require about 55,000 m*/hr of make-up water and
discharge about 31,000 m*hr of cooling tower blowdown into the sea. In the once-through
system, the entire volume of warm cooling water is directly discharged into a receiving water
body. For the Project, the once-through cooling water system will discharge 550,000 m®hr of
warm cooling water into the sea.

57. The once-through system was preferred for the following reasons: (i) it is more
economical than the closed system, as cooling water is natural water, and (ii) the salinity of the
spent cooling water will marginally increase by about 0.8 parts per thousand (ppt) compared
with about 18 ppt for the cooling tower blowdown from a closed cooling system. The cooling
tower blowdown from a closed system would be more difficult to disperse than the spent cooling
water of the once-through system due to its high salinity of about 53 ppt, compared with the
background level of about 35 ppt in the gulf. This would likely cause major harm to the marine
environment. Thus CGPL chooses to go with once-through system to prevent any adverse
impacts.

E. Design Alternatives for the Intake and Discharge Systems

58. Two design alternatives for the cooling water intake were considered: (i) caisson wells
and intake pipes and (ii) an open channel. As the cooling water volume is as high as 14.99
million m®day, the caisson well and pipe alternative is not technically and economically feasible.
In addition, constructing several large pipes in the sea would have more impact on the marine
environment than constructing an open channel. The open channel alternative was therefore
adopted.

59. Two design alternatives for cooling water discharge were considered: (i) outfall pipes
with diffusers and (ii) an open channel. The open channel alternative was preferred for the
reasons similar to those cited above for the intake design alternative.

F. Alternative Technologies

60. The technology options for large pulverized coal-fired power plants are subcritical and
supercritical. Supercritical plants operate at steam pressure above 22.1 megapascals (about
3,200 pounds per square inch) and use once-through boilers. In the supercritical stage, water
becomes gas. Subcritical plants operate at steam pressure below 19 megapascals and use
drum-type boilers. In the subcritical stage, the steam is a mix of liquid and gas.
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61. Currently, the supercritical technology is fast becoming standard practice in the power
industry for large coal-fired power plants for its higher efficiencies of 42% or higher, compared
with the subcritical technology efficiency of 35-38%. The lifecycle costs of supercritical coal-
fired power plants are lower than those of subcritical plants. Current designs of supercritical
plants have installation costs that are only 2% higher than those of subcritical plants. Fuel costs
are considerably lower thanks to the increased efficiency, and operating costs are the same as
for subcritical plants. More than 400 supercritical plants are operating in the US, Europe, Russia,
and Japan.

62. Supercritical plants are also more attractive in environmental terms, as their emissions
per unit of electricity generated are lower than those of subcritical plants. A 1% increase in
efficiency reduces specific emissions such as carbon dioxide, nitrogen oxides, sulfur dioxide,
and particulates by 2.5-3.0%.

V. ANTICIPATED ENVIRONMENTAL IMPACTS
AND MITIGATION MEASURES
A. Physical Environment
1. During Construction

63. Constructing the power plant and its support facilities will create environmental
disturbances normally encountered in major construction sites, such as noise, dust, and
emissions from construction equipment and vehicles. These environmental disturbances can be
minimized through good construction management practices and the use of construction
methods that create lesser environmental disturbances. Further, environmental disturbances
during construction are transient and confined to the construction site. For this Project, the
project area is large and uninhabited, so the impacts of environmental disturbances on people
and property will be negligible.

64. Air Pollution. The major sources of air pollution during the construction period are (i)
emissions from vehicles, generator sets, and heavy construction equipment and (ii) fugitive dust
from vehicle movement and soil excavation. The impacts of these air pollution sources will be
minimized through established mitigation measures to be included in the construction contract,
requiring contractors to strictly implement them. Such measures include the (i) suppression of
fugitive dust by spraying water, (ii) use of low-emission vehicles and construction equipment,
and (iii) good maintenance of engines.

65. Noise. Construction noise is created by vehicles, heavy equipment, and some
construction activities such as erecting equipment and percussion piling. The noise will be
reduced by using various appropriate measures such as noise enclosures, noise walls, and
restricted vehicle speed. Construction workers in excessively noisy areas will wear ear-
protection equipment. Noise reduction and impact mitigation measures during construction will
be prescribed in the construction contracts.

66. Oil and Chemical Spills. Fuel oil and chemical storage facilities at the construction site
will be designed with adequate protection against spillage and fire.

67. Runoff. During the early stage of construction, site grading and excavation could add
considerably to the silt load in surface runoff from the construction site, thereby contributing to
the silting of receiving water bodies. This problem will be minimized through such measures as
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(i) undertaking site grading and excavation for foundation and backfilling during the dry season
and (ii) retaining, if called for, the silt-laden runoff in a settling basin to remove silt before
discharging runoff into receiving waters.

68. Construction Wastes. Construction wastes will be collected and disposed of in the
most environmentally friendly way. Metal wastes will be sold as scrap. Concrete and other inert
materials that cannot be recycled will be buried in appropriate locations. Waste oil will be
incinerated or recycled as appropriate. Hazardous or toxic wastes, if any, will be stored for
disposal by qualified contractors. These requirements will be prescribed in construction
contracts.

69. Excavated Materials. Dredging of the two creeks and excavating to construct the intake
and discharge channels will generate about 4.1 million m® of excavated materials. The
excavated materials will be used for filling the project area.

70. Human Wastes. Construction is expected to require up to 5,000-6,000 workers.
However, most workers will be sourced from the nearby villages, so few workers will live on site.
Toilets with septic tanks will be provided to take care of sewage. Solid wastes will be collected
and disposed of in sanitary landfills. The cleanliness of worker camps, including kitchens and
canteens, will be maintained. These waste management and sanitation requirements will be
prescribed in construction contracts.

2. During Operations

71. The major pollution issues are air pollution and thermal pollution from the discharge of
spent cooling water. The EIA assessed environmental impacts of the Project and prescribed
appropriate mitigation measures to ensure that the project environmental performance meets
national and international standards and guidelines for coal-fired power plants. The applicable
standards and guidelines for air pollution control and thermal pollution are presented in tables
11 and 12. The ambient air quality standards are in Appendix 2.

Table 11: Emission Standards

Particulate matter SO, NOy
India 350 mg/Nm? for 220 m stack height 50 ppm (natural
<210 MW for 200 to 500 MW gas) for <500 MW
150 mg/Nm? for 275 m stack height 100 ppm (naphtha),
210 MW and above | for 500 MW and 75 ppm (natural
above gas) for > 500 MW
World Bank | 50 mg/Nm?® 2,000 or maximum 750 mg/Nm?® (365
level of 0.2 TPD per | ppm) for coal,
MW up to 500 MW, 460 mg/Nm?® (225
0.1 TPD per MW > ppm) for gas
500 MW

CO = carbon monoxide, m = meter, mg/Nm°® = milligram per normal cubic meter, MW = megawatt,
NOx = nitrogen oxide, ppm = parts per million, SO, = sulfur dioxide, MTPD = metric tons per day.
Source: World Bank. 1998. Pollution Prevention and Abatement Handbook. Washington, D.C.; Ministry
of Environment and Forests. 1998. Environmental Standards for Power Plants,MOEF New Delhi
Notification G.S.R. 7.
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Table 12: Thermal Pollution Standards—Water Bodies

Parameter Limit Standard
Temperature of effluent | 7°C above ambient at | Indian Standard
cooling water the receiving body

°C = degree Celsius.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi..

72. Emissions. Major pollutants generated by coal combustion include SO,, NOyx, SPM,
especially particulates smaller than 10 microns (respirable particulate matter, or RPM), and
carbon dioxide (CO,), a major green house gas®. The power plant will use coal burners of
proven, advanced design to reduce NOx production, and the boiler furnace will be provided with
over-fire air ports to further reduce NOyx production. To reduce SO, emission, the power plant
will use coal with low sulfur content, not exceeding 0.6%. To reduce particulates, electrostatic
precipitators will be installed to remove fly ash in the flue gas. The expected emission rates of
the power plant are summarized in Table 13, and the calculations are presented in Appendix 6.
The emission rates will be within the limits prescribed in World Bank guidelines. Provision will be
made in the power plant design for installing wet scrubbers for removing SO, should they be
required in the future.

Table 13: Expected Emissions of the Power Plant

Parameter Expected Indian Limit World Bank
Emission Norm
SO, 400 TPD 700 TPD 450 TPD
3 No applicable 3
NOy 687.6 mg/Nm standards 750 mg/Nm
SPM 50 mg/Nm?® 100 mg/Nm? 50 mg/Nm?®

mg/Nm® = milligram per normal cubic meter, NOx = nitrogen oxide, SO, = sulfur dioxide,
SPM = suspended particulate matter, TPD = tons per day.

Source: Ministry of Environment and Forests. 1998. Environmental Standards for Power
Plants, MOEF New Delhi Notification G.S.R. 7.

73. Ambient Air Quality. Flue gas will be discharged through two 275 m stacks in
compliance with the Indian emission requirement. The impacts on ambient air quality were
predicted using the US Environmental Protection Agency’s Industrial Source Complex Short
Term (ISCST3) model. The prediction was made for individual seasons as well as all three
seasons of FY2006 within a 25 km radius.” The prediction was based on (i) the emission data in
Table 13; (ii) established data on wind direction and speed, ambient temperature, and
atmospheric stability; and (iii) the mixing height data available for morning and evening time at
the nearest station at Ahmedabad. The results of prediction for the individual pollutants are
given in Appendix 7. Table 14 presents a summary of the predictions for the worst case
scenario covering the six ambient air quality monitoring stations. The predicted incremental
increase in ground level concentrations of each major pollutant is within the stipulated maximum
limits under Indian national standards and World Bank guidelines. Therefore, the power plant
will not create significant impacts on the ambient air quality.

® The amount of CO2 generated by burning 11 million MTPA of coal with 50.1% carbon content would be about
83,200 MTPD.

" For the EIA, the monsoon season was not considered.
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Table 14: Overall Worst Case Predicted Ground Level Concentrations
at All Ambient Air Quality Monitoring Stations

(ng/m’)
24 Hour Concentrations SO, NOx SPM
Baseline maximum monitored concentration 18.4 24.8 142.0
Predicted maximum incremental GLC 42.7 14.3 2.1
Overall GLCs during worst case scenario 61.1 39.1 144.1
NAAQS limit (rural & residential) 80 80 200

GLC = ground level concentration, mg/Nm® = milligram per normal cubic meter, NAAQS = National
Ambient Air Quality Standards, NOx = nitrogen oxide, SO, = sulfur dioxide, SPM = suspended
particulate matter, pg/m3 = microgram per cubic meter.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study
Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.

74. Table 14 shows predicted values with 1% sulfur in coal at 100% load and 100%
conversion of sulfur into SO, and emission. Actual emissions will be much less as the sulfur in
coal will be in the range of 0.45% to 0.60%.

75. Greenhouse Gases Emission. Based on Ernst and Young8 the estimated baseline CO,
emissions and reductions for the Project would be 30.796 million tons per year (baseline value)
and 29.293 million tons per year (the Project) with a CO, savings of 1.502 million tons/year.

76. Effect of Coastal Fumigation. Discharging flue gas from stacks near the coast requires
that the effect of coastal fumigation first be assessed. Coastal fumigation is a turbulent
dispersion process that can bring down the flue gas plume, thus increasing ground level
concentrations of air pollutants. Coastal fumigation will have no effect on the dispersion of air
pollutants if the thermal internal boundary layer is lower than the stack height.

77. The thermal internal boundary layer was calculated using the model recommended by
India’s Central Pollution Control Board. The stacks of the power plant will be located at least
1,000 m from the coast. The thermal internal boundary layer was calculated to be 139 m, or
below the stack height of 275 m. Therefore, coastal fumigation will have no effect on the
dispersion of pollutants from the power plant.

78. Noise. The operation of the power plant will generate noise from the steam turbine
generators and other rotating equipment, combustion-induced noises, flow-induced noises, and
steam safety valves. The steam turbine generators will be housed in closed buildings to reduce
noise transmission to the outside environment. The inlet air and exhaust gas streams will be
provided with silencers for noise reduction. Maintenance and operating personnel working in the
plant will be provided with adequate personal protection against noise. All the equipment in the
power plant is designed and operated for a noise level not exceeding 85-90 decibels acoustic
(dB[A]) measured at a distance of 1.5 m from the equipment. Also, all measures will be taken to
keep noise levels at the plant boundary within stipulated limits.

8 Ernst and Young followed the International Panel on Climate Change (IPCC) Protocol in these calculations and

using the following assumptions such as (i) plant load factor of 80% and (ii) emission factor of 1.0986 ton per
megawatt hour (baseline) and 1.0450 ton per megawatt hour (the Project).
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79. Calculating the noise level outside the power plant boundary was done using the wave
divergence formula. The distance of the plant boundary is considered as 250 m from the steam
turbine block, the source of noise. The calculation gave an incremental noise of about 22.68
dB(A) at the boundary of the power plant. This will increase the ambient noise level during
daytime from 51.7 dB(A) to 53 dB(A), during nighttime from 50.6 dB(A) to 51.9 dB(A), and on
average from 50.8 dB(A) to 52.1 dB(A). (Noise addition is logarithmic addition.) The noise
emanating from the proposed mega power plant will be negligible, and its impact can be
considered insignificant.

80. Coal Dust. Effective measures will be implemented to suppress coal dust as the fuel is
unloaded from ships, loaded into trains, transported to the power plant, unloaded from trains,
stacked and stocked. Such measures will include water spray, enclosed conveyors, and wind
walls. Drainage from coal stockyards will be directed to a storage pond to remove coal particles.

B. Biological Environment

81. The project area is marginal land with no flora and fauna of ecological importance.
Therefore, the construction and operation of the power plant and support facilities will not create
significant impacts on the terrestrial ecosystem. The major concern is marine impacts from the
construction and operation of the once-through cooling system, since Kotdi Creek will be used
for drawing in seawater and Mudhwa Creek for discharging spent cooling water. Marine impacts
were assessed using a two-dimensional hydrodynamic model simulating water, salinity, and
sediment movements in the two creeks and the coastal waters around their mouths.

1. During Construction

82. The construction of the intake and discharge channels of the cooling water system will
affect about 70 ha of intertidal and subtidal areas for the intake channel, including Kotdi Creek,
and about 33 ha for the discharge channel, including Mudhwa Creek. Excavating and/or
dredging the two creeks will likely send bed sediment into coastal waters and degrade water
guality locally. However, such transient pulses of high suspended solids will settle fairly quickly,
and background levels will prevail except in the excavation areas. Baseline conditions will be
reestablished when construction terminates. The impact of sediment on water quality will be
minimal, as sediment in the two creeks is free of anthropogenic contaminants.

83. In addition to suspended solids, excavation could result in loss of biotas. Polychaete is
the major group affected at the subtidal zone, and mollusks and crustaceans are the major
intertidal components that would be affected. However, the loss would be temporary, and the
benthos (organisms that live on or in the bottom sediments of a water body) would recolonize in
due courses after construction terminates. The overall loss of benthos would be temporary and
minor compared to the benthic potential of the Kotdi Creek and the coastal waters. The impact
is not likely to affect the overall bio-potential of the gulf system.

84. The intertidal zone between the gulf and Kotdi Creek is largely sandy and devoid of
vegetation except stunted mangroves. The loss of about 500 mangrove plants is envisaged.

2. During Operation
85. The operation of the cooling water system could have the following impacts: (i) accretion

and sedimentation in the coastal areas near the mouths of the two creeks, (ii) loss of marine
animal lives in the cooling water intake, (iii) increase in ambient water temperature from the
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discharge of warm cooling water, and (iv) increase in ambient salinity from the discharge of
spent cooling water with salinity higher than ambient.

86. Accretion and Erosion. Using a hydrodynamic model sediment deposition to an extent
of 0.8 centimeters was predicted in shallow coastal areas to the east of the Kotdi Creek, to the
east of the Mudhwa Creek, and along the shallow stretch in the ebb direction. Erosion was
predicted in the western side of the discharge channel to an extent of 11-33 centimeters before
stabilizing. Erosion of 4—11 centimeters was also predicted in the western side of the intake
channel before stabilizing. These changes are considered insignificant.

87. Temperature Increase. The length and design of the discharge channel will allow spent
cooling water to cool from about 42°C to about 35-37°C at the mouth of Mudhwa Creek. The
direction of the spread of the warm water plume will depend on tidal conditions. The model
indicated that (i) the thermal plume will not reach the mouth of Kotdi Creek, about 3.6 km away,
and (ii) an increase in seawater temperature of more than 3°C above the ambient water
temperature will be limited to the 1,000 m mixing zone allowed by national regulations.

88. Salinity Increase. Salinity, being a conservative property, will remain slightly above
ambient salinity, depending on dilution, which in turn is governed by tidal conditions. Salinity
increases will be confined to a 2 x 5 km patch of shallow coastal water and the intertidal area.
However, as the incremental increase of salinity in the spent cooling water will be about 0.8 ppt,
salinity changes in the coastal waters will not be larger than 0.8 ppt. The level of change is
within the natural variability of the area. Organisms will instinctively avoid the area as they enter
the periphery of the patch.

89. Loss of Marine Organisms. Fish impingement will be minimized by providing a screen
at the inlet of the pumping station and constructing the inlet channel with water velocity less
than 0.8 m per second. However, small and planktonic organisms that do not possess strong
propulsion will inevitably be lost. These organisms have high rate of reproduction

C. Sociocultural Environment
1. During Construction

90. Livelihood. About 181 ha of private land is being acquired under the Land Acquisition
Act, 1894 (amended September 1985). Compensation levels have been agreed through
negotiated settlements and at rates several times higher than prevailing market prices in 2007.
The project site is uninhabited. However, since there are economic activities affected by land
acquisition and restricted access to public grazing land, the project is expected to have minimal
livelihood impacts (Category B) that will be addressed through a livelihood restoration program.
There are no commercial fishing activities in the two creeks.

91. Social and Cultural Conflicts. To minimize conflicts between construction workers and
local villagers, workers will be recruited mainly from adjacent villages to the extent possible, and
necessary social infrastructure will be provided for them. Workers and professional personnel
from outside will stay in temporary accommodation within the project area. The Project will
create demand for construction workers totaling about 16,000 person-years over the
construction period of about five years (see Table 15). The Project will therefore create local
employment opportunities and encourage small enterprises, thereby augmenting existing
household incomes.
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Table 15: Number of People to be Employed

Period Company Contractor Total
Employees Employees

During construction 100 5,000 5,100

During operation 255 463 718

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.

2. During Operation

92. The abstraction of seawater for cooling will not affect local fishing activities. During
project operation, about 718 people will be employed. About 1,600 people (employees and their
families) will live in the residential complex near the power plant. Power plant personnel will
create demand for food and services, thus benefiting the local people. Therefore, no
sociocultural conflict with local people is anticipated.

D. Induced Development

93. Demand for food and services created by the Project, during both construction and
operation, could induce the development of a service center near the project site. CGPL will
consult with the authorities concerned to establish the necessary groundwork for the planned
development of such a service center.

E. Cumulative Impacts

94. The cumulative impact assessment focused on the effects of combined emissions from
the project power plant and the Adani Power Project plant. Limited information on the Adani
Power Project suggested that it will be a 660 MW coal-fired power plant. This capacity was
therefore adopted in the prediction of the impacts of the Project and the Adani Power Project on
ambient air quality. Appendix 8 summarizes the results of ambient air quality prediction.

95. The predicted impacts, as shown in Appendix 8, are based on the normal operations of
the power plant using coal with sulfur content lower than 0.6%, as stipulated in the MOEF
clearance. For NOx and SPM, the ambient air quality standards are still met.

96. It is not possible to predict cumulative impacts of other future sources of emissions in the
MSEZ. For air quality management, the Gujarat Pollution Control Board would need to
determine the assimilative capacity of the air shed. As mentioned above, the Project will provide
in the power plant design for the later installation of wet scrubbers for SO, removal should they
be required in future.

F. Impacts of Associated Facilities

97. The construction of the associated facilities will comply with the national requirements on
EIA. The construction of transmission lines will comply with the safeguard requirements of the
ADB and the World Bank as the two agencies have been approached for financing. The
construction of a new berth and coal unloading facilities will be confined within the area owned
by Mundra Port. The construction of the rail road will also be confined within the area owned by
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MSEZ. The corridor has no population and the civil works involved would have only
environmental disturbances during construction. As the transmission lines will require long and
narrow corridors, their environmental impacts could be readily minimized by avoiding the routing
of the corridor through ecological sensitive and heavily populated areas.

VI. ECONOMIC ASSESSMENT
A. Project Costs

98. Financial Cost. The development cost of the Project is estimated at $4.2 billion
equivalent. Annual operations and maintenance expenses are estimated at $50 million
equivalent in 2006 prices.

99. Environmental Cost. The environmental cost of the Project is related to the following:
(i) 1,254 ha of land (including right of way outside the project boundary); (ii) about 15.12 million
m° of seawater to be used daily in the cooling system and for freshwater production; and (iii) the
discharge of air pollutants into the atmosphere including 400 metric tons of SO, per day, 237
metric tons of NOx per day and 83,200 metric tons of CO, per day. These environmental costs
are difficult to quantify. The environmental cost of the land is low as the project area is barren
and has no ecological value.

B. Project Socioeconomic Benefits

100. Against the financial and environmental costs cited above, the Project will generate
about 29,928 gigawatt-hours of electricity per annum to support economic development in
Gujarat and its neighboring states. Other socioeconomic benefits of the Project will include (i)
employment, (ii) corporate income tax of about $396 million equivalent through out the project
life; and (iii) value-added tax of about $50 million equivalent during construction. A separate and
detailed economic analysis will be undertaken for the Project.

VII. ENVIRONMENTAL MANAGEMENT PLAN
A. Objectives and Scope of Environmental Management

101. Environmental management will be an integral part of project implementation during
construction and operation. The objective of environmental management is to ensure full and
cost-effective compliance with the relevant environmental laws and regulations stipulated by
national and state authorities and project financiers. Project environmental management will
follow the generic management cycle of (i) plan, (ii) implement the plan (do), (iii) monitor and
evaluate the implementation (check), and (iv) take corrective action based on the results of
monitoring and evaluation (act).

102. During construction, various impact-mitigation measures will be prescribed in
construction contracts for implementation by contractors. CGPL will monitor and evaluate the
environmental performance of contractors as part of its project implementation management to
ensure that all prescribed mitigation measures are fully implemented and function effectively.
CGPL will prescribe effective corrective action for the contractors to carry out to ensure full
compliance with the required environmental standards. During the operation of the power plant
and its support and associated facilities, mitigation measures will be implemented by CGPL for
the facilities inside the project site and by other responsible entities for the associated facilities.
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B. Organization for Project Environmental Management

103. CGPL will establish its Corporate Environment and Social Group (CESG) which will be
responsible for managing environmental, occupational health, and safety concerns, during both
construction and the commercial operation of the power plant. EMD will also have the
responsibility to coordinate with regulatory agencies and organizations responsible for the
environmental management of associated facilities. CGPL will recruit a CESG head, two staffers
at the managerial level, and two at the executive level. At present, one safety officer has been
recruited by CGPL to oversee environment compliance during construction and technical
experts will be recruited as needed.The CESG organizational structure during operations is
included in the organizational chart for power plant operations in Figure 2.

104. CESG will be headed by a senior qualified manager with practical experience in the
environmental management of large projects comparable to this one. At full functioning, CESG
will have about 10 staff comprised of environmental engineers, chemists, horticulturists, safety
specialists, and well-trained staff for the operation and maintenance of pollution-control
equipment. Before commissioning, the CESG recruited staff will receive theoretical and practical
training in various subjects to ensure their adequacy in the technical competencies required for
the tasks. Training will include the operation and maintenance of various pollution-control
equipment inside and outside the power plant.

C. Mitigation Measures

105. Appendix 9 consolidates all mitigation measures to be implemented during the
construction and operation of the power plant and its support and associated facilities.
Implementing and monitoring responsibilities are also identified.

D. Monitoring and Evaluation Program

106. CESG will implement an environmental monitoring and evaluation (EME) program during
both construction and operation of the power plant. EME will cover both emissions and ambient
environmental quality parameters to evaluate the environmental compliance of the Project. It will
also cover the work environment. EME results will be the bases of decision-making on
corrective actions to improve environmental performance. Appendix 10 presents a summary of
the EME program.

107. An environmental laboratory will be utilized to support EME. The laboratory will be
adequately equipped with modern equipment for analyzing gaseous, liquid, and solid samples.
The laboratory will be either in house or outsourced to a supplier recognized by MOEF. For the
monitoring and evaluation of the project performance in air quality management, two automatic
continuous emission-monitoring systems will be installed, one for each stack, to measure
emissions of SO,, NOy, and SPM. In addition, ambient air quality will be monitored twice a week.
Automatic continuous air quality monitoring stations were considered inappropriate due to the
lack of power supply at the sampling sites and risk of theft outside of the premises, but one
automatic continuous air quality monitoring station will be installed within the CGPL plant
premises.

108. The CESG will analyze results of EME activities to prepare quarterly environmental
performance reports for submission to the regulatory authorities and project financiers. At the
end of the year, an annual environmental performance report will be prepared, incorporating the
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fourth quarterly report and consolidating results over the year. Semiannual reports on
implementation of the EMP will be submitted to ADB.

109. The total investment in EME facilities (other than inbuilt EME systems) is estimated at
about $6 million in 2007 prices. The annual operating expenses for implementing the EME
program are estimated at about $2 million equivalent in 2007 prices.

E. Occupational Health and Safety Management

110. Well-established corporate occupational health and safety measures will be applied and
strictly implemented, and all national labor laws and applicable International Labour
Organization conventions on workplace conditions will be followed (see Appendix 11).
Regulations related to occupational health and safety management will be issued and strictly
enforced. All personnel will receive training in occupational health and safety practices. Safety
drills will be carried out periodically. Safety manuals or handbooks will be prepared as required.

F. Afforestation Program

111. In addition to pollution control measures, the Project will provide financial support to the
state government to implement an afforestation program covering about 180 ha. In addition,
various tree species will be planted in the project area and around the power plant to create
green belts. Plant species native to the area will be selected, avoiding monoculture and the
introduction of alien plant species to the maximum possible extent. Heterogeneous tree species
will be selected and planted considering soil and climate adaptability, flowering, growth
characteristics, canopy structure, and tolerance of pollution. A nursery will be established to
support the afforestation program. Local forest nurseries will also be relied upon to supply
saplings of some plant species. The green areas are planned to cover about one-third of the
entire project area. Horticulturist services will be deployed in EMD to implement the afforestation
program.

G. Ash Utilization Plan

112. The combustion of coal will generate about 1.80 million MTPA of ash consisting of
bottom ash (0.36 million MTPA) and fly ash (1.44 million MTPA). The management of ash will
focus on the utilization of ash in cement, building materials, and construction industries. An ash
utilization plan is outlined in Appendix 12. In addition, 241 ha of land will be allocated for ash
disposal with a storage capacity of about 6 months of ash production. This ash disposal area
will serve to handle demand-supply gaps in the ash utilization program, at least in the initial
stage while demand is being developed.

VIII. PUBLIC CONSULTATION AND DISCLOSURE

113. A public hearing on the Project was held on 19 September 2006 in compliance with
Schedule-I of the Environmental Impact Assessment Notification No: 60 (E), 27 January 1994,
The public hearing was announced to the public in one local vernacular daily newspaper on 14
August 2006 and in one English-language daily newspaper on 18 August 2006. Before the
public hearing was conducted, concerns in writing had been received.
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114. The public hearing was attended by the chief executive of CGPL, seven officials
representing various concerned state government agencies,® and 65 people from the villages
surrounding the project area. The meeting discussed the Project, its potential environmental and
social impacts, land acquisition, mitigation measures, and monitoring programs. The state’'s and
country’s need of the Project was explained. All other concerns raised at the meeting were
clarified and recorded in minutes. Some recommendations were taken for further investigation
under the comprehensive EIA and the marine impact assessment.

115. Further public consultations were conducted in villages as part of the preparation of the
comprehensive EIA. More detailed information on the Project was disseminated to villagers in
the villages located within a 10 km radius of the project site. The villagers saw the Project as an
economic opportunity for their communities. However, some villagers still expressed concern
about the potential environmental and social impacts of the Project. Further consultations are
ongoing to inform the people of mitigation measures.

116. CGPL is committed to the concept of maximizing the benefits offered by the Project
during construction and operations to local people in general and affected people in particular
by planning and implementing community development programs. CGPL is preparing a
livelihood restoration plan for those affected by land acquisition and restricted access to grazing
land, as well as a community development plan. The detailed plans are expected to be
completed in January 2008.

IX. CONCLUSIONS

117. The Project is a green-field project initiated in response to the Government's energy
policy. Its large capacity and use of coal as its primary fuel make it the most cost-effective
alternative for generating electricity to meet the demand backlog and support further economic
growth in the state and the country. The power plant and its support facilities will be constructed
on a marginal land that is not ecologically or culturally sensitive. The power plant will adopt
supercritical steam technology, which is about 10% more efficient than a conventional,
subcritical coal-fired power plant.

118. The Project will have no major ecological impacts, as it will adopt the best practicable
mitigation measures and technologies to minimize emissions and impacts on the environment.
The Project will require the contractors to adopt best environmental management practices
during construction to minimize environmental disturbances such as emissions from heavy
construction equipment and trucks, noise, and dust. Residual impacts will not reach the two
nearby villages. Contractors will provide appropriate training to their workers in environmental,
safety, and health aspects of construction, and will provide necessary protective measures to
workers to minimize safety risks.

119. The Project will adopt the best process technology and designs as well as effective
pollution control equipment to minimize emissions during operations. Emissions will meet
national standards as well as World Bank emission guidelines for new power plants. Impacts on
ambient air quality have been found to be insignificant.

® Forest and Environment Department, Energy and Petrochemical Department, Industries and Mines Department,

Mandvi District, Mundra Taluka Panchayat Office, three elders nominated by the district collector, and Gujarat
Pollution Control Board.
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120. In addition to air emissions, the Project will use a huge volume of seawater for cooling
(14.99 million m*/day) and for freshwater production (0.1278 million m*day). The construction of
the seawater intake and discharge channels will involve dredging and training two creeks.
During the operation of the power plant, spent cooling water will be discharged back into the sea.
The impacts of these activities were investigated using a two-dimensional hydrodynamic model.
The results indicated that the construction of the channels and the discharge of spent cooling
water will not have significant impacts on the marine environment. Erosion and deposition
around the mouths of the two creeks will require periodic maintenance.

121. To ensure effective environmental control, and in line with its corporate environmental
policy, CGPL will establish an appropriate organization and environmental management system
for effective management of environmental, occupational health, and safety aspects during both
construction and operations. The Project has formulated an effective environmental
management plan, including a monitoring program, which will be implemented by contractors
during construction under the supervision of CGPL and by CGPL personnel during operations
as routine and integral activities of the power plant operation. The Project will be able to fully
comply with relevant national laws and regulations regarding the environment, health, and
safety.

122. The Project has no significant land resettlement issues. No indigenous people will be
affected by the Project. CGPL is finalizing the acquisition of privately owned land on the bases
of transparency and fair compensation. No relocation is needed, as all the privately owned land
is vacant, with marginal use for grazing. Extensive public consultations have been carried out
consistent with national and ADB guidelines. In addition to providing local employment, CGPL
will provide assistance in community development to nearby communities as well as to
landowners who lose grazing land. In this regard, CGPL is preparing plans for livelihood
restoration and community development.

123. The Project will undoubtedly provide significant economic benefits to the state and the
country. It will make its best effort to minimize the environmental impacts unavoidably
associated with power generation.
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METHODOLOGY AND DATA FOR AMBIENT AIR QUALITY FOR EACH SEASON
A. METHODOLOGY

1. Samples were collected twice a week over the 52 weeks from March 2006 to February
2007. Samples were collected 24 hourly for monitoring suspended particulate matter (SPM),
respirable particulate matter (RPM), sulfur dioxide (SO,), and oxides of nitrogen (NOyx). One
hourly sample was collected on each monitoring day for carbon monoxide (CO) and
hydrocarbon (HC). The Comprehensive Environmental Impact Assessment study is based on
the ambient air quality data collected in that year.

2. Each sample was collected on a 24-hourly continuous sampling basis. The monitoring
program was scheduled to cover all days of the year to get a representative concentration of the
area. The analysis and methodology used for the monitoring was based on the procedure
mentioned in the National Ambient Air Quality Standards (NAAQS) provided by the Ministry of
Environment and Forests (MOEF).

3. The methods of analysis and measurement used for ambient air quality monitoring are
shown in Table Al1.1.

Table A1.1: Ambient Air Quality Analytical and Measurement Methods

Pollutants Methods BIS Codes
SPM High volume air sampler 5182 (Part IV) 1973
RPM HVS with cyclone separator 5182 (Part IV) 1973
SO, West and Gaeke method 5182 (Part II) 1973
NO, Jacob and Hochheiser method 5182 (Part VI) 1975
Cco Flame ionization detector IS 5182 (Part X)
HC Gas chromatograph IS 5182 (Part XVII)

BIS = British Industrial Standards, CO = carbon monoxide, HC = hydrocarbon, HVS = high

volume air sampler, IS = Indian Standards, NO; = nitrogen dioxide, RPM = respirable particulate

matter, SO, = sulfur dioxide, SPM = suspended particulate matter.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study
Report for 4000 mw imported coal fired mundra ultra mega power project. New Delhi.

B. RESULTS FOR EACH SEASON

4, The maximum, minimum, daily average, and 98 percentile season-wise monitored
values at each location are shown in Tables Al.2 to Al.4. The monitored ambient air quality at
all ambient air quality monitoring stations was compared with National Ambient Air Quality
Standards (NAAQS) for residential and rural areas.
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Table Al1.2: Ambient Air Quality in the Study Area for Summer 2006
(Ground level concentration, pg/m®)

Village SPM RPM SO, NOy CcoO
Minimum 78 38 8.0 11.8 980
Average 106.8 65 11.2 16.3 1,543
Tunda ]
Maximum 138 96 16.2 234 2,050
98 Percentile 135 95 16.0 22.3 2,015
Minimum 82 38 7.0 10.9 1,000
Average 110.6 65.5 10.9 16.6 1,576.8
Jalpara i
Maximum 138 94 154 224 2,000
98 Percentile 138 93 15.1 22 1,975
Minimum 84 42 8.4 13.5 900
Average 113.11 71.4 11.2 18.4 1,563.4
Desalpar )
Maximum 138 98 15.4 22.8 2,010
98 Percentile 138 96 14.9 22.6 2,005
Minimum 84 38 7.6 11.2 1,000
Mota Average 112.9 68.8 11.2 16.7 1,576.2
Bhojapur Maximum 136 98 18.4 23.8 2,000
98 Percentile 136 95.8 16.7 23.3 1,946.0
Minimum 78 38.0 8.1 12.6 1,000
] Average 108 66.3 10.6 17.0 1,523.8
Tragadi )
Maximum 134 92 14.2 23.5 1,900
98 Percentile 132.6 89.6 13.8 23.3 1,900
Minimum 78 38 7.8 12.4 900
Pivar Average 105.1 66.6 10.0 15.6 1,348.5
ipari
P Maximum 134 96.0 13.0 22.0 2,000
98 Percentile 131.1 93.1 12.7 21.1 1,980.8
Minimum 82 34.0 8.9 14.9 1,260.0
] Average 115.1 65.7 11.3 18.7 1,700.8
Bidada )
Maximum 142.0 98 15.9 22.8 1,980.0
98 Percentile 141.0 95.6 15.2 22.7 1,958.4
Minimum 84 38 7.6 14.2 900
Average 109.4 66.8 10.6 18.3 1,425.7
Kandagra )
Maximum 134 96 16.4 22.8 1,980.0
98 Percentile 134 95 15.5 22.8 1,941.6

CO = carbon monoxide, NOx = oxides of nitrogen, RPM = respirable particulate matter, SO, =
sulfur dioxide, SPM = suspended particulate matter, ug/m3 = microgram per cubic meter.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project.
New Delhi.
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Table A1.3: Ambient Air Quality in the Study Area for Post-Monsoon 2006
(Ground level concentration, pg/m®)

Village SPM RPM SO, NOy CcoO
Minimum 130.0 92.0 14.4 21.6 1,845.0
Average 82.0 42.0 8.4 11.5 1,010.0
Tunda
Maximum 103.1 64.0 11.0 15.8 1,451.8
98 Percentile 127.4 90.2 14.1 21.2 1,808.1
Minimum 138.0 92.0 16.8 22.8 1,864.0
Average 86.0 52.0 7.8 12.8 1,298.0
Jalpara .
Maximum 111.1 70.9 11.9 17.2 1,591.6
98 Percentile 135.2 90.2 16.5 22.3 1,826.7
Minimum 138.0 92.0 14.6 22.6 1,945.0
Average 88.0 48.0 9.0 12.2 1,250.0
Desalpar .
Maximum 115.3 73.4 11.7 15.9 1,594.1
98 Percentile 135.2 90.2 14.3 22.1 1,906.1
Minimum 142.0 98.0 16.4 24.8 1,942.0
Mota Average 82.0 42.0 9.2 14.6 1,245.0
Bhojapur Maximum 111.0 73.3 12.9 18.1  1,640.7
98 Percentile 139.2 96.0 16.1 24.3 1,903.2
Minimum 124.0 84.0 14.6 20.4 1,847.0
. Average 82.0 52.0 10.2 14.3 1,289.0
Tragadi
Maximum 107.3 63.5 12.1 16.8 1,544.4
98 Percentile 121.5 82.3 14.3 20.0 1,810.1
Minimum 116.0 88.0 16.2 21.2 1,845.0
Pipari Average 86.0 48.0 8.6 12.2 1,463.0
ipari
P Maximum 100.8 69.5 11.5 15.8 1,596.6
98 Percentile 113.7 86.2 15.9 20.8 1,808.1
Minimum 142.0 94.0 16.8 22.1 1,842.0
) Average 86.0 52.0 11.9 14.8 1,489.0
Bidada
Maximum 113.3 71.0 14.0 18.8 1,642.9
98 Percentile 139.2 92.1 16.5 21.7 1,805.2
Minimum 128.0 92.0 14.6 21.6 1,946.0
Average 86.0 46.0 8.4 13.5 1,368.0
Kandagra .
Maximum 108.3 71.0 11.2 16.5 1,572.8
98 Percentile 125.4 90.2 14.3 21.2 1,907.1

CO = carbon monoxide, NOx = oxides of nitrogen, RPM = respirable particulate matter, SO, =
sulfur dioxide, SPM = suspended particulate matter, pg/m3 = microgram per cubic meter.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project.
New Delhi.
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Table Al.4: Ambient Air Quality in the Study Area for Winter 2006/07
(Ground level concentration, pg/m®)

Village SPM RPM SO, NOy CcoO
Minimum 129.0 85.0 14.3 20.1 1,798.0
Average 88.0 48.0 9.2 12.2 1,124.0
Tunda i
Maximum 106.7 63.6 10.9 15.2 1,490.0
98 Percentile 126.4 83.3 14.0 19.7 1,762.0
Minimum 138.0 88.0 15.8 21.3 1,872.0
Average 87.0 52.0 9.2 14.2 1,298.0
Jalpara )
Maximum 112.0 69.2 12.3 16.9 6,195.3
98 Percentile 135.2 86.2 15.5 20.9 1,834.6
Minimum 139.0 93.0 15.2 21.1 1,859.0
Average 92.0 58.0 9.6 12.6 1,356.0
Desalpar )
Maximum 117.7 74.3 12.4 16.2 1,585.0
98 Percentile 136.2 91.1 14.9 20.7 1,821.8
Minimum 137.0 94.0 16.8 21.2 1,867.0
Mota Average 88.0 48.0 9.5 14.9 1,277.0
Bhojapur Maximum 113.3 67.7 12.7 17.2 1,598.7
98 Percentile 134.3 92.1 16.5 20.8 1,829.7
Minimum 124.0 72.0 12.6 16.4 1,795.0
. Average 92.0 52.0 8.9 12.2 1,362.0
Tragadi )
Maximum 107.6 63.5 10.5 13.9 1,564.3
98 Percentile 121.5 70.6 12.3 16.1 1,759.1
Minimum 123.0 78.0 14.8 17.9 1,843.0
Pioari Average 92.0 52.0 8.9 11.8 1,472.0
P Maximum 109.8 62.7 10.6 14.7 1,607.0
98 Percentile 120.5 76.4 14.5 17.5 1,806.1
Minimum 136.0 82.0 15.8 20.8 1,836.0
. Average 89.0 61.0 12.1 13.3 1,476.0
Bidada ]
Maximum 113.3 68.3 13.2 17.0 1,617.0
98 Percentile  133.3 80.4 15.5 20.4 1,799.3
Minimum 128.0 78.0 12.8 17.6 1,893.0
Average 89.0 52.0 9.6 12.5 1,352.0
Kandagra i
Maximum 111.0 65.3 11.0 15.1 1,572.7
98 Percentile 125.4 76.4 12.5 17.2 1,855.1

CO = carbon monoxide, NOx = oxides of nitrogen, RPM = respirable particulate matter, SO, =
sulfur dioxide, SPM = suspended particulate matter, pg/m3 = microgram per cubic meter.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project.
New Delhi.
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APPLICABLE INDIAN AIR QUALITY STANDARDS AND WORLD BANK GUIDELINES

Table A2.1: National Ambient Air Quality Standards

Concentration in ambient air
Time-weighted . Residential, - Method of
Pollutants average Ing?;;;'al rural, & Szr;zg;ve measurement
other areas
Improved West and
1 Geake method and
(807m3) Annual average 80 60 15 ultraviolet
HY fluorescence
24 hours® 120 80 30
Jacob &
1 Hochheiser
NO, Annual average 80 60 15 modified (Na-
(Hg/m®) arsenite) method
24 hours? 120 80 30 | Gas phase chemi-
luminescence
High volume
) sampling, (average
SPM Annual average 360 140 70 | flow rate not less
(g/m®) than 1.1
m*/minute).
24 hours” 500 200 100
RPM (size Respirable
less than 10 |Annual average® 120 60 50 | particulate matter
microns) sampler
(ug/m®) 24 hours® 150 100 75
AAS method after
sampling using
Pb Annual average® 1.0 0.75 0.50 | EPM 2000 or
(g/m?) equivalent filter
paper
24 hours® 1.5 1.00 0.75
Ammonial |Annual average’ 0.1 0.1 0.1
(mg/ m®) 24 hours® 0.4 0.4 0.4
co 8 hours? 5.0 2.0 1.0 .'\'?”'d'jpers“’e
(mg/ m°) infrare
1 hour 10.0 4.0 2.0 | Spectroscopy

AAS = atomic absorption spectrophotometry, CO = carbon monoxide, EPM= Electromagnetic Process

Materials, NO, = nitrogen dioxide, Pb = lead, RPM = respirable particulate matter, SO, = sulfur dioxide,
SPM = suspended particulate matter, pg/m3 = microgram per cubic meter.
! Annual arithmetic mean of minimum 104 measurements in a year taken twice a week, 24 hourly at
uniform interval.
2 24 hourly/8 hourly values should be met 98% of the time in a year. However, 2% of the time it may
exceed, but not on 2 consecutive days.
Notes: National Ambient Air Quality Standard determines air quality with an adequate margin of safety to
protect public health, vegetation, and property. Whenever and wherever two consecutive values exceed
the limit specified above for the respective category, it would be considered adequate reason to institute
regular and/or continuous monitoring and further investigation. The standards for H2S and CS2 have
been notified separately vide GSR No. 7, dated 22 December 1998 under Rayon Industry; for details
please see Sl. No. 65 of these documents: S.O. 384 (E), Air (Prevention & Control of Pollution) Act, 1981,
dated 11 April 1994 and EPA Notification: GSR 176 (E), 02 April 1996. Included vide Notification SO. 955
(E), Air (Prevention & Control of Pollution) Act, 1981 dated 14 October 1998.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study Report
for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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Table A2.2: World Bank Standards for Ambient Air Quality in Thermal Power Plants

(Hg/m®)
Pollutant 24-Hour Average Annual Average
RPM 150 50
TSP 230 80
NO, 150 100
SO, 150 80

NO, = nitrogen dioxide, RPM = respirable particulate matter, SO, = sulfur dioxide, TSP

= total suspended particulates, ug/m3 = microgram per cubic meter.
Source: World Bank. 1998. Pollution Prevention and Abatement Handbook.

Washington D.C.
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Appendix 3

APPLICABLE INDIAN NOISE STANDARDS AND WORLD BANK GUIDELINES

Table A3: National Ambient Noise Quality Standards and World Bank Guidelines

Receptor Daytime’ Limit in dBA (Leq)® Nighttime® Limit in dBA (Leq)
National World Bank National World Bank
Industrial area 75 70 70 70
Commercial area 65 70 55 70
Residential area 55 55 45 45
Silence zone* 50 Not available 40 Not available

dB(a) = decibel (acoustic).

! Daytime is from 6 a.m. to 10 p.m.

2 dB(A) Leq denotes the time-weighted average of the level of sound in decibels on scale A which is
relatable to human hearing.

% Nighttime is from 10 p.m. to 6 a.m.

4 A silence zone is defined as an area not less than 100 meters’ radius around hospitals, educational
institutes, and courts as declared by the competent authority.

Note: Mixed categories of areas may be declared as one of the four above mentioned categories by the

competent authority.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study

Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi;; World Bank.

1998. Pollution Prevention and Abatement Handbook. Washington D.C.



SUMMARY OF NOISE MONITORING RESULTS

Table A4.1: Equivalent Noise Levels for Summer 2006
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Equivalent Noise Level (dB[A])

Village Day-Night (6 Day (6 am.—10 Night (10 p.m.-6
a.m.-5a.m.) p.m.) a.m.)

Tunda 50.8 50.9 50.6

Jarpara 59.2 61.2 45.7

Desalpar 54.8 53.5 55.9

Mota Bhojapur 54.7 54.8 54.5

Tragadi 54.6 53.8 55.9

Pipari 52.1 51.8 52.7

Bidada 53.7 53.1 54.4

Kandagara 54.2 52.1 56.4

dB(A) = decibel (acoustic).

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega

Power Project. New Delhi.

Table A4.2: Equivalent Noise Levels for Monsoon 2006

Equivalent Noise Level (dB[A])

Village Day-Night (6 Day (6 a.m.—10 Night (10 p.m.—6
a.m.-5a.m.) p.m.) a.m.)

Tunda village 49.7 51.6 39.8

Jarpara 52.2 54.2 37.2

Desalpar 53.1 54.5 48.5

Mota Bhojapur 52.6 53.6 50.1

Tragadi 51.0 52.2 48.0

Pipari 50.5 52.0 45.6

Bidada 58.2 59.5 54.4

Kandagara 47.6 49.0 43.1

dB(A) = decibel (acoustic).

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega

Power Project. New Delhi.

Table A4.3: Equivalent Noise Levels for Post-monsoon 2006

Equivalent Noise Level (dB[A])

Village Day-Night (6  Day (6 am.—10 Night (10 p.m.-6
a.m.-5am.) p.m.) a.m.)

Tunda 49.9 51.7 40.6

Jarpara 52.3 54.2 41.6

Desalpar 55.0 56.7 48.6

Mota Bhojapur 57.5 59.3 49.2

Tragadi 50.5 52.2 44.4

Pipari 50.3 52.0 42.7

Bidada 58.2 59.5 54.4

Kandagara 49.7 51.3 44.2

dB(A) = decibel (acoustic).

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega

Power Project. New Delhi.
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Table A4.4: Equivalent Noise Levels for Winter 2006/07

Equivalent Noise Level (dB[A])

Village Day-Night (6  Day (6 a.m.— Night (10 p.m.—
a.m.-5am.) 10 p.m.) 6 a.m.)
Tunda 46.7 48.5 38.3
Jarpara 51.6 53.5 41.2
Desalpar 54.6 56.2 48.4
Mota Bhojapur 56.9 58.7 48.8
Tragadi 50.1 51.7 44.3
Pipari 49.4 51.1 41.7
Bidada 56.9 58.3 52.8
Kandagara 49.0 50.6 43.5

dB(A) = decibel (acoustic).
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega
Power Project. New Delhi.
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PRODUCTIVITY OF COASTAL WATERS

Table A5.1: Average of Phytoplankton Pigments at the Surface

Sampling Chlorophyll a (mg/m?) Phaeophytin (mg/m?)
Location High Tide  Low Tide  High Tide  Low Tide
S1 2.4 2.7 14 1.8
S2 2.3 2.8 1.2 1.6
S3 2.1 3.0 0.8 1.0
S4 1.9 3.1 0.5 1.0

mg/m°® = milligrams per square meter.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.

Table A5.2: Primary Productivity at Various Sampling Locations

sampling Gross (mgC/m®/hr) Net (MgC/m?/hr)

Location High Tide Low Tide High Tide Low Tide
S1 1.86 2.55 1.09 1.81
S2 1.95 2.62 1.21 1.91
S3 1.91 2.87 1.11 1.57
S4 1.97 291 1.17 1.80

mgC/m3/hr = milligrams carbon per cubic meter per hour.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment StudyReport for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project.
New Delhi.

Table A5.3: Phytoplankton Diversity at Various Surface Sampling Locations

Cell count Total genera
Sampling  (number x 10%liter) Composition (Major Groups)

Point ) ] ] ] ] ]
High Tide Low Tide High Tide Low Tide

Bacteriastrum, Rhizosolenia,

St 117 119 4 4 Navicula, Anabaena spiroides
Bacteriastrum, Rhizosolenia,
S2 119 121 5 4 Navicula, Thalassiosira,
Cosmarium
s3 120 118 4 6 Bactena_strum, Rhlzoso_lenla,
Navicula, Microsystis
s4 112 125 5 6 Coscinodiscus, Navicula,

Bacteriastrum, Tribonema

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study Report
for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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Table A5.4: Zooplankton Diversity at Various Surface Sampling Locations

Population
Biomass Density
Sampling  (M/100m®)  (number x 10  Faunal Group _
Point 100m?) (number) Major Groups

High Low High Low
Tide Tide Tide Tide

Copepods (Cyclops),

S1 6.97  7.07 106 117 13 Trichocerca spp, Sagitta

S2 548 699 83 92 8 Copepods, fish eggs, Mysids,
Naupilli
Copepods (Cyclops), Moina,

S3 5.67 5.88 119 134 16 Sagitta, Mysids, Cercaria
larva

sS4 692 815 132 146 16 Cyclops, fish eggs, Sagitta

Mysids, Cercaria larva

ml/100m® = millilitres per 100 cubic meters
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study Report for
4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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CALCULATION OF EMISSION RATES OF THE POWER PLANT

1. This appendix summarizes ground level concentration values at the eight monitoring
stations for sulfur dioxide, oxides of nitrogen, and particulate matter as a result of the Mundra
Ultra Mega Power Project. The 24-hour and annual average values are given. The data used for
the Industrial Source Complex Short Term (ISCST3) model are given in Table A6.1. The major
assumptions are (i) a power load factor of 90% and (ii) a sulfur-to-SO, ratio of 95%.

Table A6.1: Power Plant Operating Conditions Used as Input for ISCAT3

Parameter Values Unit
Calorific Value of Coal 5,350 kcal/kg
Sulfur Content 0.6 %
Ash Content 15 %
Coal Firing 34,389 TPD for 4,000 MW
Rate/Project
Coal Firing Rate/Boiler 287 TPH for 800 MW
Stack Parameters
Stack Height 275 m
Stack Number 2 (3 + 2 flues) Number
Exit Temperature 134.5 °C
Volumetric
Flow//Stack 1,036 m’/s
Heat Input
Heat Input 1.53E+09 kcal/hr
Heat Input 1.8 GJ/s
Normal Flue Gas Flow 624.0 Nm?/s (dry, 6% O,)*
Emissions/Stack
SO, 907.4 gls
NOx 429.1 als
SPM 28.7 gls
SO, 1,454.1 mg/Nm?®
NOx 687.6 mg/Nm?®
SPM 45.9 mg/Nm?

ISCST3 = Industrial Source Complex Short Term model; kcal = kilocalorie; kg = kilogram;
mg = milligram; Nm? = standard normal cubic meter; TPD = metric tons per day; TPH =

metric tons per hour.
! Based on unitized normal flue gas flow = 350 Nm3/GJ (dry, 6% O,) as per IFC

guidelines.
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RESULTS OF PREDICTION OF AMBIENT AIR QUALITY FOR THE PROJECT

Table A7.1: Predicted 24-hr Maximum Ground Level Concentration of SO,
(March 2006 to February 2007)

24 hourly Total SO,
. : Incremental e

Village Distance and maximum SO, GLC Predictive
9 direction baseline SO, 2/m3 GLC

conc. (pg/m?) (ng/m’) (ng/m®)

Tunda 0 16.2 0 16.2
Jarpara 9 kmE 16.8 16.3 33.1
Desalpar 7 km NNE 15.4 23.5 38.9
Mota Bhojapur 6 km NE 18.4 12.7 31.1
Tragadi 6 kmW 16.4 14.9 31.3
Pipari 10 km NW 16.2 13.9 30.1
Bidada 7 km NNE 16.8 11.5 28.3
Kandagara 3kmN 16.4 135 29.9

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment
Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.

Table A7.2: Predicted 24-hr Maximum Ground Level Concentration of NO,
(March 2006 to February 2007)

24 hourly Total NO,
. : Incremental "

Village DlsFanC(_a and maximum NO, GLC Predictive
direction baseline NO, ( /m3) GLC

Conc. (pg/m®) g (ng/m®

Tunda 0 23.4 0 23.4
Jarpara 9kmE 22.8 9.6 324
Desalpar 7 km NNE 22.8 13.8 36.6
Mota Bhojapur 6 km NE 24.8 7.4 32.2
Tragadi 6 km W 23.5 8.7 32.2
Pipari 10 km NW 22 8.1 30.1
Bidada 7 km NNE 22.8 7.3 30.1
Kandagara 3kmN 22.8 7.9 30.7

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment
Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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Table A7.3: Predicted 24-hr Maximum Ground Level Concentration of SPM

(March 2006 to February 2007)

24 hourly Total SPM
. . Incremental e
Vill Distance and maximum SPM GLC Predictive
age direction baseline SPM Im3 GLC
Conc. (ug/m?) (ng/m’) (ng/m®)
Tunda 0 138 0 138.0
Jarpara 9kmE 138 1.4 139.4
Desalpar 7 km NNE 139 2.0 141.0
Mota Bhojapur 6 km NE 142 1.1 143.1
Tragadi 6 km W 134 1.3 135.3
Pipari 10 km NW 134 1.3 135.3
Bidada 7 km NNE 142 1.0 143.0
Kandagara 3kmN 134 1.1 135.1

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment
Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.

Table A7.4: Predicted Annual Average Ground Level Concentration of SO,
(March 2006 to February 2007)

Annual Incremental Total SO,

Village Distance and Average SO, GLC Predictive
9 direction baseline SO, ( 2/m3) GLC

Conc. (pg/m® K9 (ng/m?)

Tunda 0 11.0 0 11.0
Jarpara 9kmE 11.7 0.5 12.2
Desalpar 7 km NNE 11.8 1.7 135
Mota Bhojapur 6 km NE 12.3 2.7 15.0
Tragadi 6 km W 11.1 1.3 12.4
Pipari 10 km NW 10.7 3.2 13.9
Bidada 7 km NNE 12.8 1.6 14.4
Kandagara 3kmN 10.9 2.7 13.6

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment
Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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Table A7.5: Predicted Annual Average Ground Level Concentration of NO,
(March 2006 to February 2007)

Annual Incremental Total NO,

Village Distance and Average NO, GLC Predictive
9 direction baseline NO, ( 2/m3) GLC

Conc. (ug/m® Hg (ng/m®)

Tunda 0 15.8 0 15.8
Jarpara 9kmE 16.9 0.3 17.2
Desalpar 7 km NNE 16.8 1.0 17.8
Mota Bhojapur 6 km NE 17.3 1.6 18.9
Tragadi 6 km W 15.9 0.8 16.7
Pipari 10 km NW 154 1.9 17.3
Bidada 7 km NNE 18.2 0.9 19.1
Kandagara 3kmN 16.6 1.6 18.2

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment
Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.

Table A7.6: Predicted Annual Average Ground Level Concentration of SPM
(March 2006 to February 2007)

Annual Incremental Total SPM
Vill Distance and Average SPM GLC Predictive
age direction baseline SPM I3 GLC

Conc. (ug/m°) (hg/m’) (ng/m?)
Tunda 0 105.5 0 105.50
Jarpara 9kmE 111.0 0.04 111.04
Desalpar 7 km NNE 115.4 0.14 115.54
Mota Bhojapur 6 km NE 112.3 0.23 112.53
Tragadi 6 km W 107.6 0.11 107.71
Pipari 10 km NW 105.2 0.27 105.47
Bidada 7 km NNE 113.9 0.13 114.03
Kandagara 3kmN 109.6 0.22 109.82

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment
Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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Table A7.8: Maximum Incremental Ground Level Concentrations of
S0O,, NO,, and SPM from the Project

Bearing
GLCs and SO, NO, SPM
location
24-Hourly 54kmSW 337 19.7 2.9
Maximum
Annual Average 1.6 km SE 4.5 2.6 0.4

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact

Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.

Table A7.9: Incremental Ground Level Concentrations of
SO,, NO,, and SPM at a Point 2 Kilometers East of Project Site

GLCs SO, NO, SPM
24-Hourly 16.4 9.6 1.4
Maximum

Annual Average 3.6 2.1 0.3

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact

Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.
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RESULTS OF PREDICTION OF AMBIENT AIR QUALITY FOR THE PROJECT
AND THE ADANI POWER PROJECT

Assumption:

Inputs considered for the Adani Power Project are (i) NOx = 273.6 grams per second and (ii)
SPM = 39.5 grams per second. These values have been considered on a pro rata basis for 2
units of 330 MW coal based power plant.

Table A8.1: Total Predicted 24 hourly Maximum Ground Level Concentration of SO,
— Cumulative Effect of the Project and the Adani Power Project
(March 2006 to February 2007)

_ Distance and 24 hou_rly Max. Incremental %Oz tha_l SO,
Location direction baseline SO32 GLC (ng/m’) PredlctlvesGLC
Conc. (pg/m”) Cumulative (ng/m”)
Tunda village 0 16.2 0 16.2
Jarpara 9Km, E 16.8 19.6 36.4
Desalpar 7 Km, NNE 15.4 26.7 42.1
Mota Bhojapur 6 Km, NE 18.4 14.9 33.3
Tragadi 6 Km, W 16.4 16.6 33.0
Pipari 10 Km. NW 16.2 15.8 32.0
Bidada 7 Km, NNE 16.8 13.1 29.9
Kandagara 3 Km, N 16.4 14.8 31.2

NAAQS Limit (Rural and Residential) for SO, is 80 ug/m®

Source: Coastal Gujarat Power Limited.
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Table A8.2: Total Predicted 24 hourly Maximum Ground Level Concentration of NO,
— Cumulative Effect of the Project and the Adani Power Project
(March 2006 to February 2007)

Locaion Dstanceand 4Gl INET GTS g+ TOteLNO: reditive
Conc. (ug/m?) Cumulative
Tunda village 0 23.4 0 23.4
Jarpara 9 Km, E 22.8 11.5 34.3
Desalpar 7 Km, NNE 22.8 15.7 38.5
Mota Bhojapur 6 Km, NE 24.8 8.7 335
Tragadi 6 Km, W 23.5 9.7 33.2
Pipari 10 Km. NW 22 9.3 31.3
Bidada 7 Km, NNE 22.8 7.7 30.5
Kandagara 3 Km, N 22.8 8.6 31.4

NAAQS Limit (Rural and Residential) for NO, is 80 pg/m®

Source: Coastal Gujarat Power Limited.

Table A8.3: Total Predicted 24 hourly Maximum Ground Level Concentration of SPM
— Cumulative Effect of the Project and the Adani Power Project
(March 2006 to February 2007)

Locaion Distanceand Lot G GIE ugimy 1oL SPM Predcive
Conc. (ug/m°) Cumulative
Tunda village 0 138 0 138.00
Jarpara 9Km, E 138 1.65 139.65
Desalpar 7 Km, NNE 139 2.25 141.25
Mota Bhojapur 6 Km, NE 142 1.26 143.26
Tragadi 6 Km, W 134 1.40 135.40
Pipari 10 Km. NW 134 1.40 135.40
Bidada 7 Km, NNE 142 1.11 143.11
Kandagara 3Km, N 134 1.24 135.24

NAAQS Limit (Rural and Residential) for SPM is 200 ug/m3

Source: Coastal Gujarat Power Limited.
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Table A8.4: Total Predicted Annual Average Ground Level Concentration of SO,

— Cumulative Effect of the Project and the Adani Power Project

(March 2006 to February 2007)

Location

Distance and

Annual Avg.
baseline SO,

Incremental SO,

GLC (pg/m®)

Total SO, Predictive

direction Conc. (ug/m® Cumulative GLC (”g/ms)
Tunda village 0 11.0 0 11.0
Jarpara 9Km, E 11.7 0.6 12.3
Desalpar 7 Km, NNE 11.8 2.1 13.9
Mota Bhojapur 6 Km, NE 12.3 3.1 15.4
Tragadi 6 Km, W 11.1 1.6 12.7
Pipari 10 Km. NW 10.7 34 14.1
Bidada 7 Km, NNE 12.8 1.8 14.6
Kandagara 3 Km, N 10.9 3.2 14.1

NAAQS Limit (Rural and Residential) for SO, is 60 ug/m3

Source: Coastal Gujarat Power Limited.

Table A8.5:; Total Predicted Annual Average Ground Level Concentration of NO,

— Cumulative Effect of the Project and the Adani Power Project

(March 2006 to February 2007)

Location

Distance and

Annual Avg.
baseline NO,

Incremental NO,

GLC (pg/m®)

Total NO, Predictive

direction Conc. (ug/m3) Cumulative GLC (”g/ms)
Tunda village 0 15.8 0 15.80
Jarpara 9 Km, E 16.9 0.36 17.26
Desalpar 7 Km, NNE 16.8 1.2 18.00
Mota Bhojapur 6 Km, NE 17.3 1.83 19.13
Tragadi 6 Km, W 15.9 0.95 16.85
Pipari 10 Km. NW 154 2.02 17.42
Bidada 7 Km, NNE 18.2 1.09 19.29
Kandagara 3Km, N 16.6 1.89 18.49

NAAQS Limit (Rural and Residential) for NO, is 60 ug/m3

Source: Coastal Gujarat Power Limited.
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Table A8.6: Total Predicted Annual Average Ground Level Concentration of SPM
— Cumulative Effect of the Project and the Adani Power Project
(March 2006 to February 2007)

Location Dstanceand JLSR TGI gy | T SPM Predicive
Conc. (ug/m?) Cumulative
Tunda village 0 105.5 0 105.50
Jarpara 9Km, E 111.0 0.05 111.05
Desalpar 7 Km, NNE 1154 0.17 115.57
Mota Bhojapur 6 Km, NE 112.3 0.26 112.56
Tragadi 6 Km, W 107.6 0.14 107.74
Pipari 10 Km. NW 105.2 0.29 105.49
Bidada 7 Km, NNE 113.9 0.15 114.05
Kandagara 3Km, N 109.6 0.27 109.87

NAAQS Limit (Rural and Residential) for SPM is 140 ug/m®

Source: Coastal Gujarat Power Limited.

Table A8.7: Maximum Incremental Ground Level Concentrations of SO,, NO, and SPM
— Cumulative Effect of the Project and the Adani Power Project

GLCs Bearing and SO, NO, SPM
location
24-Hourly 5.4 km, SW 35.6 20.9 3.0
Maximum
Annual Average 1.6 km, SE 4.5 2.65 0.34

Source: Coastal Gujarat Power Limited.

Table A8.8: Incremental Ground Level Concentrations of
S0O,, NO,and SPM at a point [(2000, 0), E]
— Cumulative Effect of the Project and the Adani Power Project

GLCs SO; NO, SPM
24-Hourly 22.9 13.4 1.3
Maximum

Annual Average 1.3 0.75 0.11

Source: Coastal Gujarat Power Limited.



SUMMARY OF POTENTIAL IMPACTS AND MITIGATION MEASURES

A. During Construction
Activities Potential Issues Impacts Significance of Residual Mitigation Measures Respor_13|ble
Impacts after Control Parties
Road transport of Traffic congestion on Public Minor, as traffic load on Traffic management and transport a
materials and plant highways inconvenience highways to project site is | scheduling.
equipment light
Fugitive dust, noise, and | Public disturbance | Minor, as road corridors Trucks to be covered, good engine a
emissions along the road are lightly inhabited maintenance, speed control.
corridor
Site preparation Fugitive dust, noise, and | Pollution at the Minor, as the issues will be | Mitigation measures, to be b
(grading, filling) emissions of vehicles construction site confined to the prescribed in the construction
and heavy construction construction site contract, include water spraying of
equipment dusty areas, good engine
maintenance, speed control, workers
wearing noise and dust protective
equipment, etc.
Construction of civil Fugitive dust, noise, and | Pollution at the Minor, as the issues will be | Similar to line above b
works (including emissions of vehicles construction site confined to the
access roads) and and heavy construction construction site
fabrication and equipment
installation of plant If inappropriately Minor, as most wastes will | Contractors must propose for CGPL b

equipment

Disposal of construction
wastes and excavated
materials

disposed of,
construction
wastes could have

be construction debris, not
toxic and hazardous, apart
from used oils

approval methods and places for
disposal of construction debris,
spent oil, or chemicals, if any.

significant Excavated materials will be used to
environmental fill low-elevation areas.
impacts.

a = to be implemented by local traffic officials in coordination with contractors and CGPL, b = to be implemented by contractors under supervision of CGPL,
CGPL = Coastal Gujarat Power Limited.

[A°]
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During Operations

Activities

Potential Issues

Impacts

Significance of Residual
Impacts after Control

Mitigation Measures

Rail transport of
coal from port

Fugitive dust

Air pollution and
public disturbances

Minor, as amount of fugitive dust
will be small and confined to the
rail corridor, which is very lightly
inhabited

Covering coal wagons, water spraying to
suppress dust

Green belt will be developed along the route of
the railway track and around coal stock yard to
minimize the noise impact.

Transportation will be stopped during high wind
blowing condition.

Washing of rail wagons before leaving the plant
premises will be done

Coal unloading
and transport
within the power
plant

Fugitive dust

Air pollution and
public disturbances

Minor, as amount of fugitive dust
will be small and confined to the
power plant site

Water spraying to suppress dust, use enclosed
conveyor system

Coal storage

Fugitive dust

Contaminated
leachate and
runoff

Autogenous
combustion

Air pollution and
public disturbances

Ground water and
coastal water
pollution

Emissions, fire
hazard

Minor, as amount of fugitive dust
will be small and confined to the
power plant site

Minor, as rainfall is low and
groundwater is marginal

None

The storage yard will be covered and
frequently sprayed with water to suppress dust.
It will have walls to protect from wind and
minimize wind-borne dust.

Leachate and drainage from the coal storage
yard will be collected and drained into the
storage pond for use in spraying the coal
storage yard.

Autogenous combustion of coal stock will be
prevented by limiting the coal stock height to 6
meters.

Continuous compaction of coal stock to avoid
the air passage

Coal combustion
and power
generation

Dust, noise, and
heat in the power
plant

Emission of NO,,
SO,, and
particulates into

Health impacts on
workers

Deterioration of
ambient air quality
with negative effects

Minimum health risks to workers

Minor, as ambient air quality will
meet national standards and
World Bank guidelines

Bag filters to be provided at each dust-
generating process. Workers will wear
protective equipment and receive adequate
training in safety and occupational health.

Use supercritical technology to increase
thermal efficiency, thereby reducing emissions
per unit of output.

6 Xipuaddy

€9



Activities

Potential Issues

Impacts

Significance of Residual
Impacts after Control

Mitigation Measures

the atmosphere

on health and
property

Use low-sulfur coal and 275 meter high stacks
to minimize ground level concentration of SO,
and all pollutants.

Use coal burner of proven advanced design
and over-fire air ports to reduce NOx.

Use electrostatic precipitators to minimize
particulate emissions.

Provision will be made for installing wet
scrubbers for removal of SO,, should they
become necessary.

Abstraction of
seawater

Erosion and
deposition around
the mouths of the
two creeks
Impingement of
fish and marine
animals

Loss of small
marine organisms

Changes in depth
and width of the
creeks

Significant if the
intake channel and
pumping station are
not properly designed
Insignificant, as the
water abstracted is a
small fraction of the
gulf volume

Minor, as the width and depth of
the two creeks will be stabilized

Minor, as the amount lost will
not be significant relative to the
fishery resource of the gulf

Minor, as the amount lost will be
small compared to the
resources of the gulf

Routine maintenance program will be worked
out to ensure stabilization of the creeks.

The intake channel will be designed to reduce
flow velocity to 0.3 meters/second. Screen will
be provided at the pump intake.

No mitigation measures

Discharge of spent
cooling water

Discharge of reject
from the
desalination plant

Increase in the
ambient water
temperature

Increase in the
ambient salinity

Increase in the
ambient salinity

Significant if the
temperature rise is
too high

Significant if the
salinity rise is too
great

Significant if the
salinity rise is too
great

Minor, as the heat in the spent
cooling water will dissipate
quickly. The water temperature
rise is within the limit prescribed
by regulations.

Minor, as the salinity increase in
the spent cooling water will be
about 0.8 parts per thousand.
Changes in salinity are within
natural ranges.

Minor, as the high salinity of the
reject will be diluted by the large
volume of spent cooling water

The discharge channel will be designed as a
cooling channel and to disperse the cooling
water rapidly.

Same as line above

No mitigation measure

1]
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Activities

Potential Issues

Impacts

Significance of Residual
Impacts after Control

Mitigation Measures

Discharge of
process
wastewater

Increase in oil and
grease in seawater

Significant if the
wastewater is not
properly treated

Minor, as the treated effluent will
be used for spraying coal yard

Wastewater will be treated to remove oil and
grease before discharging it into the storage

pond.

CGPL = Coastal Gujarat Power Limited. NOx = oxides of nitrogen, SO, = sulfur dioxide.
Note: All mitigation measures will be implemented by CPGL.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study Report for 4000 MW Imported Coal Fired Mundra
Ultra Mega Power Project. New Delhi.
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Appendix 10

ENVIRONMENTAL MONITORING AND EVALUATION PROGRAM

Air Monitoring

The program for monitoring air quality monitors ambient air quality, stack gas emissions,

occupational exposure, and meteorological investigations (the schedule for which is given in
TableA10.1):

(i)

Ambient Air Quality Monitoring. An ambient air quality monitoring program for
ground level concentrations of sulfur dioxide (SO,), oxides of nitrogen (NO,), and
suspended particulate matter (SPM) will be carried out regularly throughout the year at
selected monitoring stations.

(i) Stack Emission Monitoring. Continuous stationary monitors will be installed to
measure opacity, SO, NO,, and SPM concentrations in the flue gas discharged
through the stacks. Suitable sampling ports will be provided at the stacks for in-situ
monitoring of these parameters.

(iii) Occupational Exposure Monitoring. Worker exposure to dust from ash and coal, to
toxic gases (e.g., SO, and NO,) leaking from boilers, and to excessive noise levels will
be monitored around the workplace by spot detection instruments.

(iv) Meteorology. Wind speed, wind direction, solar radiation, relative humidity, and rainfall
will be monitored continuously using meteorological instruments installed at a suitable
location. The data will be continuously recorded as well as processed for further action.

Table A10.1: Air Quality Monitoring Schedule
Parameters Purpose Frequency Equipment
SPM Ambient air quality Twice in a week for 24 Respirable dust sampler
monitoring hours each at each station
SO, Ambient air quality Twice in a week for 24 Respirable dust sampler
monitoring hours each at each station
NOy Ambient air quality Twice in a week for 24 Respirable dust sampler
monitoring hours each at each station
SPM, SO., NOx Stack emission Continuously In-situ continuous monitors
SPM, SO, NOx Occupational exposure Once a month Portable spot detectors
Noise level Noise Once a week Noise level meter
Wind speed, wind | Meteorological Continuously on hourly Anemometer with data logger and
direction, and investigation basis printer facility
solar radiation
Relative humidity | Meteorological Continuously on hourly Thermohygrograph
and temperature investigation basis
Rainfall Meteorological Continuously on hourly Rain gauge
investigation basis

NOx = oxides of nitrogen, SO, = sulfur dioxide, SPM = suspended particulate matter.
Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact Assessment Study Report for
4000 MW Imported Coal Fired Mundra Ultra Mega Power Project. New Delhi.
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B. Water Quality Monitoring

2. The water quality monitoring program consists of monitoring parameters prior to
discharge, water quality near the seawater intake and outfall structure, and nearby surface
water and groundwater. The monitoring schedule for treated water generated from various
sources, and the parameters to be analyzed, are shown in Table A10.2.

Table A10.2: Water and Wastewater Monitoring Schedule

Waste Water Frequenc.y Parameters of Examination
Sources of Analysis

Boiler blowdown Weekly Temperature, suspended solids, oil and
grease, dissolved solids, copper, iron, etc.

Water effluent Daily pH, suspended solids COD, BOD, dissolved

treatment plant solids

Ash pond effluent Weekly pH, suspended solids; oil and grease;
dissolved solids; metals like chromium, zinc,
iron, manganese, aluminum, nickel,
phosphate, etc.

BOD = biochemical oxygen demand, COD = chemical oxygen demand, pH = potential of
hydrogen.

Source: Coastal Gujarat Power Limited. 2007. Comprehensive Environmental Impact
Assessment Study Report for 4000 MW Imported Coal Fired Mundra Ultra Mega Power
Project. New Delhi.

C. Post-project Monitoring of Marine Environment

3. Post-project monitoring of the marine environment should be carried out to ensure that
environmental quality is maintained. Specially trained staff should be employed to undertake the
monitoring work in a laboratory of the plant, or else this work can be assigned to any research
Institute with expertise in the collection and analysis of seawater and sediment samples in
offshore and intertidal areas. Any damage to seaweed or nearby mangrove areas should be
immediately investigated and assessed, and remedial measures should be adopted.

4, Sampling Site. The sampling area should cover the discharge point as well as other
locations affected by upcoming marine facilities. The intertidal region should be periodically
sampled to monitor the beach fauna and beach profile.

5. Frequency of Monitoring. The monitoring program should begin with proper baseline
establishment and subsequent periodic observations after the Project is commissioned:
0] 1st monitoring before the operations stage,

(i) 2nd monitoring 1 month after operations begin,

(iii) 3rd monitoring 6 months after operations begin,

(iv) 4th monitoring 12 months after operations begin, and
(V) periodic monitoring once or twice every year.

6. Parameters to Be Monitored. The parameters to monitor are the following:
0] Shoreline Changes. Shoreline configuration and near-shore profiles may be
carried out 2 kilometers on either side of the jetty continuously in three seasons.
(i) Seafloor Changes along the Pipeline Route. Once in a year, changes in the
seafloor along pipeline routes may be monitored by a small echo sounder or by
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(iii)

(iv)
v)
(vi)

engaging divers.

Water Quality. Surface and bottom water samples are to be analyzed for
temperature, salinity, acidity, dissolved oxygen, biochemical oxygen demand,
suspended solids, phosphate-phosphorus, nitrite-nitrogen, nitrate-nitrogen,
ammonia-nitrogen, phenolic compounds, petroleum hydrocarbons, trace metals,
primary productivity, phytoplankton and zooplankton biomass, and population
and group diversity.

Sediment Quality. Sediment samples are to be analyzed for trace metals and
benthic biomass and population.

Mangrove and Seaweeds. Population density of mangrove and seaweeds, as
well as growth and species diversity should be studied.

Fishery Resources and Bioassay. Fishery resources are to be assessed, and
static bioassay of the wastewater should be undertaken periodically.
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OCCUPATIONAL HEALTH AND SAFETY MANAGEMENT
A. Safety

1. In a power plant, the main safety hazards involve burns, slips, and falls. Fire and
explosions may occur from flame out. Electrical hazards and electrocution constitute another
serious safety problem in power plants due to the high voltage in their electrical lines. Excessive
noise from generators can also be a serious problem. Heat and humidity can contribute to heat
stress among boiler works. The following safety measures are proposed to prevent the
incidence and seriousness of accidents among employees.

0] All elevated platforms, walkways, stairways, and ramps will be equipped with
handrails, toe boards and nonslip surfaces.

(i) Steam pipes will be provided with thermal insulation.

(i) Shield guards and guard railings will be provided where belts, pulleys, shafting,
gears, or other moving parts are located.

(iv) Electrical equipment will be grounded and checked for defective insulation.

(V) Workers responsible for cleaning boilers will be provided with special footwear,
masks, and dust-proof clothing. Cleaning boilers may require the use of corrosive
acids such as sulfuric acid and hydrochloric acid, as well as other caustic
chemicals. Workers using these chemicals will wear protective clothing and
goggles. Emergency eyewash and showers will be available in the working area.

(vi) Maintenance workers and cleaners who enter enclosed areas for cleaning fuel,
oil residues, or coal ash dust will wear self-contained air respirators.

(vii) A program for fire safety will be regularly carried out. This is important to
establish a safety program and in case of fire due to flame out.

(viii)  Good housekeeping practices will include keeping all walkways clear of debris,
cleaning up oil spots and excess water as soon as they are noticed, and regular
inspection and maintenance of all machinery.

(ix) Rigid procedures for de-energizing and checking electrical equipment will be
followed before any maintenance and repair work can begin. Some work may
have to be done on energized equipment. A supervisor will be present during the
entire period of work and will ensure that all safety measures are taken to
prevent accidents. Techniques to revive people after electrocution will be part of
first aid courses taught to the employees.

x) Temperatures that can go as high as 55°C in boiler rooms can cause heat stress.
General ventilation and frequent work breaks will mitigate this risk to employees.

(xi) The noise level around the generators or other equipment will be kept lower than
90 decibels acoustic (dB[A]). If impossible, those working near noisy equipment
will do so in an insulated room where the noise level is below 75 dB(A).
Personnel will be supplied with ear protection to be worn when working around
noisy equipment. Good equipment maintenance will help reduce noise.

2. Employees will receive appropriate education and training in good safety practices.
Training will include the proper use of all equipment operated, safe lifting practices, the location
and handling of fire extinguishers, and the use of personal protective equipment.

B. Health

3. The main health hazards of working in areas for handling coal, ash, acids, and alkalis,
and in areas for oil storage, etc., are skin diseases and chemical burns. Workers will be
encouraged to wash frequently, and good sanitary and washing facilities shall be provided. A
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separate lunchroom will be provided outside the work area. This will help to reduce dermatitis
among employees caused by contact with acids and other caustic chemicals, solvents, oils, coal
ash, and fuel oil residues. The work atmosphere will be monitored for suspended particulate
matter, sulfur dioxide, oxides of nitrogen, etc., to avoid excessive exposure.
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ASH UTILIZATION PLAN

A. Legal Framework

1. The management of ash generated by coal-fired power plants is governed by the
Ministry of Environment and Forests’ Ash Content Notification (1997) and Disposal of Fly Ash
Notification (1999). The essence of these two notifications is as follows:

1. Ash Content Notification (1997)

2. The Ash Content Notification (1997) required thermal plants to use coal with ash content
not exceeding 34%, with effect from June 2001 (the date later extended to June 2002). This
applies to all thermal plants located beyond 1,000 kilometers (km) from the pithead and any
thermal plant located in an urban or sensitive area, irrespective of the distance from the pithead
(except any pithead power plant). The Mundra Ultra Mega Power Project (the Project) will fully
comply with this regulation, as it will use imported coal with maximum ash content of 15%.

2. Disposal of Fly Ash Notification (1999)

3. The main objective of this notification is to conserve topsoil, protect the environment,
and prevent the dumping and disposal of fly ash discharged from lignite-based power plants.
The salient feature of this notification is that no person within a radius of 50 km from a coal- or
lignite-based power plant shall manufacture clay bricks or tiles without mixing in ash to
constitute at least 25% of their weight.

4. For thermal power plants, the utilization of fly ash is governed by the following
requirements:
0] Every coal- or lignite-based power plant shall make available ash for at least 10

years from the date of publication of this notification without any payment or any
other consideration, for the purpose of manufacturing ash-based products such
as cement, concrete blocks, bricks, panels, or any other material, or for the
construction of roads, embankments, dams, dykes, or for any other construction
activity.

(i) Every coal- or lignite-based thermal power plant seeking environmental
clearance needs to submit an action plan for utilizing at least 30% of the ash
generated in the first 3 years of operation and 100% by the 9th year.

B. Ash Quantities

5. The average annual generation of ash from the proposed power plant is estimated as
follows:
0] coal consumption: 11-13 million metric tons per annum (MTPA), or an average
12 MTPA;
(i) ash content in coal: maximum 15%;
(iii) fly ash generation: 1.44 MTPA; and
(iv) bottom ash generation: 0.36 MTPA.

C. Utilization

6. Fly ash generated from the proposed power plant will be commercially utilized, to the
extent possible, in one or more of the following industries: (i) cement, (ii) brick, (iii) fly ash
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aggregate, (iv) road making and paving, (v) agriculture, (vi) back filling and filling of abandoned
mines, and (vii) any other industry that is technically feasible. Apart from these uses, fly ash can
be used for the construction of an ash-pond dyke, reclamation of low-lying areas, mine fills, and

such agricultural applications as soil conditioner and fertilizer.

7. Bottom ash, which normally contains more unburned carbon and clinkers, is not suitable
for conversion into useful products and will be disposed to the ash disposal area.

8. The following strategies will be adopted to ensure full fly ash utilization in brick and
cement block manufacturing:

(i
(ii)

(iii)

(iv)

v)
(vi)

Fly ash will be supplied free of charge at the silos to brick and cement block factories.
Basic technology, as well as initial expert advice for using fly ash in making bricks
and cement blocks, will be provided to local brick and cement block makers free of
charge.

Seminars and workshops will be organized at the expense of Coastal Gujarat Power
Limited (CGPL) to create market awareness for fly ash bricks and cement blocks in
large cities such as Bhuj, Mundra, Mandvi, Gandhidham, etc.

The Guijarat state government will be asked to provide certain financial incentives, in
line with those provided by some other states, to brick and cement block makers,
and to ensure the use of fly ash building materials in public works projects to the
possible fullest extent.

CGPL will use fly ash building materials in the construction of its various facilities to
instill confidence in local people regarding fly ash building materials.

As the major constraint in spreading the adoption of fly ash building materials is the
unreliability of fly ash supply to widely dispersed brick and cement block industries,
the state government can provide valuable assistance by creating depots near large
consumption centers under its auspices.

MOEF and the Gujarat State Pollution Control Board can play a vital role in promoting fly ash
utilization by coordinating with other concerned ministries and the state government in taking
policy decisions.

2.

Fly Ash Utilization in the Cement and Construction Industry

9. Admixing fly ash into cement is gaining momentum. Currently, several cement
manufacturers have set up their grinding and blending plants near thermal power stations to
ensure easy procurement of fly ash. For the Project, the Adani and Sanghi cement plants are
potential users of fly ash for cement manufacturing.

D. Disposal

10. The Project has allocated 241 hectares for ash disposal, as ash utilization will increase
with time. The target for full utilization in after nine years of operation.



