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WHO World Health Organisation 

 

Units and Dimensions 
 

%  Percentage  kg  Kilo Gram 
°C  Degree Celcius  km  Kilo metre 
µS  Micro Siemens  KV  Kilo Volt 
0C  Degree Centigrade  KWh  Kilo Watt Hour 
BU  Billion Unit   m  metre 
dB  decibels  MkWh Mega Kilo Watt Hour 
E  East   MLD Million Litres per Day 
Ha  hectares  mm Milli metre 
Hr  Hour  MTPA Million Tonnes Per Annum
kCal  Kilo Calories  MW  Mega Watt 
MJ  Mega Joules  `  Indian Rupees 
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EXECUTIVE SUMMARY 
 
1.1 Introduction 

 
Petronet LNG Limited (PLL) proposes to expand its existing Liquefied Natural Gas (LNG 
Import, Storage and Re-gasification facilities from 10 Million Metric Tons Per Annum 
(MMTPA) to 20 MMTPA at Dahej, Bharuch District, Gujarat.  
 
An ESIA is being prepared for the proposed LNG Handling expansion project which 
would include ADB’s safeguard policies with respect to Environment, Involuntary 
Resettlement and Indigenous People. 
 
Although the ESIA is for the expansion of terminal capacity of up to 20 MMTPA, the 
scope of ADB’s financing is limited to the expansion from 10 MMTPA to 15 MMTPA. 
 

1.2 Project Justification  
 
Dahej LNG Terminal is presently operating at its full capacity of 10 MMTPA. The plant 
has one jetty, four LNG tanks, each having a gross capacity of 160,000 cubic meter, 
regasification facilities along with associated utilities which are sized for handling 10 
MMTPA of LNG.  
 
In view of the increase demand as above PLL has planned to augment the capacity 
of Dahej LNG Terminal from 10 MMTPA to 20 MMTPA. However, initially the capacity 
shall be increased from existing 10 MMTPA to 15 MMTPA. The total cost for this 
capacity enhancement is estimated to be 590 million USD. 

 
1.3 Status of the Project  

 
The chronology of the existing project development to 10 MMTPA and further 
expansion to 20 MMTPA are given in Table-1. 

TABLE-1:  STATUS OF VARIOUS APPROVALS FOR THE PROJECT 
 

Sr. No. Project/ Clearances  Year/ Reference 
I Chronology of Project Development 

a Phase-I: 5.0 MMTPA  2004 
b Phase-II: Additional 5.0 MMTPA 

(10 MMPTA) 
2009 

c Second Jetty (under construction) Expected to be in operation in 2014 
d Phase-III: Additional 5.0 MMTPA 

(15 MMTPA) 
2017 

e Future Plans – additional 5.0 
MMTPA (20 MMTPA) 

To be Determined 

II Status of EC from MoEF, GoI for the existing plant of 10 MMTPA 
a  EC for existing 5 MMTPA unit Obtained from MoEF, New Delhi vide letter 

No. J.17011/11/2000-IA.III, dated 27th 
December, 2000 

b  EC for existing 10 MMTPA unit Obtained from MoEF, New Delhi vide letter 
No J.17011/11/2000-IA.III, dated 23rd 
November, 2005 

c  Clearance for the Second Jetty  Obtained from MoEF, New Delhi vide letter 
No: J.17011/11/2000-IA.III, dated 14th 
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November, 2008 
 

1.4 Legal and Institutional Framework 
 
Review of legal provisions including environmental and social laws, applicable to the 
project with respect to national and international standards have been carried out. 
Compliance to the environmental clearance for the existing project is included. 

 
1.5 Location of the project 

 
The proposed expansion project site is located at Dahej, Bharuch district, Gujarat. The 
site is located at a distance of about 1.5-km, N from State highway-206. The nearest 
airport at Vadodara about 130-km away towards E. And the nearest sea coast is the 
Arabian sea, which is about 0.3-km, W. The environmental setting of the proposed plant 
site is given below: 
 
 Project Coordinates: Latitude & Longitude 

 
Latitude   21° 39’' 53.74"  to 21° 40' 17.81" N   
Longitude  72° 32' 00.05"   to 72° 32' 21.80" E  

 
 Plant site Elevation: 12 – 14 m above MSL 
 Major water bodies are : Narmada river ( 2.6-km, ESE), Arabian Sea (0.3-km,   W) 
 Highway : SH-206 (1.5-km, N) 
 Reserve Forests (RF): 1 RF adjacent to project site in southern direction  
 Ecological Sensitive Locations : Nil within 10-km radius 
 Archaeological monuments & defence installations: Nil within 15-km radius 
 

1.6 Resources Requirement for the LNG Terminal 
  
 The following are the details of physical resources that are required to implement the 

proposed expansion from 10 MMTPA to 15 MMTPA and subsequently to 20 MMTPA. 
 

TABLE-2 : STATUS OF THE PROJECT 
 

Sr. No. Resources Source of Resources 
1  Land Acquisition  Existing Plant area: 49 Ha 

 Land available with PLL  - 16 ha (towards south side) 
 Additionally 22.62-ha of land on south side of existing 

plot is allocated by Forest department and stage – I 
clearance is accorded 

 Gujarat maritime board permitted to claim 20-ha on 
west side of existing plot 

2  Water Allocation  Construction phase – condensate water reservoir of 
10,000 m3 capacity. 

 No water is required for the regasification during 
Operational phase 

3  Power Existing : 10 MTPA 
- With ship unloading – 24,4000 kW 
- Without ship unloading – 22,200 kW 

 
Additional  : 5 MTPA 
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Sr. No. Resources Source of Resources 
- With ship unloading – 14,390 kW 
- Without ship unloading – 10,815 kW 

 
Source: - Captive power plant ( 5x7.7 MW GTGs) 

- 220 kVA double feeder from Gujarat   
Electricity Board (GEB) 

 
1.7 Baseline Environment and Social Status 
 

The 10-km radial distance from the project boundary has been considered as study 
area for EIA baseline studies. The primary baseline data survey incorporates the 
baseline studies carried out for three seasons covering winter 2011-2012, pre-
monsoon and post-monsoon for 2012 in the various domains of environment. 
Environmental monitoring for various attributes like meteorology, ambient air quality, 
surface and ground water quality, soil characteristics, noise levels and flora & fauna 
have been conducted at specified locations and the secondary data collected from 
various Government and Semi-Government organizations. 

 

1.7.1 Meteorology 
 

Continuous onsite monitoring was undertaken for various meteorological variables in 
order to record the site specific data.  
 

TABLE-3 : SUMMARY OF THE METEOROLOGICAL DATA GENERATED AT SITE 
 

  Season  Temperature 
(0C) 

Relative Humidity (%) Pre-dominant Wind 
Direction 

Winter 2011-2012 16.0-34.6 36-68 NW 
Pre-monsoon 2012 23.1-40.3 35-72 SW 
Post-monsoon 2012 20.2-35.1 45.7-79.2 NW 

 
1.7.2 Ambient Air Quality 

 
The summary of the Ambient Air Quality monitored during the study period is 
presented in Table-4.  
 
 

TABLE-4 : SUMMARY OF AMBIENT AIR QUALITY IN THE STUDY AREA 
 

Season PM2.5 PM10 SO2 NOx CO O3 
Winter 2011-2012 8.5-19.4 33.5-57.9 10.2-19.4 11.4-20.4 143-507 2.2-7.8 
Pre-monsoon 2012 10.2-23.8 34.7-65.1 9.1-15.8 10.3-16.5 132-414 2.5-8.0 
Post-monsoon 2012 9.4-21.7 34.1-62.3 9.6-17.8 10.8-19.1 136-473 2.4-7.9 
Range 8..5-23.8 33.5-65.1 9.1-19.4 10.3-20.4 132-507 2.2-8.0 
All concentrations are in g/m3  
 
The results of the monitored data indicate that the ambient air quality of the region in 
general is in conformity with respect to norms of National Ambient Air Quality 
standards of CPCB, with present level of activities. 

 
1.7.3 Water Quality 
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To assess the physical and chemical properties of water in the region, water samples 
from eight ground water locations were collected and analysed from various water 
sources around the project area. The water quality results are given below: 
  

TABLE-5: SUMMARY OF WATER QUALITY IN THE STUDY AREA 
 

Season pH Total Hardness (mg/L) Chlorides (mg/L Sulphates  
(mg/L) 

Ground Water  
Winter 2011-2012 7.6-8.3 90-940 7.1-319 2.9-69.4 
Pre-monsoon 2012 7.6-8.5 85-675 8.2-500 2.2-113.9 
Monsoon 2012 7.7-7.9 73-523 10.1-475 2.5-105.5 
Post-monsoon 2012 7.6-7.9 84-565 9.7-490 2.4-110.6 
 
The results indicate ground water is in conformity with IS-10500 standards. 
 

1.7.4 Noise Level Survey 
 

Ambient noise levels were measured at eight locations around the project area. The 
daytime and night time noise levels in all the locations were observed to be within the 
permissible limits. 
 

TABLE-6: SUMMARY OF WATER QUALITY IN THE STUDY AREA 
 

Season Min-Max (dBA) 
Winter 2011-2012 32.5-48.1 
Pre-monsoon 2012 33.7-47.8 
Post-monsoon 2012 32.9-47.6 

 
1.7.5 Soil Characteristics  

 
Eight soil samples were collected and analysed in the study area to assess the 
present soil quality of the region. The pH of the soil indicates that the soil is moderately 
alkaline in nature. The nitrogen, phosphorous, potassium concentrations were 
observed to be in the range of ‘better’ to ‘more than sufficient’ category as per soil 
classification of Indian Council of Agriculture Research. Based on the results, it is 
evident that the soils are not contaminated by any pollution sources.  

 
 
1.7.6 Ecology 

 
Based on the field studies and review of published literature, it is observed that there 
are no endangered and protected flora and fauna in the study area.  
 
 Flora : 199 plant species were identified which are mainly composed of 

phanerophytes, therophytes, and hemicryptophytes. 
 
 Fauna : 5 species belongs to schedule-I, 5 species which belong to Sch-II and rest of 

species belong to Sch-IV of Wildlife Protection Act, 1972 
 

1.7.7 Socio-Economic Environment 
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As per 2011 census, 23219 persons inhabit the study area (within a 10km radial distance 
from the plant site). The males and females constitute 60.2% and 39.8% of the study area 
population respectively during 2001. The study area on an average has 660 females per 
1000 males. The average household size of the study area is 4 persons. In the study area, 
about 17.4% population belongs to Scheduled Tribes (ST) and 3.5% to Scheduled 
Castes (SC).  As per 2011 census records, the main workers constitute 34.4% of the 
population.  

 
1.8 Anticipated Environmental Impacts and Mitigation Measures 

 
The environmental impacts during construction, operation and decommissioning phases 
of the proposed expansion project have been assessed and mitigation measures were 
also included.  

 
1.8.1 Constructional Phase 

 
The proposed expansion of LNG Re-gasification Terminal is contiguous to existing LNG 
terminal at Dahej PLL is having about 16 hectares of land in south side of the existing 
plot. Additionally about 22.62 hectares of land on south side of existing plot is 
allocated to PLL by Forest Department. The environmental impacts during the 
construction stage will be short term, temporary in nature and will be confined very close 
to project sites.  

 
1.8.2 Operation Phase 
 

 Air Environment 
 

LNG regasification and storage is a clean process and essentially there is no emission 
from this process. There will be a small emission from the operation of GTGs and flare. 
The GTGs are run by the natural gas only and hence the emissions are small in terms 
of SO2 and SPM. NOx is only significant pollutant emitted under this condition.  

 
In the proposed LNG terminal, three (03) No of GTGs are proposed for 15 MMTPA and 
further two (02) additional GTG for 20 MMTPA terminal operations. The NOX emission 
from the GTG’s will be controlled by controlling combustion measures, which will be 
approached by way of low NOX burners  

Prediction of impacts on air environment has been carried out employing mathematical 
model based on a steady state gaussian plume dispersion model, Industrial Source 
Complex [ISCST3] designed for multiple point sources for short term. The NOx emissions 
are calculated based on 50 ppm emission standards while firing 100% gas. NOx likely to 
be encountered in the operation of proposed LNG terminal is 8.28 µg/m3 occurring at a 
distance of 2.0 km in the west direction. The resultant concentration is well within the 
limits when compare with NAAQM standards. The predictions indicate that the resultant 
ambient air quality will be within the NAAQ standards after the implementation of 
proposed expansion. 
 
 Water Environment 
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There is no generation of any liquid effluent from the process area. Existing facilities 
are adequate to handle additional domestic waste water. The mitigation measures 
recommended to minimize the impacts are sedimentation tank to retain the solids from 
run-off water; oil and grease trap at equipment maintenance centre; septic tanks to 
treat sanitary waste at labour camp; and utilizing the wastewater in greenbelt 
development.  
 
 Solid Waste Management  

 
On a regular basis, there is no generation of any non-hazardous or inert solid waste 
from the proposed expansion of LNG terminal. A small quantity i.e. about 0.5 KL/year 
of hazardous oily waste will be generated from the proposed LNG terminal during 
periodic maintenance. Hazardous waste will be collected and stored at specific 
identified area at site. Separate authorization has been obtained under Hazardous 
Waste Management Rules to handling the hazardous waste generated.  
 
 Noise Environment 
 
Acoustic enclosures will be provided wherever required to control the noise level 
below 85 dB (A). In places where it is not possible technically to meet the required 
noise levels, personal protection equipment will be provided to the workers. The wide 
greenbelt around the plant will attenuate the noise level dissemination outside the 
plant boundary. 
 
 Greenbelt Development 

 
The measures required to be undertaken to minimize the impact on the ecology are: 
 
 The felling of trees will be kept at minimum; and 
 
 The greenbelt having vegetation density of 2500 trees/ha will be developed in 

phased manner   
 

Greenbelt with a width of 10 m - 50-m has been developed around the project site 
outside the LNG handling area. An annual budget of Rs. 7 Crores has been allocated 
for the green belt development. 
 Socio- Economics 

 
The major economic impacts, which will accrue to the region during the construction 
phase and operation of the proposed expansion plant, will be an increased 
availability of direct and indirect employment. Local people will be benefited after 
commissioning of the proposed project in terms of simple to major contractual jobs 
and associated business establishments. 
 
 Ecological environment 
 

 Terrestrial Ecology 
 

Construction works at the project site will require some land clearance, cutting of trees 
from the green belt. The cutting of trees will be compensated with the development of 
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50 m wide green belt and green cover at and within the in the boundary of additional 
land area. 
 
The proposed project will adopt efficient combustion measures to keep NOx emission 
within prescribed limit (50 ppm). The proposed project will have insignificant impact on 
ambient air quality and NOx concentration will remain within the NAAQ standards. 
Therefore, the impact of these emissions on the surrounding agro-ecosystem will be 
insignificant. 
 

 Aquatic Ecology 
 
The construction activities will not have any impact on the aquatic ecology of the area 
as the proposed expansion project area does have any visible water body or natural 
drain. 

 
 Impacts due to Gas pipeline and water intake pipeline 
 
The gas pipeline and water pipeline will have minimal impacts on environment in the 
vicinity with respect to air quality, noise and ecology. However, these will be restored 
to normal conditions by following standard operating procedures (SOP) during 
construction and operation phases.  
 

1.9 Analysis of Alternatives 
 
The available project alternatives have been assessed in terms of site, technology, 
operation alternatives etc.  
 
 Existing plant and proposed expansion is within India’s first Petrochemicals and 

Petroleum Investment Region (PCPIR);  
 Additional land is allocated by GIDC and GMD adjacent to the existing plant 

premises for the project and is contiguous; 
 With the gas as fuel, only gaseous pollutant that is expected to be generated is 

NOx apart from CO. 
 NOx reduction in the gas turbines is improved by lowering the burning 

temperature or by controlling the air supplies into the combustion process. 
 
 
 

1.10 Environmental and Social Management Plan (ESMP) 
 

Comprehensive Environmental and Social Management Plan including 
recommendations for its implementation during construction and operation phase of 
the project has been evolved. 

 
The ESMP consists of the set of mitigation, management, monitoring and institutional 
measures to be taken during the implementation and operation to eliminate adverse 
environmental and social impacts, offset them or reduce them to acceptable limits.  
 
The ESMP has been designed within the framework of requirements under Indian 
legislation and ADB’s SPS 2009 on environmental and socio-economic aspects. ESMP 
consists of: 
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 Environmental Management Plan including Green Belt Development Plan and 

Rain Water Harvesting Plan; and 
 Environmental Action and Monitoring Plan. 

 
1.11 Environmental Monitoring Programme 
 

Post project environmental monitoring is important in terms of evaluating the 
performance of pollution control equipments installed in the project. The sampling 
and analysis of the environmental attributes will be as per the guidelines of 
ADB/MoEF/CPCB/GPCB.  
 

1.11.1 Cost Provision for Environmental Measures  
 

It is proposed to invest about Rs. 46.35 Crores on pollution control, treatment and 
monitoring systems for proposed plant expansion. In addition to this, sufficient amount 
will be spent on greenbelt development in and around the proposed project site. 
 

1.12      Public Consultation, Disclosure and Community Development Plan  
 

 The public consultation for the proposed expansion of existing LNG import, storage and 
re-gasification facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat 
was held on June 19, 2013 at Petronet LNG Dahej site. 
 
Comprehensive review on need based corporate social responsibility (CSR) plan 
under execution for existing plant and proposed community development plan to be 
executed for the proposed expansion project including budget provisions are 
included. No Rehabilitation and Resettlement is applicable. CSR and Community 
Development activities are included. 
 

1.13 Conclusion and Recommendation 
 

The proposed expansion project has certain level of marginal impacts on the local 
environment and it adheres to the equator principles and performance standards of 
financial institutions. Development of this project has beneficial impact/effects in 
terms of  bridging the demand and supply gap and providing employment 
opportunities that will be created during the course of its setting up and as well as 
during the operational phase of the project. 
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1.0 INTRODUCTION   
 

 Project Proposal 
  
Petronet LNG Limited (PLL) proposes to expand its existing LNG Import, Storage and 
Re-gasification facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, 
Gujarat.  
 
This chapter addresses comprehensive details about the project including objective 
and justification of the project, environmental settings, site details and scope of the 
entire study.  
 
 About Petronet LNG Limited  
 
PLL is an Indian natural gas company formed on the behest of government of India 
(GoI) to import liquefied natural gas (LNG) and set up LNG terminals in the country. It 
is a joint venture company promoted by the Gas Authority of India Limited(GAIL), Oil 
and Natural Gas Corporation Limited (ONGC), Indian Oil Corporation Limited (IOC) 
and Bharat Petroleum Corporation Limited (BPCL) with an authorized capital of 
Rs.1200 crores (US$ 240 million). Each has 12.5% equity share totaling to 50%. In 
addition, GDF International (GDFI), a wholly owned subsidiary of Gaz de France, a 
French national gas company, holds 10% and the Asian Development Bank (ADB) 
holds 5.2% of the equity. The balance of the equity, 34.8%, is held by the public. 
 
The company had signed an LNG sale and purchase agreement with Ras Laffan 
Liquefied Natural Gas Company Ltd., Qatar and Exxon Mobil, Australia for the supply 
of LNG to India. 
 
Petronet LNG Ltd. has set up its first LNG terminal at Dahej in Gujarat and operating 
with a capacity of 10 million metric tons per year. The terms of reference letter and 
compliance (Annexure-I) and existing environmental clearances for LNG terminal 
and jetty from Ministry of Environmental and Forests (MoEF) are given in Annexure-II.  
 
Capacity of Dahej Terminal will be expanded to 15 MMTPA by end of 2017 and 
further to 20 MMTPA. Another terminal with capacity 5 million tons per year is being 
set up in Kochi (Kerala) and has been commissioned in August 2013. Petronet LNG is 
planning to set up its third LNG terminal with capacity 10 million tons per year within 
the port limits of Gangavaram port Limited, Visakhapatnam, Andhra Pradesh.  It is 
expected that by 2020 Petronet LNG's total operating capacity will be 25 MMTPA. 
With a capacity of 20 MMTPA after proposed expansion, Dahej facility will be the 
world’s largest LNG handling terminal at one single location. 
 

1.1 Status of the Project  
 
The chronology of the existing project development to 10 MMTPA and further 
expansion to 20 MMTPA are given in Table-1.1. 
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TABLE-1.1:  STATUS OF VARIOUS APPROVALS FOR THE PROJECT 
 

Sr. No. Project/ Clearances  Year/ Reference 
I Chronology of Project Development 

a    Phase-I: 5.0 MMTPA 2004 
b Phase-II: Additional 5.0 MMTPA 

(10 MMPTA) 
2009 

c Second Jetty  
(under construction) 

Expected to be in operation in 2014 

d Phase-III: Additional 5.0 MMTPA 
(15 MMTPA) 

2017 

e Future Plans – additional 5.0 
MMTPA (20 MMTPA) 

To be Determined 

II Status of EC from MoEF, GoI for the existing plant of 10 MMTPA 
a  EC for existing 5 MMTPA unit Obtained from MoEF, New Delhi vide letter 

No. J.17011/11/2000-IA.III, dated 27th 
December, 2000 

b  EC for existing 10 MMTPA unit Obtained from MoEF, New Delhi vide letter 
No J.17011/11/2000-IA.III, dated 27th 
December, 2000 

c  Clearance for the Second Jetty  Obtained from MoEF, New Delhi vide letter 
No: J.17011/11/2000-IA.III, dated 14th 
November, 2008 

 
1.2 Purpose of the Environment and Social Impact Assessment (ESIA) 
 

Asian Development Bank (ADB) has a set of specific safeguard requirements that 
borrowers/ clients are expected to meet when addressing social and environmental 
impacts and risks expected from development projects. ADB’s Safeguard Policy 
Statement 2009 (SPS 2009) outlines these requirements for all the projects supported 
by ADB.  
 
As part of ADB’s Safeguard Requirements, an environmental assessment report is 
required for all environment category A and B projects.  
 
An ESIA is being prepared for the proposed LNG Handling expansion project which 
would include ADB’s safeguard policies with respect to Environment, Involuntary 
Resettlement and Indigenous People. 
 
Although the ESIA is for the expansion of terminal capacity of up to 20 MMTPA, the 
scope of ADB’s financing is limited to the expansion from 10 MMTPA to 15 MMTPA. 
 

1.3 Brief Description of the Project 
 
The Project facilities would receive and store LNG that is unloaded from ship tankers, 
and regassify the LNG into natural gas for delivery to a pipeline.  
 
Existing LNG terminal consists of the following facilities: 
 
A)   Marine Jetty with unloading platform & unloading arms 

 Trestle 
 Berthing & mooring dolphins LNG Jetty,  



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐1: Introduction 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                                               C1-3 

 Stand by/Second jetty (under construction) 
 
Second jetty at the facility which is under construction is shown in Figure-1.4. 
 
B) Onshore 

 Storage Tanks 
 LP & HP Pumps 
 Vaporizers 
 Utilities 
 

For the proposed expansion, no additional off-shore facilities are envisaged. 
Additional on-shore facilities that are required for expansion of LNG Terminal from 10 
MMTPA to 20 MMTPA are given below: 

 
C) Onshore 

 Storage Tanks; 
 LP & HP Pumps; 
 Vaporizers; and 
 Utilities. 

 
Primary functions of the Terminal Facilities include the following: 
 
 Receive, manoeuvre and moor the LNG carriers, 
 Unloading of LNG from LNG carriers to LNG Tanks, and return LNG vapour from 

LNG Tanks to LNG carriers, 
 Store LNG in LNG storage tanks to provide sufficient buffer against flow 

differences and delays in LNG carrier arrivals, 
 Handle vapour generated during unloading and from heat gain during operation 

without flaring or venting, 
 Pump LNG from LNG storage tanks to vaporisers, and discharge as natural gas at 

suitable pressure to the Gas send-out pipeline, 
 Control the pressure and the temperature of natural gas to the send-out pipeline 

to satisfy customer requirements, 
 Meter natural gas flowing to the send-out pipeline, 
 Analyse the natural gas quality flowing to the send-out pipeline, 
 Jetty facility 
 

1.4 Need for the Project  
 

Dahej LNG Terminal is presently operating at its full capacity of 10 Million Metric Tons 
Per Annum (MMTPA). The plant has one jetty, four LNG tanks, each having a gross 
capacity of 160,000 cubic meter, regasification facilities along with associated utilities 
which are sized for handling 10 MMTPA of LNG.  
 
The construction of second Jetty at Dahej LNG Terminal has already commenced 
and same is expected to be commissioned in the 1st quarter of 2014. Looking at the 
market scenario and availability of domestic gas, it is felt that in order to meet the 
increased requirement, the storage and regasification capacity of Dahej LNG 
Terminal shall be further increased. Some major customers particularly GAIL and 
Gujarat State Petroleum Corporation Ltd. GSPC have approached PLL to provide 
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them storage and regas capacities and have also indicated the requirement on firm 
and long term basis. 
 
In view of the increase demand , PLL has planned to augment the capacity of Dahej 
LNG Terminal from 10 MMTPA to 20 MMTPA. The expansion facilities shall be designed 
to handle additional 10 MMTPA capacity. However, initially the capacity shall be 
increased from existing 10 MMTPA to 15 MMTPA. The total cost for this capacity 
enhancement is estimated to be 590 million USD. 
 
Due to the rapid economic growth, the lack of adequate fuel supply alternatives and 
also more recently for environmental reasons, the demand for natural gas in the 
country is increasing. 
 
The consumption of gas is primarily constrained by lack of supply and the shortfall in 
delivery infrastructure. As compared to this demand, the supply is well short. This 
supply analysis does not consider supplies from any transnational pipeline since a firm 
supply picture is yet to emerge from the deliberations. The following tables provide an 
account of the projected gas supplies and the net shortfall on account of the gap 
between demand and supplies. The segment wise overall demand in the coming 
years is given in Table -1.2. 

TABLE-1.2 : SEGMENT WISE OVERALL DEMAND 
 

Particulars 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Power 80.5 103.4 124.7 146.1 167.5 188.8 210.2 229.1 249.7 272.2 
Fertilizer 43.1 44.0 67.7 106.8 113.2 120.0 127.2 134.8 142.9 151.5 
Refinery / 
Petrochemical 

46.0 50.8 53.5 56.7 60.1 63.8 67.6 71.6 75.9 80.5 

City Gas 11.0 13.9 19.2 26.9 37.3 50.6 54.7 59.0 63.7 68.8 
Steel 8.7 16.0 23.4 30.7 38.0 45.4 50.2 55.5 61.5 68.0 
Others 14.6 15.5 16.4 17.4 18.4 19.6 20.7 22.0 23.3 24.7 
Total 203.9 243.7 304.9 384.6 434.6 488.1 530.5 572.1 617.1 665.8 

 
1.4.1  Demand and Supply Gap 

 
Currently, the Indian gas market has a shortfall of approximately 126 million metric 
standard cubic meters per day (MMSCMD). With the projected economic growth 
and the envisaged growth in the gas infrastructure, market demand is likely to grow. 
The projected demand–supply gap is shown in Figure-1.1. 

 
1.4.2  Importance of Project 

 
Regasified LNG (Natural Gas) is having considerable advantage in terms of 
environmental benefits when compared to conventional fossil fuels. 
 
Honourable Supreme Court of India on realizing the urgency and importance of 
protection and improvement of the environment has given direction to authorities to 
take immediate steps to tackle the acute problem of vehicular pollution in Delhi and 
made it compulsory to use CNG in vehicles in New Delhi. 
 

 Advantages of CNG/LNG/NG  
 

• 60–90% less smog-producing pollutants 
• 30–40% less greenhouse gas emissions 
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• Less expensive than gasoline 
 
 
 
 
 

 
Source: - Vision 2030, Natural Gas Infrastructure in India 

 
FIGURE-1.1 

PROJECTED DEMAND–SUPPLY GAP 
 
 
 

1.5 Location of the Project 
 
The proposed expansion project site is located at Dahej, Bharuch district, Gujarat. The 
site is located at a distance of about 1.5-km, North from State highway-206. The 
nearest airport at Vadodara is about 130-km away towards East. And the nearest sea 
coast is the Arabian sea, about 0.3-km, West.  
 

1.5.1 Environmental Setting of the Site 
 
The details of environmental setting are given in Table-1.3. The index map of the 
project site is shown in Figure-1.2. Similarly, the topographical features of the study 
area within 10 km radius from the LNG regasification terminal boundary along with 
site map showing the facilities are shown in Figure-1.3, Figure-1.4 Figure-1.5 and 
Figure-1.6. The photographs of the project site are shown in Figure-1.7. 
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TABLE-1.3 :  ENVIRONMENTAL SETTING IN 10-KM RADIUS 
Sr. No. Particulars Details 

1  LNG terminal Location 
Town Dahej 
District  Bharuch 
State  Gujarat 

2  
 

LNG terminal Location Limits  Project  Land Co-ordinates 
Code Latitude Longitude 

A 21° 40' 17.49" 72°32' 0.05" 
B 21° 40' 17.81" 72°32' 21.43" 
C 21° 39' 55.66" 72° 32' 21.80" 
D 21° 39' 53.74" 72° 32' 13.78" 

 

  Land To Be Reclaimed Co-ordinates 
Code Latitude Longitude 

1 21°40'43.20" 72°31' 50.91" 
2 21°40'43.49" 72°31' 59.60" 
3 21°40'17.49" 72°32' 0.05" 
4 21°40'17.36" 72°31' 51.36" 

 

3  Site Elevation above MSL 12-14 m above MSL 
4  India Meteorological Dept. (IMD), 

Data 
IMD-Surat Data (Annual) 
Predominant Wind Direction-SW 
Predominant Wind Speed- 1 to 11 kmph 
Maximum temperature-37.2oC  
Minimum Temperature-17.1oC 
Relative Humidity-32.8-36.6 

5  Present land use at the site Industrial 
6  Nearest highway SH-206 (1.5km, N) 
7  Nearest railway station Baruch(50-km, E) 
8  Nearest airport Vadodara(130-km, E) 
9  Nearest rivers Narmada (2.6 km, ESE) 

10  Nearest sea Arabian Sea (0.3 km, W) 
11  Nearest port Hazira (68.3 km, S) 
12  Nearest town Baruch(50-km,E) 
13  Nearest city  Vadodara(130km,NE) 
14  Nearest major city with 2,00,000 

population 
Bharuch (43.7 km, E) 

15  Villages within 1 km radius Luvara (1.5 km, E), Lakhigam (1.9 km, NE) 
16  Distance from the sea coast 0.3 km, W 
17  Hills/valleys NIL 
18  Nearest tourist place NIL 
19  Physical Cultural Resources such as 

Archaeological, Paleontological, 
Historical, Architectural, Religious, 
Aesthetic/ Tourist Attractions or 
other cultural significance places 
of local/ regional/ national/ 
international importance 

NIL 

20  Protected areas as per Wildlife 
Protection Act,1972 (Tiger reserve, 
Elephant reserve, Biospheres, 
National parks, Wildlife sanctuaries, 
community reserves and 
conservation reserves)  

NIL 

21  Reserved / Protected Forests Adjacent to the project site in southern direction 
22  Seismicity Seismic Zone III 
23  Defence Installations  NIL 
24  List of Industries RIL, Birla Copper, GCPTCL 

Note: All distances mentioned above are aerial distances 
Source: ESIA Studies, Vimta Labs Limited, Hyderabad 
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FIGURE-1.2 

INDEX MAP SHOWING THE PROJECT SITE  
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Latitude      Longitude  
1 : 21° 40’ 43.63’’N-72° 31’ 59.29” E  
2 : 21° 40’ 43.93’’N-72° 32’ 20.73” E  
3 : 21° 40’ 17.89’’N-72° 32’ 21.13” E 
4 : 21° 40’ 17.66’’N-72° 31’ 59.70” E 

 
 

 
FIGURE-1.3 

STUDY AREA OF THE PROJECT SITE  
 
 
 

1 2 

3 4 
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FIGURE-1.4 

GOOGLE MAP OF STUDY AREA  
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FIGURE-1.5 
MAP SHOWING EXISTING FACILITIES AND PROPOSED EXPANSION SITE  
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FIGURE-1.6 
PROPOSED EXPANSION OF LNG FACILITY - SITE MAP SHOWING FACILITIES 
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FIGURE-1.7 A 
PHOTOGRAPHS OF THE EXISTING LNG FACILITIES 
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FIGURE-1.7 B 
PHOTOGRAPHS OF THE EXISTING LNG FACILITIES  
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1.6 Scope of the Study 
 
With a view to assess the environmental and social impacts arising due to the 
proposed expansion of 10 MMTPA to 20 MMTPA LNG Import, Storage and Re-
gasification facilities at Dahej, Petronet LNG Limited (PLL) has retained the services of 
M/s Vimta Labs Limited, Hyderabad to prepare the Environment and Social Impact 
Assessment (Terrestrial & Marine) ESIA Report for various environmental components 
including air, noise, water, land and biological components along with parameters of 
human interest which may be affected and to prepare an Environment 
Management Plan (EMP) for mitigating adverse impacts.  
 
The one year environmental base line data has been carried out for all three non 
monsoon seasons (December- 2011 to November 2012). As explained to EAC during 
the presentation made on 10th-11th January 2012, the three season base line data 
that has been complied in the present report are as follows: 
 
1. Winter season (December 2011 to February 2012) 
2. Pre monsoon season (March 2012 to May 2012)  
3. Post monsoon (September 2012 to November 2012)  

 
The scope of the present study is to update the EIA prepared for the expansion 
project to comply with the requirements of Equator Principles of July 2006, IFC’s 
Performance Standard on Social and Environment Sustainability (April 2006)(IFS PS) 
   
The scope of study broadly includes: 

 
 To conduct literature review and to collect data relevant to the onshore study 

area; 
 To undertake environmental monitoring so as to establish the baseline 

environmental and social status of the study area in line with IFC requirements; 
 Collect and compile secondary data including socio-economic data from 

published literature / government publications; 
 Estimate pollution loads that would be generated by the proposed project; 
 Predict incremental levels of pollutants in the study area due to the proposed  

project;  
 Evaluate the predicted impacts on the various environmental attributes by using 

scientifically developed and widely accepted Environmental Impact Assessment 
Methodologies;  

 Identification and assessment of risks associated with the proposed expansion 
project and their appropriate management through proper Risk Assessment (RA) 
and Disaster Management Plans (DMP). 

 Identify critical environmental and social attributes required to be monitored during 
the project execution and to suggest post project monitoring; and 

 Prepare an Environment and Social Management Plan (ESMP). 
 
The literature review includes identification of relevant articles from various 
publications, collection of data from various government agencies and other 
sources.  
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1.7 Objective of ESIA 
 
The present Environment and Social Impact Assessment (ESIA) Report has been  
prepared to identify and assess both adverse and beneficial social and environment 
impacts in the project’s area of influence. The Environmental Impact Assessment (EIA) 
report prepared for the expansion project meets the documentation requirement of 
Govt. of India.  
 
Quality, Health, Safety and Environmental policy for Dahej plant is shown in Figure 1.8. 
PLL’s Dahej plant has been accredited to ISO-9001, ISO-14001 and OHSAS-18001. The 
certificates are shown in Figure–9, Figure-10 and Figure-11 respectively. 
 

1.7.1 Methodology of the Study 
 

The Environmental and Social Impact Assessment has been conducted to include the 
following: 
 
 Baseline information about the environmental, social, and economic conditions 

surrounding the project area; to determine the existing status and post project 
scenario in respect of these parameters; 

 Identify potential impacts of the project and the characteristic, magnitude and 
distribution of the impacts; 

 Carry out analysis of alternatives for the project at most beneficial in terms of 
social and environmental parameters;  

 Compile information on mitigation measures to minimize the impact so as to 
incorporate the same in Environment and Social Management Plan; 

 Formulate Environmental Management and Monitoring Action Plan  
 
 Reconnaissance survey was conducted by the M/s. Vimta Labs and concerned 

officials of M/s. Petronet LNG. Sampling locations were identified on the basis of: 
 

 Predominant wind directions in the study area as recorded by India Meteorological 
Department (IMD) at  Surat; 

 Existing topography, drainage pattern and location of surface water bodies like 
ponds, canals, rivers and sea; 

 Location of villages/towns/sensitive areas;  
 Areas which represent baseline conditions; and 
 Collection, collation and analysis of baseline data for various environmental 

attributes.  
 
The field observations are used to: 
 
 Setup air quality models; 
 Identify extent of negative impacts on community/natural resources; and 
 Identify mitigation measures and monitoring requirements. 
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FIGURE-1.8 

QHSE POLICY FOR DAHEJ PLANT 
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FIGURE-1.9 
ISO:9001 CERTIFICATE FOR DAHEJ PLANT 
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FIGURE-1.10 
ISO:14001 CERTIFICATE FOR DAHEJ PLANT 
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FIGURE-1.11 
OHSAS: 18001 CERTIFICATE FOR DAHEJ PLANT 
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The study also provides framework and institutional strengthening for implementing 
the mitigation measures. The existing conditions of various environmental attributes 
have been determined as outlined in Table-1.4.  
 

TABLE-1.4 : ENVIRONMENTAL ATTRIBUTES AND FREQUENCY OF MONITORING 
 

Sr. No Environmental 
Component 

Sampling 
Locations 

Sampling Parameters Total 
Sampling 

Period 

Sampling 
Frequency 

1 Meteorology One central 
location 
 

Temperature, Wind 
Speed, Wind 
Direction, Relative 
Humidity, Cloud 
Cover, Rainfall 

1year Continuous   
hourly 
recording 

2 Ambient Air 
Quality 

8 Locations PM2.5, PM10, SO2, NOx, 
CO and O3 

Two 
consecutive 
days per 
week for  3 
non 
monsoon 
seasons   

24 hourly 
samples for 
PM2.5, PM10, 
SO2 and NOx; 
three 8 hourly 
samples per 
day for CO 
and O3 

3 Water Quality  10 Locations As per ISO: 10500  Grab 
sampling 

Once  during 
study period  

4 Marine Studies/ 
Marine water 
Quality/ Sediment 
analysis 

Project area Wind storm, waves, 
tides, currents, 
bathymetry and sea 
bed characteristics/ 
Physic-chemical and 
biological analysis 

Three months Once during 
study period 

5 Noise Monitoring  8 Locations Sound Pressure Levels Continuously 
for 24 hours  

Once during 
study period 

6 Soil Analysis 8 Locations Soil profile, Chemical 
constituents 

Composite 
sample 

Once during 
study period 

7 Ecology Existing 
ecological 
resources 
within study 
area 

Flora and fauna  Field 
observations 
and 
secondary 
sources  

Once in study 
period 

8 Demography and 
Socio-economic 
aspects 

Total study 
area 
10 km radius 

Demographic profile Based on District Census 
Handbook (2001) 

9 Land Use Total study 
area 10 km 
radius 

Trend of land use 
change for different 
categories 

Based on District Census 
Handbook (2001) 

10 Geology - Geological history 
 

Data collected from 
secondary sources 

11 Hydrology - Drainage area and 
pattern, nature of 
streams, aquifer 
characteristics, 
recharge and 
discharge rates. 

Based on data collected from 
secondary sources 

Source: Terrestrial EIA Studies by Vimta Labs Limited; 
 
The applicable national environmental standards for the project are given in 
Annexure-III. The methodology adopted for monitoring and analysis is given in 
Annexure-IV. 
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The EIA study which was conducted by Vimta Labs Limited in 2011-2012 has 
examined the compliance of the project to the applicable National Standards, laws 
and regulations and required mitigation measures and an Environmental & Social 
Management and Implementation Plan have also been proposed. The report has 
been reviewed to cover the requirements of Environment procedures and guidelines 
of the Export–Import Bank of the United States and associated Performance 
Standards on Social and Environmental Sustainability of International Finance 
Corporation (IFC), April 2006. 
 
Interactions were held with the community who are directly or indirectly affected by 
the project activities. The community interactions were established by means of 
personal interaction in accordance with International Finance Corporation 
guidelines. All consultations were free of external manipulation, interference or 
intimidation. The consultations were conducted in the local language. 
 

1.7.2 Structure of ESIA Report 
 

The ESIA report has been structured to meet the requirement of Equator Principles, IFC 
Performance Standards and environment procedures and guidelines of the Export-
Import Bank of US and requirements of International Finance Corporation.  
 
The outline of the present ESIA is as under: 

 
Executive Summary 

 
1. Introduction: The chapter will cover comprehensive details about the project 

including objective and justification of the project, environmental settings, site 
details and scope of the entire study. 
 

2. Legal and Institutional Framework: This chapter covers all the legal provisions, 
including environmental and social laws, applicable to the project. The chapter 
will also cover the all the national and state government standards applicable for 
the project. A comparison is also provided about the project compliance with the 
applicable national standards and international standards. 
 

3. Description of the Project: The chapter provides details on all the process, fuel 
(quality, quantity and transportation), infrastructure requirement and availability, 
water (quality, quantity and transportation) and also the project implementation 
schedule. Details of the existing unit have also been included. 

4. Baseline Environmental and Social Status: The Chapter covers the social and 
environmental baseline parameters on land-use, air, water, noise, soil, ecology 
and socio-economics within the study area already collected during the EIA study 
period 2011-2012 with the complete one year environmental monitoring data 
collected from the existing plant site and surroundings representing 10-km.  

 
5. Anticipated Environmental and Social Impacts: The chapter covers detailed 

impact of the proposed project on different environmental components during 
construction, operation and decommissioning phase of the project. The chapter 
also deals with the measures adopted to mitigate the adverse impact of the 
proposed project. 
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6. Analysis of Alternatives: The chapter covers an assessment of available 
alternatives in terms of site, technology, operation alternatives etc.  

 
7. Risk Assessment and Disaster Management Plan: The chapter describes the 

facilities/acts associated with the project causing risk to the biotic and abiotic 
components of the environment. The activities include fuel and chemical storage. 
The measures to abate the project associated risk are also described 
comprehensively in the chapter. 

 
8. Environmental and Social Management Plan (ESMP): The chapter covers a 

comprehensive EMP including recommendations for its implementation during 
construction and operation phase of the project.  

 
The ESMP will consist of the set of mitigation, management, monitoring and 
institutional measures to be taken during the implementation and operation to 
eliminate adverse environmental and social impacts, offset them or reduce them 
to acceptable limits.  

 
A post project environmental monitoring program is also included identifying 
required equipment, man power and necessary budget for implementation of 
these programs. 

 
9. Public Consultation, Disclosure and Community Development Plan: The chapter 

provides a comprehensive review on needs based on the corporate social 
responsibility (CSR) plan under execution for existing plant and proposed 
community development plan to be executed for the proposed expansion 
project including budget provisions. Because of being entire project land is under 
PLL acquisition. No Rehabilitation and Resettlement is applicable.  

 
10. Conclusions. This chapter presents the conclusions of the report.  
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2.0   LEGAL AND INSTITUTIONAL FRAMEWORK 
 

The proposed expansion of existing LNG Import, Storage and Re-gasification facilities 
from 10 MMTPA to 20 MMTPA is covered under several environmental legislations. Brief 
details of the same are given in following sections.  
 
The expansion project is governed by the requirements of MoEF, GoI for granting 
Environmental Clearance. This report has been prepared with reference to ADB’s 
Safeguard Policy Statement 2009 (SPS, 2009) as PLL is seeking financial support from 
ADB. 

 
2.1 Legislative Framework 

 
This section provides a brief summary of India's relevant national environmental 
legislation. Ministry of Environment and Forests (MoEF) is the nodal agency for drafting 
the new environmental legislations and giving the Environmental Clearance (EC) to 
the Greenfield and Brownfield projects. Gujarat State Pollution Control Board (GSPCB) 
is responsible for implementing environmental legislation and issuing the Construction 
and Operating permits for Greenfield and Brownfield projects with certain conditions, 
keeping in view of Local regulations and environmental issues within Gujarat state 
where the project is located. Apart from the above, other relevant national and local 
statutory regulations that are to be followed by proposed project are also 
summarized. 
 

2.1.1 Regulatory Control of the Project 
 

The proposed project is covered under the Environmental Impact Assessment (EIA) 
Notification, 2006 and amendments promulgated under Environment Protection Act 
(EPA), 1986.  
 
The key environmental legislations pertaining to the proposed operations include: 
 
 The Water (Prevention and Control of Pollution) Act, 1974; 
 The Air (Prevention and Control of Pollution) Act, 1981; 
 The Environment Protection Act, 1986, Rules there under (with amendments);  
 Environmental Impact Assessment Notification, 2006(with amendments); and 
 The Hazardous Wastes (Management, Handling and Transboundary Movement) 

Rules 2011. 
 
These key instruments and all subsequent and relevant amendments to them are 
discussed in further details as below. 
 
 The Water (Prevention and Control of Pollution) Act, 1974 

 
 This Act introduced the State Pollution Control Boards (SPCB) to grant Consent For 

Establishment (CFE) and Consent For Operation (CFO) to the industries. The 
establishment or operation of any industry cannot be undertaken without the prior 
consent of the SPCB. While granting the consent, SPCB can stipulate conditions 
pertaining to the effluents arising from the process. The consent to operate is granted 
for a specific period (usually one year) after which the conditions attached are 
reviewed by the SPCB before renewal.  
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 The Air (Prevention and Control of Pollution) Act, 1981 
 
 This Act is very similar in scope to the Water Act, 1974. The Act stipulates the 

establishment of State Boards for the Prevention and Control of Air Pollution. In States 
where a water pollution board had already been established under the earlier Water 
Act, the two boards were combined to form SPCBs. 
 
 Environment Protection (EP) Act and Rules, 1986 

 
 EP Act was enacted to provide for the protection and improvement of environment 

and for matters connected there with. A decision was taken by India to protect and 
improve the human environment at the United Nations Conference on Human 
Environment held at Stockholm in June 1972. It is considered necessary to prevent the 
hazards to human beings, other living creatures, plants and property.  

 
 This Act is an umbrella Act and gave birth to many sub acts and rules. The EP Act call 

for procedural requirements for: 
 

o Obtaining Environmental Clearance; and  
o Submission of Environmental Statement. 

  
The main Rules pertinent here are indicated below: 

 
o The Hazardous Wastes (Management, Handling and Transboundary Movement) 

Rules 2011; 
o Environmental Impact Assessment Notification; and 
o Public Hearing Notification. 
 
 EIA Notification, 2006 and Subsequent Amendment 
 
The principal Environmental Regulatory Agency in India is the Ministry of Environment 
and Forests (MoEF), New Delhi. MoEF formulates environmental policies and accords 
environmental clearance for the proposed, expansion/modernization of projects. 
 
As per the Notification of the MoEF dated 14th September 2006 and its amendment 
there after dated 1st December 2009, certain category of projects or activities, which 
includes thermal power generation shall require prior EC from MoEF for matters falling 
under Category ‘A’ in the Schedule and at State level the State Environment Impact 
Assessment Authority (SEIAA) for matters falling under Category ‘B’ in the said 
Schedule, before any construction work, or preparation of land by the project 
management except for securing the land, is started on the project or activity: 
 
a. All new projects or activities listed in the Schedule to the notification; 
 
b. Expansion and modernization of existing projects or activities listed in the 

Schedule to the notification with addition of capacity beyond the limits specified 
for the concerned sector, that is, projects or activities which cross the threshold 
limits given in the Schedule, after expansion or modernization; 

 
c. Any change in product - mix in an existing manufacturing unit included in 

Schedule beyond the specified range. 
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Any expansion or modernization of any activity shall not be undertaken in any part of 
India unless it is accorded EC by the MoEF in accordance with the procedures 
specified in this Notification. The EC process for new projects will comprise of a 
maximum of four stages, all of which may not apply to particular cases as set forth 
below in this notification. These four stages in sequential order are: 
 
 Stage (1) Screening (Only for Category ‘B’ projects and activities) 
 Stage (2) Scoping 
 Stage (3) Public Consultation 
 Stage (4) Appraisal 

  
The process for obtaining prior EC for Category A projects is represented in Figure-2.1. 
 
In addition to the above requirements, the MoEF can notify certain areas as 
ecologically sensitive/fragile and all developmental projects which are to be located 
in these notified areas need to obtain EC. Areas so far notified include some coastal 
areas identified under the Coastal Regulation Zone Notification, forests, wildlife 
sanctuaries, national parks, wetlands and mangroves. 
 
 The Hazardous Wastes (Management & Handling) Rules  
 

 There are several legislations that directly or indirectly deal with hazardous waste. The 
relevant legislations are the Factories Act, 1948, the Public Liability Insurance Act, 
1991, the National Environment Tribunal Act, 1995 and some notifications under the 
Environmental Protection Act of 1986. A brief description of each of these is given 
below. 
 
Under the EPA 1986, the MoEF has issued several notifications to tackle the problem of 
hazardous waste management. These include: 
 
 Hazardous Wastes (Management and Handling) Rules, 2011 which brought out a 

guide for the manufacture, storage and import of hazardous chemicals and for 
management of hazardous wastes. These rules make the occupier of a facility 
responsible for proper collection, reception, treatment, storage and disposal of 
hazardous wastes listed in Schedule-1, 2, and 3. 

 
This rule also recommends obtaining and renewing the authorization to collection, 
reception, treatment, storage and disposal of hazardous wastes from State Pollution 
Control Board (SPCB) by filing Form-1. 
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FIGURE-2.1: PRIOR ENVIRONMENTAL CLEARANCE PROCESS 
 FOR CATEGORY “A” PROJECTS 
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 Biomedical Waste (Management and Handling) Rules, 1998, were formulated 
along parallel lines, for proper disposal, segregation, transport etc. of infectious 
wastes.  

 
 Municipal Wastes (Management and Handling) Rules, 2000, whose aim was to 

enable municipalities to dispose municipal solid waste in a scientific manner.  
 

 E-Wastes (Management and handling) Rules, 2010, whose aim was to enable 
recovery and/or the use of useful material from waste electrical and electronic 
equipment. 

 
2.1.2 Other Relevant Regulations 

 
Various Acts under Indian legislation including workers’ health and safety laws, 
relevant to the Industry are listed as under: 
 
 Workmen's Compensation Act, 1923 
 The Trade Unions Act, 1926 
 The Petroleum Act, 1934 and the Petroleum Rules 
 Payment of Wages Act, 1936 
 The Industrial Disputes Act, 1947 
 Factories Act, 1948 
 Minimum Wages Act, 1948 
 Employees State Insurance Act, 1948 
 Employees Provident Fund and Miscellaneous Provisions Act, 1952 
 The Maternity Benefits Act, 1961 
 Personal Injuries (Emergency Provisions) Act, 1962 
 Contract Labour (Regulation and Abolition) Act, 1970 
 The Payment of Gratuity Act, 1972 
 The Child Labour (Prohibition and Regulation) Act, 1986 
 Public Liability Insurance Act, 1991 
 The National Environment Tribunal Act, 1995 
 The Building & Other Construction Workers (Regulation of Employment and 

Conditions of Service) Act, 1996  
 The Batteries (Management and Handling) Rules, 2001 
 Electricity Act, 2003 
 Right to Information Act, 2005 
 
Some of the relevant Acts have been discussed as under: 
 

2.1.2.1 The Batteries Management and Handling (M&H) Rules, 2001     
 

The MOEF has issued final Batteries (M&H) Rules, 2001 and its subsequent 
amendments 4th May, 2010 to control the hazards associated with the backyard 
smelting and unauthorized reprocessing of lead acid batteries.    
 
Manufacturers/ Assemblers/ Re-conditioners/ Importers/ Recyclers/ Auctioneers/ 
Users/ bulk Consumers are required to submit half yearly returns to the SPCB who have 
been designated as the Prescribed Authority. The forms have been designed in such 
a manner as to enable easy verification of responsibilities fixed for every one under 
the rules.  
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The amendment dated 4th May 2010 clarifies “bulk consumer-means a consumer 
such as the Departments of Central Government like Railway Defence, Telecom, 
Posts and Telegraph, the Departments of State Government, the Undertakings, 
Boards and other agencies or companies who purchase hundred or more than 
hundred batteries per annum;".  
 

2.1.2.2 Indian Labour Laws 
 
All the workmen of the company are required to be governed by the relevant Indian 
Labour laws, which are stated below: 
 
 Workmen's Compensation Act, 1923 
 
The Workmen's Compensation Act, 1923 is one of the important social security 
legislations. It aims at providing financial protection to workmen and their 
dependants in case of accidental injury by means of payment of compensation by 
the employers.  
 
Main Provisions and Scope of the Act: 
 
Under the Act, the State Governments are empowered to appoint Commissioners for 
Workmen's Compensation for (i) settlement of disputed claims, (ii) disposal of cases of 
injuries involving death, and (iii) revision of periodical payments. Sub-section (3) of 
Section 2 of the Act, empowers the State Governments to extend the scope of the 
Act to any class of persons whose occupations are considered hazardous after giving 
three months notice to be published in the Official Gazette. Similarly, under Section 
3(3) of the Act, the State Governments are also empowered to add any other 
disease to the list mentioned in Parts A and B of Schedule – II and the Central 
Government in case of employment specified in Part C of Schedule III of the Act. 
 
Compensation  
 
In case of death and Permanent total disablement the minimum amount of 
compensation fixed is Rs. 80,000 and Rs. 90,000 respectively. The existing wage ceiling 
for computation of maximum amount of compensation is Rs. 4000. The maximum 
amount of compensation payable is Rs. 4.56 lakh in the case of death and Rs. 5.48 
lakh in the case of permanent total disablement. 
 
 The Trade Unions Act, 1926 
 
The Trade Unions Act, 1926 provides for registration of trade unions (including 
association of employers) with a view to render lawful organization of labour to 
enable collective bargaining. The Act also confers on a registered trade union certain 
protection and privileges. 
 
 Payment of Wages Act, 1936 
 
Every employer shall be responsible for the payment to persons employed by him of 
all wages required to be paid under this Act: 
 
Provided that in the case of persons employed (otherwise than by a contractor) –  
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   In factories if a person has been named as the manager of the factory under 
clause (f) of sub-section (1) of section 7 of the Factories Act 1948 (63 of 1948) ;  

 
   In industrial or other establishments if there is a person responsible to the employer 

for the supervision and control of the industrial or other establishments; 
 
   Upon railways (otherwise than in factories) if the employer is the railway 

administration and the railway administration has nominated a person in this 
behalf for the local area concerned.  

 
The person so named the person so responsible to the employer or the person so 
nominated as the case may be shall also be responsible for such payment.  

 
 The Industrial Disputes Act, 1947 
 
The objective of the Industrial Disputes Act is to secure industrial peace and harmony 
by providing machinery and procedure for the investigation and settlement of 
industrial disputes by negotiations. 
 
The Act also lays down the following: 
 
 The provision for payment of compensation to the Workman on account of closure 

or lay off or retrenchment.  
 
 The procedure for prior permission of appropriate Government for laying off or 

retrenching the workers or closing down industrial establishments  
 
 Unfair labour practices on part of an employer or a trade union or workers. 
 
 Factories Act, 1948 
 
The Factories Act, is a social legislation, which has been enacted for occupational 
safety, health and welfare of workers at work places. This legislation is being enforced 
by technical officers i.e. Inspectors of Factories, Dy. Chief Inspectors of Factories who 
work under the control of the Chief Inspector of Factories. 
 
 Minimum Wages Act, 1948 
 
The object of the Act is to prevent exploitation of labour, prevent employment of 
sweated labour in the interests of general public and so in prescribing minimum wage 
rates, the capacity of the employer need not be taken into account. 
 
 Employees State Insurance Act, 1948 
 
Employees State Insurance (ESI) Scheme for India is an integrated social security act 
tailored to provide Social protection to workers and their dependents, in the 
organised sector, in contingencies, such as Sickness, Maternity and Death or 
Disablement due to an employment injury or Occupational hazard.   
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 Every factory or establishment to which this Act applies shall be registered within 
such time and in such manner as may be specified in the regulations made in this 
behalf.  

 
 It provided for an integrated need based social insurance scheme that would 

protect the interest of workers in contingencies such as sickness, maternity, 
temporary or permanent physical disablement and death due to employment 
injury resulting in loss of wages or earning capacity.  

 
 It also provided for six social security benefits: 

a. Medical Benefit  
b. Sickness Benefit (SB) 
c. Maternity Benefit (MB)  
d. Disablement Benefit 
e. Dependants' Benefit (DB) 
f. Funeral Expenses  

 
 Employees Provident Fund and Miscellaneous Provisions Act, 1952 
 
The Employees' Provident Funds and Miscellaneous Provisions Act, 1952 applies to 
every factory engaged in any industry specified in Schedule - I of the Act and in 
which 20 or more persons are employed and to other establishments like road motor 
transport establishments, hotels, restaurant cinema theatres, hospitals etc. as notified 
by Central Government in the Official Gazette. 
 
The Act provides for the institution of compulsory Provident Fund, Pension Fund and 
Deposit Linked insurance Fund for the benefit of the employees in factories and other 
establishments. 
 
 The Maternity Benefits Act, 1961 
 
The Maternity Benefit Act aims to regulate the employment of women in certain 
establishments for certain periods before and after child-birth and to provide for 
maternity benefits including maternity leave, wages, bonus, nursing breaks etc. 
 
The employment of women, or work by women in any establishment during the six 
weeks following the day of delivery or miscarriage is prohibited. Every woman shall be 
entitled to, and her employer shall be liable for, the payment of maternity benefit at 
the rate of average daily wage for the period of her actual absence, and any period 
of her actual absence, and any period immediately following the date of delivery 
and including the actual day for her delivery. In addition to the maternity benefit, 
every woman shall also be entitled to receive a medical bonus of Rs. 250/- if no 
prenatal confinement and post natal care is provided free of charge. A woman shall 
be entitled to maternity benefit only if she has actually worked in an establishment of 
the employer for a period of not less than eighty days in the twelve months 
immediately preceding the date of her expected delivery.  Duration of maternity 
leave will be maximum twelve weeks of which, not more than six weeks shall precede 
the date of her expected delivery.  
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 Personal Injuries (Emergency Provisions) Act, 1962 
 
An Act to make provision for the grant of relief in respect of certain personal injuries 
sustained during the period of the Emergency. 
 
 The Payment of Bonus Act, 1965 
 
An Act to provide for the payment of Bonus to persons employed in certain 
establishments and for matters connected therewith 
 
 Subject to other provisions: Minimum bonus shall be 8.33% of salary/wages earned 

or Rs100 whichever is higher. 
 
 If allocable surplus exceeds the amount of minimum bonus, then bonus shall be 

payable at higher rate subject to a maximum 20% of salary/wages. 
 
 Computation of bonus is to be worked out as per Schedule I to IV of the Act.  
 
 Penal Provisions: Imprisonment up to 6 months and or fine up to Rs1000. 

 
 Contract Labour (Regulation and Abolition) Act, 1970 
 
An Act to regulate the employment of contract labour in certain establishments and 
to provide for its abolition in certain circumstances and for matters connected 
therewith. 
 
The Act enjoins joint and several responsibilities on the Principal Employer and the 
Contractor. The Principal Employer should ensure that the Contractor does the 
following: 
 
 Pays the wages as determined by the Government, if any, or;  
 Pays the wages as may be fixed by the Commissioner of Labour. 
 In their absence pays fair wages to contract labour. 
 Provides the following facilities: 
 

a. Canteen (if employing 100 or more workmen in one place) and if the work is 
likely to last for 6 months or more. 
 
b. Rest rooms where the workmen are required to halt at night and the work is 
likely to last for 3 months or more. 
 
c. Requisite number of latrines and urinals - separate for men and women. 
 
d. Drinking water. 
 
e. Washing. 
 
f. First Aid. 
 
g. Crèche  
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 Maintains various registers and records, displays notices, abstracts of the Acts, 
Rules etc. 

 Issues employment card to his workmen, etc. 
 
Checklist for Principal Employer 
 
 Registration of the Establishment. 
 Display of the following notices rate of wages, hours of work, wage period, date 

of payment of wages, date of payment of unpaid wages and name and address 
of the inspector having jurisdiction.  

 Maintenance and Preservation of Register of Contractor. 
 Filing of Return of Commencement and Completion of the Contract. 
 Filing of Annual Return.  
 Supervising the responsibilities of Contractor to avoid enjoining of the liabilities.  
 Ensure provision that facilities of Canteen, Drinking Water, Washing, Rest Room, 

Latrines and Urinals, First Aid, Crèche are provided by the Contractor.  
 

 The Payment of Gratuity Act, 1972 
 
The Act provides for the payment of gratuity to workers employed in every factory, 
shop & establishments or educational institution employing 10 or more persons on any 
day of the preceding 12 months. A shop or establishment to which the Act has 
become applicable shall continue to be governed by the Act even if the number of 
persons employed falls bellows 10 at any subsequent stage. 
 
All the employees irrespective of status or salary are entitled to the payment of 
gratuity on completion of 5 years of service. In case of death or disablement there is 
no minimum eligibility period. The amount of gratuity payable shall be at the rate of 
17 days wages based on the rate of wages last drawn, for every completed year of 
service. The maximum amount of gratuity payable is Rs. 10,00,000/-. 
 
 The Child Labour (Prohibition and Regulation) Act, 1986 
 
It is an Act to prohibit the engagement of children in certain employments and to 
regulate the conditions of work of children in certain other employments. The act 
defines a child as a person who has not completed his fourteenth year of age. 
 
No child is permitted to work in any the occupations set forth in Part A of the 
Schedule or any workshop wherein any of the processes set forth in Part B of the 
Schedule is carried on. The above prohibition does not apply to any workshop 
wherein any process is carried on by the occupier with the aid of his family or to any 
school established by, or receiving assistance or recognition from, Government. 
 
 Public Liability Insurance Act, 1991 
 
An Act to provide for public liability- insurance for the purpose of providing 
immediate relief to the persons affected by accident occurring while handling any 
hazardous substance and for matters connected therewith or incidental thereto. 
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2.1.2.3 The National Environment Tribunal Act, 1995 
 
The National Green Tribunal Act 2010 was approved by the President of India on June 
2, 2010. It provides for establishment of National Green Tribunal, a special fast-track 
court, for speedy, effective and expeditious disposal of civil cases relating to: 
 
(i) Environmental protection and conservation of forests and other natural resources 
(ii) Enforcement of any legal right relating to environment 
(iii) Granting relief and compensation for damages to persons and property and for 

matters connected therewith or incidental thereto 
 

2.1.2.4 The Petroleum Act, 1934 and the Petroleum Rules 
 
This Act and Rules provide procedures and safety measures to be taken up for 
handling, storage and transportation of petroleum products. The Rules define the 
quantity and class of petroleum for which prior permission from the concerned 
authorities are required. The storage requiring prior licenses are as following:  
 
(i) Petroleum Class A (having flash point less than 23°C) not intended for sale of the 

total quantity in possession does not exceed 30 l. Petroleum Act, 1934, Section 8); 
 
(ii) Petroleum class B (having flash point from 23 to 65°C) if the total quantity in 

possession at any one place does not exceed 2,500 l and none of it is contained 
in a receptacle exceeding 1,000 l; (Petroleum Act, 1934, Section 7); 

 
(iii) Petroleum class C (having flash point above 65 to 93°C) if the total quantity in 

possession at any one place does not exceed 45,000 l (Petroleum Act, 1934, 
Section 7). 
 

2.1.2.5 Right to Information Act, 2005 
 

The Right to Information (‘Information’ means any material in any form including 
records, documents, memos, e-mails, opinions, advice, press releases, circulars, 
orders, logbooks, contracts, reports and papers, samples, models, data material held 
in any electronic form and information relating to any private body which can be 
accessed by public authority under any other law for the time being in force but does 
not include ‘file nothings’) Act applies to the whole of India (except the State of 
Jammu and Kashmir). The Act includes the right to: 
 
(i) Inspects works, documents, records; 
(ii) Take notes, extracts or certified copies of documents or records; 
(iii) Take certified samples of materials; and 
(iv) Obtain information in the form of printouts, diskettes, floppies, tapes /video 

cassettes or in any other electronic mode. 
 
The Act does not include information including commercial confidence, trade secrets 
or intellectual property, the disclosure of which would harm the competitive position 
of a third party, unless the competent authority is satisfied that larger public interest 
warrants the disclosure of such information. 
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2.1.3 Compliance Status with respect to Relevant Legislations 
 

2.1.3.1 Status of Project with respect to EIA Notification 
 
As per the Environment Impact Assessment (EIA) Notification dated on 14th 
September, 2006 and the amendments thereof, the proposed LNG Re-gasification 
Terminal falls under “Category-A’ with project or activity type number’(a)’, which 
require the preparation of EIA Report and requires EC to be obtained from MoEF 
before the commencement of ground activity.  
 
The EC for the existing plant has been obtained vide MoEF, GoI letter No 
J.17011/11/2000-IA.III (T) dated 27th December, 2000. A copy of the same along with 
compliance statement is enclosed as Annexure-II.  
 

 Initially, the proposed expansion of LNG project was envisaged with a capacity of 10 
MMTPA. The Phase-I i.e. existing LNG terminal and jetty project has already been 
accorded Environmental Clearance (EC) by the Ministry of Environment and Forests 
(MoEF), GoI.  A copy of the same along with compliance statement is enclosed as 
Annexure-II. The Expert Appraisal Committee (EAC) has issued specific ToRs for 
preparation of the EIA report. The public consultation for the proposed expansion of 
existing LNG import, storage and re-gasification facilities from 10 MMTPA to 20 MMTPA at 
Dahej, Bharuch District, Gujarat was held on June 19, 2013 at Petronet LNG Dahej plant 
site. 
  

2.1.3.2 Status of Project with respect to other relevant Legislations 
 
PLL is presently complying with all the Legislative Acts relevant to Waste generation 
and disposal, labour laws and Industry Act. The same shall be continued for the future 
expansion project. 
 
The status of compliance to the relevant legislations is given in Table-2.1. 
 

TABLE-2.1: STATUS OF COMPLIANCE TO THE RELEVANT LEGISLATIONS 
 

Sr. No. Relevant Regulations Compliance Status of the Project 
1  The Water (Prevention and 

Control of Pollution) Act, 1974 
After obtaining EC, Consent for 
Establishment (CFE) under Water Act and 
Air Act shall be applied to Gujarat pollution 
Control Board (GPCB) before installation of 
the project.  
 
Further Consent for Operate (CFO) shall be 
taken from GPCB before operation of the 
project and regular compliance status to 
the Consent shall be submitted. 
 
Existing 10 MMTPA plant is having valid CFO 
up to 15/03/2014 vide letter No. 
GPCB/BRCH/CCA – 611(2)/ 19028 dated 
26/08/2009. 

2  The Air (Prevention and Control of 
Pollution) Act, 1981 

3  The Environment Protection Act, 1986 and Rules there under (with amendments): 
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Sr. No. Relevant Regulations Compliance Status of the Project 
A Environmental Impact Assessment 

Notification, 2006 (with 
amendment) 

The EC for the existing plant has been 
obtained vide MoEF, GoI letter No 
J.17011/11/2000-IA.III, dated 27th  
December, 2000. 
 
The EC process for Phase-II expansion 
project is in progress and TOR for EIA studies 
has been obtained.  
 
Expansion from 10 MMTPA to 20 MMTPA 
LNG import, storage and Re-gasification 
facilities will be developed contiguous to 
existing terminal at Dahej.  
 
The public consultation for the proposed 
expansion of existing LNG project from 10 
MMTPA to 20 MMTPA was held on held on 
June 19, 2013 at Petronet LNG Dahej site. 

B The Hazardous Waste 
(Management and Handling) 
Rules, 2011 
 

Authorization for Hazardous Waste 
(Management and Handling) Rules 2011 
has been obtained for Phase-I & II after 
obtaining EC. 
 
Authorization to collection, reception, 
treatment, storage and disposal of 
hazardous wastes from GPCB shall be 
obtained after obtaining EC for the 
proposed expansion project 

c Municipal Wastes (Management 
and Handling) Rules, 2000 

Municipal solid waste from the plant 
complex and township shall be disposed in 
line with the Municipal Wastes 
(Management and Handling) Rules, 2000 

4  Relevant Labour Acts PLL follows the Corporate HR policies. PLL 
shall abide by the Indian Labour Laws and 
Industry Act. The same will be continued for 
the future expansion project also. The 
relevant clauses are suitably incorporated 
in the Contractor’s bidding terms.  

 
 

 

a  Workmen's Compensation Act, 
1923 

b  The Trade Unions Act, 1926 
c  The Petroleum Act, 1934 and the 

Petroleum Rules 
d  Payment of Wages Act, 1936 
e  The Industrial Disputes Act, 1947 
f  Factories Act, 1948 
g  Minimum Wages Act, 1948 
h  Employees State Insurance Act, 

1948 
i  Employees Provident Fund and 

Miscellaneous Provisions Act, 1952 
j  The Maternity Benefits Act, 1961 
k  Personal Injuries (Emergency 

Provisions) Act, 1962 
l  Contract Labour (Regulation and 

Abolition) Act, 1970 
m  The Payment of Gratuity Act, 1972 
n  The Child Labour (Prohibition and 

Regulation) Act, 1986 
o  Public Liability Insurance Act, 1991 
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Sr. No. Relevant Regulations Compliance Status of the Project 
p  The Building & Other Construction 

Workers (Regulation of 
Employment and Conditions of 
Service) Act, 1996 

5  The National Environment Tribunal 
Act, 1995 

Will be Complied during construction and 
operational phases 

6  The Batteries (Management and 
Handling) Rules, 2001 

Will be Complied during construction and 
operational phases 

7  Electricity Act, 2003 Will be Complied during construction and 
operational phases 

8  Right to Information Act, 2005 Will be Complied during construction and 
operational phases 

9  E-Wastes (Management and 
Handling) Rules, 2010  

Will be Complied during construction and 
operational phases 

 
2.2 Safeguard Policy Statement 2009 of ADB  

 
The ESIA is seen by international funding agencies as fundamental to the promotion 
of a sustainable and economically viable development. The Asian Development 
Bank (ADB) is the largest multilateral source of loan and equity financing for private 
sector and public sector projects in developing countries with in Asia and Pacific.  
 
ADB affirms that environmental and social sustainability is a cornerstone of economic 
growth and poverty reduction in Asia and the Pacific. ADB’s Strategy 2020 therefore 
emphasizes assisting developing member countries (DMCs) to pursue environmentally 
sustainable and inclusive economic growth. In addition, ADB is committed to ensuring 
the social and environmental sustainability of the projects it supports. In this context, 
the goal of the SPS is to promote the sustainability of project outcomes by protecting 
the environment and people from projects’ potential adverse impacts. 
 
The objectives of ADB’s safeguards are to: 
 
a. Avoid adverse impacts of projects on the environment and affected people, 

where possible; 
 
b. Minimize, mitigate, and/or compensate for adverse project impacts on the 

environment and affected people when avoidance is not possible; and 
 
c. Help borrowers/clients to strengthen their safeguard systems and develop the 

capacity to manage environmental and social risks. 
 
2.2.2 Applicable ADB Guidelines - Safeguard Policy Statement 2009 
 

ADB adheres to the objectives of the safeguards and their delivery. ADB assumes the 
responsibility for conducting due diligence and for reviewing, monitoring, and 
supervising projects throughout the ADB’s project cycle in conformity with the 
principles and requirements embodied in the SPS 2009. By adhering to its social and 
environmental safeguards, ADB enhances the predictability, transparency, and 
accountability of its actions and decision making; helps borrowers/clients manage 
social and environmental impacts and risks; and promotes the long-term sustainability 
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of investments. Transforming this commitment into results on the ground depends on 
shared, but differentiated, efforts by ADB and its borrowers/clients. 
 
ADB’s SPS 2009 sets out the policy objectives, scope and triggers, and principles for 
three key safeguard areas and safeguard requirements are given in: 
 

i. Safeguard Requirements 1: Environment; 
ii. Safeguard Requirements 2: Involuntary Resettlement; and 
iii. Safeguard Requirements 3: Indigenous Peoples. 

 
2.2.3 Screening & Categorisation  

 
ADB will carry out project screening and categorization to (i) reflect the significance 
of potential impacts or risks that a project might present; (ii) identify the level of 
assessment and institutional resources required for the safeguard measures; and (iii) 
determine disclosure requirements. 
 
ADB uses a classification system to reflect the project’s environmental sensitivity in 
terms of its most environmentally sensitive component, including direct, indirect, 
cumulative, and induced impacts in the project’s area of influence. Each proposed 
project is scrutinized as to its type, location, scale, and sensitivity and the magnitude 
of its potential environmental impacts. Projects are assigned to one of the following 
four categories: 
 
(i) Category A. A proposed project is classified as category A if it is likely to have 
significant adverse environmental impacts that are irreversible, diverse, or 
unprecedented. These impacts may affect an area larger than the sites or facilities 
subject to physical works. An environmental impact assessment is required. 
 
(ii) Category B. A proposed project is classified as category B if its potential adverse 
environmental impacts are less adverse than those of category A projects. These 
impacts are site-specific, few if any of them are irreversible, and in most cases 
mitigation measures can be designed more readily than for category A projects. An 
initial environmental examination is required. 
 
(iii) Category C. A proposed project is classified as category C if it is likely to have 
minimal or no adverse environmental impacts. No environmental assessment is 
required although environmental implications need to be reviewed. 
 
(iv) Category FI. A proposed project is classified as category FI if it involves investment 
of ADB funds to or through a FI. 
 

2.2.2.1 Safeguard Requirements – 1: Environment  
 

 Objectives 
 

The objectives are to ensure the environmental soundness and sustainability of 
projects, and to support the integration of environmental considerations into the 
project decision-making process. 
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 Requirements and Compliance 
 

Sr. No. Requirements Compliance 
1 Environmental Assessment An ESIA has been prepared, taking into 

consideration the potential social and the 
environmental impacts and risks of the 
project 

2 Environmental Planning and 
Management 

An ESMP has been prepared and 
incorporated in Chapter-8 of the ESIA report 
taking into consideration the potential social 
and environmental impacts or risks already 
identified & assessed in ESIA also include 
implementation of mitigation measures in 
compliance with the statutory requirements 
and ADB Safeguard Requirements. 

3 Information Disclosure Being Complied 
4 Consultation and Participation Public Consultation process has held at the 

project on June 19, 2013 for the proposed 
expansion as per EIA Notification, 2006 of 
Ministry of Environment & Forests (MoEF). The 
details are given in Chapter – 9.  

 5 Grievance Redress Mechanism Community development plan has been 
prepared in consultation with the residents of 
villages in the vicinity, which aims to inform 
the community project related adverse 
impacts or risks.  
 
No Rehabilitation and Resettlement is 
applicable.  
 
PLL has an open door policy to deal with the 
social issues arising from the people residing 
around their installations. However, a 
documented procedure or a defined 
organisational set up don’t exists. PLL Dahej 
plant has been certified ISO: 18001 unit, the 
fact itself shows PLL’s commitment for the 
social causes.  
 
However, the grievance redressed 
mechanism shall be developed to receive 
and resolve concerns and grievances by the 
affected communities. The mandate and 
procedure are described in Chapter – 8. 

6 Monitoring and Reporting Monitoring plan has been proposed with 
periodic audits undertaken. 

7 Unanticipated Environmental 
Impacts 

Periodic assessments shall be recorded by 
PLL management on the ESMP based on 
periodic data collection and analysis. 
No unanticipated environmental impacts 
are envisaged. 

8 Biodiversity Conservation and 
Sustainable Natural Resource 
Management 
 Modified Habitats 
 Natural habitats 

No ecologically sensitive areas, critical 
habitats, no endangered flora & fauna, 
critically polluted areas, protected 
archaeological monuments & legally 
protected areas exists within 15-km radius, 
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Sr. No. Requirements Compliance 
 Critical Habitats 
 Legally Protected Areas 
 Invasive Alien Species 
 Management and Use of 

Renewable Natural Resources 

hence not applicable. 
 
Neither the existing operating plant nor the 
proposed plant would lead to introduction of 
the alien species is envisaged. 

9 Pollution Prevention and 
Abatement 

The project specific pollution prevention and 
control techniques applied during the 
project life cycle will be tailored to the 
hazards and risks associated with the project 
emissions and consistent with good 
international industry practice including IFC’s 
EHS guidelines will be followed.  
 
During the design, construction, and 
operation of the project, all project specific 
pollution prevention and control 
technologies and practices consistent with 
international good practice, as reflected in 
internationally recognized standards such as 
the World Bank Group’s Environment, Health 
and Safety Guidelines will be implemented. 
The ESMP is based on such measures has 
been developed and incorporated in 
Chapter – 8. 

10 Health and Safety The potential occupational hazards arising 
from the project activities and the impacts 
on health and safety of the affected 
community have been identified and 
assessed in ESIA, Chapter-7. 
 
A Disaster Management Plan (DMP) has 
been formulated as part of ESIA process to 
address the issue. 

11 Physical Cultural Resources No Archaeological, Paleontological, 
Historical, Architectural, Religious, Aesthetic/ 
Tourist Attractions or other cultural 
significance places of local/ regional/ 
national/ international importance are found 
within the 15-km radius.  

 
2.2.2.2 Safeguard Requirements -2: Involuntary Resettlement 

 
 Objectives 
 
The objectives are to avoid involuntary resettlement wherever possible; to minimize 
involuntary resettlement by exploring project and design alternatives; to enhance, or 
at least restore, the livelihoods of all displaced persons1 in real terms relative to pre-
project levels; and to improve the standards of living of the displaced poor and other 
vulnerable groups. 
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 Requirements and Compliance 
 

Sr. No. Requirements Compliance 
1  Compensation, Assistance and 

Benefits for Displaced persons 
The land acquisition for the proposed 
expansion doesn’t lead to any 
displacement of population. Hence, not 
applicable 

2  Social Impact assessment An ESIA has been prepared, taking into 
consideration the potential social and the 
environmental impacts and risks of the 
project 

3  Resettlement Planning Not Applicable 
4  Negotiated land Acquisition Not Applicable 
5  Information Disclosure Not Applicable 
6  Consultation and Participation Not Applicable 
7  Grievances Redress mechanism Not Applicable 
8  Monitoring and Reporting Not Applicable 
9  Unanticipated Impacts Not Applicable 
10  Special Considerations for 

Indigenous Peoples 
No indigenous people’s land is being 
acquired.  

 
2.2.2.3 Safeguard Requirements – 3: Indigenous Peoples 

 
 Objectives 

 
The objective is to design and implement projects in a way that fosters full respect for 
Indigenous Peoples’ identity, dignity, human rights, livelihood systems, and cultural 
uniqueness as defined by the Indigenous Peoples themselves so that they (i) receive 
culturally appropriate social and economic benefits, (ii) do not suffer adverse impacts 
as a result of projects, and (iii) can participate actively in projects that affect them 

 
 Requirements and Compliance 
 

Sr. No. Requirements Compliance 
1  Consultation and Participation No indigenous people and being displaced 

and their land is not being acquired for the 
proposed expansion project.  
 
Not Applicable in present project. 
 
GMB and Govt. Of Gujarat already 
allocated required land on long term lease 
basis for the project. No Rehabilitation and 
Resettlement issues involved. 

2  Social Impacts Assessment Not Applicable 
3  Indigenous Peoples Planning Not Applicable 
4  Information Disclosure Not Applicable 
5  Grievance Redress Mechanism Not Applicable 
6  Monitoring and Reporting Not Applicable 
7  Unanticipated Impacts Not Applicable 
8  Special Requirements 

 Ancestral Domains and Lands 
and Related natural Resources 

 Consent of Affected 

Not Applicable 
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Sr. No. Requirements Compliance 
Indigenous Peoples 
Communities 

 Indigenous Peoples and 
Development 

 
2.3 Applicable National Environmental Standards-CPCB, GoI  

 
The MoEF has the overall responsibility to set policy and standards for the protection 
of environment along with Central Pollution Control Board (CPCB).  

 
2.3.1 Ambient Air Quality Standards 
 

The revised NAAQ standards issued on 16th November, 2009 are given in Table-2.2 
 

TABLE-2.2: REVISED NATIONAL AMBIENT AIR QUALITY STANDARDS  
(Dated 16th November, 2009) 

 
Pollutant Time Weighted 

Average 
Concentration in Ambient Air (µg/m3) 

Industrial 
Residential, 

Rural & Other 
Areas 

Ecologically Sensitive Areas 
(notified by Central 

Government) 

Sulphur dioxide (SO2) 
(µg/m3) 

Annual Average* 50 20 
24 Hours** 80 80 

Nitrogen dioxide (NO2) 
(µg/m3) 

Annual Average* 40 30 
24 Hours** 80 80 

Particulate Matter (Size 
less than 10 µg) (PM10) 
(µg/m3) 

Annual Average* 60 60 
24 Hours** 100 100 

Particulate Matter (Size 
less than 2.5 µg) (PM2.5) 
(µg/m3) 

Annual Average* 40 40 
24 Hours** 60 60 

Ozone (O3) (µg/m3) 8 Hours** 100 100 
1 Hour** 180 180 

Lead (Pb) (µg/m3) Annual Average* 0.5 0.5 
24 Hours** 1.5 1.0 

Carbon monoxide (CO) 
(µg/m3) 

8 Hours** 2000 2000 
1 Hour** 4000 4000 

Ammonia (NH3) (µg/m3) Annual Average* 100 100 
24 Hours** 400 400 

Benzene (C6H6) Annual* 5 5 
Benzo(o) Pyrene (BaP)- 
particulate phase only 
(µg/m3) 

Annual* 0.001 0.001 

Arsenic (As) (µg/m3) Annual* 0.006 0.006 
Nickel (Ni) (µg/m3) Annual* 0.020 0.020 

 Note: 
*Annual arithmetic mean of minimum 104 measurements in a year at a particular   site 
taken twice a week 24 hourly at uniform interval. 
**24 hourly/8 hourly/1 hourly monitored values, as applicable, should be met 98% of the 
time in a year. However 2% of the time, it may exceed but not on two consecutive 
days of monitoring. 
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2.3.2 Noise Limits and Guidelines for Diesel Generators (DG) 
 

 Noise from DG set shall be controlled by providing an acoustic enclosure or by 
treating the room acoustically, at the users end; 

 
 The acoustic enclosure or acoustic treatment of the room shall be designed for 

minimum 25 dB (A) insertion loss or for meeting the ambient noise standards, 
whichever is on the higher side (if the actual ambient noise is on the higher side, it 
may not be possible to check the performance of the acoustic 
enclosure/acoustic treatment. Under such circumstances the performance may 
be checked for noise reduction up to actual ambient noise level, preferably, in 
the night time). The measurement for Insertion Loss may be done at different 
points at 0.5 m from the acoustic enclosure/room, and then averaged;  

 
 These limits shall be regulated by the State Pollution Control Boards and the State 

Pollution Control Committees; 
 
 The manufacturer shall offer to the user a standard acoustic enclosure of 25 dB 

(A) insertion loss and also a suitable exhaust muffler with insertion loss of 25 dB (A);  
 
 The user shall make efforts to bring down the noise levels due to the DG set, 

outside his premises, within the ambient noise requirements by proper siting and 
control measures;  

 
 Installation of a DG set must be strictly in compliance with the recommendations 

of the DG set manufacturer; and  
 
 A proper routine and preventive maintenance procedure for the DG set should 

be set and followed in consultation with the DG set manufacturer which would 
help prevent noise levels of the DG set from deteriorating with use. 

 
2.3.3 Ambient Noise Standards 
 

Ambient standards with respect to noise have been notified by the Ministry of 
Environment and Forests vide gazette notification dated 26th December 1989 
(amended in February, 2000). It is based on the ‘A’ weighted equivalent noise level 
(Leq). The ambient noise standards are presented in Table-2.3. 
 

TABLE-2.3: AMBIENT NOISE STANDARDS 
 

Area Code Category of Area Noise Levels dB(A) Leq 
Day time* Night Time 

A Industrial Area 75 70 
B  Commercial Area 65 55 
C  Residential Area 55 45 
D  Silence Zone**   50 40 

 Note: 
 * Daytime is from 7 am to 10 pm. 
             ** Silence zone is defined as area up to 100 meters around premises of 

 hospitals, educational institutions and courts. Use of vehicle horns, loud 
 speakers and bursting of crackers are banned in these zones. 
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2.3.4 Noise Standards for Occupational Exposure 
 

Noise standards in the work environment are specified by Occupational Safety and 
Health Administration (OSHA-USA) which in-turn are being enforced by Government of 
India through model rules framed under Factories Act. These are given in Table-2.4. 

 
TABLE-2.4: STANDARDS FOR OCCUPATIONAL EXPOSURE 

 
Total Time of Exposure per Day in Hours (Continuous 

or Short term Exposure) 
Sound Pressure Level in dB(A) 

8 90 
6 92 
4 95 
3 97 
2 100 

3/2 102 
1 105 
¾ 107 
½ 110 
¼ 115 

Never >115 
  Note: 
 1. No  exposure in excess of 115 dB(A) is to be permitted. 
 2. For any period of exposure falling in between any figure and the next higher or 

lower figure as indicated in column (1), the permissible level is to be determined 
by extrapolation on a proportionate scale. 

 
2.3.5 Wastewater Discharge Standards 
 

The wastewater discharge standards as per EPA Notification (GSR 176 (E), April 1996) 
are given in Table-2.5. 
 

TABLE-2.5: WASTE WATER DISCHARGE STANDARDS 
 

Sr. 
No. 

List of Parameters Units Standard 
(On land Irrigation) 

Standard 
(Surface Waters) 

1 Colour and Odour -- All efforts should be 
made to remove 
colour and 
unpleasant odour as 
far as practicable. 

All efforts should 
be made to 

remove colour 
and unpleasant 
odour as far as 

practicable. 
2 Suspended Solids mg/l 200.0 100.0 
3 Particle size of Suspended Solids -- Shall pass 850 micron 

IS Sieve 
Shall pass 850 

micron IS Sieve 
4 pH value -- 5.5 to 9.0 5.5 to 9.0 
5 Temperature -- Not Specified Shall not exceed 5 

oC above the 
receiving water 

temperature. 
6 Oil and grease, Max. mg/l 10.0 10.0 
7 Total residual chlorine, Max. mg/l Not Specified 1.0 
8 Ammonical nitrogen (as N), Max. mg/l Not Specified 50 
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Sr. 
No. 

List of Parameters Units Standard 
(On land Irrigation) 

Standard 
(Surface Waters) 

9 Total Kjeldhal nitrogen (as N),Max mg/l Not Specified 100 
10 Free ammonia (as NH3), Max. mg/l Not Specified 5 
11 Biochemical oxygen demand (3 

days at 27�C), Max. 
mg/l 100.0 30.0 

12 Chemical oxygen demand, Max. mg/l Not Specified 250 
13 Arsenic (as As), Max. mg/l 0.2 0.2 
14 Mercury (as Hg), Max. mg/l Not Specified 0.01 
15 Lead (as Pb), Max. mg/l Not Specified 0.1 
16 Cadmium (as Cd), Max. mg/l Not Specified 2.0 
17 Hexavalent chromium (as Cr+6), 

Max. 
mg/l Not Specified 0.1 

18 Total chromium (as Cr), Max. mg/l Not Specified 2.0 
19 Copper (as Cu), Max. mg/l Not Specified 3.0 
20 Zinc (as Zn), Max. mg/l Not Specified 5.0 
21 Selenium (as Se), Max. mg/l Not Specified 0.05 
22 Nickel (as Ni), Max. mg/l Not Specified 3.0 
23 Cyanide (as CN), Max. mg/l 0.2 0.2 
24 Fluorides as F mg/l Not Specified 2.0 
25 Dissolved phosphates  (as P),Max mg/l Not Specified 5.0 
26 Sulphides as (S), Max. mg/l Not Specified 2.0 
27 Phenolic compounds (as C2H5OH),  mg/l Not Specified 1.0 
28 Radioactive Materials    
A] Alpha Emitters, Max. µC/ml 10-7 10-7 
B] Beta Emitters, Max. µC/ml 10-7 10-6 
29 Bio-assay test -- 90% survival of fish 

after 96 hours in 100% 
effluent. 

90% survival of fish 
after 96 hours in 
100% effluent. 

30 Manganese (as Mn) mg/l Not Specified 2.0 
31 Iron (as Fe) mg/l Not Specified 3.0 
32 Vanadium (as V) mg/l Not Specified 0.2 
33 Nitrate nitrogen Mg/l Not Specified 10.0 

 
2.4  Relevant IFC Standards and Basic Comparison to Applicable National Standards   

 
These standards in general are applicable to air, noise and water environment.  
 

2.4.1 Emission Standards of Thermal Power Plant 
 
ADB has formulated Environmental procedures and Guidelines as part SPS 2009. This 
categorizes project based on carbon intensity and expects Project Proponent to 
adopt verifiable measures, to reduce Green House Gas Emissions (CO2) and limit the 
same to 100,000 tons of CO2 per year or less. 
 

TABLE-2.6: COMPARISON OF EMISSION STANDARDS FOR GAS BASED POWER PLANTS 
 

Environmental 
Aspect GOI Regulations IFC Guidelines 

NOX Emissions ≥400 MW : 50 ppm 
≥100 MW, 400 MW : 75 ppm 
100 MW : 100 ppm 

> 50 MW: 51 mg/Nm3 (25 ppm) 
 

CO2 Emissions No Limit 850 gm/KWhr (Max)# 
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#:  Annexure – G part of supplementary guidelines categorizes project based on carbon 
intensity and expects Project Proponent to adopt verifiable measures to reduce Green House 
Gas Emissions (CO2) and limit the same to 850 g of CO2 per kWh or less. 

 
2.4.2 Effluent Standards of Thermal Power Plant 

 
TABLE-2.7: EFFLUENT STANDARDS FOR THERMAL POWER PLANTS 

 
Parameter mg/l except pH and temp. 

pH 6-9 
TSS 50 
Oil and grease  10 
Total residual chlorine 0.2 
Chromium-Total(Cr) 0.5 
Copper 0.5 
Iron(Fe) 1.0 
Zinc(Zn) 1.0 
Lead(Pb) 0.5 
Cadmium(Cd) 0.1 
Mercury(Hg) 0.005 
Arsenic(As) 0.5 
Note: Applicability of heavy metals should  be determined in the EA. Guideline  limits in the 
Table are from various of effluent performance  by thermal power plants. 

 
2.4.3 General EHS Guidelines: IFC 

 
2.4.3.1 Indicative Guidelines-Sanitary Wastewater  

 
If sewage from the industrial facility is to be discharged to surface water, treatment to 
meet national or local standards for sanitary wastewater discharges or, in their 
absence, the indicative guideline values applicable to sanitary wastewater 
discharges shown in Table-2.8. 

 
TABLE-2.8: INDICATIVE GUIDELINES FOR SANITARY WASTEWATER DISCHARGES 

 
Pollutants Units Guideline Value 

pH pH 6-9 
BOD mg/l 30 
COD mg/l 125 
Total nitrogen mg/l 10 
Total Phosphorus  mg/l 2 
Oil and Grease  mg/l 10 
Total suspended  solids  mg/l 50 
Total coliform bacteria  MPN/100ml 400 

Notes:- 
Not applicable to centralized  municipal, wastewater treatment systems which  are in EHS 
Guidelines for  Water and Sanitation. 
MPN =Most Probable Number  
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2.4.3.2 Indicative Guidelines-Noise Levels 
 
Noise impacts should not exceed the levels presented in Table-2.9, or result in a 
maximum increase in background levels of 3 dB at the nearest receptor location off-
site. 
 

TABLE-2.9: INDICATIVE GUIDELINES FOR NOISE LEVELS 
 

Receptor Area One Hour Noise Levels LAeq (dB(A)) 
Day Time 

(07:00-22.00) 
Night Time 

(22:00-07:00) 
Residential; Institutional; Educational 55 45 
Industrial;  Commercial  70 70 
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3.0      PROJECT DESCRIPTION 
 

This chapter presents the project information including technical details of the 
existing and proposed expansion of LNG Receiving, import Storage and Re-
gasification Terminal operations, utilities and services, infrastructure facilities. 
 

3.1   Type of the Project  
 

Petronet LNG Limited (PLL) proposes to expand its existing LNG Import, Storage and 
Re-gasification facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, 
Gujarat. 
 

3.2      LNG Re-gasification Terminal Location and Layout 
 
The proposed expansion of LNG Re-gasification Terminal will be located contiguous 
to existing terminal at Dahej, Bharuch District, Gujarat. The project land coordinates 
and area to be reclaimed are shown in Figure-1.3. 
  

3.2.1  Alternate Site Evaluation 
 
LNG Re-gasification Terminal expansion is proposed contiguous to existing Dahej 
terminal premises. Since the proposed project is a brown field expansion, no 
alternative sites were considered. 

 
3.2.2 Size of the Project 
  

Expansion of 10 MMTPA to 20 MMTPA LNG Import, Storage and Re-gasification 
facilities will be developed contiguous to existing terminal at Dahej, Bharuch District, 
Gujarat. 

 
3.2.3 Cost of the Project 
 

The estimated cost of the proposed expansion of LNG Re-gasification Terminal from 
10 MMTPA to 20 MMTPA is about Rs.2950 crores (for 5 MMTPA) and estimated to be 
2700 crores (for additional 5 MMTPA capacity).  This estimate is inclusive of LNG 
storage tank facilities, re-gasification facilities, project management and project 
financing cost. 

 
3.2.4 Proposed Schedule and Approval for Implementation 
 

The plant activities will be completed in a period of 42- 48 months from the date of 
receipt of all the approvals from statutory authorities. The various project components 
of existing and proposed plant are given in Table -3.1. 

 
TABLE-3.1 : PROJECT COMPONENTS OF EXISTING AND PROPOSED PLANT 

 
Item  Existing  

(10 MMTPA) 
Expansion to 
 15 MMTPA 

Expansion to 20  
MMTPA 

Marine Facilities  
length of jetty 1st jetty (2.4 km) 

2nd jetty (2.4 km) 
- - 
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Item  Existing  
(10 MMTPA) 

Expansion to 
 15 MMTPA 

Expansion to 20  
MMTPA 

expected to be 
commissioned by 2014 

LNG carrier size  65,000 – 170,000 m3  Up to 266,000 m3  Up to 266,000 m3  
No. of ship tankers per year 120-160  200-240 (+  80)  280 – 320 (+ 80) 
LNG Storage Tanks  
No.  & Gross Capacity  4 x 160,000 m3 = 

640,000 Total 
2 x 180,000 m3 = 
360,000 Total 

TBD 

Auxiliary Facilities/Equipment  
Power generation 5 x 7.7 MW ISO rating 

Gas Turbine generators  
(GTG)  

3 x 7.2 MW GTGs 2 x 7.2 MW GTGs 

Pipeline  Gas distribution 
pipeline owned and 
constructed by 
GAIL/GSPL 

Existing pipeline  Existing pipeline 

Access roads State highway from 
Bharuch  

Same access road Same access road 

Construction water 
requirements 

- Existing water 
condensate reservoir 
of 10,000 m3 

Existing water 
condensate reservoir 
of 10,000 m3 

Other utilities   
      (potable water, service 
water, raw water, fire water 
and diesel oil)  

 Existing utilities 
sufficient  

Existing utilities 
sufficient 

 
3.3 Resources Requirement for the LNG Terminal 
  
 The following are the details of physical resources that are required to implement the 

proposed expansion from 10 MMTPA to 15 MMTPA and subsequently to 20 MMTPA. 
 

TABLE: 3.2 : RESOURCE REQUIREMENT FOR PROPOSED EXPANSION 
 

Sl. No. Resources Source of Resources 
1  Land Acquisition  Existing Plant area: 49 ha 

 Land available with PLL  - 16 ha (towards south side) 
 Additionally 22.62-ha of land on south side of existing 

plot is allocated by Forest department and stage – I 
clearance is accorded 

 Gujarat maritime board permitted to claim 20-ha on 
west side of existing plot 

2  Water Allocation  Construction phase – condensate water reservoir of 
10,000 m3 capacity. 

 No water is required for the regasification during 
Operational phase 

3  Power Existing : 10 MTPA 
- With ship unloading – 24,4000 kW 
- Without ship unloading – 22,200 kW 

 
Additional  : 5 MTPA 

- With ship unloading – 14,390 kW 
- Without ship unloading – 10,815 kW 

 
Source: - Captive power plant ( 5x7.7 MW GTGs) 

- 220 kVA double feeder from Gujarat   
Electricity Board (GEB) 
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3.3.1   Land Requirement and Status 
 

Existing 10 MMTPA plant has been set up within 48-ha of the land which has been 
allocated by GIDC on a long terms lease basis to PLL.  
 
PLL require about 38.62 Ha apart from above land. PLL has been allocated another 
16 hectares of land on long term leases by GIDC in south side of the existing plot, 
which is already in the possessions of PLL. Additionally about 22.62 hectares of land 
on south side of existing plot is allocated by Forest Department to PLL and Stage-I 
clearance is accorded by Forest Department.   
 
Further, PLL has also been permitted by Gujarat Maritime Board (GMB) to reclaim 20 
hectares of land on west side of the existing plot for security purpose and green belt 
development in order to provide a buffer for the critical installations of existing plant. 
 
Expansion from 10 MMTPA to 20 MMTPA LNG Import, Storage and Re-gasification 
facilities will be developed contiguous to existing terminal at Dahej. Allocation of 
land for LNG Terminal by GMB, GIDC/ Forest Dept. and Dahej SEZ to Petronet LNG Ltd 
is given in Annexure-V. Land use breakup for proposed expansion of LNG re-
gasification terminal in Table-3.3. Land requirement is shown in Figure-3.1 and 
photographs of the proposed additional land area are given in Figure- 3.2. 
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FIGURE-3.1 : LAND REQUIREMENT DETAILS  

 
PHOTOGRAPHS OF RECLAMATION LAND 

 
 

   
 
 
 
 

PHOTOGRAPHS OF FOREST LAND  
 

   
 
 
 

FIGURE-3.2 : PHOTOGRAPHS OF ADDITIONAL LAND REQUIRED 
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TABLE-3.3 : LAND USE BREAKUP FOR PROPOSED EXPANSION OF TERMINAL 
 

Sr. No Description Area (Ha) 
1 Process Area 30.78 
2 Non-Process Area 7.84 

 
3.3.2  Water Requirement and Source 
 

The existing condensate water reservoir of 10,000 m3 capacity will help to cater 
construction water requirements Potable water requirement due to this expansion will 
be met by existing facilities.  
 

3.3.3 Power Requirement 
  

The source of power supply system for existing facilities is as follows: 
 

1. Captive Power Plant : 5 X 7.7 MW Gas Turbine Generators (GTGs) 
 

2. 220 kVA Double feeder from Gujarat Electricity Board (GEB) 
 

The total power requirement for the terminal for handling 10.0 MMTPA LNG with and 
without ship un-loading is 24,400 kW and 22,200 kW, respectively. To achieve this 
purpose, five GTG’s unit of 7.7 MW ISO Rating has been installed along with GEB grid 
as back up.  

 
For the additional capacity of 5 MMTPA, the estimated power requirements after the 
Phase-IIIA (10 to 15 MMTPA) expansion with & without ship un-loading are 14,390 KW 
and 10,815 KW, respectively. Accordingly it is proposed to install three additional 
GTGs, each of 7.18 MW (Minimum, GTG site rating) / 9.5 MW (ISO rating) along with 
associated facilities (e.g. co-gen heat exchangers, GW/HW exchangers, hot water 
loop/pumps, GW loop/pumps) for heat recovery in shell and tube vaporiser.  
 
It shall be noted that electrical system shall be designed so that additional two GTGs 
can be installed in future to meet the requirement of Phase-IIIB (15 to 20 MMTPA).  
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FIGURE-3.3 : LNG TERMINAL LAYOUT 
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3.3.4  Manpower Requirement 
 

Based upon PLL experience from building LNG import terminals at Dahej & Kochi, and 
information from other industry sources on the construction of other similar plants, 
approximately 2500 person will be working during construction phase, the share of 
managerial, skilled and unskilled people can be taken to be 20%, 25%, and 55% 
respectively. This provides the maximum requirement of managerial, skilled and 
unskilled personnel as 500, 625 and 1375 persons during construction period and 
additional 5 to 10 persons will be required during actual terminal operation. 
 
It is understood that sufficient construction laborers (influx of people, if not locals) are 
already available in the area. In this regard, maximum utilization of locals, for all types 
of labour needs of construction will be taken. 
 
The construction phase of the proposed LNG terminal will results in the employment 
generation of around 500, 625 and 1375 managerial, skilled and unskilled personnel 
per day respectively for a period of three and a half years. This will result in the 
reduction in unemployment, thereby improving the standard of living in the project 
area.   
 

3.4   Facilities of LNG Handling Terminal 
 
3.4.1 Existing Facilities in the LNG Terminal  

 
The existing facilities at Dahej LNG terminal were developed in phased manner. 
Dahej Phase-1 Facilities where installed to handle 5 MMTPA of LNG with provision to 
handle 10 MMTPA in the future. Such facilities included piping manifolds, utilities, 
marine facilities and flare. The facilities during Phase-2 were installed to enhance the 
terminal capacity to 10 MMTPA utilizing the provisions that were kept in Phase-1. 
These facilities mainly included the modular addition of additional equipment’s 
(already identified during Phase-1) and the two LNG Storage Tanks. Both Phase-1 & 
Phase-2 facilities are given in Table-3.4. 

 
TABLE-3.4 : EXISTING FACILITIES OF THE DAHEJ LNG TERMINAL   

 
Sr.no Particulars Existing facilities 

Phase-1 Phase-2 
1 LNG Unloading Arm 3 - 
3 LNG loading Arm 1 - 
3 LNG Storage Tank 2 2 
4 BOG Compressor 3 - 
5 LNG in Tank Pump 6 6 
6 LNG HP Pump 5 5 
7 BOG Recondenser  1 - 
8 HP Shell & Tube Vaporizer 7 7 
9 HP Shell & Tube Vaporizer (Heat Recovery) - 1 
10 HP Submerged Combustion Vaporizer 2 2 
11 Gas Metering station 1 1 
12 Air Heater 16X7 16X7 
13 GTG (7.7 ISO Rating) 3 2 
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14 Utilities (Air, Water, Nitrogen etc)   
 

3.4.2 Proposed facilities in the Dahej LNG Terminal 
 

For Phase III expansion of the Dahej LNG Terminal, almost all new process facilities are 
required except for the Submerged Combustion Vaporizers (SCV). Based on practical 
experience, it is felt that it may be possible to utilize one of the existing SCV to meet 
the total send out requirement during the winter season and at times when the 
ambient air temperature drops below 130C.  Also to capitulate on the technological 
development bigger size shell & tube vaporizers (STVs) are considered to reduce the 
number of glycol water pumps, valves and fittings. However, initially the facilities, only 
for 5 MMTPA (Phase-III) of additional LNG will be installed. A summary of the 
additional process facilities required for handling additional 10 MMTPA (Phase III a & 
b) of LNG is provided in the Table-3.5. 
 

TABLE-3.5 : PROPOSED FACILITIES REQUIRED FOR DAHEJ LNG TERMINAL EXPANSION  
   

Sr. 
No 

Additional Equipment/ Facilities Phase III a  
(10 to 15 
MMTPA) 

Phase III b  
(15 to 20 
MMTPA) 

1 LNG Storage Tanks (each of 180,000 m3 gross capacity) 2 2 
2 In-Tank Pumps 6 6 
3 BOG Compressors 3 1 
4 BOG recondenser 01 0 
5 HP Pumps  5 5 
6 STV 4 4 
7 STV (cogen) 1 1 
8 Send out metering 3 3 
9 Fuel gas station 1 1 
10 Air Heaters 4 4 
11 Glycol water pumps 4 4 
12 Hot water pumps  2 2 
13 GW expansion vessel 4 4 
14 GTG 3 2 
15 Nitrogen unit 1 1 
16 Truck loading facility 4(bay) 4 (bay) 
17 Flare Stack 1 Nil 

 
3.4.3 Process Description   

 
LNG at atmospheric pressure and (-)162°C will be transported by sea from LNG 
exporter by means of specially designed and dedicated LNG vessels of 80,000 to 
2,66,000 m3 capacity at the jetty to be located at Dahej. LNG will be unloaded at the 
rate of 15,000 m3 by using unloading arms at the dedicated LNG berth suitable for 
berthing and unloading from 80,000 m3 capacity and higher capacity of 2,66,000 m3 
capacity LNG vessels. Annual throughput of LNG at the jetty is expected to be 5~10 
MMTPA. The unloaded LNG will be pumped through dedicated pipelines to the LNG 
storage area. Capacity of LNG storage tanks will be firmed up after detailed 
engineering of the LNG terminal. Subsequently LNG will be gasified in the 
regasification area.  
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After regasification, Natural Gas (NG) will be made available to various NG 
consumers’ e.g., power industry, fertilizer manufacturers, glass industries, steel industry 
etc. As is evident from the market survey, approximately 75% of the LNG will be 
utilized for power generation and the rest of it will be utilized by the fertilizer and other 
industries. It is to be noted that LNG provides the most economical and most 
environmental friendly option. 

 
As per optimization strategy closed loop waste heat recovery Shell & Tube LNG 
vaporizers will be installed to recover waste heat from flue gases from gas turbine 
generator exhaust. Also cold energy from LNG will be utilized for air conditioning of 
buildings. Typical LNG unloading and regasification facilities process flow is shown in 
Figure-3.4. Process flow diagram of LNG vaporization and send-out facilities is shown 
in Figure-3.5 
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FIGURE-3.4 : PROCESS FLOW CHART – LNG TERMINAL  
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FIGURE-3.5 :  PROCESS FLOW DIAGRAM OF LNG VAPORIZATION  AND SEND-OUT 
FACILITIES  
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3.4.4 Utilities 
 

An analysis of the existing utilities indicate that the following facilities /systems (as 
existing) may be sufficient to cater for the requirement of Phase-III. 

 
 Potable water system; 
 Service water system; 
 Raw water system; 
 Fire water system; and 
 Diesel oil system. 

 
However, extension of existing network will be required to meet the Phase-III 
requirement. Other utilities need either upgradation or the additional facilities. These 
are briefly described here. 

 
A. Compressed Air System 
 
The existing facilities consist of the following air compressors: 
 
1. Two Screw Compressors, each capacity 950 normal cubic meter per hour 

(Nm3/Hr). 
 

2. Three Reciprocating Compressors, each capacity 950 Nm3/Hr. (which needs to 
be discarded) 
 

For the expansion, existing capacity is adequate. However, based on existing 
experience, the three Reciprocating compressors, which are almost 10 years old and 
are requiring considerable maintenance efforts/costs, are considered for 
replacement. As this enhancement is being considered as a part of Maintenance 
reliability program, this is not being considered as part of the expansion facility. 
 
B. Nitrogen System 
 
The existing nitrogen generation capacity is to generate Gaseous Nitrogen of 135 
Nm3/hr and Liquid Nitrogen Generation equivalent to 40 Nm3/hr. 
 
The normal consumption of Nitrogen current and post expansion is 47 Nm3/hr and 90 
Nm3/hr, respectively, which can be met by the existing facilities. However, the 
intermittent requirement during ship unloading is 1250 Nm3, which cannot be met post 
expansion. Since total liquid Nitrogen generation in-between the two un-loadings is in-
sufficient to meet such a demand, a new Nitrogen Generation Unit which can 
generate sufficient liquid as well as gaseous nitrogen having capacity mentioned as 
below is proposed using the LNG cold energy. 
 
Gaseous Nitrogen Generation: 160 Nm3/hr. 
Liquid Nitrogen Generation: 105 Nm3/hr. 
 
No liquid storage bottles are proposed for new facilities. 
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C. Fuel gas system 

 
The present fuel gas station (consists of pressure reducing valve & ambient air heater) 
capacity is 11.4ton/hr. 

 
The total fuel gas requirement (i.e. for exiting as well as for expansion) is 18.7 tons/hr. 
which cannot be met by the existing fuel gas system (capacity 11.4 tons/hr.) and 
would therefore require a new Fuel Gas System with Conditioning Skid of adequate 
capacity to meet the requirement of Phase-III. 

 
D. Blow down/flare system 

 
Existing flare header capacity is 80000kg/hr. Total flare load for existing facilities is 
74300kg/hr. New flare stack of 150,000 kg/hr is proposed to be installed to meet the 
requirement of PH-III in addition to existing flare. 

 
3.4.5 Instrumentation System 

 
The Distributed Control System (DCS) has been considered to provide basic regulatory 
control of the process facilities; protective and emergency shutdown of the process 
facility; custody transfer and process data management. On-line analysis has been 
considered for monitoring plant performance and computation of energy contents 
wherever needed for custody transfer. DCS will have interface with Enterprise 
Resource Planning (ERP) system to provide plant operation data for integrated plant 
information management. 
 
It has been envisaged that additional two number of operator station is required to 
install in existing control room. Existing Rack room has no space. Rack Room will be 
located in other place along and will be connected to Existing DCS system through 
redundant fiber optic cable with necessary hardware  
 
Existing uninterruptible power supply (UPS) is not capable to take load of phase-III 
system. For phase-III system load, New UPS has been envisaged in new rack room. 
 

3.4.6  Truck Loading Facilities 
 

Truck Loading Facility (TLF) is provided to dispatch LNG by specially built cryogenic 
road tankers to various consumers which are not connected with gas pipeline. In the 
present design only one truck loading bay was provided, to establish the trade. Now 
that transportation of LNG by road trucks is established it is planned to provide facilities 
for four trucks loading bays with provision for addition of another four truck loading 
bays in future. However, for safety and operational considerations, the entire 
operation of truck loading of LNG shall be moved to a new location. Truck loading 
facility is shown in Figure-3.6. 
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FIGURE-3.6 : TRUCK LOADING FACILITY  
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3.4.6.1 LNG Storage Tanks 

  
The total number of Storage Tanks provided up to Phase-II are four with cumulative 
gross Storage Capacity of 640,000m3. This can accommodate approximately 5 days 
of delay in ship arrival and 2.5 days of interruption in send out pipeline operation 
based on the 10 MMTPA terminal capacity. 
 
Further it has been PLL’s experience that there have been wide fluctuations in the 
off–take of regasified LNG by the off-takers and on many occasions PLL had faced 
either the tank top situation or the tank empty situation and at time PLL had to 
encounter the situation of hiring floating cargo ships. To account for the delay in ship 
arrival and fluctuation in the send-out flow rate, for the expanded capacity two more 
LNG storage tanks are required. 
 
A further analysis of the existing trend of cost of Storage Tanks vis-à-vis storage 
capacity indicates that for PLL, at Dahej LNG Terminal, best option could be to go for 
new tank(s) of gross capacity of about 180,000 cubic meters. 

 
Based on above considerations, it has been decided to consider two additional 
storage tank of gross capacity 180,000 cubic meters each. 
 
 
Following berthing, the LNG is pumped ashore via the carrier’s pumps through 
unloading arms to a cryogenic pipeline and on to the storage tanks.  For this project, 
an above-ground, full containment design has been selected.  The LNG will be 
stored near atmospheric pressure and in full-containment LNG tanks that typically 
consist of the following: 
 
 Primary inside tank - made of a "cryogenic material" such as 9% Nickel steel, 

aluminium alloy or reinforced pre-stressed concrete; it is now common practice 
to use 9% Nickel steel for the inner tank in LNG service; 

 
 Insulation – loose insulation material (such as perlite) surrounding the inner nickel 

steel tank (sides, floor and roof); 
 
 Vapour barrier tank – made of carbon steel to contain the insulation system and 

vapour pressure of the primary tank; 
 
 Outer tank – reinforced, pre-stressed concrete designed to independently store 

both the LNG liquid and vapour should the inner wall fail; and, 
 
 Domed roof – reinforced, pre-stressed concrete. 
 
 Base – above ground piles based. 
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An illustration of typical full containment tank is presented in Figure-3.7 and 
 LNG receipt and storage facility is shown Figure-3.8. 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

FIGURE-3.7 : FULL CONTAINMENT LNG STORAGE TANK 
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FIGURE-3.8 : LNG RECEIPT AND STORAGE FACILITY  
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LNG tanks are specially designed to contain the LNG at its cryogenic temperature of 
approximately -1620C near atmospheric pressure.  After initial transportation 
planning, which includes detailed shipping and storage simulation modelling of with 
regard to LNG volume, minimum inventory, and potential sources of supply and ship 
sizes, a LNG storage facility comprising four tanks of 180,000 to 200,000 m3 each is 
planned.   

 
The LNG tanks have a top entry point for both the loading and unloading 
operations.  Submerged send-out pumps per tank will be suspended from the top of 
the tank and pump the LNG out of the tanks.  All tanks will be designed to 
simultaneously send out (to the vaporiser units) and to receive LNG (from unloading 
LNG carriers).  The tanks will be fitted with a low-pressure vent, which will provide 
storage tank overpressure protection if the tank pressure exceeds the maximum 
operating limit of the LNG storage tank design pressure.  
 

3.4.7   Jetty and Marine  
  
 The existing jetty & marine facilities will be utilized for the proposed expansion of 
 LNG terminal. Following are the list of marine facilities existing at LNG Dahej 
 terminal.   
  

 LNG jetty berth (including but not limited to breasting dolphins, mooring dolphins, 
fenders and catwalks); 

 LNG jetty head; 
 LNG jetty trestle accommodating pipe rack and access road to the jetty head; 
 The mooring hooks and mooring monitoring system; 
 Ship berthing system; 
 Standby jetty (under construction) 
 The monitoring of meteocean data needed to be available for the ship; 
 Any measures to secure the piling of the jetty head, trestle and flare trestle as 

cathodic protection of piles, etc.; 
 Tug berth; and 
 Navigational aids. 

 
The jetty shall be designed to accommodate LNG carriers in the size range of 80000 
m3 to 266000 m3. To accomplish this, the LNG berth will include breasting and 
mooring dolphins, fender systems, mooring hooks, mooring line tension monitoring 
system and a LNG carrier docking assistance system.  
 
The second objective of the LNG berth is to provide a platform to support the 
mechanical equipment required for unloading LNG carriers. The LNG trestle shall 
provide structural support to the LNG unloading platform for the LNG unloading 
piping, auxiliary mechanical and utilities, control and electrical systems, and access 
roadway  

 
3.5  General Criteria for Designing LNG Terminal 
 
3.5.1  LNG Composition Data 
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LNG will be supplied to the Terminal from the spot market resulting in a wide range of 
characteristics. The Terminal shall be designed considering the reference LNG 
composition is given in Table-3.6. 

TABLE-3.6 : LNG COMPOSITIONS 
 

Particulars Units Design Case Check Case N01 Check Case N02 
Nitrogen mol% 0.60 0.37 0.02 
Oxygen mol% 0.00 0.00 0.00 
Carbon Dioxide mol% 0.00 0.00 0.00 
Methane mol% 90.00 86.98 97.21 
Ethane mol% 6.24 9.08 2.49 
Propane mol% 2.19 2.53 0.14 
i-Butane mol% 0.58 0.42 0.09 
n-Butane mol% 0.39 0.62 0.02 
i-Pentane  0.01 0.00 0.00 
n-Pentane mol% 0.00 0.00 0.03 
Hexane and 
higher 

mol% 0.00 0.00 0.00 

Molecular Weight Kg/kmol 18.02 18.51 16.50 
HHV MJ/kg 53.80 53.81 54.91 
LHV MJ/kg 48.97 49.02 49.85 
WOBBE Index (WI) MJ/kg 68.60 67.70 73.23 
Boiling 
Temperature (BT) 
(@ 1 bara) 

0C -162.8 -161.7 -161.5 

Liquid Density(@ 1 
bara & BT)  

kg/m3 463.5 470.8 432.7` 

 
3.6  Vapour Handling Facilities 

 
3.6.1 Designing Vapour Handling Facilities 
 

The vapour handling facilities shall be designed for 10 MMTPA considering the 
following operating conditions: 

 
 The LNG tank boil-off rate is considered for LNG tanks; 
 The design LNG unloading rate is 12750 m³/h; 
 A heat leak of insulating piping of 30 W/m² based on external surface of the 

insulation; and 
 The truck loading facilities is fully operated.  

 
3.6.2 Boil-Off Gas (BOG) Header 

   
A boil-off gas header (low pressure vapour balance line) connects the vapour space 
of all the LNG storage tanks, the flare, the suction line of the boil-off compressors. 
 

3.6.3 Boil-Off Gas Compressors 
  

BOG compressors are designed considering the design LNG unloading rate (12750 
m³/h), the minimum send-out rate, installed LNG storage tanks and the vapour 
returned from the LNG trucks at the loading station. 
 



 

Environmental and Social  Impact Assessment Report  for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐3: Project Description 

Document No. VLL/11/ESIA/PLL‐Dahej/001                            Issue No.01 
 

 

VIMTA Labs Limited, Hyderabad                                                                                                              C3-21             

The motors of the BOG compressors shall be sized on the most dense boil-off gas. 
 
The common knock out (KO) drum located at the suction of the BOG compressors 
shall be sized for the design BOG rate i.e. considering three compressors in operation. 
 
An in-line desuperheater is provided in the main suction line to maintain the 
compressors inlet temperature lower than minus 80°C; it shall be designed for three 
compressors in operation. 
 

3.6.4 BOG Recondenser 
 

Excess vapour generated during LNG unloading into the LNG storage tanks and boil-
off gas generated in normal operation are compressed by the boil-off compressors 
and condensed in sub cooled LNG delivered by the low pressure LNG pumps in a 
vessel so-called BOG recondenser. 

 
The BOG recondenser has two sections 
 
 The upper section is a packed tower for mixing gas and LNG resulting in the gas 

to be condensed; and 
 The lower section is as buffer vessel for feeding LNG to the high pressure LNG 

pumps with a net positive suction head (NPSH) above the minimum value 
required by the HP pump manufacturer. 

 
The LNG required for condensing the vapour is delivered into the upper section of the 
BOG recondenser while the balanced LNG send-out is flowing directly to the lower 
section of the BOG recondenser; the LNG coming out from the BOG recondenser is 
so sub-cooled and provides a medium suitable for being pumped by the high 
pressure LNG pumps (a safety margin of minimum 2°C below the saturation 
temperature of the BOG recondenser out-coming LNG shall be considered). 
 
The BOG recondenser shall be designed for the duty envisaged in different operating 
modes. 

 
3.6.5 Low Pressure (LP) LNG Pumps 

 
 LP Pump Flow Rate 

 
The LP pumps are designed considering the peak send-out rates 
 5 MMTPA : 685ton/h 
 10 MMTPA : 1370ton/h 

 
All the LP pumps are identical and shall be designed to comply with the above 10 
MMTPA LNG flow rate. 

 
3.6.6  High Pressure (HP) LNG Pumps 
 

 HP Pump Flow Rate 
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Design of All the HP pumps will be identical. Design of HP pumps will meet conditions 
given in Table-3.7. 

 
 

TABLE-3.7 : DESIGN OF HP PUMPS 
 

Phase Nominal Send-Out (MTPA) Peak Send-Out (MTPA) 
1 5.0 6.0 
2 10.0 12.0 

 
3.6.7  LNG Vaporisers (STV) 
 
 LNG will be vaporized in shell and tube type vaporizer (STV) with LNG on the tube side 

and an ethylene glycol water mixture on the shell side.  STV flow rate shall be 
designed to meet conditions  given in Table-3.8. 

 
TABLE-3.8 : STV FLOW RATE 

 
Phase Nominal Send-Out (MTPA) Peak Send-Out (MTPA) 

1 5.0 6.0 
2 10.0 12.0 
 

 An ethylene glycol water mixture is used as heating medium. 
 The ethylene glycol water is heated with air fans. 
 
The atmospheric air conditions are: 
 
• Air temperature:  15°C min. design 

       40°C max. design 
• Air humidity : 85% design 

    95% max. 
    0% min. 

3.6.8  Metering Station 
 
The metering station, equipped with custody transfer meters, shall be implemented 
with several metering lines in parallel including, each one, one ultra-sonic type flow 
meter.   
 
A fiscal metering is required with a gas chromatograph on-line analysis of exported 
gas from each metering run. In 5 MMTPA, (2+1 spare) metering lines in parallel shall 
be implemented, each one being capable of 50% of the peak send-out (5+20% 
MTPA). In 10 MMTPA, (4+1 spare) metering lines in parallel shall be implemented, 
each one being capable of 50% of the peak send-out (10+20% MTPA). 
 

3.6.9  LNG Truck Loading Station 
 

 A LNG truck loading station shall be implemented consisting in 4 truck loading 
bays having common weighbridge;  

 Each loading bay shall be designed to export 50 m³/h LNG; and 
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 The total BOG from the LNG truck loading station (4 bays) will be designed at 
3,000 m³ (n)/h. 

 
 
 
 
3.7 Coastal Regulation Zone (CRZ)  

 
Based on the perusal of the CRZ Notification along with the subsequent 
amendments, the CZMP of the Bharuch district and the HTL/LTL survey carried out for 
the project area, the following can be inferred: 
 
• Along the Dahej coast, the stretch in which the Petronet LNG jetty is developed is 

categorised as CRZ III. The coastal stretch towards north and south of Petronet 
LNG jetty is also categorised as CRZ III; 
            

• Further, the categorisation of the coastal stretch under CRZ III indicates that the 
area is rural in nature and developed; and 
 

• As development of Petronet LNG jetty requires waterfront and foreshore facilities, 
it is a permissible activity under the CRZ notification. 

 
• As per the CRZMA notification 2011, the proposed expansion of LNG terminal 

project is a permitted activity within CRZ-1 zone. 
 

No ecological sensitive areas such as marine sanctuary, mangroves and national 
parks are present in the study region. The CRZ map of the project site and study area 
is shown in Figure-3.9.  
 

3.7.1 Applicability of CRZMA Rule- 2011 
 
The proposed project is permitted activity as per the Costal Regulation Zone 
Notification-2011, as per paragraph 3(i) (a) as the activity requires water front and 
paragraph 3 (ii) (b) as the project is for receipt and storage of petroleum products 
and liquefied natural gas. Further, the proposed activity is a permitted activity as 
stipulated in paragraph 4 (i) (a) and 4 (ii) d(d) of CRZ notification-2011. 
 
The regasification of LNG is a regulated activity as stipulated in paragraph 8 III.B.(iii)(e) 
and requires Environmental Clearance from MoEF, GoI. 

 
3.8  Sources of Pollution 

 
The various types of pollutions likely to be generated by the proposed LNG terminal, 
which can be broadly classified into the following categories are given in Table-3.9.  
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FIGURE-3.9 : CRZ MAP OF PROJECT AREA  
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TABLE-3.9 : SOURCES OF POLLUTION 
 

Sr. No Type of Pollution Source of Pollution 
1 Air pollution - Nox from proposed GTG’s   
2 Water & Sewage 

pollution 
- Domestic Sewage  

3 Noise Pollution  - Pumps and compressors  
 

 Pollution Monitoring and Control Measures  
 
A Brownfield project of the proposed scale is bound to exert certain adverse as well 
as beneficial impacts on the immediate surroundings. Primary impact on environment 
due to installation of a LNG terminal comes from the combustion of gas.  
 
Environmental Management Plant (EMP) is proposed to be established for the LNG 
terminal to detail out the environmental quality measures to be undertaken during 
the construction and operational phases. EMP will also discuss the post project 
monitoring measures to be adopted by the LNG terminal authorities in order to 
maintain the effluent qualities within the acceptable limits specified by the Gujarat 
State Pollution Control Board (GSPCB) and the Ministry of Environmental & Forests 
(MoEF).  
 
The environmental monitoring programme will be provided with trained and qualified 
staff who will monitor the ambient air as well as stack flue gas quality to ensure that 
the quality of effluents are maintained within the permissible limit. The main stack will 
be provided with portable monitors to periodically monitor the PM, CO, NOx and SOx 
constituents in the flue gas on daily basis.  
 
The environmental standards as prescribed by the Ministry of Environment & Forests 
(MoEF) and Indian Pollution Control Authorities will be implemented. The pollution 
control measures proposed to be adopted for the project are summarized as follows:  
 

3.8.1 Air Pollution Management 
 
LNG regasification and storage is a clean process and essentially there is no emission 
from this process. There will be a small emission from the operation of GTGs and flare. 
The GTGs are run by the natural gas only and hence the emissions are small in terms 
of SO2 and suspended particulate matter (SPM). NOx is the only significant pollutant 
emitted under this condition. 
 

3.8.2  Water Pollution Management 
 
There is no generation of any liquid effluent from the process area. Existing facilities are 
adequate to handle additional domestic waste water. 

 
3.8.3  Noise Pollution 

 
Pumps and compressors are the high noise generating equipments in the proposed 
LNG terminal. However, impacts on the working personnel are not expected to be 
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significant on account of the high level of automation of the LNG terminal, which 
means that workers will be exposed for short duration only and that too intermittently. 
 
The noise generation during operational phase would be restricted at source itself 
through different measures such as inspection, operation and maintenance at 
regular intervals. All equipments will be designed for < 80 dB sound level at 1 meter. 
The noise control measures as described in EMP will be fully followed. The 
occupational noise exposure to the workers in the form of 8-hourly time weighted 
average will be maintained well within the prescribed OSHA standards (<90 dB (A)). 
Hence, the impact on occupational health of workers would be insignificant. 
 

3.8.4 Solid Waste Management  
 

On a regular basis, there is no generation of any non-hazardous or inert solid waste 
from the proposed LNG terminal. A small quantity i.e. about 0.5 KL/year of hazardous 
oily waste will be generated from the proposed LNG terminal expansion during 
periodic maintenance. Hazardous waste will be collected and stored at specific 
identified area at site. Authorized agency will be hired to dispose the collected 
Hazardous waste.  
 

3.8.5  Afforestation and Green Belt Development  
 
Extensive afforestation at LNG terminal area is planned which would not only act as 
lung space in the area but would also improve aesthetics and will be continued in all 
available space.  
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4.0 BASELINE ENVIRONMENTAL STATUS 
 
4.1      Introduction 
 

This chapter illustrates the description of the existing environmental status of the study 
area with reference to the prominent environmental attributes. The study area covers 
10-km radius area from the project boundary. 
 
As part of the study, description of biological environment and human environment 
such as environmental settings, demography & socio-economics, land-use/land 
cover, ecology & biodiversity have been carried out for entire 10-km radius.  The 
study of physical environmental attributes such as ambient air quality, water quality, 
soil quality, noise levels, physiography, hydrology, odour, solid waste generation have 
been studied at selective locations representing various land uses such as industrial, 
rural/residential, commercial and sensitive locations including the densely populated 
areas, agricultural lands, forest lands and other ecologically sensitive areas, if any 
falling within 10-km radius study area. 
 
The existing environmental setting is considered to adjudge the baseline 
environmental conditions, which are described with respect to climate, hydro-
geological aspects, atmospheric conditions, noise levels, water quality, soil quality, 
ecology (aquatic and terrestrial), land use and socio-economic profiles of people.  
 
A regional background to the baseline data is being presented at the very outset, 
which will help in better appreciation of micro-level field data generated on several 
environmental and ecological attributes of the study.  
  
This comprehensive report incorporates the baseline studies were carried out for three 
seasons covering winter 2011-2012, pre-monsoon and post-monsoon for 2012 in the 
various domains of environment.  
 
This report has been prepared considering the baseline data collected for phase-I 
project, additional data collected as per IFC requirements and duly supplemented. 
The primary baseline monitoring consists of meteorology, ambient air quality, noise 
levels, water quality, soil quality and ecology (aquatic and terrestrial). The land use, 
geology, hydrogeology, demography is based on the secondary data collected 
from various Government and Semi-Government organizations. 
  

4.2 Geology and Hydrogeology of the Region 
 
4.2.1 Physiography 
 

The study region lies between 21040’17.66” North latitude and 72032’21.13” East 
longitudes.  
 
The geographical area of the study region falls under Vagra Taluka, Bharuch District 
of Gujarat. The plant site is surrounded by Gulf of Khambhat on west side and 
followed by Narmada River on East side. 

 
 
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐4: Baseline Environmental Studies 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                  C4-2    

4.2.2 Geology and Hydrogeology 
 
The geology of the present study area broadly falls in Quaternary age consisting of 
recent alluvial formations. In geologic time, the Quaternary Period (also termed the 
Anthropogenic Period), the second geologic period in the Cenozoic Era, spans the 
time between roughly 2.6 million years ago (mya) and present day. On the geologic 
time scale, Earth is currently in the Quaternary Period of the Cenozoic Era of the 
Phanerozoic Eon.  
 
During the Quaternary Period, Earth's continents assumed their modern configuration. 
The fluctuating climatic conditions during both the Tertiary and Quaternary Periods 
brought about sweeping changes in the landscape evident in modern topographical 
features.  
 
As the area falls in Gulf of Cambay, the geology of Gulf of Cambay and also the 
study area is discussed below. 
 
The Gulf of Khambhat is a South to North penetration of the Arabian Sea on the 
western shell of India between the Saurashtra peninsula and mainland Gujarat. At its 
Northern end between the Sabarmati and Mahi mouths, the Gulf is barely 5 km wide 
and it opens out south ward like a funnel, reaching its maximum width south of 
Gopnath point. Its north-south length is approximately 115 km. The gulf is intercepted 
by several inlets of sea and creeks formed by confluence of major rivers such as 
Narmada, Tapi, Mahi, Sabarmati, and Shetrunji. All the major rivers carry heavy load 
of suspended sediments into the Gulf. 
 
Thick coastal sediments occupied the entire northern Gulf and eastern coast of 
Southern Gulp. Bhavnagar district bears Deccan Traps, while alluvium covered most 
part of Ahmedabad, Kheda, Anand, Baroda, Bharuch and Surat districts. Pleistocene 
sediments are confined only to Mahuva region.  
 
The local geology of the study area is consisting of coastal alluvium of fine sand and 
clay. The hydrogeology of the area is a typical alluvial coastal area with high salinity 
and shallow water tables in the area. The shallow and unconfined aquifers are 
alluvium with fine clay and silty sand at the top, the movement of groundwater is very 
slow and prone to very shallow water levels especially in monsoon and prone to 
water logging. In addition, to the high tide covers all the area, the groundwater very 
quickly turns saline even in monsoon. 

 
4.3 Land Use Studies 

 
Studies on land use aspects of eco-system play an important role in identifying 
sensitive issues and taking appropriate actions by maintaining ‘Ecological 
Homeostatic’ for development of the region. 
 

4.3.1 Objectives 
 
 The objectives of land use studies are: 
 

 Establishment of the existing land use pattern; 
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 Assessment of the likely impacts due to the proposed project on the land use 
pattern of the study area; and 

 Making recommendations for optimizing the future land use pattern after the 
project in the study area. 

 
The land use pattern of study area has been studied based on the review of secondary 
data provided in the 2001 District Census Handbook of Bharuch district of Gujarat State. 

 
4.3.2 Methodology 
 

For the study of land use, literature review of various secondary sources such as 
District Census Handbooks, regional maps regarding topography, zoning settlement, 
industry, forest were taken. The data was collected from various sources like District 
Census Handbook (2001), Revenue records, state and central government offices 
and Survey of India (SOI) Toposheets and also through primary field surveys. 
 

4.3.3 Land use Based on Secondary Data 
 

Based on the census report, 10-km radial distance around proposed mining lease 
area has been considered in the study. These areas were studied in detail to get the 
idea of land use pattern in the study area. The land use pattern of the study area is 
given in Table-4.3.1 and in detail presented in Annexure-VI.  

 
TABLE-4.3.1 : LAND USE PATTERN IN THE STUDY AREA 

 
Sr. 
No 

Particulars of Land use 0-3 km 3-7 km 7-10 km 0-10 km Area % 

1 Forest Land 0 0 0 0 0.0 
2 
  
  

Land under Cultivation 
a) Irrigation Land 0 0 0 0 0.0 
b) Un Irrigated Land 1018.82 114.11 1087.25 2220 19.1 

3 Cultivable Waste Land 212.92 26.63 369 609 5.2 

4 
Area not Available for  
Cultivation 

722.03 1890.38 6174.27 8787 75.6 

  Total Area 1954 2031 7631 11615 100.0 
             Note: All values except Percentages are given in Ha; Source: District Census Handbook 2001– Baruch District 
 

 Land under Cultivation 
 

The Un-irrigated land covers 2220.18 ha in the study area which is about to be 19.1% of 
the total land. No irrigated land is found in the study area.  

 
 Cultivable Waste 

 
This category of land mainly consists of the lands suitable for cultivation, which however 
have not been brought under cultivation at any time. The area under this category 
works out to be 609 ha i.e. 5.2 % of the general study area.  

 
 Land not available for Cultivation 
 
The areas not covered under any of the above categories of land uses as well as land 
covered under urban population forms this type of land use. Altogether 8787 ha (75.6%) 
area in the general study area is classified under this category.  
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4.4 Soil Characteristics  
 

It is essential to determine the potential of soil in the area and identify the impacts of 
urbanization and industrialization on soil quality. Accordingly, a study of assessment of 
the soil quality has been carried out. 

 
4.4.1  Data Generation 
 

For studying soil profile of the region, sampling locations were selected to assess the 
existing soil conditions in and around the plant lease area representing various land 
use conditions. The physical, chemical and heavy metal concentrations were 
determined. The samples were collected by ramming a core-cutter into the soil up to 
a depth of 90 cm. A total of eight samples within the study area were collected and 
analyzed. The details of the soil sampling locations are given in Table-4.4.1 and are 
shown in Figure-4.4.1. The sampling has been carried out once in the each seasons 
representing winter season for 2011–2012, pre monsoon and post monsoon season for 
2012.  

TABLE-4.4.1 : DETAILS OF SOIL SAMPLING LOCATIONS 
 

Code Location Bearing with respect to the 
Proposed Plant  

Distance (km) with respect 
to the Proposed Plant 

S1 Plant Site   -- -- 
S2 Lakhigam Village NNE 2.9 
S3 Near Dahej NNE 5.8 
S4 Ambetha Village ENE 6.2 
S5 Jageshwar Village ENE 3.6 
S6 Luvara Village E 1.5 
S7 SE of Plant SE 1.5 
S8 Near Aliabet Village ESE 9.5 

Source: Vimta Labs Limited 
 

The soil quality at all the locations during the study period is given in Table-4.4.2. The 
results are compared with standard classification given in Table-4.4.3.  
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FIGURE-4.4.1 : SOIL SAMPLING LOCATIONS 
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4.4.2  Baseline Soil Status 
 
 Winter Season (December 2011 to February 2012)  
 

 It has been observed that the texture of soil is mostly Sandy clay to Sandy clay 
loam in the study area. The pH of the soil indicating that is slightly alkaline in 
nature.  

 
 The Electrical conductivity was recorded as 270 µS/cm to 980 µS/cm. Minimum 

concentration was observed at Jageshwar village (S5) and maximum 
concentration at near Aliabet village (S8) during the study period.  

 
 The Organic Carbon content in the study area observed as 0.32 % to 0.90 %, 

which the soil falls under less to sufficient category. 
 

 Available potassium was observed as minimum 184.2 Kg/ha at Dahej village (S3) 
and maximum observed as 526.2 Kg/ha at near Aliabet village (S8) indicating that 
the soil falls under medium to more than sufficient category.  

 
 Available Nitrogen was observed as 64 Kg/ha to 195 kg/ha. Minimum 

concentration is observed at Plant site (S1) and the maximum observed 
concentration observed at near Dahej village (S3) location. Based on the above 
values the soil falls under less to better category. 

 
 Available phosphorous was observed as 66 kg/ha to 90 kg/ha in the study region. 

The minimum value observed at Plant site (S1) location and the maximum was 
observed at near Dahej village (S3) location. It shows the soil falls under sufficient 
to more than sufficient category. 

 
Pre-monsoon Season (March to May - 2012) 

 
 It has been observed that the texture of soil is mostly Sandy clay in the study area. 

The pH of the soil indicating that is slightly alkaline in nature.  
 
 The Electrical conductivity was recorded as 312 µS/cm to 960 µS/cm. Minimum 

concentration was observed at Jageshwar village (S5) and maximum 
concentration at near Aliabet village (S8) during the study period.  

 
 The Organic Carbon content in the study area observed as 0.42 % to 0.82 %, 

which the soil falls under medium to sufficient category. 
 

 Available potassium was observed as minimum 196 kg/ha at Dahej village (S3) 
and maximum observed as 536.4 kg/ha at near Aliabet village (S8) indicating that 
the soil falls under medium to more than sufficient category.  

 
 Available Nitrogen was observed as 58 kg/ha to 182 kg/ha. Minimum 

concentration is observed at Plant site (S1) and the maximum observed 
concentration observed at near Dahej village (S3) location. Based on the above 
values the soil falls under less to better category. 

 Available phosphorous was observed as 63 kg/ha to 84 kg/ha in the study region. 
The minimum value observed at near Aliabet village (S8) location and the 
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maximum was observed at near Ambetha and Ambetha villages (S4 and S5) 
location. It shows the soil falls under an average sufficient to more than sufficient 
category.  

 
Post-monsoon Season (October to November - 2012) 

 
 It has been observed that the texture of soil is mostly Sandy clay to Sandy clay 

loam in the study area. The pH of the soil indicating that is slightly alkaline in 
nature.  

 
 The Electrical conductivity was recorded as 325 µS/cm to 965 µS/cm. Minimum 

concentration was observed at Jageshwar village (S5) and maximum 
concentration at near Ambheta village (S4) during the study period.  

 
 The Organic Carbon content in the study area observed as 0.29 % to 0.80 %, 

which the soil falls under less to on an average sufficient category. 
 

 Available potassium was observed as minimum 216.1 Kg/ha at Dahej village (S3) 
and maximum observed as 614.0 Kg/ha at near Aliabet village (S8) indicating that 
the soil falls under medium to more than sufficient category.  

 
 Available Nitrogen was observed as 62 Kg/ha to 215 kg/ha. Minimum 

concentration is observed at near Aliabet village (S8) and the maximum 
observed concentration observed at near Dahej village (S3) location. Based on 
the above values the soil falls under very less to better category. 

 
 Available phosphorous was observed as 53 kg/ha to 98 kg/ha in the study region. 

The minimum value observed at Plant site (S1) location and the maximum was 
observed at near Dahej village (S3) location. It shows the soil falls under on an 
average sufficient to more than sufficient category. 
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TABLE 4.4.2(A) :SOIL ANALYSIS RESULTS-WINTER SEASON (DECEMBER 2011 TO FEBRUARY 2012) 
 

Sr.No. Location Unit S1 S2 S3 S4 S5 S6 S7 S8 
1 pH  -- 7.5 7.6 7.6 7.5 7.4 7.6 7.5 7.4 
2 Conductivity  µS/cm 481 451 601 891 270 922 364 980 
3 Texture -- Sandy 

Clay 
Sandy 
Clay 

Sandy 
Clay 

Sandy Clay 
Loam 

Sandy 
Clay 

Sandy 
Clay 

Sandy 
Clay 

Sandy Clay 
Loam 

4 Sand % 52 48 50 34 49 52 50 32 
5 Silt % 11 10 14 32 15 10 15 38 
6 Clay % 37 42 36 34 36 38 35 30 
7 Bulk Density g/cc 1.1 1.2 1.2 1.3 1.1 1.2 1.2 1.1 
8 Exchangeable Calcium as Ca mg/kg 6953 5165 6399 4989 6759 6214 5726 5468 
9 Exchangeable Magnesium as Mg mg/kg 729 864 629 575 1013 609 928 593 
10 Exchangeable Sodium as Na mg/kg 252.3 191.4 264.0 202.3 172.6 299.2 204.9 386.6 
11 Available Potassium as K kg/ha 192.6 224.6 184.2 454.2 212.4 332.6 267.2 526.2 
12 Available Phosphorous as P kg/ha 66 86 90 80 76 88 77.8 68 
13 Available Nitrogen as N kg/ha 64 158 195 94 99 148 82 68 
14 Organic Matter % 0.96 1.48 1.55 0.88 0.85 1.38 0.56 0.92 
15 Organic Carbon % 0.56 0.86 0.90 0.51 0.50 0.80 0.32 0.54 
16 Water soluble chloride as Cl mg/kg 384 192 450 710 290 673 318 1623 
17 Water soluble sulphates as SO4 mg/kg 46 86 164 84 88 74 62.1 180 
18 Sodium Absorption Ratio -- 0.35 0.29 0.38 0.32 0.23 0.43 0.30 0.59 
19 Aluminium  % 1.88 1.97 1.75 3.39 3.56 1.98 1.67 3.54 
20 Total Iron % 3.17 3.50 2.20 3.84 3.92 3.27 2.74 4.11 
21 Manganese mg/kg 375 360 312 412 374 356 257 428 
22 Boron mg/kg 19.7 20.2 15.1 41.5 26.1 26.1 15.6 31.8 
23 Zinc mg/kg 48.7 82.2 76.2 94.8 80.1 182.5 54.1 86.6 
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TABLE 4.4.2(B) : SOIL ANALYSIS RESULTS – PRE-MONSOON SEASON (MARCH TO MAY 2012)  
 

Sr.No. Location Unit S1 S2 S3 S4 S5 S6 S7 S8 
1 pH  -- 7.4 7.6 7.5 7.4 7.6 7.5 7.4 7.5 
2 Conductivity  µS/cm 448 492 624 922 312 874 382 960 
3 Texture -- Sandy 

Clay 
Sandy 
Clay 

Sandy 
Clay 

Sandy Clay 
Loam 

Sandy 
Clay 

Sandy 
Clay 

Sandy 
Clay 

Sandy Clay 
Loam 

4 Sand % 48 51 52 36 47 50 52 34 
5 Silt % 12 12 13 34 15 11 12 37 
6 Clay % 40 37 35 30 39 39 36 29 
7 Bulk Density g/cc 1.0 1.1 1.2 1.1 1.2 1.1 1.0 1.0 
8 Exchangeable Calcium as Ca mg/kg 6754 5024 6482 5074 6654 6042 5874 5568 
9 Exchangeable Magnesium as Mg mg/kg 704 794 652 546 986 592 904 618 
10 Exchangeable Sodium as Na mg/kg 268.6 204.6 272 218.6 186.4 309.4 218.2 372.4 
11 Available Potassium as K kg/ha 224.2 232.4 196 472.4 244.8 348.6 274.8 536.4 
12 Available Phosphorous as P kg/ha 72 78 82 84 84 82 75.4 63 
13 Available Nitrogen as N kg/ha 58 144 182 92 92 132 86 72 
14 Organic Matter % 0.89 1.27 1.41 0.78 0.92 1.20 0.72 0.75 
15 Organic Carbon % 0.52 0.74 0.82 0.48 0.54 0.70 0.42 0.44 
16 Water soluble chloride as Cl mg/kg 362 184 426 684 276 622 304 1562 
17 Water soluble sulphates as SO4 mg/kg 42 80 158 78 82 68 64.2 162 
18 Sodium Absorption Ratio -- 0.37 0.31 0.38 0.32 0.25 0.45 0.30 0.56 
19 Aluminium  % 1.72 1.86 1.82 3.42 3.68 1.88 1.74 3.42 
20 Total Iron % 2.92 3.26 2.54 3.74 3.82 3.18 2.78 3.94 
21 Manganese mg/kg 360 472 324 374 436 432 282 418 
22 Boron mg/kg 17.6 23.4 18.4 38.6 27.2 28.6 17.2 28.3 
23 Zinc mg/kg 52.6 74.8 71.4 97.4 83.4 194.4 58.6 82.4 
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TABLE 4.4.2(C) : SOIL ANALYSIS RESULTS – POST-MONSOON SEASON (OCTOBER TO NOVEMBER 2012)  
 

Sr.No. Location Unit S1 S2 S3 S4 S5 S6 S7 S8 
1 pH  -- 7.6 7.8 7.8 7.6 7.7 7.7 7.7 7.6 
2 Conductivity  µS/cm 520 540 655 965 325 810 435 932 
3 Texture -- Sandy 

Clay 
Sandy 
Clay 

Sandy 
Clay 

Sandy Clay 
loam 

Sandy 
Clay 

Sandy 
Clay 

Sandy 
Clay 

Sandy Clay 
loam 

4 Sand % 48 51 47 30 52 47 46 29 
5 Silt % 14 08 11 28 13 08 13 26 
6 Clay % 38 41 42 42 35 45 41 45 
7 Bulk Density g/cc 1.0 1.1 1.1 1.2 1.0 1.1 1.1 1.2 
8 Exchangeable Calcium as Ca mg/kg 7120 6190 7320 5190 7196 7024 6114 6124 
9 Exchangeable Magnesium as Mg mg/kg 898 1025 759 698 1125 725 1094 695 
10 Exchangeable Sodium as Na mg/kg 345 245.6 335.9 186.9 215.4 210.9 194 560 
11 Available Potassium as K kg/ha 243.0 312.9 216.1 530 295 416.3 319.2 614.0 
12 Available Phosphorous as P kg/ha 53 75 98 89 94 96 82 74 
13 Available Nitrogen as N kg/ha 71.0 164 215 104 88 136 78 62 
14 Organic Matter % 0.52 0.39 1.26 0.86 0.82 1.04 0.82 0.65 
15 Organic Carbon % 0.29 0.80 0.72 0.49 0.47 0.59 0.47 0.37 
16 Water soluble chloride as Cl mg/kg 415 165 540 664 329 715 422 812 
17 Water soluble sulphates as SO4 mg/kg 53 97 173 92 94 78.0 69.3 196 
18 Sodium Absorption Ratio -- 0.46 0.34 0.45 0.29 0.28 0.29 0.27 0.81 
19 Aluminium  % 1.21 1.09 1.33 2.67 2.02 1.07 1.26 3.65 
20 Total Iron % 2.69 3.10 2.06 3.39 4.12 4.23 2.96 3.86 
21 Manganese mg/kg 428 445 396 320 489 438 315 512.9 
22 Boron mg/kg 26.1 23.9 18.4 33.9 30.8 34.3 18.4 28.6 
23 Zinc mg/kg 53.9 91.0 82.3 105.6 86.3 193.9 63.4 81.7 
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TABLE-4.4.3 : STANDARD SOIL CLASSIFICATION 
 

Sr. No. Soil Test Classification 
1 pH <4.5   Extremely acidic 

4.51- 5.50 Very strongly acidic 
5.51-6.00  Moderately acidic 
6.01-6.50  Slightly acidic 
6.51-7.30  Neutral 
7.31-7.80  Slightly alkaline 
7.81-8.50  Moderately alkaline 
8.51-9.00  Strongly alkaline 
>9.00  Very strongly alkaline 

2 Salinity Electrical Conductivity (ppm) 
   
(1 ppm =640mho/cm) 

Upto 1.00 Average 
1.01-2.00 harmful to germination 
2.01-3.00 Harmful to crops (sensitive to salts) 

3 Organic Carbon Upto 0.20:  Very less 
0.21-0.40:  Less 
0.41-0.50:  Medium, 
0.51-0.80: On an avg. sufficient 
0.81-1.00:     Sufficient 
>1.00     :  More than sufficient 

4 Nitrogen (Kg/ha) Upto 50  Very less 
51-100  Less 
101-150  Good 
151-300  Better 
>300  Sufficient 

5 Phosphorus (Kg/ha) Upto 15  Very less 
16-30  Less 
31-50  Medium, 
51-65  On an avg. sufficient 
66-80  Sufficient 
>80  More than sufficient 

6 Potash (Kg/ha) 0 -120  Very less 
120-180  Less 
181-240  Medium 
241-300  Average 
301-360  Better 
>360  More than sufficient 

 Source: Hand Book of Agriculture, ICAR, New Delhi 
 
4.5  Meteorology 
  

 The meteorological data recorded during the monitoring period is very useful for 
proper interpretation of the baseline information as well as for input prediction models 
for air quality dispersion. Historical data on meteorological parameters will also play 
an important role in identifying the general meteorological regime of the region. 
 
The year may broadly be divided into four seasons: 

 
 Winter season  : December to February 
 Pre-monsoon season : March to May 
 Monsoon season  : June to September 
 Post-monsoon season : October to November 
 
On-site monitoring was undertaken for various meteorological variables in order to 
generate the site-specific data. The meteorological station was installed over top of a 
residential house near to the proposed expansion plant and data was recorded 
every hour continuously from December 2011 to February 2012 representing winter 
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season, March to May 2012 for pre monsoon season and October to November 2012 
for post monsoon season. The generated data are then compared with the 
meteorological data generated by nearest India Meteorological Department (IMD) 
station located at Surat. The available meteorological data of IMD, Surat station was 
collected and analyzed. 

 
4.5.1 Meteorological Data Generated at Site 
 

The meteorological parameters were recorded on hourly basis during the study 
period and comprises of parameters like wind speed, wind direction (from 0 to 360 
degrees), temperature, relative humidity, atmospheric pressure, rainfall and cloud 
cover. The maximum, minimum and average values for all the parameters except 
wind speed and direction are presented in Table-4.5.1. 

 
4.5.2  Secondary Data Collected from IMD Surat 
  

Secondary information on meteorological conditions has been collected from the 
nearest IMD station at Surat. The available meteorological data of IMD, Surat has 
been collected for the period 1999-2009 and analyzed. 

 
4.5.2.1 Meteorological data  
  

The meteorological data is collected from the IMD includes wind speed, wind 
direction (recorded in sixteen directions), temperature, relative humidity, atmospheric 
pressure; rainfall and cloud cover over a period of 10 years (1999 to 2009). The 
monthly maximum, minimum and average values are collected for all the 
parameters except wind speed and direction. All these parameters are recorded 
twice a day viz at 0830 and 1730 hours. The collected data is tabulated in Table-4.5.2.  

 
TABLE-4.5.1 : SUMMARY OF THE METEOROLOGICAL DATA GENERATED AT SITE 

 
  

           Month 
Temperature (0C) Relative Humidity (%)  

Rainfall (mm) 
Atmospheric 
Pressure (mb) 

Max. Min. Max. Min. Max. Min. 
Winter season 2011-2012 
December, 2011 32.4 16.0 68 45 - 1015.1 1011.7 
January, 2012 31.2 15.9 67 42 - 1014.8 1011.5 
February, 2012 34.6 19.1 65 36 - 1013.1 1010.4 
Range 16.0-34.6 36-68 - 1010.4-1015.1 
Pre-monsoon season 2012 
March, 2012  35.3 23.1 68 35 - 1009.6 1006.8 
April, 2012 39.8 25.1 69 44 - 1006.2 1003.9 
May, 2012 40.3 26.3 72 52 - 1005.7 1003.2 
Range 23.1-40.3 35-72 - 1003.2-1009.6 
Post-monsoon season 2012 
October, 2012  35.1 24.3 79.2 56.4 - 1012.3 1010.6 
November, 2012 32.6 20.2 68.9 45.7 - 1015.1 1011.4 
Range 20.2-35.1 

 
45.7-79.2 - 1010.6-1015.1 
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TABLE-4.5.2 : CLIMATOLOGICAL DATA-STATION: IMD – SURAT (1999-2009) 
 

Month Temperature (0C) Relative Humidity (%) Rainfall (mm) 
Max Min 08:30 hr 17:30 hr 

January 30.1 17.1 67.4 39.2 6.4 
February 31.9 18.8 65.1 34.1 9.3 
March 34.6 21.9 62.3 32.8 5.3 
April 36.5 24.3 68.0 42.5 15 
May 37.2 25.9 71.3 60.5 45.8 
June 33.7 24.4 79.1 70.3 307.1 
July 31.0 23.8 84.2 78.1 339 
August 30.2 23.3 86.6 79.3 269.3 
September 31.5 23.2 84.4 70.1 154.5 
October 32.2 21.8 76.7 55.3 95.1 
November 31.8 19.7 66.9 44.8 23.7 
December 30.7 17.3 68.0 43.3 18.3 
Range  17.1-37.2 32.8-86.6 1288.8 

 
4.5.2.2 Wind speed/Direction – IMD- Surat 
 

The IMD wind roses representing winter, pre-monsoon, monsoon and post-monsoon 
seasons along with annual wind rose are shown in Figure-4.5.2(A) to Figure-4.5.2(E) and 
presented in Table-4.5.3. 

 
TABLE-4.5.3 : SUMMARY OF WIND PATTERN – IMD SURAT 

 
Season First predominant 

Winds in % 
Second predominant 

winds in % 
Calm Condition 

In % 
0830 1730 0830 1730 0830 1730 

Winter NE (25.3) NW (39.0) N (20.4) N (13.3) 7.6 3.3 
Pre-Monsoon SW (28.0) SW (36.0) NW (12.3) NW (20.3) 9.0 2.3 
Monsoon SW (44.8) SW (66.0) W (16.5) W (10.0) 8.2 2.5 
Post Monsoon SE (20.0) NW (24.5) NE (19.5) SW (11.5) 8.5 8.5 
Annual SW (19.2) SW (30.7) NE (13.1) NW (22.0) 8.3 4.2 

Note: Figures in parenthesis indicates % of time wind blows 
 
         Site specific  Wind Rose  
 

Winter Season – 2011 to 2012 
 
Predominantly winds were from NW direction for 25.9% of the total time. The second 
predominant wind direction was from NE direction (14.9%). In the N direction, the 
winds were observed for 13.5% of the total time. In other directions, the percentage 
frequencies observed as SE (6.7%), NNW (6.4%), W & E (5.3%), SW (5.1%), NNE (2.7%), S 
(2.3%), WNW (1.6%), ESE (1.2%), SSE (1.1%), SSW (0.8%), WSW (0.3%) and ENE (0.2%). 
Calm conditions prevailed for 6.7% of the time. The site specific wind rose for the 
winter season is shown in Figure-4.5.1(A).  
 
Pre Monsoon Season - 2012 
 
Predominantly winds were from SW direction for 29.1% of the total time. The second 
predominant wind direction was from NW direction (18.8%). In the W direction, the 
winds were observed for 13.5% of the total time. In other directions, the percentage 
frequencies observed as S (8.3%), SE (4.6%), N (4.3%), WSW (3.7%), SSW (2.9%), NE 
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(2.4%), SSE (1.6%), NNW (1.5%), WNW (1.5%), ESE (0.9%), NNE (0.6%), E (0.6%) and ENE 
(0.3%). Calm conditions prevailed for 5.4% of the time. The site specific wind rose for 
the winter season is shown in Figure-4.5.1(B).  

 
Post Monsoon Season – 2012 
 
Predominantly winds were from NW direction for 20.2% of the total time. The second 
predominant wind direction was from NE direction (16.9%). In the E direction, the 
winds were observed for 12.8% of the total time. In other directions, the percentage 
frequencies observed as SE (11.9%), N (8.1%), W (7.2%), SW (4.5%), S (3.9%), NNW 
(1.6%), SSE (1.4%), ENE (1.1%), WSW (1.0%), NNE (0.9%), WNW (0.8%), ESE (0.7%) and 
SSW (0.5%). Calm conditions prevailed for 6.5% of the time. The site specific wind rose 
for the winter season is shown in Figure-4.5.1(C).  

 
3.5.3 Comparison of Primary and Secondary Data 
 

The India Meteorological Department (IMD) records the data at two times a day viz. 
0830 hr and 1730 hr while the site specific data has been recorded at an hourly interval. 
On comparison of site specific data generated for study period vis-à-vis the IMD data, 
slight variations were observed. The following observations are brought out: 
 
 The temperature was recorded on site when compared vis-à-vis the IMD data, 

slight variations was found. The minimum and maximum temperatures recorded at 
site during study period in winter 16.00C to 34.60C; in pre-monsoon seasons were 
23.10C to 40.30C and in post-monsoon season 20.20C – 35.10C. At IMD-Surat during 
the same period for winter, pre-monsoon and post monsoon period the minimum 
and maximum temperatures were recorded as 17.10C to 31.90C, in the pre-
monsoon are 21.90C to 37.20C and in the post monsoon season are 19.70C -32.20C 
respectively. 
 

 The Relative Humidity was observed to be in the range of 36-68% in winter,   35-72% 
during the study period at the site for pre-monsoon season and in the post monsoon 
season 45.7-79.2%. Whereas according to IMD Surat the Relative Humidity was 
observed to be in the range of 34.1-68% during the winter season, in pre-monsoon 
season 32.8-71.3% and in post monsoon 44.8-76.7% respectively. 

 
 No major deviations of site specific meteorological data as compared with regional 

IMD meteorological data. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐4: Baseline Environmental Studies 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                  C4-15    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

\ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE-4.5.1 (A) : SITE SPECIFIC WIND ROSE – WINTER SEASON (2011 – 2012)  
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FIGURE-4.5.1 (B) : SITE SPECIFIC WIND ROSE – PRE MONSOON SEASON (2012) 
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FIGURE-4.5.1 (C) : SITE SPECIFIC WIND ROSE – POST MONSOON SEASON (2012) 
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FIGURE-4.5.2 (A) :SEASONAL WINDROSE - IMD SURAT- WINTER SEASON 
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FIGURE-4.5.2 (B) : SEASONAL WINDROSE - IMD SURAT-PRE MONSOON   
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FIGURE-4.5.2 (C) :SEASONAL WINDROSE - IMD SURAT-MONSOON SEASON  

44
.8

%
 S

W
 

8.3%
 NW

 

0%
 N

N
W

 N
N
E 

0%

2.
0%

 S
S
W

 S
S
E 0.5%

3.5% WSW 

7
.0

%
 S

1.0% WNW 

16.5% W C-8.2%
ESE 0%

SE 5.7%

ENE 0%

E 0.5%

NE 
1.

7%

N
 0

.3
%

66
.0

%
 S

W
 

3.5%
 NW

 

0.5%
 N

N
W

 

N
N
E 

0%

5.
0%

 S
S
W

 

S
S
E 0.5%

5.6% WSW 

4
.0

%
 S

0.7% WNW 
10.0% W C-2.5%

ESE 0%SE 1.0%

ENE 0%

E 0%

NE 
0.

2%N
 0

.5
%

08:30 Hrs
MONSOON

17:30 Hrs
MONSOON

SPEED  CALM

1151

SCALE

19 >19 Km/hr

5%



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐4: Baseline Environmental Studies 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                  C4-21    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE-4.5.2 (D) :SEASONAL WINDROSE - IMD SURAT-POST MONSOON SEASON  
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FIGURE-4.5.2 (E) :ANNUAL WINDROSE - IMD SURAT  
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4.6 Air Quality 
 

The ambient air quality with respect to the study zone of 10-km radius around the 
proposed project forms the baseline information. The prime objective of the baseline air 
quality study was to assess the existing air quality of the area. This will also be useful for 
assessing the conformity to standards of the ambient air quality during the mining 
operations. The study area represents mostly rural/residential environment. 

This section describes the selection of sampling locations, methodology adopted for 
sampling, analytical techniques and frequency of sampling.  
 

4.6.1 Methodology adopted for Air Quality Survey 
 
 Selection of Sampling Locations 
 

The baseline status of the ambient air quality has been assessed through a scientifically 
designed ambient air quality-monitoring network. The design of monitoring network in 
the air quality surveillance program has been based on the following considerations: 

 
 Meteorological conditions on synoptic scale; 
 Topography of the study area; 
 Representatives of regional background air quality for obtaining baseline status; 

and 
 Representatives of likely impact areas. 

 
Ambient Air Quality Monitoring (AAQM) stations were set up at eight locations with due 
consideration to the above mentioned points. Table-4.6.1 gives the details of 
environmental setting around each monitoring station. The locations of the selected 
stations with reference to the proposed mining lease are given in the same table and 
depicted in Figure-4.6.1. 

 
 Frequency and Parameters for Sampling 

 
Ambient Air Quality Monitoring was done at a frequency of two days continuous per 
week for three season’s at all eight monitoring stations during winter 2011-2012, pre 
monsoon 2012 and post monsoon season 2012. The baseline data of air environment 
was monitored for parameters mentioned below as per revised MoEF notification 
dated 16th November 2009: 
 
 Particulate Matter (PM10); 
 Particulate Matter (PM2.5); 
 Sulphur dioxide (SO2); 
 Nitrogen dioxide (NO2);  
 Carbon monoxide (CO); 
 Ozone (O3) 
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TABLE-4.6.1 :DETAILS OF AMBIENT AIR QUALITY MONITORING 
 

Station Code Name of the Station Distance (km) Direction 
w.r.t. Proposed Plant 

AAQ1 Project site  -- -- 
AAQ2 Lakhigam village 2.9 NNE 
AAQ3 Near Dahej 5.8 NNE 
AAQ4 Ambheta village 6.2 ENE 
AAQ5 Jageshwar village 3.6 ENE 
AAQ6 Luvara village 1.5 E 
AAQ7 SE of Plant 1.5 SE 
AAQ8 Near Aliabet village 9.5 ESE 

 
 Duration of Sampling  
 
The sampling duration for Particulate Matter-10, Particulate Matter-2.5, SO2 and NOx is 
twenty four hourly continuous samples per day; CO and O3 are sampled for 8 hours 
continuous thrice a day. This is to allow a comparison with the present revised standards 
mentioned in the latest Gazette notification of the Central Pollution Control Board 
(CPCB) (November 16, 2009).  

 
4.6.2 Presentation of Primary Data 
 

Various statistical parameters like 98th percentile, average, maximum and minimum 
values have been computed from the observed raw data for all the AAQ monitoring 
stations. The results of monitoring carried out are presented in Annexure-VII. The 
summary of these results representing winter 2011-2012, pre-monsoon 2012 and post-
monsoon season 2012 are given in Table-4.6.2 to Table 4.6.4 respectively. These are 
compared with the standards prescribed by Central Pollution Control Board (CPCB) for 
rural and residential zone and Industrial zone. 
 
 Summary of observations 
 
Winter season (December 2011 to February 2012) 
  
PM 10 
 
The maximum concentration for Particulate Matter (PM10) observed in eight locations is 
57.9 g/m3 recorded at Plant site (AAQ1) the minimum concentration is recorded as 
33.5 g/m3 at near Aliabet Village (AAQ8) during the study period. The recorded values 
are within the limits of the standard values of NAAQS 2009. 
 
PM 2.5 

 
Out of the eight locations the maximum concentration for Particulate Matter (PM2.5) 
was observed as 19.4 g/m3 recorded at SE of plant (AAQ7) with the minimum 
concentration observed as 8.5 g/m3 recorded at near Aliabet Village (AAQ8) during 
the study period. All ambient air quality locations the PM2.5 levels recorded are within 
the prescribed standards for Residential and Industrial areas.  
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FIGURE-4.6.1: AIR QUALITY SAMPLING LOCATIONS 
SO2 
 
In the eight locations the maximum concentration for Sulphur dioxide (SO2) was 
observed as 19.4 g/m3 recorded at SE of plant (AAQ7) and the minimum 
concentration observed as 10.2 g/m3 recorded at near Aliabet Village (AAQ8) during 
the study period.  

 
 NOx 
 

Out of the eight locations the maximum concentration for Oxides of Nitrogen (NOx) 
was observed as 20.4 g/m3 recorded at SE of plant (AAQ7) and the minimum 
concentration observed at 11.4 g/m3 recorded at near Aliabet village (AAQ8) during 
the study period.  
 
CO 

 
In all the eight residential and rural locations the maximum concentration for Carbon 
Monoxide (CO) was observed as 507 g/m3 recorded at SE of Plant (AAQ7) and the 
minimum concentration observed of 143 g/m3 recorded at near Aliabet village 
(AAQ8) village during the study period. 
 
O3 

 
Out of the eight locations the maximum concentration for O3 was observed as 7.8 
g/m3 recorded at plant site (AAQ1) with the minimum concentration observed as 2.2 
g/m3 recorded at near Aliabet Village (AAQ8) during the study period. All ambient air 
quality locations the O3 levels recorded are within the prescribed standards for 
Residential and Industrial areas.  
 
Pre-monsoon season (March to May 2012) 
 
PM 10 
 
The maximum concentration for Particulate Matter (PM10) observed in eight locations is 
65.1 g/m3 recorded at Plant site (AAQ1) the minimum concentration is recorded as 
34.7 g/m3 at near Aliabet Village (AAQ8) during the study period.  
 
PM 2.5 

 
Out of the eight locations the maximum concentration for Particulate Matter (PM2.5) 
was observed as 23.8 g/m3 recorded at Plant site (AAQ1) with the minimum 
concentration observed as 10.2 g/m3 recorded at near Aliabet Village (AAQ8) during 
the study period. All ambient air quality locations the PM2.5 levels recorded are within 
the prescribed standards for Residential and Industrial areas.  

 
SO2 
 
In the eight locations the maximum concentration for Sulphur dioxide (SO2) was 
observed as 15.8 g/m3 recorded at Plant site (AAQ1) and the minimum concentration 
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observed as 9.1 g/m3 recorded at near Aliabet Village (AAQ8) during the study 
period.  

 NOx 
 

Out of the eight locations the maximum concentration for Oxides of Nitrogen (NOx) 
was observed as 16.5 g/m3 recorded at Plant site (AAQ1) and the minimum 
concentration observed at 10.3 g/m3 recorded at near Aliabet village (AAQ8) during 
the study period.  
 
CO 

 
In all the eight residential and rural locations the maximum concentration for Carbon 
Monoxide (CO) was observed as 414 g/m3 recorded at Plant site (AAQ1) and the 
minimum concentration observed of 132 g/m3 recorded at near Aliabet village 
(AAQ8) village during the study period. 
 
O3 

 
Out of the eight locations the maximum concentration for O3 was observed as 8.0 
g/m3 recorded at plant site (AAQ1), near Dahej (AAQ3) and near SE of plant (AAQ7) 
with the minimum concentration observed as 2.5 g/m3 recorded at near Jageshwar 
village (AAQ5) during the study period. All ambient air quality locations the O3 levels 
recorded are within the prescribed standards for Residential and Industrial areas.  
 
Post monsoon season – (October to November 2012) 
 
 Particulate Matter (PM10) 
 
The maximum concentration for Particulate Matter (PM10) observed in eight locations is 
62.3 g/m3 recorded at Plant site (AAQ1) the minimum concentration is recorded as 
34.1 g/m3 at near Aliabet Village (AAQ8) during the study period.  
 
 Particulate Matter (PM2.5) 
 

Out of the eight locations the maximum concentration for Particulate Matter (PM2.5) 
was observed as 21.7 g/m3 recorded at Plant site (AAQ1) with the minimum 
concentration observed as 9.4 g/m3 recorded at near Aliabet Village (AAQ8) during 
the study period. All ambient air quality locations the PM2.5 levels recorded are within 
the prescribed standards for Residential and Industrial areas.  

 
 Sulphur Dioxide 
 
In the eight locations the maximum concentration for Sulphur dioxide (SO2) was 
observed as 9.6 g/m3 recorded at Plant site (AAQ1) and the minimum concentration 
observed as 17.8 g/m3 recorded at near Aliabet Village (AAQ8) during the study 
period.  

 
 Nitrogen Oxide 
 
Out of the eight locations the maximum concentration for Oxides of Nitrogen (NOx) 
was observed as 10.8 g/m3 recorded at Plant site (AAQ1) and the minimum 
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concentration observed at 19.1 g/m3 recorded at near Aliabet village (AAQ8) during 
the study period.  
 Carbon Monoxide 

 
In all the eight residential and rural locations the maximum concentration for Carbon 
Monoxide (CO) was observed as 473 g/m3 recorded at Plant site (AAQ1) and the 
minimum concentration observed of 136 g/m3 recorded at near Aliabet village 
(AAQ8) village during the study period. 
 
 Ozone 

  
Out of the eight locations the maximum concentration for O3 was observed as 7.9 
g/m3 recorded at plant site (AAQ1) with the minimum concentration observed as 2.4 
g/m3 recorded at near Aliabet village (AAQ8) during the study period. All ambient air 
quality locations the O3 levels recorded are within the prescribed standards for 
Residential and Industrial areas.  

 
TABLE-4.6.2(A) : AMBIENT AIR QUALITY– WINTER SEASON 2011-2012  

(All Values are expressed in g/m3) 
Sr. 
No 

Location PM10 PM2.5 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 42.6 57.9 52.1 57.8 12.8 17.8 15.7 17.6 
2 Lakhigam village 34.6 55.3 42.7 53.4 11.4 17.2 14.2 17.0 
3 Near Dahej 34.4 49.6 39.3 48.4 10.0 16.5 12.8 15.9 
4 Ambheta village 34.1 43.7 38.4 43.7 9.2 11.7 10.6 11.7 
5 Jageshwar village 33.6 42.1 35.7 40.9 9.5 13.9 11.4 13.7 
6 Luvara village 44.1 56.2 48.2 54.3 13.9 17.3 15.8 17.3 
7 SE of Plant 49.2 57.4 53.5 57.4 16.2 19.4 17.5 19.2 
8 Near Aliabet village 33.5 40.4 35.4 38.9 8.5 11.6 9.7 11.4 
 Range 33.5 - 57.9  8.5 - 19.4 

 
TABLE-4.6.2(B) : AMBIENT AIR QUALITY– WINTER SEASON 2011-2012 

(All Values are expressed in g/m3) 
Sr. 
No. 

Location SO2 NOx 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 11.4 17.6 15.7 17.6 12.2 18.5 15.3 18.0 
2 Lakhigam village 10.4 13.6 11.8 13.6 11.6 15.7 13.2 15.3 
3 Near Dahej 10.3 13.5 11.9 13.2 11.9 16.1 13.4 15.6 
4 Ambheta village 10.8 13.1 11.7 12.9 12.1 14.6 13.1 14.6 
5 Jageshwar village 11.1 14.3 12.4 13.9 12.7 15.4 13.9 15.3 
6 Luvara village 11.2 15.9 12.9 15.7 12.2 17.0 14.0 17.0 
7 SE of Plant 11.6 19.4 15.3 18.5 12.5 20.4 16.1 19.5 
8 Near Aliabet village 10.2 11.8 11.2 11.8 11.4 13.7 12.7 13.6 
 Range 10.2 - 19.4 11.4 - 20.4 

 
TABLE-4.6.2(C) : AMBIENT AIR QUALITY– WINTER SEASON 2011-2012 

(All Values are expressed in g/m3)      
Sr. 
No. 

Location CO O3 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 313 483 396 472 2.5 7.8 4.4 7.7 
2 Lakhigam village 235 442 346 437 2.3 7.4 4.3 7.2 
3 Near Dahej 238 394 317 386 2.4 7.6 4.3 7.3 
4 Ambheta village 206 324 253 301 2.3 7.1 3.9 6.1 
5 Jageshwar village 215 334 270 316 2.3 7.3 4.0 6.9 
6 Luvara village 305 446 381 433 2.4 7.7 4.4 7.6 
7 SE of Plant 313 507 444 497 2.5 7.6 4.4 7.4 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐4: Baseline Environmental Studies 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                  C4-29    

Sr. 
No. 

Location CO O3 
Min Max Avg. 98% Min Max Avg 98% 

8 Near Aliabet village 143 282 215 274 2.2 7.0 3.9 6.4 
 Range 143 - 507 2.2 - 7.8 

TABLE-4.6.3(A) : AMBIENT AIR QUALITY–PRE MONSOON 2012 
 

(All Values are expressed in g/m3) 
Sr. 
No 

Location PM10 PM2.5 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 52.3 65.1 59.8 64.9 18.6 23.8 21.7 23.5 
2 Lakhigam village 35.6 61.9 46.1 60.8 12.8 19.5 16.0 19.2 
3 Near Dahej 36.6 59.0 48.9 58.8 13.2 19.3 16.8 19.3 
4 Ambheta village 36.8 52.2 44.8 51.7 11.6 15.3 13.9 15.3 
5 Jageshwar village 36.6 45.1 40.2 44.3 11.2 15.7 13.6 15.5 
6 Luvara village 49.5 63.1 53.4 60.9 15.1 21.4 17.7 21.0 
7 SE of Plant 51.1 63.5 57.8 62.3 17.3 20.4 19.1 20.4 
8 Near Aliabet village 34.7 45.3 39.3 44.9 10.2 15.7 12.2 15.2 
 Range 34.7 – 65.1 10.2 – 23.8 

 
TABLE-4.6.3(B) : AMBIENT AIR QUALITY–PRE MONSOON 2012 

 
(All Values are expressed in g/m3)        

Sr. 
No. 

Location SO2 NOx 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 10.1 15.8 13.1 15.7 11.1 16.5 14.2 16.3 
2 Lakhigam village 9.5 12.9 11.7 12.9 11.2 14.2 12.9 14.2 
3 Near Dahej 10.0 12.4 11.2 12.4 10.8 13.8 12.5 13.7 
4 Ambheta village 9.3 12.0 10.5 11.9 10.6 13.1 11.6 13.0 
5 Jageshwar village 9.5 13.0 10.9 13.0 10.6 14.4 12.3 14.4 
6 Luvara village 9.7 13.8 11.5 13.5 10.9 14.9 13.0 14.9 
7 SE of Plant 10.0 13.7 10.9 13.4 10.9 15.5 12.4 15.0 
8 Near Aliabet village 9.1 10.2 9.8 10.2 10.3 12.0 11.2 12.0 
 Range 9.1 – 15.8 10.3 – 16.5 

 
TABLE-4.6.3(C) : AMBIENT AIR QUALITY–PRE MONSOON 2012 

 
(All Values are expressed in g/m3)        

Sr. 
No. 

Location CO O3 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 267 414 344 405 2.8 8.0 4.8 7.8 
2 Lakhigam village 221 352 298 343 2.7 7.9 4.5 7.7 
3 Near Dahej 231 373 304 357 2.7 8.0 4.6 8.0 
4 Ambheta village 189 297 248 283 2.6 7.3 4.4 6.9 
5 Jageshwar village 204 299 262 295 2.5 7.5 4.4 7.2 
6 Luvara village 283 384 319 358 2.7 7.9 4.6 7.8 
7 SE of Plant 293 411 368 408 2.6 8.0 4.6 7.8 
8 Near Aliabet village 132 275 205 256 2.6 7.3 4.3 7.1 
 Range 132 - 414 2.5 – 8.0 

 
TABLE-4.6.4(A) : AMBIENT AIR QUALITY–POST MONSOON SEASON 2012 

 
(All Values are expressed in g/m3) 

Sr. 
No 

Location PM10 PM2.5 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 57.7 62.3 59.2 61.8 16.8 21.7 18.9 21.4 
2 Lakhigam village 47.4 53.2 50.2 52.9 12.9 19.5 15.7 19.1 
3 Near Dahej 46.6 52.5 49.6 52.2 11.2 17.6 14.5 17.2 
4 Ambheta village 40.3 46.7 43.1 46.2 10.9 15.9 12.7 15.4 
5 Jageshwar village 38.5 44.6 41.2 44.3 9.9 14.7 12.1 14.3 
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Sr. 
No 

Location PM10 PM2.5 
Min Max Avg. 98% Min Max Avg 98% 

6 Luvara village 51.9 57.8 54.7 57.4 13.4 20.2 16.4 19.8 
7 SE of Plant 55.9 60.6 57.9 60.2 15.3 21.6 17.7 21.2 
8 Near Aliabet village 34.1 41.3 36.7 40.6 9.4 13.7 11.3 13.4 
 Range 34.1 – 62.3 9.4 – 21.7 

TABLE-4.6.4(B) : AMBIENT AIR QUALITY–POST MONSOON SEASON 2012 
(All Values are expressed in g/m3)        

Sr. 
No. 

Location SO2 NOx 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 14.1 17.8 15.4 17.5 14.2 19.1 15.9 18.8 
2 Lakhigam village 13.3 16.6 14.4 16.3 13.1 18.2 15.9 17.9 
3 Near Dahej 12.7 15.9 14.4 15.6 12.8 17.8 15.1 17.6 
4 Ambheta village 11.8 14.7 12.9 15.4 12.4 17.3 14.5 16.9 
5 Jageshwar village 10.2 13.9 12.1 13.6 11.6 16.9 14.1 16.5 
6 Luvara village 9.9 12.7 10.9 12.4 11.2 15.5 13.2 15.2 
7 SE of Plant 13.8 17.1 15.1 16.9 13.5 18.6 15.3 18.2 
8 Near Aliabet village 9.6 12.5 10.9 12.3 10.8 14.9 12.5 14.5 
 Range 9.6 – 17.8 10.8 – 19.1 

 
TABLE-4.6.4(C) :AMBIENT AIR QUALITY–POST MONSOON SEASON 2012 

(All Values are expressed in g/m3)        
Sr. 
No. 

Location CO O3 
Min Max Avg. 98% Min Max Avg 98% 

1 Project site 407 473 433 469 5.7 7.9 6.4 7.4 
2 Lakhigam village 331 412 361 405 4.7 6.9 5.8 6.8 
3 Near Dahej 316 396 359 389 4.1 6.4 5.3 6.1 
4 Ambheta village 287 379 329 375 3.5 5.9 4.7 5.6 
5 Jageshwar village 207 333 265 326 3.2 5.4 4.3 5.1 
6 Luvara village 175 281 227 275 2.6 4.9 3.7 4.6 
7 SE of Plant 371 445 408 441 5.1 7.2 6.2 6.9 
8 Near Aliabet village 136 222 169 211 2.4 4.4 3.3 4.1 
 Range 136 - 473 2.4 – 7.9 

 
4.6.2 Characterization of RSPM  
 

Season wise characterization of RSPM details are given in the Table 4.6.5. 
 

TABLE 4.6.5 : CHARACTERIZATION OF RSPM 
 

Sr. No Element Winter 2011-2012 Pre Monsoon 2012 Post Monsoon 2012 
Min Max Min Max Min Max 

(µg/m3) (µg/m3) (µg/m3) 
1 Free Silica 0.44 1.14 0.51 1.12 0.62 1.28 
2 Aluminium 2.2 5.2 1.9 6.2 2.6 7.1 
3 Calcium 3.2 8.1 3.5 9.1 3.9 7.9 
4 Sodium 3.2 9.6 3.6 10.2 2.9 9.4 
5 Potassium 2.3 5.3 2.4 5.8 3.2 6.1 
6 Magnesium 0.9 4.1 0.8 3.6 1.4 4.4 
7 Lead 0.04 0.22 0.05 0.42 0.05 0.34 
8 Zinc 4.12 9.7 4.3 10.8 4.3 9.8 
9 Vanadium 0.006 0.098 0.008 0.124 0.009 0.092 
10 Iron 0.38 1.48 0.42 1.6 0.54 1.7 
11 Manganese 0.08 0.94 0.09 0.84 0.12 0.84 
12 Boran 3.2 7.6 3.4 8.1 3.8 7.9 
13 Cadmium <0.001 0.046 <0.001 0.064 <0.001 0.068 
14 Copper 0.04 0.52 0.06 0.64 0.05 0.69 
15 Nickel 0.007 0.072 0.009 0.09 0.007 0.08 
16 Cobalt <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Sr. No Element Winter 2011-2012 Pre Monsoon 2012 Post Monsoon 2012 
Min Max Min Max Min Max 

(µg/m3) (µg/m3) (µg/m3) 
17 Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
18 Arsenic <0.001 0.018 <0.001 0.024 <0.001 0.018 
19 Sulphur 0.64 2.18 0.58 2.76 0.74 2.38 
20 Phosphorus 1.1 2.3 1.36 3.4 1.54 3.1 
21 Chlorides 1.1 2.7 1.4 4.4 1.6 3.4 
22 Chromium 0.006 0.032 0.006 0.042 0.004 0.035 

4.7 Water Quality 
 
Selected water quality parameters of ground water and surface water resources within 
10-km radius of the study area has been studied for assessing the water environment 
and evaluate anticipated impact of the proposed mining activities. Understanding the 
water quality is essential in preparation of Environmental Impact Assessment and to 
identify critical issues with a view to suggest appropriate mitigation measures for 
implementation. 
  
The purpose of this study is to:  

 
 Assess the water quality characteristics for critical parameters; and 
 Predict the impact of water quality by these mining and related activities. 

 
The information required has been collected through primary surveys and secondary 
sources.  
 
Two surface water sources and eight groundwater sources covering 10-km radial 
distance were examined for physico-chemical, heavy metals and bacteriological 
parameters. 
 
The samples were collected and analysed once during the study period. The samples 
were analyzed as per the procedures specified in 'Standard Methods for the 
Examination of Water and Wastewater' published by American Public Health 
Association (APHA).  
 

4.7.1 Water Sampling Locations 
 

Total ten water samples were collected from different sampling locations for three 
seasons during winter 2011-2012, pre monsoon 2012 and post monsoon 2012. These 
samples were taken as grab samples and were analyzed for various parameters to 
compare with the standards. The water sampling locations are listed below in Table-
4.7.1 and are depicted in Figure-4.7.1. The results of monitoring carried out for the study 
are presented in Table-4.7.2. 

 
TABLE-4.7.1 : DETAILS OF WATER SAMPLING LOCATIONS 

 
Sr. 
No. 

Code Location Distance Bearing 
w.r.t. Proposed Plant 

Surface Water 
1 SW1 Sea near Plant (near PLL Jetty) 0.7 SW 
2 SW2 Narmada River (near Ambetha) 9.0 E 

Ground Water 
1 GW1 Plant Site                  -- -- 
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Sr. 
No. 

Code Location Distance Bearing 
w.r.t. Proposed Plant 

2 GW2 Lakhigam village 2.9 NNE 
3 GW3 Near Dahej 5.8 NNE 
4 GW4 Ambetha village 6.2 ENE 
5 GW5 Jageshwar village 3.6 ENE 
6 GW6 Luvara village 1.5 E 
7 GW7 SE of Plant 1.5 SE 
8 GW8 Near Aliabet village 9.5 ESE 

 
 
4.7.1 Presentation of Results 
 
4.7.1.1 Surface Water Quality  
 

The results for the surface water samples analysed for four seasons are presented in 
Table 4.7.2 and are compared with the IS-10500 standards. 

 
Winter Season (December 2011 to February 2012) 
 
 The analysis results of surface water samples indicate that the pH value was 

observed to be 7.8 and 7.9 in SW1 & SW2 respectively which is well within the 
specified standards of 6.5 to 8.5. 

 
 Electrical conductivity of surface water samples was observed to be very high 

concentrations because the source of the samples is taken from sea & river surface 
waters. 

 
 The Dissolved Oxygen was observed about 6.5 & 6.2 mg/l in SW1 & SW2 samples 

respectively. 
 

 Sulphates were found to be in the range of 232.4 & 189.0 mg/l, and Nitrates were 
found to be in the range of 4.5 & 3.4 mg/l which are with in the prescribed limits 
only. 

 
 Fluoride concentration was found to be in the range of 1.2 & 1.1 mg/l in both the 

samples, which are within the prescribed limits.  
 

 Cyanides and Phenolic compounds found to be less than detection limits. 
 

 Bacteriological studies revealed that the Total Coliform count and E. coli count are 
well within the prescribed limits of IS 10500.   
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FIGURE-4.7.1 : WATER SAMPLING LOCATIONS 
Pre-monsoon Season (March to May 2012) 
 
 The analysis results of surface water samples indicate that the pH value was 

observed to be 7.9 and 8.0 in SW1 & SW2 respectively which is well within the 
specified standards of 6.5 to 8.5. 

 
 Electrical conductivity of surface water samples was observed to be very high 

concentrations, because the source of the samples is taken from sea & river surface 
waters. 

 
 The Dissolved Oxygen was observed about 6.4 & 6.3 mg/l in SW1 & SW2 samples 

respectively. 
 

 Sulphates were found to be in the range of 254 & 196 mg/l, and Nitrates were found 
to be in the range of 4.8 & 3.8 mg/l which are within the prescribed limits only. 

 
 Fluoride concentration was found to be in the range of 1.1 & 1.2 mg/l in both the 

samples, which are within the prescribed limits.  
 

 Cyanides and Phenolic compounds found to be less than detection limits. 
 

 Bacteriological studies revealed that the Total Coliform count and E. coli count are 
well within the prescribed limits of IS 10500.   

 
 Monsoon Season (June to September 2012) 

 
 The analysis results of surface water samples indicate that the pH value was 

observed to be 7.6 and 7.7 in SW1 & SW2 respectively which is well within the 
specified standards of 6.5 to 8.5. 

 
 Electrical conductivity of surface water samples was observed to be very high 

concentrations, because the source of the samples is taken from sea & river surface 
waters. 

 
 The Dissolved Oxygen was observed about 3.8 & 4.1 mg/l in SW1 & SW2 samples 

respectively. 
 

 Sulphates were found to be in the range of 204 & 164 mg/l, and Nitrates were found 
to be in the range of 3.8 & 3.1 mg/l which are within the prescribed limits only. 
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 Fluoride concentration was found to be in the range of 1.3 & 1.2 mg/l in both the 
samples, which are within the prescribed limits.  

 
 Cyanides and Phenolic compounds found to be less than detection limits. 

 
 Bacteriological studies revealed that the Total Coliform count and E. coli count are 

well within the prescribed limits of IS 10500.   
 
 
 
 

Post-monsoon Season (October to November 2012) 
 
 The analysis results of surface water samples indicate that the pH value was 

observed to be 7.9 and 7.7 in SW1 & SW2 respectively which is well within the 
specified standards of 6.5 to 8.5. 

  
 Electrical conductivity of surface water samples was observed to be very high 

concentrations, because the source of the samples is taken from sea & river surface 
waters. 

 
 The Dissolved Oxygen was observed about 5.2 & 4.9 mg/l in SW1 & SW2 samples 

respectively. 
 

 Sulphates were found to be in the range of 210 & 182 mg/l, and Nitrates were found 
to be in the range of 3.5 & 3.1 mg/l which are within the prescribed limits only. 

 
 Fluoride concentration was found to be in the range of 1.2 & 1.3 mg/l in both the 

samples, which are within the prescribed limits.  
 

 Cyanides and Phenolic compounds found to be less than detection limits. 
 

 Bacteriological studies revealed that the Total Coliform count and E. coli count are 
well within the prescribed limits of IS 10500.   

 
4.7.2.2 Ground Water Quality 
 

Winter Season (December 2011 to February 2012) 
 
The results for the ground water samples collected during winter season are 
presented in Table 4.7.3(A). 
 
 The analysis results of ground water samples showed the pH in range of 7.6-8.3, 

which is well within the specified standard of 6.5 to 8.5.  
 
 Colour and Turbidity of the samples ranged from 2-3 Hazens and 3-6 NTU 

respectively.  
 
 Electrical conductivity of the samples ranged from 203 - 2570 µS/cm except one 

location having maximum value observed as 9230 µS/cm at GW1 (Plant site), and 
where as the minimum value was observed at GW8 (near Aliabet Village). 
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 The Total Hardness of the samples ranged from 90 - 940 mg/l. The maximum value 

was observed at GW1 (Plant site) and the minimum value observed at GW8 (near 
Aliabet village). Whereas the prescribed limit of 300 mg/l.  

 
 Calcium and Magnesium concentrations ranged from 19 – 192 mg/l and 7.3 – 121.5 

mg/l respectively.  
 
 The Total Dissolved solids of the samples ranged from 132 - 1720 mg/l except one 

sample shows the higher value as 6190 mg/l at plant site. The maximum TDS was 
observed at GW6 (Luvara village) and where as the minimum value observed at 
GW8 (Aliabet Village).The TDS values are well within the prescribed limit of 2000 
mg/l except one sample at (GW1) plant site.  

  
 Range of Chlorides and Sulphates concentrations at all the locations 7.1 -319 mg/l, 

except one sample at plant site (GW1) which is having 2411 mg/l. And sulphate 
concentration as 2.9 – 69.4 mg/l respectively except Plant site (GW1) has shown 
537.9 mg/l.  

 
 Fluoride concentrations are ranging in between 0.2 – 0.7 mg/l and are found to be 

within the permissible limits. Similarly, Nitrates are also found to be ranging between 
1.1 – 32.2 mg/l.  

 
 Iron concentrations in ground waters varied from 0.02 – 0.18 mg/l. All other metal 

concentrations are observed to be below detectable limits. 
 

 Bacteriological studies revealed the absence of E.coli in ground waters. The Total 
Coliform counts is <2 MPN/100 ml in all eight samples against the standard limit of 10 
MPN/100 ml. 

 
 Based on the above results it is evident that all of the parameters in ground water fairly 

meet the desirable standard limits of IS: 10500. 
 
Pre-monsoon Season (March to May 2012) 
 
The results for the ground water samples collected during pre-monsoon season are 
presented in Table-4.7.3(B). 
 
 The analysis results of ground water samples showed the pH in range of 7.6-8.5, 

which is well within the specified standard of 6.5 to 8.5.  
 
 Colour and Turbidity of the samples ranged from 2-3 Hazens and 3-4 NTU 

respectively.  
 
 Electrical conductivity of the samples ranged from 214 - 3160 µS/cm except one 

location having maximum value observed as 10140 µS/cm at GW1 (Plant site), 
and where as the minimum value was observed at GW5 (near Jageshwar Village). 

 
 The Total Hardness of the samples ranged from 85 - 675 mg/l. The maximum value 

was observed at GW1 (Plant site) and the minimum value observed at GW8 (near 
Aliabet village). Whereas the prescribed limit of 300 mg/l.  
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 Calcium and Magnesium concentrations ranged from 24 – 160 mg/l and 6.1 – 103.3 

mg/l respectively. 
 
 The Total Dissolved Solids of the water samples ranged from 142 - 1390 mg/l 

except two samples shows the higher value as 2150 and 6896 mg/l at GW6 & 
GW1 respectively. The maximum TDS was observed at GW1 (Plant site), and 
where as the minimum value observed at GW5 (Jageshwar Village). The TDS 
values are well within the prescribed limit of 2000 mg/l except two samples at 
(GW1) plant site and Luvara village (GW6).  

  
 Range of Chlorides concentrations at all the locations 8.2 - 500 mg/l, except one 

sample at plant site (GW1) which is having 2918 mg/l. And range of sulphate 
concentration as 2.2 – 113.9 mg/l except Plant site (GW1) has shown 708.6 mg/l.  

 
 Fluoride concentrations are ranging in between 0.1 – 0.8 mg/l and are found to be 

within the permissible limits. Similarly, Nitrates are also found to be ranging between 
1.4 – 31.4 mg/l.  

 
 Iron concentrations in ground waters varied from 0.02 – 0.20 mg/l. All other metal 

concentrations are observed to be below detectable limits. 
 

 Bacteriological studies revealed the absence of E.coli in ground waters. The Total 
Coliform counts is <2 MPN/100 ml in all eight samples against the standard limit of 10 
MPN/100 ml. 

 
 Based on the above results it is evident that all of the parameters in ground water fairly 

meet the desirable standard limits of IS: 10500. 
 
Monsoon Season (June 2012 to September 2012) 
 
The results for the ground water samples collected during monsoon season are 
presented in Table 4.7.3(C). 
 
 The analysis results of ground water samples showed the pH in range of 7.7-7.9, 

which is well within the specified standard of 6.5 to 8.5.  
 
 Colour and Turbidity of the samples ranged from 2-3 Hazens and 2-5 NTU 

respectively.  
 

 Electrical conductivity of the samples ranged from 176 - 2980 µS/cm except one 
location having maximum value observed as 9120 µS/cm at GW1 (Plant site), and 
where as the minimum value was observed at GW5 (Jageshwar Village). 

 
 The Total Hardness of the samples ranged from 73 - 523 mg/l. The maximum value 

was observed at GW7 (SE of Plant) and the minimum value observed at GW5 
(Jageshwar village). Whereas the prescribed limit of 300 mg/l.  

 
 Calcium and Magnesium concentrations ranged from 16.9 – 150.2 mg/l and 5.4 – 

75.6 mg/l respectively.  
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 The Total Dissolved solids of the samples ranged from 115 - 2090 mg/l except one 
sample shows the higher value as 6340 mg/l. The maximum TDS was observed at 
GW1 (Plant site) and where as the minimum value observed at GW5 (Jageshwar 
Village).  

 
 Range of Chlorides and Sulphates concentrations at all the locations 10.1 -475 mg/l, 

except one sample at plant site (GW1) which is having 2460 mg/l. And sulphate 
concentration as 2.5 – 105.5 mg/l respectively except Plant site (GW1) has shown 
695 mg/l.  

 
 Fluoride concentrations are ranging in between 0.2 – 0.7 mg/l and are found to be 

within the permissible limits. Similarly, Nitrates are also found to be ranging between 
1.6 – 31.4 mg/l.  

 
 Iron concentrations in ground waters varied from 0.03 – 0.16 mg/l. All other metal 

concentrations are observed to be below detectable limits. 
 

 Bacteriological studies revealed the absence of E.coli in ground waters. The Total 
Coliform counts is <2 MPN/100 ml in all eight samples against the standard limit of 10 
MPN/100 ml. 

 
 Based on the above results it is evident that all of the parameters in ground water fairly 

meet the desirable standard limits of IS: 10500. 
 
Post-monsoon Season (October to November 2012) 
 
The results for the ground water samples collected during post-monsoon season are 
presented in Table-4.7.3(D). 
 
 The analysis results of ground water samples showed the pH in range of 7.6-7.9, 

which is well within the specified standard of 6.5 to 8.5.  
 
 Colour and Turbidity of the samples ranged from 2-4 Hazens and 3-5 NTU 

respectively.  
 
 Electrical conductivity of the samples ranged from 194 - 3050 µS/cm except one 

location having maximum value observed as 9480 µS/cm at GW1 (Plant site), and 
where as the minimum value was observed at GW5 (near Jageshwar Village). 

 
 The Total Hardness of the samples ranged from 84 - 565 mg/l. The maximum value 

was observed at GW1 (Plant site) and the minimum value observed at GW5 (near 
Jageshwarvillage) whereas the prescribed limit of 300 mg/l.  

 
 Calcium and Magnesium concentrations ranged from 22.3 – 158.4 mg/l and 5.7 – 

90 mg/l respectively. 
 
 The Total Dissolved Solids of the water samples ranged from 126 - 1980 mg/l 

except one sample shows the higher value as 6160 mg/l at GW1. The maximum 
TDS was observed at GW1 (Plant site) and where as the minimum value observed 
at GW5 (Jageshwar Village). The TDS values are well within the prescribed limit of 
2000 mg/l except at (GW1) plant site.  
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 Range of Chlorides concentrations at all the locations 9.7 - 490 mg/l, except one 

sample at plant site (GW1) which is having 2642 mg/l and range of sulphate 
concentration as 2.4 – 110.6 mg/l except Plant site (GW1) has shown 690 mg/l.  

 
 Fluoride concentrations are ranging in between 0.3 – 0.6 mg/l and are found to be 

within the permissible limits. Similarly, Nitrates are also found to be ranging between 
1.2 – 34.6 mg/l.  

 
 Iron concentrations in ground waters varied from 0.02 – 0.12 mg/l. All other metal 

concentrations are observed to be below detectable limits. 
 

 Bacteriological studies revealed the absence of E.coli in ground waters. The Total 
Coliform counts is <2 MPN/100 ml in all eight samples against the standard limit of 10 
MPN/100 ml. 

 
 Based on the above results it is evident that all of the parameters in ground water fairly 

meet the desirable standard limits of IS: 10500 except at one location (GW1) where the 
TDS is crossing the limit as it was located adjacent to sea. 
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TABLE-4.7.2 : SURFACE WATER QUALITY- 2011- 2012 
 

Sr. No. Parameters UOM IS: 10500 Standards Winter 2011-2012 Pre monsoon - 2012 Monsoon - 2012 Post monsoon - 2012 
    SW-1 SW-2 SW-1 SW-2 SW-1 SW-2 SW-1 SW-2 
1 pH -- 6.5 to 8.5 7.8 7.9 7.9 8.0 7.6 7.7 7.9 7.7 
2 Color Hazen 5(25) 6 8 3 4 4 5 6 7 
3 Odour -- U.O UO UO UO UO UO UO UO UO 
4 Conductivity µmhos/cm $ 45000 46600 46300 46000 43370 44050 41785 42180 
5 Turbidity NTU 5 (10) 9 10 4 5 4 4 5 4 
6 Chemical Oxygen Demand mg/l $ 140 160 152 168 125 130 120 135 
7 Dissolved Oxygen  mg/l $ 6.5 6.2 6.4 6.3 3.8 4.1 5.2 4.9 

8 Total Dissolved Solids mg/l 500 (2000) 30148 31228 30095 29900 28191 28633 27160 27417 

9 Total Hardness mg/l 300 (600) 6300 6350 6100 6220 5755 5770 5340 5480 
10 Total Alkalinity  mg/l 200 (600) 145 155 155 190 140 165 155 170 
11 Calcium as Ca mg/l 75 (200) 372 372 360 352 335 325 285 290 
12 Magnesium as Mg mg/l 30(100) 1304.9 1317.1 1263 1297 1195 1205 1125 1156 
13 Residual Chlorine  mg/l 0.2 Min <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
14 Boron mg/l 1 0.20 0.30 0.03 0.02 <0.01 <0.01 <0.01 <0.01 
15 Chlorides as Cl mg/l 250 (1000) 16094 16307 16216 16156 14652 15102 14860 14320 
16 Sulfates as SO4 2- mg/l 200 (400) 232.4 189.0 254 196 204 164 210 182 
17 Fluorides as F mg/l 1.0 (1.5) 1.2 1.1 1.1 1.2 1.3 1.2 1.2 1.3 
18 Nitrates as NO3 mg/l 45 (NR) 4.5 3.4 4.8 3.8 3.8 3.1 3.5 3.1 
19 Sodium as Na mg/l $ 7536 7445 7684 7516 7165 7325 6995 7010 
20 Potassium as K mg/l $ 269 289 284 304 275 255 260 285 
21 Phenolic Compounds mg/l 0.001(0.002) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
22 Cyanides  mg/l 0.05 (NR) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
23 Anionic Detergents mg/l 0.2 (1.0) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
24 Mineral Oil  mg/l 0.01 (0.002) <0.01 <0.01 <0.01 <0.01 <1.0 <1.0 <1.0 <1.0 
25 Cadmium as Cd mg/l 0.01 (NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
26 Arsenic as As  mg/l 0.01 (NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
27 Copper as Cu mg/l 0.05 (1.5) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
28 Lead as Pb mg/l 0.05 (1.5) 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
29 Manganese as Mn mg/l 0.1 (0.3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
30 Iron as Fe mg/l 0.3 (1.0) 0.08 0.07 0.12 0.15 0.22 0.16 0.11 0.13 
31 Chromium as Cr+6 mg/l 0.05 (NR) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
32 Selenium as Se mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
33 Zinc as Zn mg/l 5 (15) 0.01 0.02 <0.01 <0.01 0.07 0..01 0.05 0.02 
34 Aluminium as Al mg/l 0.03 (0.2) 0.06 0.03 0.11 0.19 0.12 0.09 0.11 0.07 
35 Mercury as Hg mg/l 0.001 (NR) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
36 Pesticides  mg/l Absent  Absent Absent Absent Absent Absent Absent Absent Absent 
37 E coli MPN/100ml Absent  Absent Absent Absent Absent Absent Absent Absent Absent 
38 Total coliforms MPN/100ml 10 09 08 08 09 10 08 10 07 

*Onsite results, $ Limits not specified as per IS: 10500; OU: Unobjectionable; Ag: Agreeable; NR: No Relaxation 
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TABLE-4.7.3(A) ; GROUND WATER QUALITY – WINTER 2011 – 2012 
 

Sr. No. Parameter Unit Limits as per 
 IS10500 

GW1 GW2 GW3 GW4 GW5 GW6 GW7 GW8 

1 pH - 6.5-8.5 (NR) 8.0 8.3 8.1 8.0 7.8 8.1 7.6 7.7 
2 Colour Hazen 5(25) 3 3 3 2 2 3 2 2 
3 Taste - Agreeable Ag Ag Ag Ag Ag Ag Ag Ag 
4 Odour - UO UO UO UO UO UO UO UO UO 
5 Conductivity µS/cm $ 9230 286 226 250 252 2570 2319 203 
6 Turbidity NTU 5(10) 6 4 4 3 3 4 3 3 
7 TDS mg/l 500(2000) 6190 198 151 172 152 1720 1572 132 
8 Total Hardness as CaCO3 mg/l 300(600) 940 130 95 100 115 915 600 90 
9 Total Alkalinity mg/l 200(600) 595 120 70 105 110 850 595 95 

10 Calcium as Ca mg/l 75(200) 176 32 26 24 26 192 148 19 
11 Magnesium as Mg mg/l 30(100) 121.5 12.2 7.3 9.7 12.2 104.5 55.9 10.3 
12 Residual  Chlorine mg/l 0.2 Min <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
13 Boron mg/l 1 <0.01 <0.01 <0.01 <0.01 <0.01 0.28 <0.01 <0.01 
14 Chlorides as Cl mg/l 250(1000) 2411 11 24 11 18 237 319 7.1 
15 Sulphates as SO4 mg/l 200(400) 537.9 6.7 8.4 3.9 4.0 69.4 64.8 2.9 
16 Fluorides as F mg/l 1.0(1.5) 0.6 0.5 0.5 0.4 0.4 0.7 0.5 0.2 
17 Nitrates as NO3 mg/l 45(NR) 4.2 1.7 2.1 1.8 1.7 31.7 32.2 1.1 
18 Sodium as Na mg/l $ 1502 7.0 9.2 11.8 10.8 88.4 195.6 7.5 
19 Potassium as K mg/l $ 278 1.8 1.6 1.4 1.4 122.8 82.9 0.8 
20 Phenolic Compounds mg/l 0.001(0.002) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
21 Cyanides  mg/l 0.05(NR) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
22 Anionic Detergents mg/l 0.2(0.1) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
23 Mineral Oil mg/l 0.01(0.03) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
24 Cadmium as Cd mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
25 Arsenic as As mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
26 Copper as Cu mg/l 0.05(1.5) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
27 Lead as Pb mg/l 0.05(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
28 Manganese as Mn mg/l 0.1(0.3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
29 Iron as Fe mg/l 0.3(1.0) 0.03 0.10 0.08 0.18 0.08 0.07 0.02 0.03 
30 Chromium as Cr+6 mg/l 0.05(NR) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
31 Selenium as Se mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
32 Zinc as Zn mg/l 5(15) <0.01 <0.01 <0.01 <0.01 0.01 <0.01 0.01 <0.01 
33 Aluminium as Al mg/l 0.03(0.2) 0.01 0.06 0.06 0.01 <0.01 0.02 0.01 <0.01 
34 Mercury as Hg mg/l 0.001(NR) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
35 Pesticides  mg/l Absent Absent Absent Absent Absent Absent Absent Absent Absent 
36 E.Coli MPN/100 ml Absent Absent Absent Absent Absent Absent Absent Absent Absent 
37 Total Coliforms MPN/100 ml 10 <2 <2 <2 <2 <2 <2 <2 <2 

*Onsite results, $ Limits not specified as per IS: 10500; OU: Unobjectionable; Ag: Agreeable; NR: No Relaxation 
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TABLE-4.7.3(B) :GROUND WATER QUALITY – PRE MONSOON – 2012 
 

Sr. No. Parameter Unit Limits as per 
 IS10500 

GW1 GW2 GW3 GW4 GW5 GW6 GW7 GW8 

1 pH - 6.5-8.5 (NR) 8.0 8.4 8.3 8.5 8.4 8.2 7.7 7.6 
2 Colour Hazen 5(25) 2 2 3 2 2 3 3 2 
3 Taste - Agreeable Ag Ag Ag Ag Ag Ag Ag Ag 
4 Odour - UO UO UO UO UO UO UO UO UO 
5 Conductivity µS/cm $ 10140 250 244 217 214 3160 2150 220 
6 Turbidity NTU 5(10) 3 4 4 3 3 4 4 3 
7 TDS mg/l 500(2000) 6896 174 168 144 142 2150 1390 152 
8 Total Hardness as CaCO3 mg/l 300(600) 675 120 110 100 95 550 570 85 
9 Total Alkalinity mg/l 200(600) 370 105 100 100 90 695 565 90 

10 Calcium as Ca mg/l 75(200) 100 30 34 30 26 100 160 24 
11 Magnesium as Mg mg/l 30(100) 103.3 10.9 6.1 6.1 7.3 72.9 41.3 6.1 
12 Residual  Chlorine mg/l 0.2 Min <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
13 Boron mg/l 1 0.02 <0.01 <0.01 <0.01 <0.01 0.87 <0.01 <0.01 
14 Chlorides as Cl mg/l 250(1000) 2918 25 23 20.0 21 500 204 8.2 
15 Sulphates as SO4 mg/l 200(400) 708.6 5.3 7.1 2.2 2.9 113.9 28.6 3.1 
16 Fluorides as F mg/l 1.0(1.5) 0.5 0.4 0.4 0.3 0.4 0.8 0.6 0.1 
17 Nitrates as NO3 mg/l 45(NR) 3.8 2.2 2.4 2.8 2.1 31.4 30.6 1.4 
18 Sodium as Na mg/l $ 2012 12.2 11.9 12.6 11.8 312.3 181 7.2 
19 Potassium as K mg/l $ 82.6 2.0 1.8 1.8 1.7 253.7 88.6 0.6 
20 Phenolic Compounds mg/l 0.001(0.002) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
21 Cyanides  mg/l 0.05(NR) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
22 Anionic Detergents mg/l 0.2(0.1) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
23 Mineral Oil mg/l 0.01(0.03) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
24 Cadmium as Cd mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
25 Arsenic as As mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
26 Copper as Cu mg/l 0.05(1.5) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
27 Lead as Pb mg/l 0.05(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
28 Manganese as Mn mg/l 0.1(0.3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
29 Iron as Fe mg/l 0.3(1.0) 0.11 0.03 0.08 0.02 0.08 0.20 0.03 0.04 
30 Chromium as Cr+6 mg/l 0.05(NR) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
31 Selenium as Se mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
32 Zinc as Zn mg/l 5(15) 0.22 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 
33 Aluminium as Al mg/l 0.03(0.2) 0.06 0.09 0.06 0.03 0.06 0.13 0.02 0.01 
34 Mercury as Hg mg/l 0.001(NR) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
35 Pesticides  mg/l Absent Absent Absent Absent Absent Absent Absent Absent Absent 
36 E.Coli - Absent Absent Absent Absent Absent Absent Absent Absent Absent 
37 Total Coliforms MPN/100 ml 10 <2 <2 <2 <2 <2 <2 <2 <2 

*Onsite results, $ Limits not specified as per IS: 10500; OU: Unobjectionable; Ag: Agreeable; NR: No Relaxation 
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TABLE-4.7.3(C) :GROUND WATER QUALITY – MONSOON – 2012 
 

Sr. No. Parameter Unit Limits as per 
 IS10500 

GW1 GW2 GW3 GW4 GW5 GW6 GW7 GW8 

1 pH - 6.5-8.5 (NR) 7.8 7.8 7.7 7.8 7.9 7.9 7.8 7.7 
2 Colour Hazen 5(25) 2 2 2 2 3 3 2 3 
3 Taste - Agreeable Ag Ag Ag Ag Ag Ag Ag Ag 
4 Odour - UO UO UO UO UO UO UO UO UO 
5 Conductivity µS/cm $ 9120 185 198 235 176 2980 1979 185 
6 Turbidity NTU 5(10) 3 2 2 3 4 4 3 5 
7 TDS mg/l 500(2000) 6340 120 130 160 115 2090 1330 125 
8 Total Hardness as 

CaCO3 
mg/l 300(600) 512 76 85 100 73 517 523 79 

9 Total Alkalinity mg/l 200(600) 350 55 75 95 60 650 495 75 
10 Calcium as Ca mg/l 75(200) 80.4 16.9 25.1 30.0 18.5 95.0 150.2 21.2 
11 Magnesium as Mg mg/l 30(100) 75.6 8.1 5.4 6.1 6.4 67.8 35.8 6.2 
12 Residual  Chlorine mg/l 0.2 Min <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 
13 Boron mg/l 1 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
14 Chlorides as Cl mg/l 250(1000) 2460 19.7 16.4 15.6 20.5 475 265 10.1 
15 Sulphates as SO4 mg/l 200(400) 695 5.9 5.4 2.5 3.0 105.5 45.0 3.4 
16 Fluorides as F mg/l 1.0(1.5) 0.4 0.5 0.5 0.4 0.5 0.7 0.6 0.2 
17 Nitrates as NO3 mg/l 45(NR) 3.4 2.4 2.2 2.4 2.8 31.4 31.2 1.6 
18 Sodium as Na mg/l $ 1865 7.4 9.1 12.6 8.4 296.8 174.5 6.3 
19 Potassium as K mg/l $ 62.9 1.4 1.5 1.8 1.3 245.5 80.2 0.9 
20 Phenolic Compounds mg/l 0.001(0.002) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
21 Cyanides  mg/l 0.05(NR) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
22 Anionic Detergents mg/l 0.2(0.1) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
23 Mineral Oil mg/l 0.01(0.03) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
24 Cadmium as Cd mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
25 Arsenic as As mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
26 Copper as Cu mg/l 0.05(1.5) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
27 Lead as Pb mg/l 0.05(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
28 Manganese as Mn mg/l 0.1(0.3) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
29 Iron as Fe mg/l 0.3(1.0) 0.14 0.09 0.03 0.04 0.03 0.16 0.07 0.04 
30 Chromium as Cr+6 mg/l 0.05(NR) <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
31 Selenium as Se mg/l 0.01(NR) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
32 Zinc as Zn mg/l 5(15) 0..19 <0.01 0.11 0.09 0.09 0.02 0.09 <0.01 
33 Aluminium as Al mg/l 0.03(0.2) 0.09 0.03 0.07 0.01 <0.01 0.12 <0.01 0.07 
34 Mercury as Hg mg/l 0.001(NR) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
35 Pesticides  mg/l Absent Absent Absent Absent Absent Absent Absent Absent Absent 
36 E.Coli - Absent Absent Absent Absent Absent Absent Absent Absent Absent 
37 Total Coliforms MPN/100 ml 10 Nil Nil Nil Nil Nil Nil Nil Nil 

*Onsite results, $ Limits not specified as per IS: 10500; OU: Unobjectionable; Ag: Agreeable; NR: No Relaxation 
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TABLE-4.7.3(D) :GROUND WATER QUALITY – POST MONSOON 2011 – 2012 
 

SSrr..  NNoo..  PPaarraammeetteerr  UUnniitt  LLiimmiittss  aass  ppeerr  
  IISS1100550000  

GGWW11  GGWW22  GGWW33  GGWW44  GGWW55  GGWW66  GGWW77  GGWW88  

11  ppHH  --  66..55--88..55  ((NNRR))  77..88  77..99  77..77  77..66  77..88  77..99  77..99  77..66  
22  CCoolloouurr  HHaazzeenn  55((2255))  22  22  22  22  22  44  33  22  
33  TTaassttee  --  AAggrreeeeaabbllee  AAgg  AAgg  AAgg  AAgg  AAgg  AAgg  AAgg  AAgg  
44  OOddoouurr  --  UUOO  UUOO  UUOO  UUOO  UUOO  UUOO  UUOO  UUOO  UUOO  
55  CCoonndduuccttiivviittyy  µµSS//ccmm  $$  99448800  221100  222200  220055  119944  33005500  22001100  220055  
66  TTuurrbbiiddiittyy  NNTTUU  55((1100))  44  33  33  33  33  55  33  33  
77  TTDDSS  mmgg//ll  550000((22000000))  66116600  113377  114433  113333  112266  11998800  11330077  113333  
88  TToottaall  HHaarrddnneessss  aass  CCaaCCOO33  mmgg//ll  330000((660000))  556655  9977  9988..22  9933  8844  553322  555544  8866  
99  TToottaall  AAllkkaalliinniittyy  mmgg//ll  220000((660000))  336655  8822  8866..44  8888..44  7766..77  668800..44  555500  8877..22  
1100  CCaallcciiuumm  aass  CCaa  mmgg//ll  7755((220000))  8866  2244..22  2299..66  2277..88  2222..33  9988..66  115588..44  2233..88  
1111  MMaaggnneessiiuumm  aass  MMgg  mmgg//ll  3300((110000))  9900  99..11  55..88  55..77  66..88  6699..44  3388..66  66..44  
1122  RReessiidduuaall    CChhlloorriinnee  mmgg//ll  00..22  MMiinn  <<00..22  <<00..22  <<00..22  <<00..22  <<00..22  <<00..22  <<00..22  <<00..22  
1133  BBoorroonn  mmgg//ll  11  00..0033  00..0011  <<00..0011  00..0011  00..0011  00..0011  <<00..0011  <<00..0011  
1144  CChhlloorriiddeess  aass  CCll  mmgg//ll  225500((11000000))  22664422  2222..33  1188..66  2255..66  2200..88  449900  227788  99..77  
1155  SSuullpphhaatteess  aass  SSOO44  mmgg//ll  220000((440000))  669900  55..55  66..44  22..44  33..44  111100..66  3366..44  22..88  
1166  FFlluuoorriiddeess  aass  FF  mmgg//ll  11..00((11..55))  00..33  00..44  00..55  00..44  00..33  00..66  00..55  00..33  
1177  NNiittrraatteess  aass  NNOO33  mmgg//ll  4455((NNRR))  33..88  11..99  22..11  22..66  22..55  3333..66  3344..66  11..22  
1188  SSooddiiuumm  aass  NNaa  mmgg//ll  $$  11888855  77..99  1100..66  1144..88  1100..22  330055..22  117788..66  66..88  
1199  PPoottaassssiiuumm  aass  KK  mmgg//ll  $$  7766  11..88  11..44  11..66  11..55  224400..22  8844..44  00..77  
2200  PPhheennoolliicc  CCoommppoouunnddss  mmgg//ll  00..000011((00..000022))  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  
2211  CCyyaanniiddeess    mmgg//ll  00..0055((NNRR))  <<00..0022  <<00..0022  <<00..0022  <<00..0022  <<00..0022  <<00..0022  <<00..0022  <<00..0022  
2222  AAnniioonniicc  DDeetteerrggeennttss  mmgg//ll  00..22((00..11))  <<00..11  <<00..11  <<00..11  <<00..11  <<00..11  <<00..11  <<00..11  <<00..11  
2233  MMiinneerraall  OOiill  mmgg//ll  00..0011((00..0033))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
2244  CCaaddmmiiuumm  aass  CCdd  mmgg//ll  00..0011((NNRR))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
2255  AArrsseenniicc  aass  AAss  mmgg//ll  00..0011((NNRR))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
2266  CCooppppeerr  aass  CCuu  mmgg//ll  00..0055((11..55))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
2277  LLeeaadd  aass  PPbb  mmgg//ll  00..0055((NNRR))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
2288  MMaannggaanneessee  aass  MMnn  mmgg//ll  00..11((00..33))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
2299  IIrroonn  aass  FFee  mmgg//ll  00..33((11..00))  00..0099  00..0033  00..0099  00..1122  00..0099  00..0099  00..0033  00..0022  
3300  CChhrroommiiuumm  aass  CCrr++66  mmgg//ll  00..0055((NNRR))  <<00..0055  <<00..0055  <<00..0055  <<00..0055  <<00..0055  <<00..0055  <<00..0055  <<00..0055  
3311  SSeelleenniiuumm  aass  SSee  mmgg//ll  00..0011((NNRR))  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  <<00..0011  
3322  ZZiinncc  aass  ZZnn  mmgg//ll  55((1155))  00....1111  00..0099  00..0033  00..0066  00..0022  00..0099  00..0011  00..0055  
3333  AAlluummiinniiuumm  aass  AAll  mmgg//ll  00..0033((00..22))  00..0022  00..0011  00..0077  00..0011  <<00..0011  00..0033  00..0011  00..0066  
3344  MMeerrccuurryy  aass  HHgg  mmgg//ll  00..000011((NNRR))  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  <<00..000011  
3355  PPeessttiicciiddeess    mmgg//ll  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  
3366  EE..CCoollii  --  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  AAbbsseenntt  
3377  TToottaall  CCoolliiffoorrmmss  MMPPNN//110000  mmll  1100  <<22  <<22  <<22  <<22  <<22  <<22  <<22  <<22  

*Onsite results, $ Limits not specified as per IS: 10500; OU: Unobjectionable; Ag: Agreeable; NR: No Relaxation 
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4.8    Noise Level Survey 
 

The physical description of sound concerns its loudness as a function of frequency. 
Noise in general is sound which is composed of many frequency components of 
various types of loudness distributed over the audible frequency range. Various noise 
scales have been introduced to describe, in a single number, the response of an 
average human to a complex sound made up of various frequencies at different 
loudness levels. The most common and universally accepted scale is the A weighted 
Scale which is measured as dB (A). This is more suitable for audible range of 20 to 20,000 
Hz. The scale has been designed to weigh various components of noise according to 
the response of a human ear. 

 
The impact of noise sources on surrounding community depends on: 
 
 Characteristics of noise sources (instantaneous, intermittent or continuous in 

nature). It can be observed that steady noise is not as annoying as one which is 
continuously varying in loudness;  

 
 The time of day at which noise occurs, for example high noise levels at night in 

residential areas are not acceptable because of sleep disturbance; and 
 
 The location of the noise source, with respect to noise sensitive landuse, which 

determines the loudness and period of exposure. 
 

The environmental impact of noise can have several effects varying from Noise 
Induced Hearing Loss (NIHL) to annoyance depending on loudness of noise. The 
environmental impact assessment of noise from the mining operations, construction 
activity, and vehicular traffic can be undertaken by taking into consideration various 
factors like potential damage to hearing, physiological responses, and annoyance and 
general community responses. 

 
The main objective of noise monitoring in the study area is to establish the baseline 
noise levels and assess the impact of the total noise generated by the mining 
operations around it. 

 
4.8.1 Identification of Sampling Locations 

 
A preliminary reconnaissance survey has been undertaken to identify the major noise 
generating sources in the area. Noise at different noise generating sources has been 
identified based on the activities in the village area, ambient noise due to traffic and 
the noise at sensitive areas like hospitals and schools. 

 
The noise monitoring has been conducted for determination of noise levels at eight 
locations in the study area. The noise level survey was conducted for three seasons i.e., 
winter season-2011-2012, pre monsoon-12 and post monsoon-2012 the noise levels at 
each location were recorded for 24 hours. The environment setting of each noise 
monitoring location is given in Table-4.8.1 and depicted in Figure-4.8.1.  
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FIGURE-4.8.1 : NOISE MONITORING LOCATIONS 
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TABLE-4.8.1 : DETAILS OF NOISE MONITORING LOCATIONS 
 

Location 
Code 

 
Location 

Distance 
(km) 

Direction  
          Zone 

w.r.t. Proposed Plant 
N1 Project site -- -- Industrial area 
N2 Lakhigam village 2.9 NNE Rural/Residential area 
N3 Near Dahej 5.8 NNE Rural/Residential area 
N4 Ambheta village 6.2 ENE Rural/Residential area 
N5 Jageshwar village 3.6 ENE Rural/Residential area 
N6 Luvara village 1.5 E Rural/Residential area 
N7 SE of Plant 1.5 SE Rural/Residential area 
N8 Near Aliabet village 9.5 ESE Rural/Residential area 

 
4.8.2 Method of Monitoring 

 
Sound Pressure Level (SPL) measurements were measured at all locations. The readings 
were taken for every hour for 24 hours. The day noise levels have been monitored 
during 6 am to 10 pm and night levels during 10 pm to 6 am at all the locations 
covered in 10 km radius of the study area.  

 
4.8.3 Presentation of Results 
 

The statistical analysis is done for measured noise levels at eight locations during study 
period. The parameters are analyzed for Lday, Lnight, and Ldn. These results are tabulated 
in Table-4.8.2(A) to Table-4.8.2(C). The standard noise limits are listed in the Table 4.8.3.  

 
4.8.4 Observation of Results 

 
Winter Season (December 2011 to February 2012) 
 
a) Day Time Noise Levels (Lday) 

 
The day time (Lday) noise levels at all the residential locations are observed to be in the 
range of 37.1 dB (A) to 48.1 dB (A). The maximum noise level of 48.1 dB (A) was 
observed at SE of plant (N7) and the minimum noise level of 37.1 dB (A) was observed 
at near Aliabet Village (N8). It is observed that the day time noise levels are in 
accordance to the prescribed limit of 55 dB (A) in the residential area. 
 
b) Night Time Noise Levels (Lnight) 

 
The night time (Lnight) noise levels at all the residential locations were observed to be in 
the range of 32.5 dB (A) to 43.6 dB (A). The maximum noise level of 43.6 dB (A) was 
observed at Project site (N1) and the minimum noise level of 32.5 dB (A) was observed 
at near Aliabet Village (N8). As per the standards night time noise levels are in 
accordance 45 dB (A) at the residential area and 70 dB (A) at industrial area. 
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TABLE-4.8.2(A) : NOISE LEVELS IN THE STUDY AREA – WINTER – 2011-2012 
 

Code Location L10 L50 L90 Leq Lday Lnight Ldn 
N1 Project site 49.1 45.6 41.8 46.5 47.3 43.6 50.8 
N2 Lakhigam Village 47.6 43.1 39.7 44.1 46.1 41.2 48.7 
N3 Near Dahej 46.5 42.6 38.9 43.6 44.4 40.8 47.9 
N4 Ambheta Village 40.4 36.6 32.8 37.6 38.8 34.9 42.1 
N5 Jageshwar Village 43.3 39.1 35.2 40.2 41.2 36.8 44.2 
N6 Luvara Village 48.8 45.0 41.2 46.0 47.6 43.3 50.6 
N7 SE of Plant 49.6 44.8 41.2 46.0 48.1 42.3 50.2 
N8 Near Aliabet Village 39.1 35.2 31.3 36.2 37.1 32.5 39.9 

 
TABLE-4.8.2(B) : NOISE LEVELS IN THE STUDY AREA – PRE MONSOON - 2012 

 
Code Location L10 L50 L90 Leq Lday Lnight Ldn 

N1 Project site 49.6 46.1 42.3 47.0 47.8 44.1 51.3 
N2 Lakhigam Village 48.3 43.8 40.4 44.8 46.8 41.9 49.4 
N3 Near Dahej 48.2 44.3 40.6 45.3 46.1 42.5 49.6 
N4 Ambheta Village 41.2 37.4 33.6 38.4 39.6 35.7 42.9 
N5 Jageshwar Village 46.9 42.7 38.8 43.8 44.8 40.4 47.8 
N6 Luvara Village 48.2 44.4 40.6 45.4 47.0 42.7 50.0 
N7 SE of Plant 47.9 43.1 39.5 44.3 46.4 40.6 48.5 
N8 Near Aliabet Village 40.3 36.4 32.5 37.4 38.3 33.7 41.1 

 
TABLE-4.8.2(C) : NOISE LEVELS IN THE STUDY AREA – POST MONSOON - 2012 

 
Code Location L10 L50 L90 Leq Lday Lnight Ldn 

N1 Project site 49.4 45.9 42.1 46.8 47.6 43.9 51.1 
N2 Lakhigam Village 48.1 43.6 40.2 44.6 46.6 41.7 49.2 
N3 Near Dahej 47.2 43.3 39.6 44.3 45.1 41.5 48.6 
N4 Ambheta Village 40.9 37.1 33.3 38.1 39.3 35.4 42.6 
N5 Jageshwar Village 45.4 41.2 37.3 42.3 43.3 38.9 46.3 
N6 Luvara Village 48.4 44.6 40.8 45.6 47.2 42.9 50.2 
N7 SE of Plant 48.9 44.1 40.5 45.3 47.4 41.6 49.5 
N8 Near Aliabet Village 39.5 35.6 31.7 36.6 37.5 32.9 40.3 

 
TABLE-4.8.3 : AMBIENT NOISE STANDARDS 

 
Area Code Category of Area Noise Levels (dB (A) Leq (Limits) 

  Day time Night time 
A Industrial Area 75 70 
B Commercial Area 65 55 
C Residential Area 55 45 
D Silence Zone 50 40 

 
Pre-monsoon Season (March to May 2012) 
 
a) Day Time Noise Levels (Lday) 

 
The day time (Lday) noise levels at all the residential locations are observed to be in the 
range of 38.3 dB (A) to 47.8 dB (A). The maximum noise level of 47.8 dB (A) was 
observed at Project site (N1) and the minimum noise level of 38.3 dB (A) was observed 
at near Aliabet Village (N8). It is observed that the day time noise levels are in 
accordance to the prescribed limit of 55 dB (A) in the residential area and 75 dB (A) at 
industrial area. 
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b) Night Time Noise Levels (Lnight) 
 

The night time (Lnight) noise levels at all the residential locations were observed to be in 
the range of 33.7 dB (A) to 44.1 dB (A). The maximum noise level of 44.1 dB (A) was 
observed at Project site (N1) and the minimum noise level of 33.7 dB (A) was observed 
at near Aliabet Village (N8). As per the standards night time noise levels are in 
accordance 45 dB (A) at the residential area and 70 dB (A) at industrial area. 
 
Post-monsoon Season (October to November 2012) 
 
a) Day Time Noise Levels (Lday) 

 
The day time (Lday) noise levels at all the residential locations are observed to be in the 
range of 37.5 dB (A) to 47.6 dB (A). The maximum noise level of 47.6 dB (A) was 
observed at Project site (N1) and the minimum noise level of 37.5 dB (A) was observed 
at near Aliabet Village (N8). It is observed that the day time noise levels are in 
accordance to the prescribed limit of 55 dB (A) in the residential area and 75 dB (A) in 
industrial area. 
 
b) Night Time Noise Levels (Lnight) 

 
The night time (Lnight) noise levels at all the residential locations were observed to be in 
the range of 32.9 dB (A) to 43.9 dB (A). The maximum noise level of 43.9 dB (A) was 
observed at Project site (N1) and the minimum noise level of 32.9 dB (A) was observed 
at near Aliabet Village (N8). As per the standards night time noise levels are in 
accordance 45 dB (A) at the residential area and 70 dB (A) in Industrial area. 
 

4.9 Flora and Fauna Studies  
 
4.9.1 Introduction 
 

The Convention on Biological Diversity (CBD), the Ramsar Convention, and the 
Convention on Migratory Species (CMS) recognize Environmental Impact Assessment 
(EIA) as an important decision making tool to help plan and implement development 
with biodiversity “in mind.” The Conventions require Signatories (“Parties”) to apply 
EIA. According to the International Association for Impact Assessment (IAIA), Impact 
Assessment provides opportunities to ensure that biodiversity values are recognized 
and taken into account in decision-making. Importantly, this involves a participatory 
approach with people who might be affected by a proposal. 
 
The main aim of Conservation of Biodiversity is to ensure “No Net Loss” of any 
biological species whether big or small. The biodiversity-related Conventions are 
based on the premise that further loss of biodiversity is unacceptable. Biodiversity 
must be conserved to ensure it survives, continuing to provide services, values and 
benefits for current and future generations.  The following approach has been chosen 
by the IAIA to help achieve ‘no net loss’ of biodiversity: 
 
1. Avoidance of irreversible loss of biodiversity 
2. Seeking alternative solutions to minimize biodiversity losses 
3. Use of mitigation to restore biodiversity resources 
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4. Compensation for unavoidable loss by providing substitutes of at least Similar 
biodiversity value 
5. Looking for opportunities for enhancement 
 
This approach can be called “positive planning for biodiversity.” It helps achieve no 
net loss by ensuring the safety and survival of Rare or Endangered or Endemic or 
Threatened (REET) species.   
 
An ecological survey of the study area was conducted particularly with reference to 
the listing of species and assessment of the existing baseline ecological (Terrestrial 
and Aquatic ecosystem) conditions in the study area.  

 
4.9.2 Study area and Sampling locations 
 

The ecological study was conducted in winter season 2011-2012 for the expansion of 
LNG handling facility from 10 MMTPA to 20 MMTPA plant at Dahej, District Bharuch, 
Gujarat. The study area is around 10 km radial distance from the proposed project 
site taking as center. 
 
The study area around the proposed plant mainly comprises of terrestrial ecosystem 
(agricultural land, wasteland and barren land) and aquatic ecosystem (Rivers and 
Coastal ecosystem). Vegetation around the proposed project area comprises of 
mainly coastal vegetation type. Most of the vegetation is aggregated on agricultural 
boundaries, road side plantations of various industries and social forest area. Some 
salt pans are also observed during the field study. 
   
Selection of sampling locations was made with reference to topography, land use, 
vegetation pattern, etc. The observations were taken on village forest and non-forest 
area (Agricultural field, Catchment area, on hills, in plain areas, village wasteland, 
etc.) as per the objectives and guidelines of MoEF for Environmental Impact 
Assessment. All observations were taken in and around sampling locations for 
quantitative representation of different species. The list of Terrestrial sampling 
locations are given in Table-4.9.1 and depicted in Figure-4.9.1. 

 
TABLE-4.9.1 : DETAILS OF TERRESTRIAL ECOLOGICAL SAMPLING LOCATIONS 

 
Station Code Name of the Station Distance with respect to 

site (km) 
Direction with respect to 

site 
TE1 Vegetation near Plant site  0.3 SSW 
TE2 Vegetation near Luvara  1.5 ENE 
TE3 Vegetation near Lakhigam 2.9 NNE 
TE4 Vegetation near Ambheta 6.2 ENE 
TE5 Vegetation near Aliabet 8.7 SE 

Source: Vimta Labs Limited 
 

4.9.3 Terrestrial Ecological Studies 
 
4.9.3.1 Objectives of Ecological Studies 
 

The present study was undertaken with the following objectives: 
 
 To assess the nature and distribution of vegetation in and around the project site; 
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 To assess the distribution of animal life spectra; 
 To understand the productivity of the water bodies;   
 To assess the biodiversity and to understand the resource potential; and 
 To ascertain migratory routes of fauna and possibility of breeding grounds. 

 
4.9.3.2 Methodology adopted for the Survey 

 
To achieve the above objectives a detailed study of the area was undertaken in 10 km 
radius area from proposed project site boundary as centre. The study area also includes 
coastal/marine environment. The different methods adopted were as follows: 
 
 Generation of primary data by undertaking systematic ecological studies in the 

area; 
 
 Discussion with local people so as to elicit information about local plants, animals 

and their uses; and 
 

 Gathering data for ethno botany 
 

 Forest Lands in Study Area 
 

There is 28 ha forest land involved for proposed expansion of LNG Plant 
 
4.9.3.3 Observations  
 

As the LNG facility already exists, the proposed expansion will be done by ecology 
friendly means.  
 
(A) Plant Diversity 

 
 Vegetation diversity of the area: 
 

Secondary data was collected from Forest Department on flora and fauna which 
reveals that vegetation in the study area falls under tropical moist mixed deciduous 
and tropical dry mixed deciduous types as per the Champion and Seth's revised 
classification based on phenological pattern like evergreen, semi-evergreen and 
deciduous.  
 
The most dominant trees in this region are Prosopis julifera, Azadiracta indica, Albizia 
lebbeck are found in co-association and phytosociological order with Acacia 
nilotica. On wasteland the vegetation cover consisting of Pongamia pinnata, Ficus 
sp, Jatropha gosifolium and Leucaea leucocephala were observed. The shrubs 
consist of Zizyphus mauritiana, Xanthium stromarium, Tridax procumbens, Tephrosia 
hamiltonii, Lantana camara, Calotrops gigantea etc. Species of bamboo and grasses 
like Dendrocalamus strictus, Cynodon dactylon, Cymbopogon martini were also 
observed during the field survey. 
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Floristic Structure and Composition: 
 

The phyto-ecological structure of vegetation found in Buffer zone shows three 
different strata i.e. Top, Middle and Ground. Top storey covered by Albizzia sp., 
Bauhinia sp., Bombax malabaricum, Ficus religiosa, Syzygium cumini, Cocos nucifera, 
Azadiracta indica, Terminalia cattapa etc. Middle storey in this region comprises 
Adhatoda vasica, Capparis spinosa, Emblica officinalis, Lantana camara etc. The 
dominant herbs in ground vegetation are Aegeratum conyzoides, Argemone 
mexicana, Indigofera tinctoria, Tridax procumbens, Alternantera sisesselis.  
 
Near the shore mangrove species are found in Hansud. Mainly six species of 
mangrove are commonly found in this area are Avicenia marina, A. alba, A. 
officinalis, Ceriops species, Rhizophora mucronata and Aegiceros corniculata. The 
area near coastal villages has poor vegetation as compared to other places. Trees 
species like Coccos nucifera, Prosopis julifera and Azadiracta indica along with are 
observed in some places. Herbs are abundant only during monsoon. The area is 
dominated with tree members as compared to shrubs and herbs. Cocos nucifera is 
the dominant tree species. Density and diversity of plants is different with change in 
places.  

   Comments on the types of Plant Community 
 
A plant community is governed by several factors like climatic, edaphic, topographic 
and biotic. Even local variations in environment affect components of plant 
community.  

Presence of large number of trees and shrubs and herbaceous vegetation indicates 
tropical vegetation structure.  

Grasses and sedges were found to be significant in the area. These indicate fertile and 
wet soil in upper layer of soil profile. Aquatic plants were present in both the seasonal 
and perennial water bodies.  

   Cryptogamic Vegetation 
 
   The area shows many algae, fungi, bryophytes and ferns. Algae are present in aquatic 

bodies or in marshy places. Fungi, particularly from ascomycetes and basidiomycetes 
are located on ground or epiphytically. Lichens of crustose, foliose and fruticose types 
are present on different substrates (Lichens, Ascomycetes and Basidiomycetes could be 
observed near hilly terrain). Bryophytes occur in wet areas and occasionally on barks of 
trees and old walls of houses. The commonly observed bryophtes in this area are Funaria 
sp and Polypodium sp. Fern flora of the study area is insignificant. The aquatic weeds 
Hydrilla sp, Chara sp, and Salvinia were observed in small ponds in agricultural fields. 
 
During field survey, maximum 199 number of plant species (except algae, fungi and 
bryophytes) were recorded from the study area. Out of 199 plant species, only 10 
species were recorded from the core area. The list of plants (trees, shrubs and herbs) 
reported is depicted in Table-4.9.2. 
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FIGURE-4.9.1 : TERRESTRIAL ECOLOGICAL SAMPLING LOCATIONS 
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TABLE-4.9.2 : LIST OF FLORA OBSERVED IN BUFFER ZONE AREA TAKING 
PLANT SITE AS CENTRE 

 
Sr. No. Local Name Botanical Name Family 

A. Tree 
1  Acacia/ Sunajhari Acacia auriculiformis  Mimosaceae 
2  Akasmali / Akas nim Mellingtonia hortensis  Bignoniaceae 
3  Amba/Am Mangifera indica  Anacardiaceae 
4  Ambta Bauhinia recemosa  Fabaceae 
5  Amla/ Aunla Ernblica officinalis  Euphorbiaceae 
6  Ankula Alangium lamarckii  Alangiaceae 
7  Aswatha/ Peepal/ Osta Ficus religiosa  Moraceae 
8  Babul Acacia nilotica Mimosaceae 
9  Bahada  Terminalia belerica  Combretaceae 
10  Bana Ruar Aegialitis rotundifolia Plumbaginaceae 
11  Banakapasia  Kydia calycina Malvaceae 
12  Bandari Bruguiera gymonbiza, 

Bruguiera sexangula 
Rhizophoraceae   

13  Bandhan / Tinsa  Ougeinia oojeinensis  Fabaceae 
14  Baniah / Baniya Hibiscus tiliaceus Malvaceae 
15  Bara Ficus bengalensis  Moraceae 
16  Barabakulia/Dhoben Dalbergia paniculata  Fabaceae 
17  Barada Bauhinia purpurea  Caesalpinaceae 
18  Barkoli Ziziphus mauritiana  Rhamnaceae 
19  Baula Mimusops elengi  Sapotaceae 
20  Bel Aegle marmelos  Rutaceae 
21  Bheru Chloroxylon swietenia  Rutaceae 
22  Cashew Anacardimum 

occidentale  
Anacardiaceae 

23  Chakunda Cassia siamea  Ceasalpinaceae 
24  Champa Michelia champaca  Annonaceae 
25  Chara Buchanania lanzan  Anacardiaceae 
26  Chhatian Alstonia scholaris  Apocynaceae 
27  Chikini/Kalchua Glochidion zeylanicum Euphorbiaceae 
28  Churunda Lumnitzera racemosa Combretaceae 
29  Damgurubu Gardenia latifolia                 Rubiaceae  
30  Debadaru Polyalthia longifolia             Annonaceae 
31  Dhalabani Avicennia alba                    Verbeneceae 
32  Dhalasiris Albizia procera                     Mimosaceae 
33  Dhaman Grewia tiliifolia                      Tiliaceae 
34  Dhaura Anogeissus latifolia              Combretaceae 
35  Dimiri Ficus lanceolata                  Moraceae 
36  Dot    Bruguiera parviflora             Rhizophoraceae 
37  Eucalyptus/ Nilagiri Eucalyptus sp.                      Myrtaceae  
38  Gambhari Gmelina arborea                 Verbenaceae 
39  Gandha palas Miliusa velutina Annonaceae 
40  Ganga siuli Nyctanthes arbortristis  Oleaceae 
41  Garh khair Acacia Ienticularis     Mimosaceae 
42  Garth Ceriops roxburghiana    Rhizophoraceae 
43  Gando baval  *Prosopis julifera  mimosaceae  
44  Ghontol (Gotha) Ziziphus xylocarpus  Rhamnaceae 
45  Ghoralanjia Albizia chinensis  Mimosaceae 
46  Ghurudu Gardenia gummifora Rubiaceae 
47  Giringa Pterospermum canescens Sterculiaceae 
48  Gohira Acacia leucophloea  Mimosaceae 
49  Habali Thespesia populnea  Malvaceae 
50  Haldu/kurum Adina  cordifolia  Rubiaceae 
51  Harkach Acanthus illicifolius, 

Acanthus volubilis 
Acanthaceae 

52  Jamu/Jambu Syzygium  cumini  Myrtaceae 
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Sr. No. Local Name Botanical Name Family 
53  Jhaun Casuarina equisetifolia  Casurinaceae 
54  Kadam/Kadamba Anthocephalus cadamba Rubiaceae 
55  Kaitha Limonia acidissima Rutaceae 
56  Kalabani Avicennia offtcinalis  Verbenaceae 
57  Kalasiris Albizia lebbeck  Mimosaceae 
58  Kaliachua Bruguiera cylindrical Rhizophoraceae 
59  Kamlagundi Mallotus philippinensis  Euphorbiaceae 
60  Kanchan Bauhinia variegata Fabaceae 
61  Kandhia Citrus aurantium  Rutaceae 
62  Kapasia Kydia calycina Malvaceae 
63  Karada/Karla Cleistanthus collinus Euphorbiaceae 
64  Karanja Pongamia pinnata  Fabaceae 
65  Kathabadam Terminalia catappa Combretaceae 
66  Katranga/Domkurudu Gardenia latifolia Rubiaceae 
67  Kekra Bruguiera caryophylloides Rhizophoraceae 
68  Keruhan Sonaretia appittela Sonneratiaceae 
69  Khair Acacia catechu  Mimosaceae 
70  Kharsi Aegiceras corniculatum Myrsinaceae 
71  khijdo,samdo *prosopis cineraria  mimosaceae  
72  Krushanchuda Delonix regia  Caesalpiniaceae 
73  Kusum Schleichera oleosa Sapindaceae 
74  Lanka badhial Annona reticulate  Annonaceae 
75  Latasundari Brownlowia tersa, 

Brownlowia lanceolata 
Tiliaceae 
 

76  Lemur Mai/ Raj Mai Bursera penicellata Burseraceae 
77  Mahanimba Ailanthus excelsa  Simarubaceae 
78  Mai Lannea coromandelica  Anacardiaceae 
79  Miriga Salvadora persica  Salvadoraceae 
80  Mohul Madhuca indica  Sapotaceae 
81  Mundi/Mitkania Mitragyna parviflora  Rubiaceae 
82  Neem/Limbo Azadirachta indica  Meliaceae 
83  Oau Dillenia indica Dilleniaceae 
84  Orua Sonneratia casolaris, 

Sonneratia alba 
Sonneratiaceae 

85  Palas/Phalas Butea monosperma  Fabaceae 
86  Paldhua Etythrina indica  Fabaceae 
87  Panas Artocarpus integrifolia Moraceae 
88  Panigambhari/Tabhar Trewia nudiflora Euphorbiaceae 
89  Panikusum/Pitakusum Aphanamixis polystachya Meliaceae 
90  Panipatuli Lagerstroemia speciosa  Lythraceae 
91  Piasal/Bija Pterocarpus marsupium  Fabaceae 
92  Radhachuda Peltophorum ferrutgineum Caesalpiniaceae 
93  Rai (Mangrove) Rhizophora condelaria   

Rhizophora murcronate 
Rhizophoraceae 

94  Saguan Tectona grandis  Verbenaceae 
95  Sajana Moringa pterigosperma Moringaceae 
96  Salap Caryota urens Palmae/ 

Arecaceae 
97  Siju Euphorbia neriifolia  Euphorbiaceae 
98  Simal/Simili Bombax ceiba  Bombacaceae 
99  Sindhika Kandelia candal Rhizophoraceae 
100  Singalbani Avicennia maringa Verbenaceae 
101  Sissoo Dalbergia  sissoo  Fabaceae 
102  Sissoo / Rosewood Dalbergia latifolia  Fabaceae 
103  Sunari Cassia fistula  Caesalpinaceae 
104  Tala Borassus flabelliformis  Palmae/ 

Arecaceae 
105  Tambal Ficus hispida  Moraceae 
106  Tava Citrus grandis Rutaceae 
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Sr. No. Local Name Botanical Name Family 
107  Telkuruma/Bhuinkuruma Ixora arborea  Rubiaceae/Fabace

ae 
108  Tentra Albizzia procera  Mimosaceae 
109  Tentuli/Kania Tamarindus indica  Caesalpinaceace 

B. Bamboo 
1 Daba bans/kanta bans Bambusa arundinacea Poaceae 
2 Salia/Hill bamboo Dendrocalamus strictus  Poaceae 

C. Shrubs / Herbs 
1  Agnijal/Bana jalangi Vernonia cinerea Asteraceae 
2  Amiri/ Raipani Ipomia fistula  Convolvulaceae 
3  Anantmula Hemidesmus indicus Asclepidaceae 
4  Anantmula Tylophlora indica/ 

Tylophlora tenuis 
Asclepidaceae 

5  Ankarati Solanum xanthocarpum  Solanaceae 
6  Ankhukoli Carrissa opaca  Apocynaceae 
7  Ankula Alangium salvifolium  Ajangiaceae 
8  Arakha Calotropis gigantean  Asclepiaceae 
9  Ata Annona  squamosa  Annonaceae 
10  Badianla Phyllanthus fraternus  Euphorbiaceae 
11  Baigaba Jatropha gossypifolia  Euphorbiaceae 
12  Baincha koli Flacourtia indica Flacourtiaceae 
13  Bajramuli Sida spinosa  Malvaceae 

14  Ban soris Cleome viscosa Capparaceae 
15  Banchkunda Cassia tora  Fabaceae 
16  Bani Avicennia officinalis Verbenaceae 
17  Bankadaii Musa sapientum Musaceae 
18  Bankhajuri/Pinokhajuri Phoenix sylvestris  Palmaceae 
19  Bantulasi Ocimum basilicum  Lamiaceae/labiata

e 
20  Barkoli Zizyphus mauritiana  Rhamnaceae 
21  Begunia Vitex negundo  Verbenaceae 
22  Bhains dera Strobilanthus auricunatus Acanthaceae 
23  Bhersunga / Bhugsang Murrya koenigii Rutaceae 
24  Bhuin Anla Phyllanthus niruri  Euphorbiaceae 
25  Bhuin-neem Andrographis paniculate Acanthaceae 
26  Bichuati Tragia involucrate Euphorbiaceae 
27  Bisalyakarani Tridax procumbens  Asteraceae 
28  Chiani Clerodendron  inermes Verbcnaceae 
29  Dhatiki Woodfordia fruticosa  L.ythraceae 
30  Dhatura Datura fastuosa  Solanaceae 
31  Giliri/gilira Indigofera cassioides Fabaceae 
32  Gohirakanta Dalbergia spinosa  Apilionaceae 
33  Gotha Croton oblongifolius  Euphorbiaceae 
34  Iswarjata Celosia cristata  Amaranthaceae 
35  Jagula Tamrix troupii/ Tamrix 

dioica/ Tamrix gallica 
Tamricaceae 

36  Jatijatia saru Urena repanda Malvaceae 
37  Jatjatiamota Urena cinnata Malvaceae 
38  Jhumpuri Phyllochlamys spinosa Moraceae 
39  Kantamaul Ventilago denticulate Rhamnaceae 
40  Kantasiju Euphorbia nivulia  Euphorbiaceae 
41  Kathamanjuati Lawsonia inermis  Lithraceae 
42  Ketakikia Pandanus fascicularis Pandanaceae 
43  Khajuri Phoenix dactylifera Arecaceae 
44  Kharal Gardenia turgida Rubiaceae 
45  Kharkhari Clerodendrum viscosum Verbenaceae 
46  Khirkoli Manilkara hexandra  Sapotaceae 
47  Kurei/kher Holarrhena 

antidysenterica 
Apocynaceae 

48  Kuruda/Ghurudu Gardenia gummifera Rubiaceae 
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Sr. No. Local Name Botanical Name Family 
49  Laj wanti/Lajkulilata Mimosa pudica  Mimosaceae 
50  Lantana/Bholupadi /Nagairi Lantana camara  Verbenaceae 
51  Lunikia Pandanus foetidus Pandanaceae 
52  Masundi Croton oblongifolius  Tiliaceae 
53  Mayurachulia Celosia argenta  Amaranthaceae 
54  Mirgichra/Barenga Grewia elastica Tiliaceae 
55  Mula Raphanus sativas Brassicaceae 
56  Muraphal/ muri muri Helicteres isora Sterculiaceae 
57  Tinakoli Ziziphus rugosa  Rhamnaceae 
58  Tuls Ocimum sanctum  Lamiaceae 
59  Urguna Cycas circinatis Cycadaceae 

D. Climbers & Lianes 
1  Agnisikha Gloriosa superb  Liliaceae 

2  Asadhua Capparis zeylanica Capparidaceae 
3  Atundi Combretum decandnan Combretaceae 
4  Baidank Mucuna pruriens Fabaceae 
5  Bhudel/Latapalas Butea superba  Fabaceae 
6  Bichhuati Tragia involucrate Euphorbiaceae 
7  Kaincha Abrus precatorius  Fabaceae 
8  Kunjalata Ipomoea quamoclit Convolvulaceae 
9  Nirmuli Cuscuta reflexa  Convolvulaceae 
10  Noipalas/Latapalas Butea parviflora  Fabaceae 
11  Porta (Grah) Dalbergia candenatensis/ 

Dalbergia spinosa 
Fabaceae 

12  Satabari Aspargus racemosus  Liliaceae 
13  Siali, Sualoi Bauhinia vahlii  Fabaceae 
14  Smilax/ Muturi species Smilax zeylanica Liliaceae 

E. Grasses 
1  Bena Vetiveria zizaniodes  Poaceae 
2  - Acrachne recemosa Poaceae 
3  - apluda mutica  Poaceae 
4  Dabholu aristida adscensionis Poaceae 
5  samo  echinocloa colonum Poaceae 
6  Adhen nasli Eleusine indica Poaceae 
7  Chano  Setaria etalica  Poaceae 
8  Chepti Evolvulus alsinoides Convolvulaceae 
9  Chhana Imperata arundinaceae Poaceae 
10  Dhanidhana Porteresia coarctata Poaceae 
11  Dhanwantary/Khara Cymbopogon martini  Poaceae 
12  Duba Cynodon dactylon  Poaceae 
13  Keuti Cyperus corymbosis Cyperaceae 
14  Panighasa Eragrostis japonica Poaceae 
15  Sinkhola Heteropogon contortus  Poaceae 

*observed during field survey 
 
Endangered Plants 
 
Floristic studies were conducted during winter season in 2011-2012, to know the 
presence of any endangered/threatened/endemic plant species in proposed project 
area and surrounding 10 km radius. The study area did not record the presence of any 
critically threatened species. The records of Botanical Survey of India and Forest 
department also did not indicate presence of any endangered and or vulnerable 
species in this area.  

 
 
 
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐4: Baseline Environmental Studies 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                  C4-58    

(B) Animal and Bird Diversity 
 

National Park/Sanctuary 
 

As per Ministry of Environment Notifications and local forest notifications reveals that no 
Wildlife sanctuaries, National parks/biospheres in 10km radius from study area. 

 
 Primary Survey 
 

Since animals are capable of moving from one place to another, this makes their 
study entirely different. Therefore, specific methods were adopted for counting these 
animals in the field. For finding the bird population of migratory and local categories 
random sampling readings were taken at every location and for observing mammals, 
amphibians and reptiles were done by noting their calls, droppings, burrows, pugmarks 
and other signs.   
 
The on-site information (observation and interview with local people) collected during 
survey was further enriched by the information collected from different secondary 
sources.  
 
Wild Animals: The diversity in fauna basically depends upon density and diversity of flora. 
The richer the diversity among the flora better will be the diversity in fauna. The study 
area has tropical moist mixed deciduous vegetation. Present conditions of the area do 
not support higher mammals. There are animals like neelgai, hare, mouse, langur, jackal 
and squirrels. The mammalian elements commonly reported in the study area are 
presented in Table-4.9.3. 

Reptiles: Garden lizards and monitor lizards were seen during the survey. In snakes 
Dhaman, Python and Cobra, Monitor lizard was noted during personal interviewing with 
local peoples. 

 
TABLE-4.9.3 : LIST OF FAUNA OBSERVED IN BUFFER ZONE (5-10 KM) AREA TAKING PLANT 

SITE AS CENTRE 
 

Sr. No. Scientific Name Common Name Schedule of WPA-1972 
I. Mammals  

1 Canis laureus  Jackal  Schedule II: Part –II 
2 Baselaphus tragocamelus Nilgai  Schedule III 
3 Funambulus pennati   Squirrel  Schedule IV 
4 Herpestes edwardsii Mongoose  Schedule II: Part –II 
5 Lepus nigricollis  Hare  Schedule V 
6 Micro chiroptera  Bat  Schedule V 
7 Presbytis entellus   Common Langur  Schedule II: Part –I 

II. Birds  
1  Accipiter badius  The Shikara  Schedule IV 
2  Acridotheres ginginianus  Bank Myna  Schedule IV 
3  Acridotheres tristis Common Myna  Schedule IV 
4  Aloedo atthis   Small Blue Kingfisher  Schedule IV 
5  Anas clypeatea  Shoveller Duck  Schedule IV 
6  Andea alba   Large Egret Schedule IV 
7  Anhinga rufa  Darter  Schedule IV 
8  Anthropoides virgo  The Demoiselle Crane Schedule IV 
9  Ardea cinere Grey Heron  Schedule IV 
10  Ardeola grayii   Pond Heron Schedule IV 
11  Athene brama  Spotted Owlet Schedule IV 
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Sr. No. Scientific Name Common Name Schedule of WPA-1972 
12  Bubulcus ibis   Cattle Egret Schedule IV 
13  Ceryle rudis  Pied Kingfisher  Schedule IV 
14  Columba livia neglecta  Blue Rock Pegion  Schedule IV 
15  Coracias benghalensis   Indian Roller  Schedule IV 
16  Corvus macrorhynchos   Jungle Crow Schedule IV 
17  Corvus splendens   House Crow  Schedule V 
18  Cypsiurus parvus  The Palm Swift  Schedule IV 
19  Dicrurus adsimillis   Black Drongo  Schedule IV 
20  Egreta garzetta  Little Egret Schedule IV 
21  Egretta gularis Reef Heron  Schedule IV 
22  Elanus caeruleus  Blackwinged Kite  Schedule IV 
23  Eudynamys scolopacea   Koel  Schedule IV 
24  Francolinus pondicerianus  Grey Partridge  Schedule IV 
25  Haliastur Indus  Brahminy Kite  Schedule IV 
26  Himantopus himantopus  Blackwinged Stilt  Schedule IV 
27  Hydrophasianus  Pheasant tailed Jacana  Schedule IV 
28  Larus argentatus  Herring Gull  Schedule IV 
29  Motacilla alba dukhuensis  White Wagtail  Schedule IV 
30  Motacilla cincerea  Grey Wagtail  Schedule IV 
31  Mycteria leucorodia   Painted Stork  Schedule IV 
32  Nectarinia asiofica brevirostris  Purple Sunbird  Schedule IV 
33  Parus major  Grey Tit  Schedule IV 
34  Pelecanus qnocrotalus Rosy Pelican Schedule IV 
35  Perdicula asiatica  The Jungle Bush Quil Schedule IV 
36  Phalacrocorax niger  Little Cormorant Schedule IV 
37  Phalacrocorax qarbo  Large Cormorant Schedule IV 
38  Phoenicopterus roseus   The Flamingo  Schedule IV 
39  Platalea leucorodia   The Spoonbill  Schedule IV 
40  Pluvialis squatarola  Grey Plover Schedule IV 
41  Podiceps raficollis Little Grebe  Schedule IV 
42  Pseudibis papillosa  Black Ibis  Schedule IV 
43  Psittacula krameri   The Roseringed Parakeet Schedule IV 
44  Saxicoloides fulicata  Indian Robbin  Schedule IV 
45  Sterna aurantia  River Tern  Schedule IV 
46  Strebopelia decaocto  Ring Dove  Schedule IV 
47  Strebopelia senegalensis   Little Brown Dove  Schedule IV 
48  Sturnus pagodarum  Brahminy Myna  Schedule IV 
49  Threskiornis aethiopica  White Ibis  Schedule IV 
50  Tringa tetanus Redshank  Schedule IV 
51  Turdoides striatus  The Jungle Babbler  Schedule IV 
52  Vanellus indicus  Redwattled Lapwing Schedule IV 

III. Reptiles   
1  *Varanus bengalensis   Monitar Lizzard  Schedule II: Part –II 
2  Ptyas mucosus  Rat snake Schedule II: Part –II 
3  Naja naja  Indian cobra Schedule II: Part –II 
4  Bungarus caeruleus  Common Indian Krait   Schedule II: Part –II 
5  Vipera russelli  Russell’s Viper Schedule II: Part –II 
6  *Calotes versicolor  Garden lizard  - 

*Observed during field survey 

Avifauna: Many bird species including quails, sand grouses, bayas, sparrows, munias, 
crows, mynas, parakeets, kites, hawks, doves, bee-eaters, ibis, bulbuls, babblers, larks, 
ducks, peafowls, lapwings, pigeons, etc are recorded from the study area during the 
recent survey by VIMTA team. These bird species have composition of raptors, 
insectivorous and granivorous birds. Occurrence of bird species in good numbers is 
due to suitable climate and availability of food. Some of the common birds observed 
during recent survey by state forest departments indicate the presence of bhat titar 
(Pterocles exuslus), house crow (Corvus splendense), wood pecker (Piecoides nanus), 
Baya (Ploceus philippinus), kabboter (Columbia livia), owl (Bubo bubo), house 
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sparrow (Passer domesticus), parrot (Psittacula krameri), chil (Falco jugger) and eagle 
(Corcatus gallicus). 
 
Surroundings of agricultural land and water bodies: The birds like Mynas, Crows, 
Sparrows, Bulbuls, Babblers and Pigeons are observed in and around villages. In areas 
with agriculture fields, the grain eating herbivorous species are dominant. These 
species are Doves, Sparrows, Cattle egrets, Parakeets etc. Insectivorous bird species 
viz. Bee-eaters, Wagtails, White breasted kingfisher, Egrets, Indian Roller are found 
around water bodies and in low-lying vegetation areas.   

Rare, Endangered and Threatened Fauna in the Study Area: 

In the year 1972 Government of India made an Act to provide protection to wild 
animals, birds and plants and for matters connected therewith which is known as Wild 
life (Protection) Act, 1972. Under this act Animals are categorized in Schedules to give 
maximum protection to the wild animals.  

 
No animals and birds are found to be threatened in the study area. However with 
increasing anthropogenic activities like expansion of agricultural fields and industries 
there is an intense pressure on the fauna. 

 
4.9.4 Aquatic Ecosystems  

 
Protecting the environment and making efficient use of natural resources are two of the 
most pressing demands in the present stage of social development. The task of 
preserving the purity of the atmosphere and water basins is of both national and global 
significance since there are no boundaries to the propagation of anthropogenic 
contaminants in the water. An essential pre requisite for the successful solution to these 
problems is to evaluate ecological impacts from the baseline information and 
undertake effective management plan. So the objective of aquatic ecological study 
may be outlined as follows: 
 
 To characterize water bodies like fresh waters; 
 To understand their present biological status; 
 To characterize water bodies with the help of biota;  
 To understand the impact of industrial and urbanization activities; and 
 To suggest recommendations to counter adverse impacts, if any on the ecosystem. 

 
To meet these objectives following methods were followed: 

 
 Generating data by actual field sampling and analysis in these areas through field 

visits during study period; 
 

 Discussion with local people to get the information for aquatic plants and aquatic 
animals; and 

 
To fulfill these objectives and to understand the present status of aquatic ecosystem, 
samples were collected from different coastal salty water system. 
 
In order to get a clear picture and to assess the various parameters of water, four 
sampling locations were identified for sampling. Samples were collected during winter 
season.  
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 Methodology Adopted for Aquatic Studies 
 

Aquatic ecosystem close to the project area was considered for a detailed study. Water 
samples were considered for their physico-chemical characteristics. Plankton, aquatic 
plants, fish fauna of water bodies, and their associated fauna were collected, identified 
and estimated. The sampling locations for the aquatic study are given in Table-4.9.4. 

 
TABLE-4.9.4 : DETAILS OF AQUATIC SAMPLING LOCATIONS 

 
Sr. No. Code Locations Distance w.r.t. Site (km) Direction w.r.t. Site 

1 AE1 Near plant site  0.4 W 
2 AE2 Near Jageshwar 3.8 E 
3 AE3 Near Suva 9.4 E 
4 AE4 Near  Aliabet village 9.1 SE 

  Source: Vimta Labs Limited 

 
 Phytoplankton 

 
Phytoplankton group reported from four locations are basillariophyceae, 
chlorophyceae, myxophyceae and euglenophyceae members. About 24 species of 
phytoplankton were reported from four locations. Density of phytoplankton group 
among the four locations was highest in coastal ecosystem (AE-2) and lowest in (AE-1). 
The density of phytoplankton group ranged from 17 - 26 organisms/ml in all of the 
studied samples. Dominance of Bacillariophyceae members followed by myxophyceae 
was observed in all the locations. The highest percentage was Ankistrodesmus falcatus 
and Anabeana sp and the lowest percentage was Euglena sp during study period was 
observed. The Shannon weinners index for phytoplankton varies between 2.56 to 3.14. 
 

 Zooplankton 
 
Daphnia, Asplancha, Ceriodaphnia is predominant animal species in studied samples 
Shannon weinners index for zooplankton varies between 2.45 and 2.84. The standards of 
Shannon weinners index are given in Table-4.9.5. 
 

TABLE 4.9.5 : STANDERDS OF SHANNON WEINNER DIVERSITY INDEX FOR AQUATIC 
COMMUNITY 

 
Sr. No. (SWDI) Value Type of impacts 

1 0 .0 - 1.0 Eutrophic  
2 1.0-2.0 Mesotrophic  
3 2.0-3.0 Oligotrophic  

 
 Conclusions on Aquatic Ecology 
 
Surface water samples were collected for biological analysis from lentic and lotic water 
bodies during study period. Biological samples were analysed and estimated diversity 
index. Plankton diversity Index for phytoplankton and zooplankton varies from 2.56 to 
3.14 and 2.45 and 2.84. Physico-chemical, biological parameters and diversity index 
reveals that the studied water bodies are slightly Oligotrophic in nature. 
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4.10 Demography and Socio-Economics 
 
The growth of industrial sectors and infrastructure developments in and around the 
agriculture dominant areas, villages and towns is bound to create its impact on the 
socio-economic aspects of the local population. The impacts may be positive or 
negative depending upon the developmental activity.  

To assess the impacts on the socio-economics of the local people, it is necessary to 
study the existing socio-economic status of the local population, which will be helpful 
for making efforts to further improve the quality of life in the area of study.  

To study the socio-economic aspects of people in the study area around the 
proposed plant site, the required data has been collected from various secondary 
sources and supplemented by the primary data generated through the process of a 
limited door to door socio-economic survey.  

 
4.10.1  Methodology Adopted for the Study 
 

The methodology adopted for the study is based on the review of secondary data, 
such as District Census Statistical Handbooks-2011 and the records of National 
Informatics Center, New Delhi, for the parameters of demography, occupational 
structure of people within the general study area of 10-km radius around the 
proposed plant. 

 
4.10.2 Review of Demographic and Socio-Economic Profile-2011 
 

The sociological aspects of this study include human settlements, demography, social 
such as scheduled castes and scheduled tribes and literacy levels besides 
infrastructure facilities available in the study area. The economic aspects include 
occupational structure of workers. The village wise demographic data as per 2011 
census is presented in Annexure-VIII. The salient features of the demographic and 
socio-economic details are described in the following sections. 

 
4.10.3 Demographic Aspects 

 

4.10.3.1 Distribution of Population 
 

As per 2011 Census the study area consisted of 23219 persons inhabited. The 
distribution of population in the study area (10 km radial distance from the proposed 
Plant Site) is given in Table-4.10.1.  

 
4.10.3.2 Average Household Size 
 

The study area has a family size of 4.0 as per 2011. The decrease of family size could 
be attributed to a high degree of urbanization with migration of people with higher 
literacy levels who generally opt for smaller family size with family welfare measures 
and also due to the prevalence of single member families.  
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TABLE-4.10.1 : DISTRIBUTION OF POPULATION IN THE STUDY AREA 
 

Particulars 0-3 km 3-7 km 7-10 km 0-10 km 
No. of Households 1602 730 3426 5758 
Male Population 4017 1625 8345 13987 
Female Population 2584 1498 5150 9232 
Total Population 6601 3123 13495 23219 
Male Population (0-6 years) 408 169 840 1417 
Female Population (0-6 years) 360 153 764 1277 
Total Population (0-6 years) 768 322 1604 2694 
Average Household Size 4.1 4.3 3.9 4.0 
% of males to the total population 60.9 52.0 61.8 60.2 
% of females to the total population 39.1 48.0 38.2 39.8 
Sex Ratio (no of females per 1000 males) 643.3 921.8 617.1 660.0 

Source: Bharuch District Census Statistics-2011 

 
4.10.3.3 Population Density 
 

The density of population reveals that the study area has an overall density of 200 
persons per km2 as per 2011 census reports. 

 
4.10.3.4 Sex Ratio 
 

The configuration of male and female indicates that the males constitute to about 
60.2% and females to 39.8% of the total population as per 2011 census records. The 
sex ratio i.e. the number of females per 1000 males indirectly reveals certain 
sociological aspects in relation with female births, infant mortality among female 
children and single person family structure, a resultant of migration of industrial 
workers.  The study area on an average has 660 females per 1000 males as per 2011 
census reports. 

 
4.10.4 Social Structure 

 
 In the study area, as per 2011 census, 3.5 % of the population belongs to Scheduled 

Castes (SC) and 17.4 % to Scheduled Tribes (ST), thus indicating that there has been 
no significant change in weaker sections over previous years. This indicates that, the 
study area is inhabited predominantly by tribal population. The distribution of 
population in the study area by social structure is shown in Table-4.10.2. 

 
TABLE-4.10.2 : DISTRIBUTION OF POPULATION BY SOCIAL STRUCTURE 

 
 Particulars  0-3 km 3-7 km 7-10 km 0-10 km 
Schedule caste 196 85 542 823 
% To the total population 3.0 2.7 4.0 3.5 
Schedule Tribes 1547 407 2090 4044 
% To the total population 23.4 13.0 15.5 17.4 
Total SC and ST population 1743 492 2632 4867 
% To total population 26.4 15.8 19.5 21.0 
Total population 6601 3123 13495 23219 

Source: Bharuch District Census Statistics-2011 
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4.10.4 Literacy Levels 
 
The distribution of literate and literacy rate in the study area is given in Table-4.10.3. 
The male literacy rate to total population was found in the study area as 49.2%. The 
female literacy rate to total population is observed to be only 26.8% as per 2011 
census records. Percentage of sex ratio and literacy rate in the study area is given in 
Figure-4.10.1. 
 
TABLE-4.10.3 : DISTRIBUTION OF LITERATE AND LITERACY RATES 
 

Particulars 0-3 
km 

3-7 
km 

7-10 
km 

0-10 
km 

Male Population 4017 1625 8345 13987 
Female Population 2584 1498 5150 9232 
Total Population 6601 3123 13495 23219 
Male literates 3351 1360 6704 11415 
Female literates 1812 1154 3266 6232 
Total literates 5163 2514 9970 17647 
Male literacy rate (%) 64.9 54.1 67.2 64.7 
Female literacy rate (%) 35.1 45.9 32.8 35.3 
Average Male Literacy 
to the total population 
(%) 

50.8 43.5 49.7 49.2 

Average female Literacy 
to the total population 
(%) 

27.5 37.0 24.2 26.8 

     
Source: Bharuch District Census Statistics-2011 

 
4.10.6 Occupational Structure 
 

The occupational structure of residents in the study area is studied with reference to 
main workers, marginal workers and non-workers.  
 
As per the 2011 census records main workers works out to be 34.4% of the total 
population. The marginal workers and non-workers constitute to 4.7% and 60.9% of the 
total population respectively. The distribution of workers by occupation indicates that 
the non-workers are the predominant population. The occupational structure of the 
study area is shown in Table-4.10.4. Distribution of work participation rate in the study 
area is depicted in Figure-4.10.2. 

 
TABLE-4.10.4 : OCCUPATIONAL STRUCTURE 

 
Particulars 0-3 km 3-7 km 7-10 km 0-10 km 

Total Population 6601 3123 13495 23219 
Total workers 2964 961 5163 9088 
Work participation rate (%) 44.9 30.8 38.3 39.1 
Total main workers 2814 699 4476 7989 
% of main workers to total population 42.6 22.4 33.2 34.4 
Marginal workers 150 262 687 1099 
% of marginal workers to total population 2.3 8.4 5.1 4.7 
Non-workers 3637 2162 8332 14131 
% of non-workers to total population 55.1 69.2 61.7 60.9 

Source: Bharuch District Census Statistics-2011 
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FIGURE-4.10.1 : PERCENTAGE OF SEX RATIO AND LITERACY RATE IN THE STUDY AREA 
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FIGURE-4.10.2 : DISTRIBUTION OF WORK PARTICIPATION RATE (%) IN THE STUDY AREA 
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4.11 Marine Environment 
 

All aspects of marine environment for the proposed expansion of Petronet LNG 
terminal at Dahej were carried out. The chemical and biological samples were 
collected at six locations. The details of marine water and sediment sampling 
locations are given in Figure-4.11.1 and Table-4.11.1. 
 
Biological status of an area is an essential prerequisite for environmental impact 
assessment and can be evolved by selecting a few reliable parameters from a 
complex ecosystem. Whenever we consider assessment of the implications of 
environmental pollution, we must be aware of the fact that despite many changes it 
may cause in the physio-chemical properties of water body and seabed sediment, 
the ultimate consequences are inevitably of biological nature. The biological 
parameters considered in the present study are Primary production, phytoplankton, 
zooplankton, benthos and fishery of the region. The first three reflect the productivity 
of a water column at primary and secondary levels. Benthic organisms being 
sedentary animals associated with the seabed, provide information regarding the 
integrated effects of stress due to disturbances, if any, and hence are good 
indicators of early warning of potential damage.  

 
TABLE-4.11.1 : MARINE WATER SAMPLING LOCATIONS 

 
Sr. No. Code Latitude and Longitude 

1 MW1; MS1 21O43’53.34” N & 72O28’46.52” E 
2 MW2; MS2 21O41’11.46” N & 72O29’27.91” E 
3 MW3; MS3 21O41’04.25” N & 72O27’12.74” E 
4 MW4; MS4 21O39’12.09” N & 72O29’25.86” E 
5 MW5; MS5 21O38’11.97” N & 72O27’11.71” E 
6 MW6; MS6 21O36’20.48” N & 72O29’49.23” E 
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FIGURE-4.11.1 : MARINE WATER SAMPLING LOCATIONS 
4.11.1 Marine Water Quality - Physico-Chemical 

 
Marine water samples were collected at six locations. The samples were analyzed 
according to standard analytical methods. For metal analysis, the water samples 
were analyzed using Inductively Coupled Plasma - Mass Spectrophotometer 
equipment. 
 
The analysis results of marine water quality are given in Table-4.11.2 and the summary 
of the results are presented in the following paragraphs. 
 
Physical Parameters 
 
Temperature - The sea water temperature ranged between 25.6°C and 26.4°C for all 
the six samples.  
 
pH - The pH of all the sea water samples ranged in between 7.5 – 8.1.  
 
Salinity - The salinity levels were found to be in the range from 18.2 % to 20.6 %. 
 
Turbidity - The turbidity values ranged from 4 NTU to 9 NTU for all the sea water 
samples. 
 
Chemical Parameters 
 
Dissolved Oxygen (DO) - The Dissolved Oxygen (DO) content of all the sea water 
samples ranged in between 4.8 mg/l to 5.1 mg/l. This clearly indicates that the marine 
water quality is generally good and is devoid of any significant pollution. 
 
Hardness – The total hardness for all the samples ranged in between 6198 mg/l to 
6749 mg/l. 
  
Sulphate – Sulphate levels were ranging between 220 mg/l and 260 mg/l. 
 
Nitrates – Nitrate levels ranged in between 3.9 mg/l to 5.6 mg/l. 
 
Sodium – Sodium levels were in the range of 7235 mg/l to 7462 mg/l. 
 
Potassium – Potassium is in the range of 240 mg/l to 310 mg/l. 
 
Heavy Metals - Heavy metal concentrations were found to be quite low for all the sea 
water samples. Iron concentrations ranged in between 0.04 mg/l to 0.09 mg/l, 
Chromium concentrations were found to be <0.05 mg/l, Zinc concentrations ranged 
from 0.01 mg/l to 0.03 mg/l, Aluminium concentration ranged in between 0.04 mg/l to 
0.08 mg/l, Lead concentrations ranged between 0.01 mg/l to 0.03 mg/l and 
cadmium, arsenic and copper were found to be <0.01 mg/l.   
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TABLE-4.11.2 : PHYSICO-CHEMICAL CHARACTERISTICS OF MARINE WATER 
 

Parameters UOM MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 
pH -- 7.9 7.5 8.1 7.8 8.1 7.5 
Color Hazen 6 5 8 5 6 4 
Temparature 0C 26.2 25.8 25.6 26.4 26.1 25.9 
Conductivity µmhos/cm 45320.0 44265.0 46280.0 45130.0 45560.0 45290.0 
Turbidity NTU 6 4 9 7 9 5 
Salinity % 18.2 20.6 18.8 19.2 19.5 20.2 
Chemical Oxygen Demand mg/l 130 140 135 150 140 130 
Dissolved Oxygen  mg/l 4.9 5.1 4.8 5.0 4.9 4.8 
BOD mg/l <3 <3 <3 <3 <3 <3 
Total Suspended Solid mg/l 10 08 12 16 08 10 
Total Dissolved Solids mg/l 29460 28810 30120 29340 29620 29445 
Total Solids mg/l 29470 28818 30132 29356 29628 29455 
Total Hardness mg/l 6287 6198 6749 6347 6319 6209 
Total Alkalinity  mg/l 173.0 160.0 175.0 163.0 178.0 171.0 
Calcium as Ca mg/l 350.0 346.0 362.0 356.0 340.0 352.0 
Magnesium as Mg mg/l 1315.0 1296.0 1420.0 1326.0 1329.0 1295.0 
Boron mg/l 0.25 0.10 0.50 0.28 0.30 0.25 
Chlorides as Cl mg/l 15102.0 15023.0 15820.0 15160.0 15260.0 15250.0 
Sulfates as SO4 2- mg/l 260.0 230.0 280.0 220.0 230.0 256.0 
Fluorides as F mg/l 1.2 1.0 1.1 0.9 1.7 1.5 
Nitrates as NO3 mg/l 5.3 3.9 4.2 4.6 5.6 4.3 
Sodium as Na mg/l 7356.0 7235.0 7452.0 7325.0 7420.0 7462.0 
Potassium as K mg/l 285.0 275.0 264.0 283.0 310.0 240.0 
Phenolic Compounds mg/l <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Cyanides  mg/l <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Cadmium as Cd mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Arsenic as As  mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Copper as Cu mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Lead as Pb mg/l <0.01 <0.02 <0.03 <0.02 <0.01 <0.01 
Manganese as Mn mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Iron as Fe mg/l 0.06 0.05 0.09 0.08 0.05 0.04 
Chromium as Cr+6 mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Selenium as Se mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Zinc as Zn mg/l 0.01 0.01 0.03 0.01 0.02 0.01 
Aluminium as Al mg/l 0.06 0.04 0.08 0.05 0.04 0.05 
Mercury as Hg mg/l <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

 
4.11.2 Marine Phytoplankton  

 
The phytoplankton is a vast array of minute and microscopic plants passively drifting 
in natural waters and mostly confined to the illuminated zone. In an ecosystem these 
organisms constitute primary producers forming the first link in the food chain. The 
phytoplanktons have long been used as indicators of water quality. Some species 
flourish in highly eutrophic waters, while others are very sensitive to organic and/or 
chemical wastes. Some species develop noxious blooms, sometimes creating 
offensive tastes and odours or anoxic or toxic conditions resulting in animal death or 
human illness. Because of their short life cycles, planktons respond quickly to 
environmental changes. Hence, their standing crop in terms of biomass, cell counts 
and species composition are more likely to indicate the quality of the water mass in 
which they are found. Generally, phytoplankton standing crop is studied in terms of 
population by counting total number of cells and their generic composition. Marked 
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differences exist between the phytoplankton biomass of different regions of the sea 
partly due to local climatic conditions and partly due to different grazing intensity. 
Real differences in phytoplankton apply not only to the differences in density, but to 
the differences in floristic composition. Phytoplankton composition also varies 
considerably. Thus, very few species may be overwhelmingly common during blooms, 
while large number of species may occur without clear dominance under the normal 
conditions.  
 
When under the stress or at the end of their life cycle, chlorophyll in phytoplankton 
decomposes giving rise to phaeophytin as one of the major products. Phaeophytin is 
thus a measure of the dead cells and is an indirect indicator of stress conditions 
leading to deterioration of chlorophyll a. The relative concentrations of chlorophyll a 
and phaeophytin suggest a delicate balance between the growth and mortality of 
these algae in the area though the ratios of chlorophyll a to phaeophytin generally 
exceed 1.2 in healthy environments. 
 

4.11.2.1 Methodology 
 

Water samples for phytoplankton analysis were collected using Niskin samplers (5 L) 
from two depths (surface and near bottom) from the 6 locations in the study area. 
The samples were analyzed for phytoplankton cell counts and biomass (Chlorophyll a 
and phaeophyton) as per the JGOFS Protocols (UNESCO, 1994). 
 
Phytoplankton Biomass (Chlorophyll a and Phaeophytin) 
 
For the estimation of the concentrations of Chlorophyll-a (Chl. a) and Paheophytin 
(Paheo), a known volume of water sample was filtered though Whatman GF/F glass 
fibre filter paper (47 mm diameter; nominal pore size, 0.7 µm) and extracted in 90% 
acetone overnight at 5°C. The extracts were used for the estimation of fluorescence 
before and after acidification using Turner Designs Fluorometer following Parsons et al 
(1984). The fluorescence values were converted to chlorophyll a and phaeophytin 
using appropriate calibration factors. 
 
Phytoplankton abundance and composition 
 
For phytoplankton cell counts, a known volume of water was transferred to a plastic 
bottle and preserved in Lugol’s iodine and formalin. The phytoplankton cells were 
enumerated and identified for species distribution using Sedgewick Rafter counting 
chamber for enumeration and identification under Binocular Microscope. 
 

4.11.2.2 Results 
 
Distribution of phytoplankton biomass expressed in terms of Chlorophyll a (Chl a) and 
phaeophytin (Phaeo) at different locations in the study area is given in Table-4.11.3. 
Concentrations of Chl a ranged from 0.79 to 1.64 mg/m3 at surface and 0.72 to 1.46 
mg/m3 at bottom, respectively. The content of phaeophytin in surface waters ranged 
from 0.46 to 1.37 mg/m3 and 0.44 to 1.18 mg/m3 in the bottom waters. The measured 
concentrations of Chl a and Phaeophytin show a marginally elevated levels in 
surface waters as compared to the bottom waters. The small variations observed 
between the surface and bottom waters could be due to the natural biological 
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variability inherent to such dynamic ecosystems. Further, it also reflects on the well-
mixed nature of waters in the study area. 
 
The concentration of phaeophytin is a measure of the dead cells and is an indirect 
indicator of physiological and stress conditions of the algae leading to deterioration 
of chlorophyll a. The relative concentrations of chlorophyll a and phaeophytin in an 
aquatic system suggest a delicate balance between the growth and mortality. Ratios 
of chlorophyll a to phaeophytin generally exceed 1.2 in healthy environments. Ratios 
of Chl a to phaeophytin in the study area revealed that the phytoplankton in the 
study area are stress free from anthropogenic sources.  
 
The list of phytoplankton species observed at different locations in the study area is 
given in Table-4.11.4. The phytoplankton Shannon Weinner diversity index varies from 
2.63 to 3.37 and 1.93 to 2.26 in surface and bottom water respectively. Analysis of the 
phytoplankton composition revealed that the study area sustains high generic 
diversity. Surface waters showed relatively higher phytoplankton abundance 
compared to the bottom waters.  
 
A total of 37 genera were identified from the study area. Diatoms with 30 genera 
dominated the phytoplankton composition. Dinofalgellates were represented by 7 
genera. Major genera were Coscinodiscus, Navicula, Grammatophora and 
Thallasiothrix. Genera such as Nitzschia sp. Navicula and Coscinodiscus were present 
in almost all the locations and were most pre-dominant. 
 

TABLE-4.11.3 : DISTRIBUTION OF PHYTOPLANKTON BIOMASS IN STUDY AREA 
 

Location Depths Chlorophyll a 
(mgm-3) 

Phaeophytin 
(mgm-3) 

MW1 Surface 1.64 0.46 
 Bottom 1.46 0.55 

MW2 Surface 1.60 1.37 
 Bottom 1.05 0.66 

MW3 Surface 0.79 0.65 
 Bottom 0.72 0.44 

MW4 Surface 0.87 0.61 
 Bottom 0.82 1.18 

MW5 Surface 0.99 0.94 
 Bottom 0.74 0.77 

MW6 Surface 1.32 0.72 
 Bottom 0.95 0.59 

 
TABLE-4.11.4 : LIST OF PHYTOPLANKTON SPECIES IN STUDY AREA 

 
Sr. No. Phytoplankton 

 Diatoms 
1  Amphora sp. 
2  Asterionell sp. 
3  Bacillaria sp. 
4  Bacteriastrum sp. 
5  Biddulphia sp. 
6  Caloneis sp 
7  Camphylodiscus  sp. 
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Sr. No. Phytoplankton 
8  Coscinodiscus  spp. 
9  Diploneis sp. 
10  Eucampia sp. 
11  Fragillaria sp. 
12  Grammatophora sp. 
13  Gyrosigma sp. 
14  Leptocylindrus sp. 
15  Licmophora sp. 
16  Mastogoia sp. 
17  Melosira sp. 
18  Navicula spp. 
19  Nitzschia spp. 
20  Pinnularia sp. 
21  Pleurosigma sp. 
22  Rhabdonema sp. 
23  Rhizosolenia spp. 
24  Stauroneis sp. 
25  Streptotheca sp. 
26  Surirella sp. 
27  Synedra sp. 
28  Thalassionema sp. 
29  Thalassiosira sp. 
30  Thalassiothrix spp. 
 Dinoflagellates 
31  Ceratium spp. 
32  Dinophysis sp. 
33  Gymnodinium spp. 
34  Gyrodinium sp. 
35  Peridinium sp. 
36  Prorocentrum sp. 
37  Pyrophacus sp. 

 
4.11.3 Marine Zooplankton 
 
 Zooplankton includes arrays of organisms, varying in size from the microscopic 

protozoans of a few microns to some jelly organisms with tentacles several meters 
long. By virtue of sheer abundance and intermediate role between the 
phytoplankton and the fish, zooplankton is considered as the chief index of utilization 
of aquatic biotope at the secondary trophic level. Zooplankton by virtue of its food 
value to higher animals forms a vital link between phytoplankton and fish and hence 
is an indicator of fish productivity of a marine area.   

 
4.11.3.1Methodology 

 
Zooplankton samples were collected from surface waters by horizontally towing a 
Heron- Tranter net (mesh size, 200 µm) attached with a calibrated digital flow meter 
at the mouth to record the value of water. After the haul (10 minutes), the net was 
carefully washed with seawater and the samples were collected in a plastic bottle. 
The samples were then preserved in 4% buffered formalin prepared in seawater for 
further analysis in the laboratory.  
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Zooplankton biomass was estimated by displacement volume method and expressed 
as ml 100/m3 and the concentrated samples were diluted to an aliquot of 6.25% using 
a Folson plankton splitter and were then examined under the stereoscopic binocular 
microscope for numerical counts and group identification. The density of various 
zooplankton taxa was calculated using the following formula,  

 
                                                Total number of organisms 
Density (Nos./100 m-3)   =     -------------------------------------- 
                                                 VWF (volume of water filtered) 
 

4.11.3.2Results 
 
The list of density and group of zooplankton observed in the study area is given in 
Table-4.11.5 and Table4.11.6. Mesozooplankton biomass ranged between 3.0 and 6.9 
ml/100 m3 in the study area. Maximum biomass (6.9 ml/100 m3) was observed at 
location MW5, while the minimum (3.0 ml/100 m3) at location MW6. The total 
mesozooplankton density in the coastal waters of study area varied from 10,881 to 
23,113 Nos./100 m3. 
 

The zooplankton population comprised of 11 faunal groups in the study area during 
the study period. In general, copepoda was the most dominant group which on an 
average constituted 32% of the total zooplankton density at all the locations. 
Amphipods, Chaetognatha, Lucifer and fish eggs were the other dominant groups of 
the zooplankton in the study area.  
 

TABLE-4.11.5 : ZOOPLANKTON BIOMASS AND DENSITY 
 

Stations Biomass (ml /100 m3) Density (Nos. /100 m3) 
MW1 4.2 12,462 
MW2 3.5 11,476 
MW3 3.5 11,461 
MW4 3.1 10,897 
MW5 6.9 23,113 
MW6 3.0 10,881 

 
TABLE-4.11.6 : LIST OF ZOOPLANKTON GROUPS OBSERVED IN STUDY AREA 

 
Sr. No. Zooplankton Group 

1  Copepoda 
2  Amphipoda 
3  Lucifer 
4  Decapoda 
5  Mysis 
6  Mollusca 
7  Crustacean larva 
8  Fish eggs & larvae 
9  Chaetognatha 
10  Cirripedia 
11  Oikopleura 

 
4.11.4 Marine Benthos 
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The term benthos refers to organisms that inhabit the substratum, above which is the 
overlaying water column at the bottom of an aquatic habitat. Included among the 
macro-invertebrates are sponges, coelenterates, flatworms, nematodes, 
roundworms, annelids, molluscs, echinoderms, macro-crustaceans, insects and other 
invertebrates. Depending upon their size, benthic animals are divided into three 
categories, microfauna, meiofauna and macrofauna. 
 
In general, the composition and density of benthos in marine waters are reasonably 
stable from year to year in unperturbed environments. However, the seasonal 
fluctuations associated with life cycle dynamics of individual species may result in 
extreme variations at specific sites. Benthic community responses to environmental 
perturbations are useful in assessing the impact of anthropogenic perturbations on 
water quality. Assessing the impact of a pollutants source generally involves 
comparison of benthic communities and their physical habitats at sites influenced by 
pollution with those from the adjacent unaffected sites. The benthic communities can 
be characterized and compared according to community structure, density, 
biomass, diversity or other analyses. 
 
Macrobenthic species which are considered for the present study are animal species 
with body size larger than 0.5 mm. The presence of species in a given assemblage 
and its population depends on numerous factors, both abiotic and biotic. Most 
bottom communities have a characteristic species structure that is controlled by a 
few species which are abundant and thus called the dominant species and are used 
to characterize benthic communities. Each species in a community has a certain 
level of tolerance which if exceeds, can adversely affect the communities. The 
changes in community structure in response to rhythmic changes in physical 
environment are called the ecological succession. 
 

4.11.4.1Methodology 
 

Sediment samples were collected from six locations for studying the benthos using the 
van Veen grab (0.1 m2 area) in the study area. The sediment samples were sieved 
through a 0.5 mm mesh sieve. Organisms retained on the sieve were carefully 
transferred into vials and were preserved in 5% Rose Bengal-formalin solution. Biomass 
(wet weight) of macrofauna was determined on an electronic balance and 
expressed as g/m2. The taxonomic compositions of the macrofauna were analyzed in 
the laboratory under stereo-zoom microscope and the density of macrofauna was 
expressed as No./m2. 

 
4.11.4.2 Results  

 
The list of macrobenthic standing stock observed in the study area is given in Table-
4.11.7. In general, location MW5 and MW3 showed relatively higher standing stock of 
macrobenthos in terms of population density and biomass. It is evident from the 
above Tables that considerable fluctuations in macrobenthic biomass and density 
are evident in the study area.  
 
The macrobenthic standing stock in terms of biomass and population varied from 12.9 
to 122.1 g/m2 and 49 to 3,316 Nos./m2 respectively. The number of macrobenthic 
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groups ranged from 3 to 13 and gastropods were the dominant group followed by 
polychaetes and isopods.  
 

TABLE-4.11.7 : BENTHOS OBSERVED IN STUDY AREA 
 

Sr. No. Faunal Groups 
1  Gastropoda 
2  Bivalve 
3  Polychaeta 
4  Amphipoda 
5  Crustecea  
6  Cladocera 
7  Isopoda 
8  Ostracoda  
9  Limpets 
10  Chiton 
11  Decapoda   
12  Tanaidacea 
13  Echinoderm 

 
4.11.5 Marine Sediment Quality 

 
The sediment quality parameters of the seabed sediments collected from six locations. 
The results of marine sediment quality parameters are given in Table-4.11.8. The 
summary of marine sediment quality is given below: 
  
 Total nitrogen content in the marine sediment varied from 0.24 and 0.34 mg/kg. 

 
 Total phosphorus content in marine sediment varied from 122.7 and 191.3 mg/kg in 

the study area. 
 

 The organic carbon values varied from 0.12 to 0.20 % in the sediment samples.  
 

 The calcium carbonate values varied from 0.18 to 0.37 % in the sediment samples 
during the study period. 

 
 Iron concentrations ranged from 8342 to 14560 mg/kg. Copper ranges from 3.2 to 

5.3 mg/kg. Zinc ranges in between 32.9 to 52.3 mg/kg. Lead ranges from 2.1 to 8.3 
mg/kg. Nickel ranged from 10.916.3 mg/kg. Cobalt and mercury concentrations 
are <0.1. 

TABLE-4.11.8 : MARINE SEDIMENT QUALITY PARAMETERS 
 

Parameters UOM MS-1 MS-2 MS-3 MS-4 MS-5 MS-6 
pH - 7.5 7.9 7.4 7.7 7.9 7.5 
Total Organic Carbon  % 0.12 0.18 0.17 0.20 0.16 0.19 
Total Nitrogen  mg/kg 0.24 0.31 0.27 0.24 0.34 0.25 
Total Phosphorus  mg/kg 122.7 186.9 163.7 129.8 177.4 191.3 
Calcium Carbonate  % 0.23 0.19 0.37 0.29 0.21 0.18 
Iron mg/kg 10110.1 9412.0 12116.0 9832.1 14560 8342 
Cobalt mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
Nickel mg/kg 14.5 10.9 12.6 16.3 14.7 13.9 
Copper mg/kg 3.2 4.1 3.6 5.3 3.7 4.4 
Zinc mg/kg 43.5 37.6 49.1 52.3 44.6 32.9 
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Cadmium mg/kg 1.3 4.6 2.7 1.9 3.5 4.8 
Lead mg/kg 2.1 6.7 4.9 8.3 5.1 4.2 
Mercury mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 
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5.0 PREDICTION OF ENVIRONMENT AND SOCIAL IMPACTS 
 
5.1 Introduction  
 

Generally, the environmental and social impacts can be categorized as either 
primary or secondary. Primary impacts are those which are attributed directly to the 
project and secondary impacts are those which are indirectly induced and typically 
include the associated investment and changed patterns of social and economic 
activities by the proposed action.  
 
The description of the existing environmental and social baseline conditions is given in 
Chapter-4. 
 
The chapter presents identification and appraisal of various impacts due to the 
proposed expansion of LNG terminal activities each of which may have impact on 
environmental parameters during the entire project life cycle. Various impacts during 
the pre- construction, construction, operation and decommissioning phases on the 
environment have been studied to estimate the impact on the environmental 
attributes and are discussed in subsequent section. Thus, the proposed project would 
create environmental and social impacts in three distinct phases:  
 
 During the construction phase which may be regarded as temporary or short 

term; 
 During the operation phase which would have long term effects; and  
 During the decommissioning phase.  
 
The mitigation measures proposed for minimizing the impacts have also been 
discussed in this chapter. Environment Management Plan (EMP) is developed to 
minimize adverse impacts and to ensure that the environment in and around the 
project site is well protected. The EMP has been prepared for both construction and 
operation phases of the proposed facilities. 
                                                                                                                                                                                 
The impacts have been assessed for the LNG terminal assuming that the pollution due 
to the existing activities has already been covered under baseline environmental 
monitoring and continue to remain same till the operation of the project.  
 
The construction and operational phase of the proposed project comprises various 
activities each of which may have an impact on some or other environmental 
parameters. Various impacts during the construction and operation phase on the 
environment have been studied to estimate the impacts on the environmental 
attributes and are discussed in the subsequent sections. 
 
Prediction of impacts was carried by adopting internationally accepted computer 
models. Secondary data also has also been used for impact assessment wherever 
necessary. Table 5.1 brings out impact assessment methodology adopted in brief. 
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TABLE 5.1: METHODOLOGY OF IMPACT ASSESSMENT 
 

 
Air Environment 

Changes in the ground level 
concentrations of SPM, SO2 and NOx in 
the ambient air, due to stack emissions.  

Industrial Source Complex Version 99155 
(ISCST3) developed by USEPA used for 
prediction of ambient air quality due to 
atmospheric dispersion of stack 
emissions.  

Changes in ambient air quality due to 
fugitive emissions from construction site 
and vehicular emission 

Qualitative assessments   

Effects of changes in air quality on soils, 
materials, vegetation, and human 
health 

Qualitative assessments   

Noise 
Environment 

Changes in ambient noise levels due to 
noise generated from construction 
activities and vehicles and operation of 
main plant and auxiliaries 

Multisource noise attenuation model 
has been used to predict the noise 
levels. 

Effect of changes in noise levels on 
fauna and human health 

Qualitative assessments   

Water 
Environment 

Requirement and availability of water 
and impact on competing users. 

Water Budgeting of the Area 

Availability of ground water and 
impact of withdrawal. 

Based on Secondary data   

Changes in surface water quality due 
to construction and operation activities. 

Qualitative assessments based on 
mixing calculations. 

Land 
Environment  

Land requirement and availability Qualitative assessments   
Land use pattern in study area and 
changes in land use and drainage 
patterns 

Biological 
Environment  

Deforestation/ tree cutting and 
shrinkage of animal habitat. 

Qualitative assessments   

Impact on fauna and flora  

Socio-Economic 
Environment 

Impact on the local community 
including demographic changes and 
socio-economic status. 
 
 

Qualitative assessments   

 
5.2 Impact Evaluation 
 
5.2.1 Impact Matrix 

 
Matrix methods identify interactions between various project actions and 
environmental parameters and components. They incorporate a list of project 
activities with a checklist of environmental components that might be affected by 
these activities. A matrix of potential interactions is produced by combining these two 
lists (placing one on the vertical axis and the other on the horizontal axis). 
 
These important points are based on data analysis and subjective judgment and for 
this, a number of inter-disciplinary group judgments are combined to have a more 
realistic value. Next the impact values are given with a range of 1 to 5 according to 
the intensity of impact. Positive and negative signs are assigned to impact value for 
beneficial or adverse effects respectively. Then a cumulative score for the total 
impact is calculated to judge the overall impact in construction phase as well as in 
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operational phase. The Parameter Importance Values (PIV) for such assessment and 
overall Impact Assessment Values (IAV) are detailed in Table-5.2 and Table-5.3 
respectively. 
 

TABLE-5.2 :PARAMETER IMPORTANCE VALUES (PIV) 
 

Sr. No. Parameter Parameter Importance Value 
1  Appreciable impact 1 
2  Significant impact 2 
3  Major impact 3 
4  Major impact (severe) 4 
5  Major permanent impact 5 

 
TABLE-5.3 : OVERALL IMPACT ASSESSMENT VALUES (IAV) 

 
Sr. No. Impact Assessment Value (IAV) Assessment 

1 <-50 Alternate site to be considered 
2 -30 to –50 Major injurious impact. Site selection to be reconsidered 
3

  
-20 to –30 Significant impact on environment, major environmental 

measures to be taken 
4

  
-10 to –20 Appreciable impact on environment, but not injurious in 

general. Mitigation measures are important 
5 0 to -10 No appreciable impact 
6 0 to +10 optimistic impact on Environment 
7 +10 to +50 significant affirmative impact on the environment 
8 > +50 affirmative sustainable impact on environment 

 
Major activities of the project in construction phase as well as in operational phase 
were examined for possible impact on the common environmental parameters. 

 
5.3 Identification of Impacts 

 
The identification of environmental aspects is the first step in determining the impacts 
of any proposed project.  
 
In a change-effect relationship between project activities and the receiving 
environment, the receptors determine the changes and the impacts identify the likely 
effects.  

 
5.3.1 Identification of Environmental and Socio-Economic Receptors 

 
Project activities have been identified through the review of project design 
document and consultation with project proponents and their project consultant. 
After identification of all project related activities, environmental and socio-economic 
receptors have been established.  
 
The identified environmental and social receptor parameters due to the proposed 
expansion power project with a brief explanatory note for each receptor are given in 
Table-5.4. 
 
 
 
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐5: Prediction of Environment and Social Impacts 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                            C5-4 

 
TABLE-5.4 BRIEF DESCRIPTION OF ENVIRONMENTAL AND SOCIO-ECONOMIC RECEPTORS 
 

Sr. No. Receptor Brief Note 
1 Land-use Existing land use and terrain details of the study area 
2 Soil Quality Soil quality of the project area 
3

 
Air Quality The air quality in and around the proposed project site, 

transmission corridors 
4 Water resources  The quality and quantity of water resources in the study area 
5 Noise and odour Disturbance and nuisance to local community 
6 Ecology  Plant and animal species and the habitat in the study area 
7 Socio-economics The socio-cultural and economic status of the study area 
8

 
Infrastructure 
Services 

Stress on local road and rail network and other infrastructure 
facilities 

 
The activities under construction and operation phase of proposed project are likely 
to affect the environment in varying degrees.  

 
5.3.2 Impact Identification Matrix  

 
A matrix is used to identify the interaction among project activities,   and 
environmental and social characteristics (receptors). The activities and impact 
parameters are related to matrices titled ‘identified matrix’. The identification 
matrices are constructed to identify the impact areas. 
 
1 Identification Matrix-I concentrates on construction phase  

 
2 Identification Matrix-II concentrates on operational phase and decommission 

Phase. 
 

The impact identification matrix for construction phase and operation phase of the 
project is given in Table-5.5 and Table-5.6 respectively. The construction phase has 
mostly temporary impacts and hence in Identification matrix for construction phase, 
impacts have been marked as Permanent (P) and Temporary (T). While in operational 
phase, the impact being mostly continuous, Identification matrix has been identified 
without any classification. 

 
TABLE–5.5: IDENTIFICATION MATRIX DURING CONSTRUCTION PHASE 
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Land use P P           P 
Soil quality T  T T         T 
Air quality T T T      T T   T 
Water resources       T  T  T   
Noise and odour T T        T T  T 
Ecology  T T T T T   T T   T 
Socio-economics T             
Infrastructure Services  P      T T T T T  

P: Permanent Impact, T: Temporary Impact 
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TABLE–5.6: IDENTIFICATION MATRIX DURING OPERATION AND DECOMMISSIONOING PHASE 
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Land use       X X 
Soil quality     X   X 
Air quality X   X  X  X 
Water resources  X X     X 
Noise and odour X       X 
Ecology X   X   X X 
Socio-economics X     X X X 
Infrastructure 
Services 

X     X X X 

X denotes possible impact 
 
5.4 Impacts during Construction Phase 

 
This includes the following activities related to land acquisition, leveling of site, 
construction of related structures and installation of related equipment. 

 
5.4.1 Impact on Land Use 

 
The proposed expansion of LNG Re-gasification Terminal is contiguous to existing LNG 
terminal at Dahej PLL is having about 16 hectares of land in south side of the existing 
plot. Additionally about 22.62 hectares of land on south side of existing plot is 
allocated to PLL by Forest Department. PLL has also been permitted by Gujarat 
Maritime Board to reclaim 20 hectares of land on west side of the existing plot. 
 

5.4.2 Impact on Soil 
 

The impact on soil due to project activity is expected due to soil erosion from the 
project area. Considering that the proposed project will be implemented in 
contiguous to existing LNG terminal premises and operation causing change in soil 
quality is not envisaged. 
  
Greenbelt will be developed in phased manner from construction stage onwards. Apart 
from localized construction impacts at the plant site, no adverse impacts on soil in the 
surrounding area are anticipated. 
 

5.4.3 Impact on Topography 
 
The proposed project premise is a generally plain land with a general elevation of 
about 12~14 m above mean sea level (MSL). Most of the buffer zone of the project is 
undulated land. 

 
It is proposed to level the project area for implementation of project. There will be no 
tall structures except stacks and storage tanks. Also, the contours of natural drainage 
will not be disturbed. In view of the above, there will be no major adverse impact on 
topography of the project site. 
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5.4.4 Impact on Air Quality 

 
The main sources of emission during the construction period are the movement of 
equipment at site and dust emitted during the leveling, grading, earthwork, foundation 
works and exhaust emissions from vehicles and equipment deployed during the 
construction phase is also likely to result in marginal increase in the levels of SO2, NOx, PM 
and CO. The impact will be for short duration and confined within the project boundary 
and is expected to be negligible outside terminal boundaries. The impact will, however, 
be reversible, marginal and temporary in nature. Proper maintenance of vehicles and 
construction equipment will help in controlling the gaseous emissions. Water sprinkling on 
roads and construction site will prevent fugitive dust.  

 
5.4.5 Impact on Water Quality 
 

Impact on water quality during construction phase may be due to non-point discharges 
of solids from soil loss and sewage generated from the construction workforce stationed 
at the site.  Further, the construction will be more related to mechanical fabrication, 
assembly and erection; hence the water requirements would be small. The construction 
water required will be obtained from existing facilities within the present LNG terminal 
site.  
 
The major source of water pollution in the construction phases is the sewage generated 
by the workers. During construction phase about 35 m3/day of waste is expected to be 
generated. Temporary sanitation facilities (septic tanks and soak pits) will be set-up for 
disposal of sanitary sewage generated by the workforce.  

 
The overall impact on water environment during construction phase due to proposed 
expansion of LNG terminal is likely to be short term and insignificant. 
 

5.4.6 Impact on Noise Levels 
 

Heavy construction traffic for loading and unloading, fabrication and handling of 
equipment and materials are likely to cause an increase in the ambient noise levels. 
However, the noise will be temporary and will be restricted mostly to daytime. 
 
There will be slight increase in noise level which was temporary and confined to 
construction phase.  
 
The noise control measures during construction phase include provision of caps on the 
equipment and regular maintenance of the equipment.  
 

5.4.7 Impact on Terrestrial Ecology 
 

The initial construction works at the LNG terminal involves land clearance and 
reclamation. Greenbelt will be developed phase wise during construction to improve 
the aesthetic value in the area and to screen out the fugitive dust generated during 
construction. 
 
The removal of vegetation from the soil and loosening of the topsoil generally causes soil 
erosion. However, such impacts will be confined to the project site and will be minimized 
through paving and water sprinkling.  
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There are not many existing matured trees in the site. However, greenbelt will be 
developed surrounding the plant facilities. Thus, no major adverse impacts are 
envisaged on terrestrial ecology. 

 
5.5 Impacts during Operational Phase 
 

The proposed expansion of LNG terminal operation after phase-III will involve 33-36 
MW of power generation (including operations for 20 MMTPA). The following activities 
related to the operational phase will have varying impacts on the environment and 
are considered for impact assessment: 
 
 Air environment; 
 Water resources and quality; 
 Land use; 
 Soil quality; 
 Solid waste; 
 Noise levels; 
 Terrestrial and aquatic ecology; 
 Demography and socio-economics; and 
 Infrastructural facilities. 

 
5.5.1 Impact on Air Quality  
 

LNG regasification and storage is a clean process and essentially there is no emission 
from this process. There will be a small emission from the operation of GTGs and flare. 
The GTGs are run by the natural gas only and hence the emissions are small in terms 
of SO2 and SPM. NOx is only significant pollutant emitted under this condition.  
 
The proposed project has the gas generators based on “Lean – burn” technology. In 
this technology, each burner and flame tube installation consists of six burner 
assembly, each consisting of main and pilot burner and six flame tubes. The top end 
of the flame tube is secured to a main burner and the grooved bottom end carries 
two support rings and piston rings which located in a transition fuel this provide a 
controlled supply of fuel in a form suitable for the efficient operation of the 
combustion system. The combustion is considered “Lean” when excess air is 
introduced into the engine along with the fuel. This produces two positive effects first, 
the excess air reduces the temperature of the combustion process and this reduces 
the amount of oxides of nitrogen (NOx) produced by nearly half, compared to a 
conventional natural gas engine. Second, since there is also excess oxygen available, 
the combustion process is more efficient and more power is produced with the same 
amount of fuel. In this new lean-burn engine, the combustion process is enhanced by 
pre-mixing the air and fuel upstream of the turbo charger before introduction into the 
cylinder. Break Mean Effective Pressure (BMEP) against Air Excess (Lambda), the 
operating window is a very narrow band where efficiency peaks and where NOx is 
near its minimum.  
 
One of the results of this technology is significantly reduced emission in the exhaust. 
The gas engine generators have NOx emissions as low as 0.85 grams/BHP-hr and 
produce low amounts of hydrocarbons (HC), carbon monoxides (CO) and 
particulate matter (PM). Emission from the proposed GTGs shall be controlled using 
the similar technology.  
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Emissions from the flare shall mostly occur at the time of plant upset condition and the 
emissions will be insignificant under normal condition. In the proposed LNG terminal, 
three (03) No of GTGs are proposed for 15 MMTPA and further two (02) additional 
GTG for 20 MMTPA terminal operations. 
 

The various measures proposed to minimize the pollution from the LNG terminal are as 
follows: 
 

The NOX emission from the GTG’s will be controlled by controlling combustion 
measures, which will be approached by way of low NOX burners  
 

  Air Pollution Modeling  
 

Prediction of impacts on air environment has been carried out employing mathematical 
model based on a steady state Gaussian plume dispersion model designed for multiple 
point sources for short term. In the present case, Industrial Source Complex Short Term 
[ISCST3] 1993 dispersion model has been used developed by United States 
Environmental Protection Agency [USEPA]. 
 
The options used for short-term computations are: 

 
 The plume rise is estimated by Briggs formulae, but the final rise is always limited to 

that of the mixing layer; 
 Stack tip down-wash is not considered; 
 Buoyancy Induced Dispersion is used to describe the increase in plume dispersion 

during the ascension phase; 
 Calms processing routine is used by default; 
 Wind profile exponents is used by default, 'Irwin'; 
 Flat terrain is used for computations; 
 It is assumed that the pollutants do not undergo any physico-chemical 

transformation and that there is no pollutant removal by dry deposition; 
 Washout by rain is not considered; 
 Cartesian co-ordinate system has been used for computations; and 
 The model computations have been done for 10 km with 1000-m interval. 

 
Emission calculations are enclosed as Annexure-IX. 
 

5.5.1.1 Model Input Data  
 

The air pollution modeling has been carried out representing the worst case scenario. 
The stack details considered for model computations are summarized in Table-5.7.  

 

TABLE-5.7 : PROPOSED STACK DETAILS 
 

Sr. No. Parameters Units Phase-I&II  Phase-III 
(Tentative figures) 

1 Stack Height m 30 30 
2 Stack diameter m 1.66 1.66 
3 Exit velocity m/s 21 21 
4 Flue gas temperature  oK 160+273 160+273 
5 Gas Consumption  TPH 8 (max) 8 (max) 
6 Oxides of Nitrogen  g/sec 0.5 (max) 0.5  (max) 

Source: PLL 
 Meteorological Data  
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The hourly meteorological data recorded at site is converted to the mean hourly 
meteorological data as specified by CPCB and the same has been used in the 
model.  
 Stability Classification 

 

Hourly stability is determined by wind direction fluctuation method as suggested by 
Slade (1965) and recommended by CPCB (PROBES/70/1997-1998).  
 

σθ = Wd/6  
 

σθ, is standard deviation of wind direction fluctuation, Wd is the overall wind direction 
fluctuation or width of the wind direction in degrees. The table for stability classes is 
given as under. The percentage occurrence of stability class used for model is given 
in Table 5.8. 

TABLE-5.8 : STABILITY CLASSIFICATION 
 

Stability Class σθ Degree 
A >22.5 
B 22.4-17.5 
C 17.4-12.5 
D 12.4-7.5 
E 7.4-3.5 
F <3.5 

 

 Mixing Heights  
 

Hourly mixing heights are taken from the “Atlas of hourly mixing height and 
Assimilative capacity Atmosphere in India” by Indian meteorological department 
2008 New Delhi has been used. The meteorological data of the post monsoon season 
is used for modifying.  
 

5.5.1.2 Presentation of Results 
 

The model simulations were carried out for pre-monsoon season. For the short-term 
simulations, the Ground Level Concentrations (GLCs) were estimated around 1200 
receptors to obtain an optimum description of variations in concentrations over the site 
in 10 km radius covering 16 directions. The predicted ground level concentration 
isopleths for NOx during normal operations are given in Figure-5.1 to Figure-5.3.  
 
The maximum incremental ground level concentrations and resultant concentrations for 
PM, SO2 and NOx are given in Table-5.9 and Table-5.10 respectively.  Similarly, the 
isopleths for various pollutant concentrations are enclosed.  

 
TABLE-5.9 : PREDICTED 24-HOURLY SHORT TERM INCREMENTAL CONCENTRATIONS 

 
Season Maximum Incremental GLCs 

NOx (/m3) 
Distance 

(km) 
Direction 

Winter Season   8.28 2 SE 
Pre Monsoon 6.3 1.4 E 
Post Monsoon 6.75 2 SE 

 
TABLE-5.10 : RESULTANT CONCENTRATIONS DUE TO INCREMENTAL GLC’s 

(WORST CASE SCENARIO) 
 

Season Maximum Baseline 
Concentration 

(g/m3) 

Incremental Concentrations due 
to Proposed Project (g/m3) 

Maximum Resultant 
Concentration (g/m3) 

NAAQ 
Standards  

2009 
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Season Maximum Baseline 
Concentration 

(g/m3) 

Incremental Concentrations due 
to Proposed Project (g/m3) 

Maximum Resultant 
Concentration (g/m3) 

NAAQ 
Standards  

2009 
Winter Season   20.4 8.28 28.68 80  
Pre Monsoon 16.5 6.3 22.8 80 
Post Monsoon 19.1 6.75 25.85 80 

 
 
 
 
 
 
 

5.5.1.3 Discussions on Results  
 

Even though, the incremental and resultant concentrations of NOx are marginally 
higher than the baseline values, they are well within the NAAQ limits and hence, the 
AAQ levels after implementation of the proposed 36 MW (ISO rated) GTG’s will remain 
within the permissible limits. 
 
It is also to be noted that the above concentrations are for worst case scenario of 
operations only. Hence, it can be stated that the AAQ of the area will be within the 
permissible limits of respective zones.  
 
A perusal of pervious section reveals that the maximum incremental short-term 24 
hourly resultant ground level concentrations for NOx likely to encounter in the 
operation of proposed LNG terminal is 8.28 µg/m3 occurring at a distance of 2.0 km in 
the west direction. The resultant concentration is well within the limits when compare 
with NAAQM standards.  

 
This small increase will be substantially offset by the overall improvement in regional 
air quality as Natural Gas will eventually replace other polluting fuel inputs in the 
various industries. Natural gas is an extremely important source of energy for reducing 
pollution and maintaining a clean and healthy environment. Natural gas is the 
cleanest of all the fossil fuels. Composed primarily of methane, the main products of 
the combustion of natural gas are carbon dioxide and water vapor, the same 
compounds we exhale when we breathe. Coal and oil are composed of much more 
complex molecules, with a higher carbon ratio and higher nitrogen and sulfur 
contents. This means that when combusted, coal and oil release higher levels of 
harmful emissions, including a higher ratio of carbon emissions, nitrogen oxides (NOx), 
and sulfur dioxide (SO2). Coal and fuel oil also release ash particles into the 
environment, substances that do not burn but instead are carried into the 
atmosphere and contribute to pollution. The combustion of natural gas, on the other 
hand, releases very small amounts of sulfur dioxide and nitrogen oxides, virtually no 
ash or particulate matter, and lower levels of carbon dioxide, carbon monoxide, and 
other reactive hydrocarbons. 

 
5.5.2 Impact on Water Resources and Water Quality 

 
Water required for various LNG terminal operations will be sourced from existing LNG 
terminal resources for meeting the water requirements during construction and 
operational stage of the LNG terminal.   
  

5.5.2.1 Impact on Water Resources 
 

There is no tapping of ground water during construction stage. Hence no impacts on 
groundwater resources is envisaged.   
 

5.5.2.2 Impact on Water Quality  
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There is no generation of any liquid effluent from the process area. Existing facilities are 
adequate to handle additional domestic waste water. 
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FIGURE-5.1 :  SHORT TERM 24 HOURLY INCREMENTAL GLCs of NOx – WINTER SEASON 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐5: Prediction of Environment and Social Impacts 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                            C5-13 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 
 

FIGURE-5.2 :  SHORT TERM 24 HOURLY INCREMENTAL GLCs of NOx - PRE MONSOON 
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FIGURE-5.3 : SHORT TERM 24 HOURLY INCREMENTAL GLCs of NOx - POST MONSOON 
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5.5.3  Modeling of Flow Regime for the Proposed Development  
 
Marine modeling studies for the proposed expansion of LNG terminal at Dahej has 
been carried out by M/s Environ Software Pvt. Ltd. Bangalore.  
 
Based on the modeling study carried out to evaluate the flow regime and 
sedimentation processes due to the proposed expansion of existing LNG terminal and 
reclamation at Dahej, the following conclusions can be drawn: 
 
Hydrodyn-FLOSOFT and SEDSOFT modules have been used for predicting the impact 
on flow dynamics, morphological changes and coastline changes due to marine 
facility development. 

 

 Hydrodynamic Modeling 
 

 The model generated tides are comparable to actual observations at the vicinity 
of proposed development at PETRONET LNG terminal and reclamation. 
 

 The model has been run for various tidal conditions to study the hydrodynamic 
behavior and flow regime in and around the proposed development. 
 

 For all the tidal conditions and with the proposed development considered, the 
impact on the flow regime is minimal and there seems to be no significant 
difference in the tides and velocities in the domain due to proposed 
development. 
 

 The changes in the flow regime for various tidal conditions before and after the 
proposed development are found to be negligible.  

 

 Sediment Transport Modeling 

 Minor changes in the sedimentation processes for all tidal conditions seem to be 
present due to the proposed development. 
 

 The accumulation of sand/silt/mud predicted in the vicinity of proposed standby 
LNG terminal and reclamation is around 3 to 5 cm over a period of 15 days. In the 
vicinity of the jetty needs to maintain certain depths for vessel operation. Hence, 
the flow currents will be reduced than surrounding areas due to more depths and 
thus sediment deposition rate will be more at beginning.  The rate will be reduced 
due to change in flow dynamics according to change in bed morphology. 
 

 The changes in the sedimentation processes for all tidal conditions due to the 
development activities are not significant enough to cause any appreciable 
change in the bed levels and sediment concentration in other parts of the 
domain except at the proposed standby LNG terminal and reclamation. 
 

 The development activities do not seem to affect the flow regime and 
morphology in the rest of the study area in general.  

 
The report of marine modeling study carried out for the proposed expansion of LNG 
terminal is given in Annexure-X. 

 

 
5.5.4 Impact on Land Use 
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PLL is having about 16 hectares of land in south side of the existing plot. Additionally 
about 22.62 hectares of land on south side of existing plot is allocated by Forest 
Department to PLL and Stage-I clearance is accorded by Forest Department.  PLL has 
also been permitted by Gujarat maritime Board to reclaim 20 hectares of land on 
west side of the existing plot.  
 
After commissioning of proposed expansion of LNG terminal, land use of the additional 
land required for expansion of LNG terminal will change to industry category. The 
greenbelt proposed will have a positive impact on land. There will be minimum 
changes in land use during the operational phase of the LNG terminal.  Hence, no 
major impacts are envisaged during operational phase of the project. 
 

5.5.5 Impact on Soil 
 

Most of the impacts of LNG terminal project on soils are restricted to the construction 
phase, which will get stabilized during operational phase. The impact on the topsoil will 
be confined to the proposed expansion of main terminal area only. Further, the 
greenbelt proposed will have a very positive impact on soil quality. 
 
The impact of project activity is expected on account of changes in soil quality and also 
due to soil erosion from the project areas. Considering that the proposed project will be 
implemented within the existing LNG Terminal and operation causing change in soil 
quality is not envisaged, the impact of the project on soil quality will be less than 
significant.  
 

The airborne fugitive dust from the proposed expansion LNG terminal is likely to be 
deposited on the topsoil in the immediate vicinity of the terminal boundary. However, 
the fugitive emissions are likely to be controlled to a great extent through proposed 
control measures like water sprinkling and development of greenbelt development.  
 

Hence, no major impact is envisaged on soil quality of the project site.  
 

5.5.6 Impact of Solid Waste  
 
On a regular basis, there is no generation of any non-hazardous or inert solid waste 
from the proposed LNG terminal. A small quantity i.e. about 1.0 KL/year of hazardous 
oily waste will be generated from the proposed expansion of LNG terminal during 
periodic maintenance. Hazardous waste is being collected and stored at specific 
identified area at site. Authorized agency will be hired to dispose the collected 
Hazardous waste.  
 

5.5.7  Biological Environment (Coastal and Marine Ecology) 
 
5.5.7.1 Potential Impact Due to LNG terminal Location 
 

The location of a proposed expansion of LNG terminal may affect aquatic fauna and 
flora through changes of water quality, coastal hydrology and bottom 
contamination. Land reclamation from the sea may damage bottom habitat and 
displaces fishery resources. Terrestrial fauna and flora may also be altered by the 
location of a LNG terminal. 
 
Diminution of bottom biota is usually linked to a reduction of fishery resources, and 
occasionally to an increase of undesirable species. Deterioration of water quality 
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usually gives rise to changes in aquatic biota, a decrease in the number of species, 
and an increase in the quantity of one or two specific species. 
 

Diminution of plants in a shore zone within enclosed water may degrade its aeration 
capability and cause water pollution. 
 

5.5.7.1.1 Mitigation Measures 
 
Careful survey of the ecological characteristics of a project area has been carried 
out and appropriate measures are proposed for their conservation. Planting of green 
plants in and around the LNG terminal is being done as an effective means to 
mitigate adverse effects on terrestrial habitat. 
 
Greenbelt proposal has been prepared and being implemented in the LNG terminal 
premises as per the guidelines of Central Pollution Control Board. 

 
5.5.7.2 Potential Impact Due to the LNG terminal Construction 
 

 Organic Matter and Nutrients  
 
The release of organic rich sediments during dredging can result in the localized 
removal of oxygen from the surrounding water. Depending on the location and 
timing of the dredge this may lead to the suffocation of marine animals and plants 
within the localized area or may deter migratory fish or mammals from passing 
through. However, it is important to stress that the removal of oxygen from water is 
only temporary, as tidal exchange would quickly replenish the oxygen supply. 
Therefore, in most cases where dredging is taking place in open coastal waters this 
localized removal of oxygen has little, if any, effect on marine life. 
 
The resuspension of sediments during dredging may also result in an increase in the 
levels of organic matter and nutrients available to marine organisms. This can result in 
two main effects: 
 
 In certain cases, such as environments adapted to low nutrient conditions or 

sensitive to the effects of eutrophication which can simply be described as 
nutrient enrichment leading to the formation of algal blooms. These blooms can 
reduce the surrounding water quality by causing the removal of oxygen as the 
blooms break down or occasionally by the release of toxins which may disturb 
marine life; and 
 

 In other cases, increased organic material, nutrients and algal growth may 
provide food for zooplankton and higher organisms, thereby increasing the 
productivity of the marine ecosystem. 

 

 However, dredging is part of the existing plant and no dredging is involved in the 
proposed expansion.  

 
 Impact on Terrestrial Ecology 
 

The initial construction works at the project site involves land clearance. During 
construction activities vegetation may be disturbed which can be considered 
insignificant. In LNG terminal, a good number of casuarinas equisitfolia plants are 
planted by government as a part of shore protection and maximum extent these 
plants have been retained as a part of green belt or shore protection barrier. In 
addition greenbelt development plan has been initiated from before the 
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construction activity of existing LNG terminal, which in turn has improved the 
aesthetic value in the area and helps in screening out the fugitive dust generated. 
The greenbelt development will be continued after construction of proposed 
expansion of LNG terminal also. The removal of vegetation from the soil and loosening 
of the topsoil generally causes soil erosion. However, such impacts will be confined to 
the project site and will be minimized through paving and water spraying.  

 
5.5.7.2.1 Mitigation Measures 

 
 Ecological Aspects 
 
During construction period, there could be clearing of vegetation in order to prepare 
the site for construction. However, this will be mitigated by proper landscaping and 
extensive plantation along with the construction of the additional LNG terminal 
facilities. Similarly, aquatic life observed in the nearby streams is common in nature 
and these do not harbor any endangered species. A comprehensive green belt 
programme is being implemented which will help in improving the ecological 
condition of the region.  
 
The damage to native species is not envisaged and the genetic diversity of the area 
will not be disturbed. 
 

5.5.7.3 Potential Impact Due to the LNG Terminal Operations 
 

 5.5.7.3.1 Potential Impacts on Marine and Coastal Ecology  
 
 

 Oil Spill 
 
During towing and berthing of the ships, owing to natural calamity or piloting errors, 
there can be remote possibility of mishap of one to one ship collusion or ship hitting 
against the wharf or ship getting grounded. During such events, the ship may 
sink/break and lead to oil spill inside the jetty basin or in the vicinity. 
 
It is difficult to assess the effect of oil in the marine environment because of the large 
variation in sources, quantities, and nature of the oil, also the physical, chemical and 
biological conditions of the environments involved. The majority of research relating 
to the effects of the oil on the marine environment relates to major oil spill events, 
usually from shipping accidents and groundings, the environmental effects of which 
are well known by all, particularly the associations with oiled birds and mammals. 
However, very little literature describes the effects of chronic discharges from run off 
or numerous small discharges of oil which are common in port and harbour areas. 
 
Some of the potential effects of oil pollution are as follows: 
 
 Marine animals and plants tend to be tolerant of low level concentrations of oil in 

sediments from chronic or small discharges, however this is not always the case; 
 

 Prolonged exposure to major or minor oil spills can lead to mass mortality of 
benthic communities, fish, mammals and birds; 
 

 In sediments, as it is organic, oil will be broken down relatively quickly by 
microorganisms which may result in the localized removal of oxygen from the 
sediments and surrounding water with possible effects on marine life; 
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 The persistent toxic constituents of oil, such as heavy metals, can become stored 

in the sediments, and taken up into the food chain. Therefore, following large oil 
spills, even where animals recover in diversity and density, they may continue to 
suffer physiological and behavioural disorders which can result in reduction in 
growth and reproduction and in the worst cases, death; and 
 

 The breakdown of oil tends to be slowest in intertidal areas, which leads to the 
highest concentration and longest residence times. 

 
5.5.7.4 Impact on Noise Levels 

 
The proposed expansion of LNG terminal would generate noise due to pumps and 
compressors. A quantitative prediction was carried out to estimate the cumulative 
noise levels due to operation of all noise generating source of LNG terminal. An in-
house propagative modeling was undertaken to estimate the resultant noise level. 
The typical noise level generated from these sources are given in Table-5.11. 

 
TABLE 5.11 : TYPICAL NOISE LEVELS OF EQUIPMENTS DURING THE  

OPERATION PHASE 
 

Sr. No Particulars Noise Level dB(A) 
1 Pump 70 
2 Compressor < 80 at 1 mtrs  

 
 Propagative Modelling 
 
A propagation model has been devised to predict the noise levels at various 
distances around a single or multiple sources. Propagation and attenuation of noise 
pressure wave is dependent on many factors important amongst them being the 
medium of travel and the ambient conditions. The model uses the following formula 
as a basis for such predictions. 
 
(Lob) = (Lr) - (LDiv) - (LAtm) 
 
Where 
 
(Lob) = Observed noise level at distance R from source. 
(Lr) = Noise level of source measured at reference distance r. 
(LDiv) = Loss due to divergence at Distance R from source. 
 
The three terms are further defined as : 
 
(LDiv) = 20 Log (R/r) 
 
Where, 
 
R = Distance at which noise level is to be computed. 
(LAtm) = Attenuation due to atmosphere at distance R from source 
= α x R/100 
Where α is atmospheric attenuation coefficient in dB (A)/100m. 
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The total impact (Lob) of all the sources at particular place is then estimated by 
adding as the contribution of noise from each of the following sources, as follows: 
Where n = total number of sources. 
 
The calculated noise levels are further superimposed (logarithmically) on the 
background noise levels. The model assumes that the noise spectrum is mainly 
centred around a spectrum of 1000 Hz and does not account for attenuation due to 
building materials. 
 
Noise Modelling 
 
Major sources of noise emission during operation phase have been identified as 
additional pumps and compressors. Noise emission from these sources have been 
included in the noise modelling and their impact has been predicted as discussed 
below.  
 
Based on the above, noise propagation modeling was carried out to assess the post 
project noise scenario using in-house "NOISE" model. The result of the model was 
superimposed on the baseline noise levels representing the operation of proposed 
expansion of LNG terminal plant to predict the resultant noise level. The resultant 
noise level represents the conservative estimate of the cumulative impact of the 
operation of the LNG terminal including the proposed expansion of LNG terminal. This 
resultant noise level within the battery limit of the terminal has been evaluated vis-à-
vis damaged risk criteria for hearing as enforced by OSHA and Ambient Air Quality 
Standards in respect of Noise specified under Noise Pollution (regulation and control) 
Rules, 2000 at the battery limit.  
 

The model considered for monitoring background noise level of the terminal site for 
two periods i.e. day time and night time. Within the terminal site, model results shows 
that the noise level gets attenuated rapidly and at the plant battery limit and there 
will be negligible impact (<1 dBA) in the baseline noise level. Considering the baseline 
monitored noise level of the operation of existing terminal shows noise level as well 
within the regulatory standard, the impact of the operation of proposed expansion 
on Noise Environment shall be less then significant, reversible and long term. Major 
noise generating sources are given in Table-5.12. 

 
TABLE-5.12 : MAJOR NOISE GENERATING SOURCES 

 
Sr. No. Sources Noise Level in dB(A)  Nature of Noise 

1 Pump  70 Continuous 
2 Compressor 85 Continuous 

 
5.5.7.4.1 Presentation of Results  
 

The incremental noise levels are computed at proposed project site at 100-mX100-m 
grid intervals over an area of 10-km x 10-km study area. The predicted results of 
incremental noise levels at each grid points are used to draw noise contours. The 
predicted noise contours around proposed sources are shown in Figure-5.4.  
 

5.5.7.4.2 Impact on Work Zone 
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Pumps and compressors are the high noise generating equipment’s in the proposed 
expansion of LNG terminal. However, impacts on the working personnel are not 
expected to be significant on account of the high level of automation of the LNG 
terminal, which means that workers will be exposed for short duration only and that 
too intermittently. 
 
The noise generation during operational phase would be at source itself through 
different measures such as inspection, operation and maintenance at regular 
intervals. The noise control measures as described in EMP will be fully followed. The 
occupational noise exposure to the workers in the form of 8-hourly time weighted 
average will be maintained well within the prescribed OSHA standards (<90 dB (A)). 
Hence, the impact on occupational health of workers would be insignificant. 
 

5.5.7.3 Impact on Community 
 

As per the location of LNG terminal, the minimum distance available between 
proposed major noise sources and the outer periphery of the project site would be 
more than 500-m. The cumulative incremental impact of all noise sources at 
boundary will range in between 45-50 dB (A). 
 
The nearest human habitations are located at about 1.5 km from the boundary and 
the cumulative noise impacts would be insignificant. 
 

5.5.7.5 Prediction of Impacts on Socio-Economics 
 

The requirement of unskilled manpower will be met from nearby villages during 
construction phase. The project will also help in generation of the indirect 
employment apart from direct employment. This will be a positive socio-economic 
development for the region.  
 

5.5.7.6 Impacts on Public Health and Safety 
 

The discharge of waste materials (stack emission, wastewater and solid wastes) from 
process operations may have potential impact on public safety and health.  
 
The domestic waste water generated will be treated and used in green belt. Only 
storm water will be drained outside. It is proposed to reuse the wastewater to the 
maximum extent. Since, the adverse impacts on ambient air and soil quality are 
predicted to be low it is anticipated that the impact on public health will be 
minimum. 
 

5.6 Evaluation and Analysis of Impacts during Decommissioning Phase 
 
PLL is a project of involving huge investment, while in Operation, the plant 
management will employ the best maintenance techniques and systems. These 
efforts result in extended life of the terminal.  
 
Similarly efforts and investment for renovation and modernization will result in further 
life extension of the plant. However when the plant becomes unviable due to major 
technological changes or fuel availability or due to environmental regulations, 
decommissioning of the plant will be undertaken. This involves a series of steps to be 
planned and executed. The total operation can be broadly categorized into De-
operationalisation and Dismantling phases.  



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐5: Prediction of Environment and Social Impacts 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                            C5-22 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE-5.4 : PREDICTED NOISE DISPERSION CONTOURS 
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De-operationalisation is a technical activity carried out by experts. Dismantling 
operation however will have impact on environment due to noise and dust arising out 
of it. In order to handle the de-installation of each type of item a specific strategy will 
have to be planned to keep the impact during the actual activity low. During this 
phase of the plant, all structures will be cleared away, all rubbish cleared, excreta or 
other disposal pits or trenches filled in and effectively sealed off and the site left clean 
and tidy, at the contractor’s expenses, to the entire satisfaction of the engineer. 
 
The decommissioning will also have social impact. The decommissioning of the power 
house which was a part of the local social fabric for many years will certainly create 
vacuum in the lives of the people directly and indirectly connected with it. The 
impact due to decommissioning on power, social and environmental scenario will be 
guided by applicable laws and guidelines. These will be addressed appropriately. 

 
5.7 Cumulative Effects & Evaluation of Impacts 

 
TABLE-5.13: IMPACT IDENTIFICATION MATRIX [CONSTRUCTION PHASE] 

 
 Parameter Impact Values For Each Activity (Piv) 
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Parameter PIF I II III IV V VI VII  
Land use 5 -1 -1       2 NA  0 
Water resources 8     -1     -1 NA -16 
Air quality 9 -1 -1       1 NA -9 
Noise and odour 4 -1 -1         NA -8 
Ecology 4 -1 -1       1 NA -4 
Aesthetics 6 -1 -1     -1 2 NA -6 
Socio-economic factors 8 1 2     -1 1 NA 24 
Infrastructure services 6   1         NA 6 
OVERALL IMPACT ASSESSMENT VALUES (IAV) -13 

 NA: Not Applicable 
 

TABLE -5.14: IMPACT IDENTIFICATION MATRIX [OPERATIONAL PHASE] 
 

 PARAMETER IMPACT VALUES FOR EACH ACTIVITY (PIV) 
Site 

develop
ment 

Construct
ion 

activities 

Water 
requirem

ent 

Waste water 
generation 

Solid 
waste 

generat
ion 

Plant
ation 
activi
ties 

Oper
ation

al 
activit

ies 

 (Impact 
Assessment 
Values IAV) 

[� (PIV x 
Weightage for 
each activity)] 

Parameter PIF I II III IV V VI VII  
Land use 5 NA NA     -1 2   5 
Water resources 8 NA NA -1     -1 -2 -32 
Air quality 9 NA NA       1 -3 -18 
Noise and odour 4 NA NA       1   4 
Ecology 4 NA NA       1   4 
Aesthetics 6 NA NA     -1 1   0 
Socio-economic factors 8 NA NA -1 -1   1 3 16 
Infrastructure services 6 NA NA         1 6 
OVERALL IMPACT ASSESSMENT VALUES (IAV) -15 

 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐5: Prediction of Environment and Social Impacts 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                            C5-24 

The impact matrix for construction and operational phases given above can be 
interpreted in following sections. 

 
5.7.1  Construction Phase 

 
Site development and construction phase will have temporary appreciable negative 
impact on environment, but it will not be injurious in general. Mitigation measures will 
be important and taken care of. Plantation activities will be commenced in 
construction phase itself, which has added some positive impact value to the impact 
matrix. Significant secondary employment opportunities will be generated in this 
phase for site clearing, construction works and plantation works. Some indirect 
development of the area is expected from infrastructural angle during construction 
phase itself. Although, site clearing and construction works will generate temporary 
negative impact value of -13, mitigatory measures will be planned and implemented.  

 
5.7.2  Operational Phase 

 
Significant affirmative impact on socio-economic front is anticipated due to the 
project operation. The extensive plantation activities under the project will help in 
reducing greenhouse gases. 

 
Although, water consumption will increase due to the plant operation activities, 
rainwater harvesting and storm water management practices after the project 
execution will mitigate the same to some extent. Noise levels will increase due to the 
plant operations; which would be absorbed by the thick green belt, proposed to be 
developed all along the periphery of the project area.  

 
Various socio-economic factors like employment generation, education, and 
enhancement of infrastructure facilities will have an added value to the project. An 
appreciable infrastructural development of the area is anticipated as an indirect 
impact in due course of time. 

 
The overall impact assessment value at operational phase of LNG expansion is 
estimated as -15. This indicates an appreciable impact on environment, but not 
injurious in general, for which appropriate mitigation measures will be implemented. 
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6.0 ANALYSIS OF ALTERNATIVES 
 
6.1 Introduction 
 

The task on analysis of alternatives is based on environmental considerations. Based 
on the requirements of ADB Guidelines for the proposed ESIA study, this task is 
addressed at the following levels: 
 
1. Site Selection; 
2. Plant Technology Selection; 
3. Vaporizer Alternatives; and 
4. Pollution Abatement technologies.  
 
This section is based on a review of available data, including special studies and 
lessons learned from other countries.  

 
6.2 Site Selection 
 

Petronet LNG Limited (PLL) has established the Dahej terminal for handling LNG with 
10 MMTPA installed capacity, which is under commercial operation since 2004. It has 
been proposed to expand the total capacity to 20 MMTPA by installing additional 10 
MMTPA LNG handling facility adjacent to the existing terminal to reduce 
environmental damage.  
 
The major reasons in planning the proposed LNG terminal expansion at Dahej are: 
 
 Existing plant and proposed expansion is within India’s first Petrochemicals and 

Petroleum Investment Region (PCPIR);  
 To contribute in minimizing the demand – supply gap in state and region/ country; 
 Use of Natural gas, which is a cleaner and cheaper fuel; 
 Readily available infrastructure around proposed plant site – shall be shared with 

the existing plant; 
 Additional land is allocated by GIDC and GMD adjacent to the existing plant 

premises for the project and is contiguous; 
 Lesser ecological foot-print by setting up the plant as an extension of the existing 

plant;  
 The proposed expansion needs off-shore facilities which are already installed at 

the present location; 
 Site is well connected by Rail, Road and Air; 
 No displacement of people. 
 Proposed site is contiguous to the existing plant  - part of the required land is in 

possession; 
 The region has availability of basic amenities such as housing, education, health & 

medical services, water supply, sanitation, communication & power supply etc. 
 
This site has the distinct advantage as the land, in addition to the existing plant area, for 
the proposed units is readily available adjacent to the existing plant within notified 
Industrial Development Area (IDA), Dahej and no displacement of persons or demolition 
of houses is involved. Thus, it is proposed to quickly implement the execution of the 
proposed expansion by utilizing the infrastructure facilities available at Dahej facility 
to the maximum extent.  
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6.3 Plant Technology Selection  
 

Emerging technologies can alter various dimensions of an incumbent processing 
network. The three most important dimensions are process configuration, and 
operational and financial performance as shown in Figure – 6.1. 

 
 

 
 

FIGURE-6.1: TECHNOLOGY SELECTION DIMENSION 
 
 

As modularity increases, Operational performance refers to the measurable 
efficiency indicators of a given process configuration, such as throughput, quality, 
production cycle time, and utilization. Financial performance measures the financial 
aspect such as net present value (NPV), return on investment, and cost. These three 
dimensions are often intertwined. Any Technology selection choices are sensitive to 
these dependencies. 

 
LNG regasification terminals may be classified depending on the facility set-up: 

 
- On-shore terminals 
- Off-shore gravity based structures (GBS) 
- Off-shore floating storage and regasification units (FSRU) 

 
The on-shore LNG regasification is currently the most common and developed 
technology (figure 1). This kind of plant is located nearby to the sea, usually within a 
seaport area. It basically consists of a docking area, supplied with loading/unloading 
arms, and of storage tanks, where LNG is temporarily stored. Pumping and 
vaporization equipment allow the LNG evaporation and the feed to high pressure 
transport pipeline systems. 

 
A more innovative technology is the off-shore gravity based structure. The first 
terminal applying this technology is currently in a start-up phase in Italy, while a few 
other are in design stage around the world (Adriatic LNG). It constitutes of a large 
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concrete structure, which houses two self-supporting prismatic storage tanks, and 
includes a regasification plant on the deck with open rack vaporizers. 

 
Finally, an effective alternative to this last technology are off-shore floating storage 
and regasification units (FSRU). This kind of terminal is obtained converting a LNG 
carrier by the installation of vaporization skids and of a connection to a sealine for 
natural gas export. One of the advantages is the independence from the sea bed, 
which provides an increased operational flexibility. Several projects concerning this 
set-up are currently under design. For this terminal Moss sphere tanks and 
intermediate fluid vaporizers are considered in the present study, although 
membrane storages may also be used. 

 
A technological innovation has recently emerged in the transportation and 
regasification of LNG. In the incumbent technology (onshore terminal based 
regasification), LNG is regasified into natural gas at a land based terminal, which 
receives it from vessels that transport LNG produced at liquefaction plants.  
 

 
INCUMBENT TECHNOLOGY: ONSHORE 
TERMINAL BASED REGASIFICATION.  

EMERGING TECHNOLOGY: ONBOARD   
REGASIFICATION 

 
In contrast, new regasification technology has recently been developed that allows 
special LNG vessels to regasify LNG onboard such a ship at on offshore location. In 
this system, when an LNGRV arrives at an offshore deepwater port, it connects to a 
submerged unloading buoy. The LNG is then vaporized onboard the LNGRV and 
delivered to shore through a subsea pipeline. In other words, LNGRV integrates 
transportation, storage and regasification tasks, reducing modularity, as opposed to 
the incumbent process architecture, which decomposes these tasks, increasing 
modularity. The primary advantage of the new technology is that it does not require 
the construction of a costly land based terminal. Hence, an onboard re-gasification 
facility is relatively cheap and fast to build, but features slower unloading of vessels. 

 
In the present context, the entire infrastructure is already in place; construction of on-
shore terminal has been preferred. The economic comparison for the current 
proposal shows that setting up the on-shore terminal would be more economical and 
further it may be supported by the fact of availability of FSRUs of the required sizes 
and capacities. 
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6.4 Vaporization Alternatives 
 

The choice of vaporization system is an important first step in the development of a LNG 
import terminal, since it impacts capital expenditure, operating costs, operating flexibility 
and reliability, emissions as well as public perception and regulatory compliance. 
 
The process of returning LNG to a gaseous state requires the introduction of heat 
energy. Heat sources include ambient temperature sources (air or seawater) or 
above ambient temperature sources such as burning fuel either directly or to heat an 
intermediate fluid. In either arrangement, LNG absorbs heat as it passes through 
thermal conductors that are surrounded by a higher temperature medium. As the 
LNG is heated, it vaporizes into natural gas, which is then delivered to customers via 
distribution pipelines at controlled flow rates pressures and temperatures. There are 
many heating mediums in general use for this type of process and the particulars of 
the energy exchange process may be governed by any number of alternative 
vaporization processes currently available.  

 
Various LNG regasification alternatives have been analyzed to determine the most 
suitable technology for use at the proposed expansion of Dahej LNG handling 
terminal. The various vaporization technologies considered include: 

 
 Open Rack Vaporizers (ORVs) 
 Submerged Combustion Vaporizers (SCVs) 
 Shell and Tube Heat Exchanger with Heat Transfer Fluid (HIF) 
 Ambient Air Vaporization Systems, including: 
 Heat Integrated Ambient Air Vaporizer (HIAAV) 
 Direct Ambient Air Vaporizer (AAVs) 

o Direct Natural draft ambient air vaporizer 
o Direct forced draft ambient air vaporizer 

 Indirect Ambient air Vaporizers (IAAVs) 
o Ambient Air Heat Exchanger with Heat Transfer Fluid (AAV-HTF)     

 
ORVs use seawater as their sole source of heat. Seawater is supplied by seawater 
intake pumps to an overhead distribution header and flows over the outer surface of 
long framed tube panels. LNG flows inside the tubes and is vaporized by the warmer 
seawater, while cooling the seawater in the process. The cooled seawater is returned 
to an outfall at a temperature lower than when it was withdrawn. Electric power is 
required to run the seawater intake pumps. 

 
SCVs are designed to use low pressure fuel gas from the boil off gas (BOG) recovery 
system. The products of combustion are sparged into a water bath to recover the 
heat contained in the flue gases. The LNG passes through tubes that are submerged 
in the water bath and the water acts as an intermediate fluid for transferring the heat 
from the combustion process to the LNG. Electric power is required to run a 
combustion air blower and also water circulation pumps. Combustion products, after 
cooling in the water bath, are discharged to the atmosphere through an exhaust 
stack. 

 
Shell and Tube heat exchanges use a low temperature heat transfer fluid (HTF), which 
is heated by seawater, ambient air or some other process heat source. There are 
many variations in this design, employing direct or indirect heating. Electric power is 
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required to run circulation pumps and seawater intake pumps , depending on the 
configuration of the system. Seawater cooled to a temperature lower than when it 
was withdrawn is returned to an outfall 

 
Heat Integrated Ambient Air Vaporizers (HIAAV) extract heat from the air using 
Ambient Air Vaporizers and recover waste heat from a gas engine/ turbine exhaust or 
some other fire heater arrangement that provides “trim” heat to ensure the natural 
gas is warmed to the required pipeline distribution temperature. The trim heater 
would be used whenever the ambient air temperature falls below a 30oF differential 
approach temperature. 

 
Direct AAVs transfer heat from the ambient air directly into the LNG through the heat 
transfer surface of a heat exchanger. In principle, Direct AAVs are designed such that 
the LNG enters a manifold that divides the flow into a number of vaporizer units. In 
each vaporizer unit a series of smaller flows are directed through individual heat 
transfer tubes. Each tube is fitted with aluminum fins to increase the heat exchange 
surface area which is in direct contact with the ambient air. Direct AAVs can be 
classified as either natural draft of forced draft ambient air vaporizers. Natural draft 
vaporizers use convection currents setup by warm ambient air and the cold vaporizer 
tube bank to direct ambient air over the vaporizer tubes to achieve vaporization of 
the LNG. Forced draft vaporizers employ fans to force ambient air across the 
vaporizer tube surface to achieve vaporization. 

 
LAAVs vaporizers operate by transferring heat from ambient air to an intermediate 
fluid which in turn transfers heat to LNG through a separate heat exchanger. 

 
As the year – round temperatures at Dahej terminal are much higher except during 
winter season, indirect ambient vaporization using water, which requires 100% 
capacity backup fire heating system is the preferred alternative. Hence, Shell and 
Tube vaporizers (STV) or heat exchangers are the preferred alternatives with a back-
up from submerged Combustion Vaporizers (SCV). The former works well with 
Selective Catalytic Reduction system (SCR) hence its emission rates can be efficiently 
and significantly reduced. 

 
6.5 Pollution Abatement Technologies 

 
In the proposed project, captive power generation with gas turbines using the boil off 
gas (BOG) is the only source of pollution. Pollutants are generated as byproducts from 
the burning of fossil fuels to generate electricity. The combustion process releases 
highly regulated pollutants, such as Oxides of Nitrogen (NOx), Carbon Monoxide 
(CO), Particulate Matter (PM), Sulphur dioxide (SO2), Volatile Organic Compounds 
(VOCs), organic hydrocarbons and trace metals, into the air.  
 
Combustion waste, the majority of which is ash waste, is generated during 
combustion processes using fuel. Non-combustion wastes, such as cooling, process, 
and storm waters, which are discharged from fossil fuel electric power generation 
facilities have the potential to release pollutants (e.g., chlorine, heavy metals, and 
thermal pollution) into surface waters. The following discussion highlights each of the 
waste streams created during the generation of fossil fuel based electric power.  
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TABLE-6.1 : SUMMARY OF TYPICAL WASTE STREAMS AND POLLUTANTS GENERATED AT 
FOSSIL FUEL ELECTRIC POWER GENERATION FACILITIES BASED ON FUEL TYPE 

 
Fuel 
Type 

Wastes/ 
Pollutant 

Air Emissions Combustion 
Wastes 

Non-Combustion Wastes 

Coal Process 
waste 

Fuel gas and heat 
thermal rise 
plume 

Bottom ash, fly 
ash, and Flue 
Gas 
Desulfurization 
(FGD) wastes 
desulfurization, 
and fly ash 

Contact: ash transport, 
gas side boiler cleaning 
FGD blow down, coal 
pile runoff, pyrite waste, 
floor drains. 

Pollutants SO2, NOx, CO2, 
CO (more from 
small boilers) 
VOCs, TOC, PM 

Heavy metals, 
ferrous sulfate, 
sulfuric acid, 
sulfate, CaSO3, 
and CaO 

Chlorine, organic 
chemicals, metals, pH, 
TSS, TDS, ferrous sulfate, 
sulfuric acid, metals, 
pyrite 

Oil Process 
wastes 

Flue gas and heat 
thermal rise 
plume 

Bottom ash and 
fly ash 

Contact: ash transport, 
gas side boiler cleaning, 
FGD blow down, floor 
drains 
Non contact: once 
through cooling water, 
cooling system blow 
down, boiler blow 
down, water side boiler 
cleaning, demineralizer 
regenerant.  

 Pollutants Low SO2, NOx (as 
NOx Particulate), 
CO2, Sulfur, and 
PM compared to 
coal, metals and 
TOC 

VOCs and heavy 
metals, 

Chlorine, organic 
chemicals, metals, pH, 
TSS, TDS, ferrous sulfate, 
sulfuric acid, metals 

Gas Process 
waste 

Flue gas None Contact: infrequent gas 
side boiler cleaning, 
floor drains 
 
Non contact: once 
through cooling water, 
cooling system blow 
down, boiler blow 
down, water side boiler 
cleaning, demineralizer 
regenerant. 

 
6.6.1 Air Emissions 

 
Air emissions from the stack gases from coal- and oil-fired boilers include four of six 
criteria pollutants regulated through the NAAQ Standards. Amounts of SO2 emitted 
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depend largely on the amount of sulfur present in the coal or oil and the method 
used to generate steam. 
 
Combined-cycle gas turbines have virtually no SO2 emissions because of the purity of 
natural gas. Because oil and coal are not used, solid waste is eliminated and CO2, 
NOx and thermal pollution are cut by 60 percent.  
 
With the gas as fuel, only gaseous pollutant that is expected to be generated is NOx 
apart from CO. The technologies related to NOx are discussed in following section. 
 

6.6.1.1 Techniques for Reducing Oxides of Nitrogen 
 
Oxides of Nitrogen (NOx) are formed from fuel nitrogen or from the molecular 
nitrogen of combustion air. Emissions can be controlled by preventing the formation 
of the nitrogen oxides by primary measures or by processing formed oxides with 
secondary measures. Arranging substoichiometric combustion in the boiler can 
reduce the formation of NOx. This means combustion in an atmosphere where there 
is not enough air for complete combustion of the fuel.  
 
NOx reduction in the gas turbines is improved by lowering the burning temperature or 
by controlling the air supplies into the combustion process. Catalysts are also possible 
to commission in gas turbine processes. The details are given in below:   

 
TABLE-6.2 : THE CHARACTERISTICS OF NITROGEN OXIDE EMISSON REDUCTION 

TECHNIQUES  
 

Technique Reduction rate Investment/ 
operation costs 

Experiences 

Over fire air (OFA) + (about 50%) I) +++ / +++ Most common, effective for fine 
particles 

Modern low- NOx 
burners 

++ (50-80%) I) +++ / +++ Removes gaseous pollutants too, 
sensitive for material destruction 

Reburning + (about 50%) 1) ++/+++ Removes gaseous pollutants too, 
not effective for fine particles, 
waste water 

SNCR + (about 30%) ++/++ Can be used as pro cleaner 
except in some oil fired boilers 

SCR +++ (about 80%) + / ++ Dust and some trace metals may 
cause problems 

(+++ good, ++ fair, + poor) 1) for each technique applied alone, cannot be either 
summed or multiplied if several techniques are used simultaneously) 
 
The environmental efficiency of modern low-NOX burners compared to older low-NOx 
burners depends on the case. Very often, it is feasible to change the burners into 
modern models, and this option has to be assessed separately. The overfire air system 
(OFA) system should always be installed with low-NOX burners to get a good 
environmental effectiveness. The adjustment functions in the same way as mentioned 
above in the OFA case. 
 
Gas turbines should be equipped with some NOX reduction system presented above. 
All of them are efficient. When selecting the reduction measure, also the operation 
profile should be taken into account.  Existing NOX abatement technologies are 
divided into two categories, external combustion applications (e.g., boilers, furnaces 
and process heaters) and internal combustion applications (e.g., stationary internal 
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combustion engines and turbines). These categories are further subdivided into 
pollution prevention (which reduces NOX generation) and add-on control 
technologies (which reduces NOX emissions). 
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7.0 RISK ASSESSMENT & DISASTER MANAGEMENT PLAN 
 

 This chapter describes the Risk Assessment and Disaster Management Plan, 
occupational health and safety issues. 

 
7.1 Risk Assessment   
 
7.1.1  Introduction 
   
 The proposed expansion of LNG Re-gasification terminal at the existing LNG terminal 

shall optimize the existing facilities and design, construct and operate for unloading, 
storage and re-gasification of LNG equivalent to 20 MMTPA. Facility shall mainly 
comprise of  
 
• Jetty & Marine Facilities for handling LNG ships  
• Full Containment LNG Storage tanks,  
• High Pressure LNG Re-gasification facilities  
• Boil off Compressors & Re-condenser,  
• Truck loading and small LNG ship loading facilities,  
• RLNG and LNG Metering facilities 
• Gas Turbine Generators, Utilities, Cold Heat Recovery, Condensate Water 
 Storage etc. 

 
The salient features of the proposed in the expansion of LNG Re-gasification Terminal 
are presented in Table-7.1.  

 
TABLE-7.1 : SALIENT FEATURES OF THE PROPOSED LNG RE-GASIFICATION TERMINAL 

 
Sr. No Details Particulars 

 Ship capacity range 
1 LNG import From 80,000 m3 to 265 000 m3 
 Heat In-Leak 
2 Ship tank 0.08% vol./d (methane) 
3 Liquefied natural gas carrier 

(LNGC) manifold 
220 kw 

4 Unloading arms (3X20”) 240 kw (for 3 unloading arms) 
 LNG Pressure 
5 Saturation pressure when 

unloading  
Maximum 130 m barg (vapour space) 

6 LNG pressure at manifold 120 m liquid column (LC) shall be considered 
for hydraulic calculation of the LNG 
unloading line(s) at 15000 m3  LNG flow rate. 

7 Height of LNGC main fold 20 m above minimum sea level 
Source: Project Report,  
 

7.1.2 Objectives of Risk Assessment Study 
 
The objectives of the Risk Assessment are as follows: 

 
 To identify all credible hazardous scenarios associated with storage, handling and 

operation of the LNG facility, which has potential to cause fatalities; 
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 To carry out the quantitative risk analysis (QRA) expressing population risks in both 
individual and societal terms; 

 To compare the individual and societal risks at the proposed development sites 
with the NFPA  Guidelines; 

 
 To identify and assess practical and cost effective risk mitigation measures as 

appropriate; 
 

 To identify all LNG leakage scenarios and propose a safety management system 
for the operational phase of the project with an aim to contain any accidental 
leakage in short notice and to prevent and/or minimize any leakage. 
 

 Suggestions of risk mitigation measures and delineation of Approach to Disaster 
Management Plan (DMP). 

 
Standard industry practices of risk assessment are considered in the project. 
Maximum Credible Accident analysis is carried out to arrive at the hazard distance 
for the worst case scenario. The consequences of all the scenarios are computed 
and hazard distances are worked out and listed for proposed expansion of LNG and 
possible explosion effects.  
 

7.2 Maximum Credible Accident (MCA) Analysis 
 
MCA stands for Maximum Credible Accident or in other words, an accident with 
maximum damage distance, which is believed to be probable. MCA analysis does 
not include quantification of the probability of occurrence of an accident. In 
practice, the selection of accident scenarios for MCA analysis is carried out on the 
basis of engineering judgement and past accident analysis. 
 
Risk involves the potential occurrence of some accident consisting of an event or 
sequence of events. Accidental release of LNG to the atmosphere from storage tank 
or regasification equipment is studied by visualising scenarios on the basis of their 
properties and the impacts are computed in terms of damage distances. A disastrous 
situation is the outcome of fire or explosion of the released gas in addition to other 
natural causes, which eventually leads to loss of life, damage to property and/or 
ecological imbalance. 
 
Depending on the effective hazardous attributes and their impacts, the maximum 
effect to the surroundings could be assessed.  
 

7.2.1 Methodology of MCA Analysis 
 
The MCA analysis involves ordering and ranking various sections in terms of potential 
vulnerability. Following steps are involved in the general MCA analysis: 
 
 Review of Past accident data 
 Identification of potential hazardous sections and representative failure cases for 

the wells and various equipments (HAZID)  
 Visualisation of release scenarios with recourse to consequence analysis 
 Damage distance computations for the released cases (Damage Effects) 
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7.2.1.1Past Accident Data Analysis 

 
Analysis of events arising out of the unsafe conditions is one of the basic requirements 
for ensuring safety in LNG terminal. The data required for such an analysis has either to 
be generated by monitoring and/or collected from the records of the past 
occurrences. This data, when analysed, helps in formulation of the steps towards 
mitigation of hazards faced commonly. Trends in safety of various activities can be 
evaluated and actions can be planned accordingly, to improve the safety. 
 
Data analysis helps in correlating the causal factors and the corrective steps to be 
taken for controlling the accidents. It is, therefore, of vital importance to collect the 
data methodically, based on potential incidents, sections involved, causes of failure 
and the preventive measures taken. This helps to face future eventualities with more 
preparedness. 
 
Release frequencies have been derived from generic data on loss of containment 
events. Reference has been made to a number of sources. A summary is presented in 
Table-7.2.  
 
The frequency of various outcomes following a loss of containment event is estimated 
using an event tree model. The various outcomes considered include pool fire, jet fire, 
flash fire and vapour cloud explosions for liquid releases, jet fire and flash fire for 
continuous gas releases and fireball and flash fire for instantaneous gas releases.  

 
TABLE-7.2 : LNG RELEASE EVENT FREQUENCIES 

  
Equipment Release Scenario Release Phase Release 

Frequency 
Unit 

Process Vessels i) 10 & 25 mm hole  Liquid 1.00 E-05 Per year  
ii) 50 & 100 mm hole Liquid 5.00 E-06 
iii) Full bore rupture Liquid 1.00 E-06 

Pumps i) Leak Liquid 1.00 E-04 Per year 
ii) Full bore rupture Liquid 1.00 E-05 

Unloading arm i) leak Liquid/Gas 4.05 E-03 Per year 
ii) Full bore rupture  Liquid/Gas  4.05 E-05 

Pipe Size 600 mm to 
750 mm 

i) 10 & 25 mm hole Liquid/Gas 1.00 E-07 Per meter Per year 
ii) 50 & 100 mm hole Liquid/Gas 7.00 E-08 Per meter Per year 
iii) Full bore rupture Liquid/Gas 3.00 E-08 Per meter Per year 

Pipe size 150 mm to 
500 mm 

i) 10 & 25 mm hole  Liquid/Gas 3.00 E-07 Per meter Per year 
ii) 50 & 100 mm hole Liquid/Gas 1.00 E-07 Per meter Per year 
iii) Full bore rupture  Liquid/Gas 5.00 E-08 Per meter Per year 

LNG Storage Tank i) Rupture Liquid 1.00 E-08 Per tank -  year 
 
Classification of annual probabilities of event occurrence is given in Table-7.3 and 
categorization of consequences by number of people suffering injuries is given in Table-
7.4. 

TABLE-7.3 : CLASSIFICATION OF ANNUAL PROBABILITIES OF EVENT OCCURRENCE 
 

Probability Class Occurrence Frequency per year 
1 <10-1 
2 10-2 to 10-1 
3 10-3 to 10-2 
4 10-4 to 10-3 
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5 10-5 to 10-4 
6 10-6 to 10-5 
7 <10-6 

TABLE-7.4 : CATEGORIZATION OF CONSEQUENCES BY  NUMBER OF PEOPLE SUFFERING INJURIES 
 

Consequence Category 1 2 3 4 5 
Number of injuries >100 10 to 100 1 to 10 0.1 to 1 <0.1 

 
7.2.1.2 Hazard Identification (HAZID) 

 
A Hazard Identification (HAZID) Study was conducted to identify all hazards, both 
generic and site specific. A review of literature and accident databases was also 
undertaken. These formed the basis for identifying all hazardous scenarios for the RA 
Study 
 
Hazards from LNG Handling 
 
LNG is an extremely cold, non-toxic, non-corrosive and flammable substance. As LNG is 
released from a temperature-controlled container, it will likely contact warm surfaces 
and air that transfer heat into the liquid. The heat input begins to vaporise some of the 
liquid, returning the liquid to the gaseous phase. The relative proportions of liquid and 
gaseous phases immediately following a release depend on the release conditions. The 
liquid phase will form an LNG pool on the ground which will begin to “boil”, due to heat 
input from the surrounding environment. 
 
Immediately following vaporisation, the gas is colder and heavier than the surrounding 
air and forms a vapour cloud. As the gas disperses, it mixes with the surrounding air and 
warms up. The vapour cloud will only ignite if it encounters an ignition source while 
concentrated within its flammability range.  Downstream of the vaporisers the natural 
gas will be in the gas phase. A release from this piping and equipment will result in a 
gaseous phase release directly.  
 
Several hazards which involve or influence the occurrence of initiating events are: 

 
 Unloading and transfer files 
 Corrosion of dissimilar metals in systems and foreign material induced corrosion 
 Collision of transport vehicles 
 Vaporization system failure 
 Fires and explosion 
 Gas air vapor cloud dispersion  
 Temperature extremes 
 Personnel exposure (Cryogenic temperatures and flames) 
 Human factors 
 Reactivity of cryogens 
 

7.2.1.3 Consequence Analysis 
 
Quantification of the damage can be done by means of various models, which can 
then be translated in terms of injuries and damage to the exposed population and 
buildings. LNG may be released and result into jet fire & less likely unconfined vapour 
cloud explosion causing possible damage to the surrounding areas. Extent of the 
damage depends upon the nature of release. The release of flammable material and 
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subsequent ignition results in heat radiation, pressure wave or vapour cloud 
depending upon the flammability and its physical state. 
It is important to visualise the consequence of the release of such substances and the 
damage caused to the surrounding areas. An insight into physical effects resulting 
from the release of hazardous substances can be quantified by means of various 
models.  
 

7.2.1.4 Damage Affects of Various Heat Loads 
 
Damage affects of various heat loads and pressure loads are detailed in Table-7.5 to 
Table-7.7. 

TABLE-7.5 : DAMAGE CRITERIA FOR HEAT LOAD 
All values are given in KW/m2 

Exposure time 
t = 10 seconds t = 30 seconds t = 60 seconds 

With 
protection 

Without 
protection 

With 
protection 

Without 
protection 

With 
protection 

Without 
protection 

1% lethal injury 21.2 16.5 9.3 7.3 5.5 4.3 

First degree burns 8.5 6.9 4.0 3.0 2.2 1.8 

   Reference: Effects of Heat Radiation, 2nd edition, Loss Prevention in Chemical Industries, by FP LEES 
 

TABLE-7.6 : DAMAGE CRITERIA FOR A PRESSURE WAVE 
 

Peak Overpressure (bar) Type of Damage 
0.30 90% of houses seriously damaged 
0.10 10% of houses seriously damaged 
0.03 Damage by flying fragments of glass 
0.01 Windows smashed 

           Reference: Effects of Heat Radiation, 2nd edition, Loss Prevention in Chemical Industries, by FP LEES 
 

TABLE-7.7 ; DAMAGE CAUSED AT VARIOUS HEAT LOADS 
 

Heat Load 
(kW/m2) 

Type of Damage 

37.5 Sufficient to cause damage to process equipment 
25.0 Minimum energy required to ignite wood infinitely long exposure  

(non-piloted) 
16.5 1% lethality, if exposed for 10 seconds 
12.5 Minimum energy required for piloted ignition of wood, melting plastic 

tubing 
6.9 First degree burns if exposed for 10 seconds 
4.0 Sufficient to cause pain to personnel if unable to reach over within 20 

seconds; however, blistering of skin (1st degree burns) is likely 
1.6 Will cause no discomfort to long exposures 

 Reference: Effects of Heat Radiation, 2nd edition, Loss Prevention in Chemical Industries, by FP LEES 
 
Hazard Effects 
 

In the event of an accidental release of LNG from piping or equipment, the 
characteristics of the possible hazardous effects are described below.  
 

Pool Fire  
 

A pool fire occurs when a flammable liquid is spilt onto the ground and ignited. A pool 
formed from the release of liquid LNG will initially spread due to the gravitational and 
surface tension forces acting on it. As the pool spreads, it will absorb heat from its 
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surroundings causing evaporation from the pool surface. Ignition of this vapour leads to 
a pool fire. 
Jet Fire  
 

Jet fires result from ignited releases of pressurised flammable gas or 
superheated/pressurised liquid. The momentum of the release carries the materials 
forwards in a long plume entraining air to give a flammable mixture. Jet fires only occur 
where the LNG is being handled under pressure or when handled in gas phase and the 
release is unobstructed. 
 

Flash Fire  
 

Following an LNG release, a large proportion of the liquid will evaporate immediately to 
form a cloud of methane, initially located around the release point. If this cloud is not 
ignited immediately, it will move with the wind and be diluted as a result of air 
entrainment. Similarly, a gas release may not be ignited immediately and will disperse in 
the air. 
 

The dispersing vapour cloud may subsequently come in contact with an ignition source 
and burn rapidly with a sudden flash. If the source of material which created the cloud is 
still present, then the fire will flash back to the source giving a pool fire, or if under 
pressure, a jet fire. Direct contact with the burning vapours may cause fatalities but the 
short duration of the flash fire means that thermal radiation effects are not significant 
outside the cloud and thus no fatalities are expected outside of the flash fire envelope. 
 
Vapour Cloud Explosion 
 
A flash fire is the most likely outcome upon ignition of a dispersing vapour cloud from an 
LNG release. If ignited in open (unconfined) areas, pure methane is not known to 
generate damaging overpressures (explode). However, if the gas is ignited in areas 
where there is significant degree of confinement and congestion, such as the process 
areas, an explosion may result. 
 
Fireball  
 
Immediate ignition of releases caused by a rupture in a gas piping may give rise to a 
fireball upon ignition. Fireballs have very high thermal radiation, similar to jet fires 
although the duration of the event is short.  
 
To summarise, a liquid phase release may result in a flash fire, vapour cloud explosion, 
pool fire or jet fire. A gas phase release can result in a flash fire, fireball or jet fire. 
 
 Modes of Failure 

 
There are various potential sources of large leakage, which may release hydrocarbon 
into atmosphere.  This could be in the form of small gasket failure in a flanged joint, or a 
bleeder valve left open inadvertently, or an instrument tubing giving way or a guillotine 
failure of a pipeline, or any of many other sources of leakage.  Operating experience 
can identify lots of these sources and their modes of failure. 

 
 Damage Due to Explosion 
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Explosion is a sudden and violent release of energy accompanied by the generation of 
pressure wave and a loud noise. The rate of energy release is very large and has 
potential to cause injury to the people, damage the plant and nearby property etc. The 
effect of over-pressure can directly result in deaths to those working in the direct vicinity 
of the explosion. The pressure wave may be caused by a BLEVE (Boiling Liquid 
Expanding Vapour Cloud) or Vapour Cloud explosion.   

 
 BLEVE - Fireball 

 
BLEVE is sometimes referred to as a fireball; a BLEVE is a combination of fire and 
explosion with an intense radiant heat emission within a relatively short time interval. This 
phenomenon can occur as a result of overheating of a pressurized vessel by a primary 
fire. If a pressure vessel fails as a result of a weakening of its structure the contents are 
instantaneously released from the vessel as a turbulent mixture of liquid and gas 
expanding rapidly and dispersing in air as a cloud. When this cloud is ignited a fireball 
occurs causing enormous heat radiation intensity within a few seconds. This heat 
intensity is sufficient to cause severe skin burns and deaths at several hundred meters 
from the vessel, depending on the quantity of gas involved. A BLEVE can therefore be 
caused by a physical impact on a vessel or a tank, which is already overstressed. 
 
 Vapour Cloud Explosion 

 

Explosion can be confined and unconfined vapour cloud explosions. Confined 
explosions are those, which occur within some sort of containment such as a vessel or 
pipeline. Explosions in buildings also come under this category. Explosions, which occur 
in the open air, are referred to as unconfined explosions and produce peak pressures of 
only a few kPa. The peak pressures of confined explosions are generally higher and may 
reach hundreds of kPa.  
 

 Hazard Assessment and Evaluation 
 

Preliminary hazards analysis is based on the philosophy "PREVENTION IS BETTER THAN 
CURE". Safety is relative and implies freedom from danger or injury. But there is always 
some element of danger or risk in anything we do or build. When a chemical process 
facility is considered safe, this calls for identification of hazards, quantification of risk and 
further suggest hazard mitigating measures, if necessary. 

 
The purpose of the preliminary hazards analysis is to identify early in the design process 
the potential hazards associated with, or inherent in a process design, thus eliminating 
costly and time consuming delays caused by design changes made later. This also 
eliminates potential hazard points at design stage itself. 
 
Hence preliminary hazards analysis is more relevant when a plant is at 
design/construction stage. This technique, applied early in the project life cycle, helps to 
eliminate hazards and, thus to avoid costly design modifications later. This analysis 
fortifies the proposed process design by incorporating additional safety factors into the 
design criteria. 

 
  7.2.2  Scenarios Considered for MCA Analysis 

 
  Fuel Storage 
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In case of tank or fuel released in the dyke area catching fire, a steady state fire will 
ensue. Failures in pipeline may occur due to corrosion and mechanical defect. Failure of 
pipeline due to external interference is not considered as this area is licensed area and 
all the work within this area is closely supervised with trained personnel.  
 

 7.2.2.1 Chemical Storage 
 

The gas or vapour released from chemical storage either instantaneously or 
continuously will be spread in the surrounding area under the influence of the 
atmospheric turbulence. In the case of gas dispersion, a distinction must be made 
between neutral gas dispersion and heavy gas dispersion. The critical concentrations of 
the gas released in the surrounding area can be calculated by means of dispersion 
models. These concentrations are important for determining whether, for example, an 
explosive gas cloud can form or whether injuries will occur in the case of toxic gases.  

 

 7.2.2.2 Modeling Scenarios 
 

The modeling scenario considered for the proposed expansion of LNG terminal are  
  
o Leakage of pipeline 
o Leakage of tank 

 
Storage Tank 

 
A Full containment LNG storage tank is designed to contain the spill from the inner 
tank into the containment space of the tank itself. Hence, the chance of leakage 
from the storage tank is ruled out.  
 
LNG release is modeled for its gaseous dispersion after its release (which is likely to result 
in flash boiling) using the model ALOHA – “Area Locations of Hazardous Atmospheres” a 
model developed by NOAA and USEPA.  Aloha predicts the rate at which chemical 
vapors may escape into the atmosphere from broken gas pipes, leaking tanks and 
evaporating puddles.  
 
The critical conditions modeled are: 
 
Distance to lower explosive limit (LEL) from location of spill to determine the maximum 
threat distance with in which the cloud can ignite; 
Distances to radiation intensities from pool fire burning or fire ball; Radiation levels 
considered are 10.0 kw/m2, 5.0 kw/m2 and 2.0 kw/m2 
 
Weather Conditions 
 
The following weather conditions were considered for modeling each of the scenarios 
considered 
o 2A – Worst Weather Case, Wind speed of 2 m/s with atmospheric stability class  

 A  as per Pasquill-Gifford classification. 
 

o 5D – Most likely scenario, Wind speed of 5 m/s with Neutral atmospheric   
 conditions (D stability class ) as per Pasquill-Gifford classification.  

 
Ambient conditions considered are: 
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 Ambient temperature: 400c 
 Relative humidity: 70% 
 Surface type : Open waters  
 
Results of Modeling Using ALOHA  
 
Leakage of Pipeline 
 
For a 20 meter long and a  3 inch diameter pipe with a rupture of 0.5 inch rupture is 
considered as the worst case scenario.   
 
Hazard distances for Pipeline leakage are  given in Table-7.8.  Threat zone distances on 
worst case scenario for pipeline leakage at 2A weather condition  is shown in Figure-7.1 
and Threat zone for pipeline leakage at 5D is shown in Figure-7.2. 

 
TABLE-7.8 : HAZARD DISTANCES FOR PIPELINE LEAKAGE 

 
Weather 

Condition 
Hazard Condition Distances (meters) 

Thermal Radiation 
(kW/m2) 

Flammable  Area(PPM) Overblast (PSI) 

 10 5 2 44000 26400 4400 8.0 3.5 1.0 
2A 10 10 16 85 108 262 LOC  never 

exceeds  
68 

5D 10 10 18 49 67 141 41 
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FIGURE-7.1 : THREAT ZONE FOR PIPELINE LEAKAGE (2A) 
 
 
 
 
 
 
 
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐7: Risk Assessment & Disaster Management Plan 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                   C7-11 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE-7.2 : THREAT ZONE FOR PIPELINE LEAKAGE (5D) 
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Leakage of Storage Tank  
 
For a pipeline, a catastrophic failure spilling the contents of the storage tank considered 
as the worst case scenario. For a 40 meter wide and 80 meter height tank, the total 
quantity contained in the tank would be 125,000 m3.  
 
Hazard distances for tank leakage are given in Table-7.9. Threat zone at weather 
condition (2A) is shown in Figure-7.3 and Threat zone for weather condition (5D) is shown 
in Figure-7.4.  

TABLE-7.9 : HAZARD DISTANCES FOR FAILURE OF STORAGE TANK 
 

Weather 
Condition 

Hazard Condition Distances (meters) 
Thermal Radiation 

(kW/m2) 
Flammable  Area(PPM) Overblast (PSI) 

 10 5 2 44000 26400 4400 8.0 3.5 1.0 
2A 10 11 20 114 145 346 LOC  never 

exceeds  
122 

5D 10 13 21 67 86 234 72 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐7: Risk Assessment & Disaster Management Plan 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                   C7-13 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
FIGURE-7.3 : THREAT ZONE FOR TANK LEAKAGE (2A) 
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FIGURE-7.4 : THREAT ZONE FOR TANK LEAKAGE (5D) 
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7.3 Emergency Preparedness & Response 
 
7.3.1 Introduction 
 

Disaster is considered as a sudden, low probability incident with dire consequences 
for the surrounding environment (community) requiring unusual to be taken. An 
incident may be considered a major environmental disaster if it causes long-term 
damage to rare or valuable features of the natural or man-made environment, or 
there is wide spread environmental damage. This chapter outlines measures and 
facilities necessary to prevent and mitigate potential releases during transfer 
operations in the marine areas. 
 

7.3.2   Risk and Safety measures incorporated into the Plant design  
 

LNG storage tanks are the of risk is large volumes of LNG will be stored. The following 
are the design criteria considered while constructing the tanks, so that risk due to 
leakages are kept nil. 
 

7.3.2.1 Container Spacing 
 

The minimum separation distance between any type of LNG container of 70,000 gal 
(265 m3) water capacity or less, single containment constructed LNG containers of 
greater than 70,000 gal (265 m3) water capacity, or tanks containing flammable 
refrigerants and exposures shall be in accordance with Table-7.10 or with the 
approval of the authority having jurisdiction at a shorter distance from buildings or 
walls constructed of concrete or masonry but at least 10 ft (3.0 m) from any building 
openings. 

TABLE-7.10 ; DISTANCES FROM CONTAINERS AND EXPOSURES 
 

Container Water Capacity Minimum Distance from Edge of 
Impoundment or Container 
Drainage system to property lines 
that can be built upon 

Minimum Distance between 
storage Containers 

Gal m3 ft m ft m 
<125* <0.5 0 0 0 0 
125-500 ≥0.5-1.9 10 3 3 1 
501-2000 ≥1.9-7.6 15 4.6 5 1.5 
20001-18000 ≥7.6-63 25 7.6 5 1.5 
18001-30000 ≥63-114 50 15 5 1.5 
30001-70000 ≥114-265 75 23 - - 
>70000 >265 0.7 times the container diameter 

but not less than 100 ft (30 m) 
¼ of the sum of the diameter of 

adjacent containers 
Reference:-NFPA 59A, Standard for the production, Storage and Handling of Liquefied Natural Gas (LNG) 
 
Full and double construction LNG storage containers of greater than 70,000 gal (265 
m3) water capacity shall be separated from adjoining LNG storage containers such 
that a fire in one container or impoundment will not cause loss of containment from 
adjacent containers. This shall be accomplished by ensuring that no part of the 
adjacent storage container roof, walls, or its impoundment structure reaches a 
temperature at which the strength of the material of the container roof, wall, or its 
impoundment is reduced to a level where the LNG tank, roof, or impoundment loses 
its structural integrity.  
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The application of engineering analyses shall be used to determine this temperature 
by including the following conditions in the analyses: 
 
1) The analyses shall be performed for the following 
 
(a) A fire involving the complete loss of containment of a container to an 

impoundment area  
 

(b) A fire over the whole surface of the liquid contained in the tank, assuming the 
roof is completely lost 

 
2) The analyses shall account for the following: 
 
(a) The duration of the fire, the radiant heat. emission characteristics of the fire, and 

the physical attributes of the fire under the anticipated atmospheric conditions 
 

(b) The atmospheric conditions producing the maximum separation distances shall 
be used except for conditions that occur less than 5 percent of the time based 
on recorded data for the area and using a LNG fire model  
 

(c) Active or passive systems to reduce thermal heat flux incident on the surface or 
to limit the surface temperature  
 

(d) The materials, design, and methods of construction of the target LNG tank being 
analyzed 

 
7.3.3  Stationary LNG Storage Containers 
 

The following information will be specified for each LNG container  
 
1 Maximum allowable working pressure, indicating a margin above the normal 

operating pressure 
 

2 Maximum allowable vacuum 
 
Those parts of LNG containers that normally are in contact with LNG and all materials 
used in contact with LNG or cold LNG vapor (vapor at a temperature below -200F (-
290c) will be physically and chemically compatible with LNG and intended for 
services at -2700F (-1680C)). 
 
Container piping will include all piping internal to the container, with insulation spaces 
and within insulation spaces and within void spaces and external piping attached or 
connected to the container up to the first circumferential external joint of the piping. 
 
Piping that is part of a an ASME LNG container, including piping between the inner 
and outer container, will be in accordance with either the ASME Boiler and Pressure 
Vessel 
 
All LNG containers will be designed for both top and bottom filling unless other means 
are provided to prevent stratification. 
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Any portion of the outer surface area of an LNG container that accidentally could be 
exposed to low temperatures resulting from the leakage of LNG or clod vapor from 
flanges, valves, seals, or other non-welded  connections will be designed for such 
temperature or otherwise protected from the effects of low-temperature exposure. 

 
Where two or more containers are sited in a common dike, the container foundations 
will be capable of withstanding contact with LNG or will be protected against 
contact with an accumulation of LNG that might endanger structural integrity. 
 
The density of liquid will be assumed to be the actual mass per unit volume at the 
minimum storage temperatures, expect that the minimum density for design purposes 
will be 29.3 lb/ft (470 kg/m3). Provisions will be made for removal of the container from 
service. 
 
The LNG container and its impounding system will be designed for the following two 
levels of seismic ground motion 

 
 The safe shutdown earthquake (SSE)  

 
 The operating basis earthquake (OBE)  

 
The SSE Will be represented by a ground motion response spectrum in which the 
spectral acceleration at any period, T, will be equal to the spectral  acceleration of 
the MCE ground motion.  
 
The OBE ground motion will be the motion represented by an acceleration response 
spectrum having a 10 percent probability of exceedance with in a 50 year period 
(mean return interval of 475 years). 
 
The two levels of ground motion will be used for the earthquake-resistant design of the 
following structures and systems 
 
 An LNG storage and its containment system. 

 
 System Components required to isolate the LNG container and maintain it  in a 

safe guard shutdown condition  
 

 Structures or systems, including fire protection systems, the failure of which could 
affect the integrity   

 
The structure and system will be designed to remain operable during and after an 
OBE. The OBE will be designed for  
  
 The structures and systems will be designed to remain operable during and after 

an  OBE. 
 

 The OBE design will be based on an elastic response spectrum. Where used, 
response reduction factors applied in the OBE design will be demonstrated not to 
reduce the performance criteria. 
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 The SSE design will provide for no loss of containment capability of the primary 
container, and it will be possible to isolate and maintain the LNG container during 
 and after the SSE. Where used, response reduction factors applied in the SSE 
design will be demonstrated not to reduce the performance criteria. 

 
7.3.4  Wind, Flood, and Snow Loads 
 

The wind, flood, and snow loads for the design of LNG storage containers will be 
determined using ASCE 7. Design Loads for Buildings and Other Structures. Where a 
probabilistic approach is used, A 1OO-year mean occurrence interval will be used. 
 

7.3.5  Container Insulation 
 

Exposed insulation will be noncombustible, will contain or inherently will be a vapor 
barrier, will be water free, and will resist dislodgment by fire hose streams. 
 
(A)  Where an outer shell is used to retain loose insulation, the shell will be 

constructed   of steel or concrete. 
 

(B)  Exposed weatherproofing will have a flame spread index not greater than 25.  
 

 The space between the inner tank and the outer tank will contain insulation that is 
compatible with LNG and natural gas and that is noncombustible. 

 
(A)  A fire external to the outer tank will not cause reduction of the insulation 

thermal conductivity due to melting or settling.  
 

(B)  The load-bearing bottom insulation will be designed and installed so that 
cracking from thermal and mechanical stresses does not jeopardize the 
integrity of the container. 

 
(C)  Only materials used between the inner and outer tank bottoms (floors) will not 

be  required to meet the combustibility requirements, where the material 
and the design of the installation comply with all of the following: 

 
(1)  The flame spread index of the material will not exceed 25, and the material will 

not support continued progressive combustion in air. 
 

(2)  The material will be of such composition that surfaces that would be exposed 
by cutting through the material on any plane will have a flame spread index 
not greater than 25 and will not support continued progressive combustion. 

 
(3)  It will be shown by test that the combustion properties of the material do not 

increase significantly as a result of long-term exposure to LNG or natural gas at 
the anticipated service pressure and temperature. 

 
(4)  The materials in the installed condition will be demonstrated to be capable of 

being purged of natural gas. 
 

 (5)  The natural gas remaining after purging will not be significant and will not  
 increase the combustibility of the material. 
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7.3.6  Filling Volume 
 

Containers designed to operate at a pressure in excess of 250 mBarg will be 
equipped with a device(s) that prevents the container from becoming liquid full or 
from covering the inlet of the relief device(s) with liquid when the pressure in the 
container reaches the set pressure of the relieving device(s) under all conditions. 
 

7.3.7  Foundations 
 

LNG containers will be installed on foundations designed by a qualified engineer and 
constructed in accordance with recognized structural engineering practices. 
 
Prior to the start of design and construction of the foundation, a subsurface 
investigation will be conducted by a soils engineer to determine the stratigraphy and 
physical properties of the soils underlying the site. The bottom of the outer tank will be 
above the groundwater table or protected from contact with groundwater at all 
times. The outer tank bottom material in contact with soil will meet one of the 
following requirements 
 
(1) Selected to minimize corrosion 
 
(2) Coated or protected to minimize corrosion 
 
(3) Protected by a cathodic protection system 
 
Where an outer tank is in contact with the soil, a heating system will be provided to 
prevent the 32°F (0°C) isotherm from penetrating the soil. 
 
(A) The heating system will be designed to allow functional and performance 
 monitoring. 
 
(B) Where there is a discontinuity in the foundation, such as for bottom 
 piping, attention and separate treatment will be given to the heating 
 system in this zone. 
 
(C)  Heating systems will be designed, selected, and installed so that any 
 heating element and temperature sensor used for control can be replaced 
 after installation.  
 
(D)  Provisions will be incorporated to prevent moisture accumulation in the 
 conduit. 
 
If the foundation is designed to provide air circulation in lieu of a heating system, the 
bottom of the outer tank will be of a material compatible with the temperatures to 
which it can be exposed. 
 
A tank bottom temperature monitoring system capable of measuring the 
temperature on a predetermined pattern over the entire surface area in order to 
monitor the performance of the bottom insulation and the tank foundation heating 
system (if provided) will be installed.  
 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐7: Risk Assessment & Disaster Management Plan 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                   C7-20 

The system to conduct a tank bottom temperature survey 6 months after the tank has 
been placed in service and annually thereafter, after an OBE, and after the 
indication of an abnormally cool area. 

 
7.3.8  Safety Procedures 

 
The first step to minimize risk would be to ensure efficient and safe operations at the 
various stages of transfer operations. This can be achieved by adhering to strict 
inspection and routine maintenance schedule of the various components of the 
transfer system. 
 

7.3.9 Checklist for Jetty monitoring and transfer operations 
 
The scope of inspection schedule and frequency of individual components shall be 
determined by the PLL. The schedule shall be based on the best available information 
concerning the sea conditions at the site. It is essential that the schedules are 
followed and work logs maintained. The schedule can be modified as needed on the 
basis of the actual operating experience. While the following list gives general 
guideline, specific details to conform to the manufacturer manuals. The following 
schedules enable reduction of component failure. 
 
 The pre-berthing inspection comprises inspection of mooring connections, 

hatches, lights, telemetry systems and signs of damage. 
 
 Terminal operations during transfers shall comprise inspection of gas detection 

and safety shutdown systems. 
 

 LNG unloading systems and docks are equipped with LNG Vapour detection, fire 
detection and associated safety shutdown systems that shut down pumping 
operations and close valve s to isolate the transfer lines. 

 
 The shutdown operations can be actuated by the ship’s crew or LNG terminal 

personnel. 
 

 In most cases, these systems also respond automatically to any detection of 
LNG in the atmosphere by shutting down pumping operations and closing 
valves to isolate the LNG transfer lines. 

 
 Inspection of emergency release couplings of the unloading arms: LNG terminals 

have emergency release coupling that are fitted between the ship’s cargo 
manifold and the receiving station. These couplings are designed to release if 
vessel movement exceeds predetermined limits. If the coupling release, the 
resulting LNG loss to the atmosphere is designed to be very negligible. 
 

 Inspection of LNG carrier deck for protection with materials suitable for 
withstanding LNG exposure, as LNG is a cryogenic liquid that can cause severe 
embrittlement of steel structures. 
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7.3.10 Operational Requirements 
 
 Cargo transfer operations shall be suspended at the jetty when heights in excess 

of 2.5 meters significant and/or wind velocities exceed 20m/s (39 knots). 
 
 Tankers shall disengage from the jetty when wave heights exceed 4 meters 

significant and / or wind velocities exceed 30m/s (58knots) and 
 
 It is recommended to have a consistent weather forecasting service during LNG 

transfers. 
 
 The terminal crew shall have minimum training equivalent to those specified LNG 

carrier crews in the IMO-STCW Convention, (International Convention on 
Standards of Training, Certification and Watch keeping for Seafarers, 1978). 
 

 Development of safety and environment policies, along with assignment of 
responsibilities, development of procedures, periodic audits and reviews for 
responding to LNG releases and situations like fire as per ISM Code (International 
Management Code for the Safe Operations of Ships and Pollution Prevention 
adopted by the IMO Resolution A.741 (18)-1994) 
 

 The marine security plans shall address: 
 

 Security administration and organization of the facility 
 Personal training 
 Records and exercises 
 Response to change in security level 
 Procedures for interfacing with vessels 
 Declaration of security (DoS) 
 Communications 
 Security systems and equipment maintenance 
 Security measures for access control, restricted areas, handling cargo, 

delivery of vessel stores and bunkers and monitoring 
 Security incident procedures 
 Audits and security plan amendments 

 
7.3.11 Release Response System 

 
While the LNG industry traditionally focuses on release prevention, it is essential that 
release response systems exist to help mitigation in the event of releases. The primary 
aim is to protect human health and safety, minimize environmental impacts and to 
restore the environments, as nearly as practicable, to pre-release conditions. The 
response system at the marine terminal includes gas detection, safety shutdown and 
fire protection systems. The other elements of response system comprise: 
 
 Safety and security zones 
 Ship and facility emergency response plan 
 Coordination with GMB and local emergency responders 
 Evacuation plans and procedures 
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7.3.12 Emergency Response Planning (ERP) 
 
Handling Major Releases 
 
 On noting release transfer operations shall be suspended immediately. 
 
 The onsite personnel at the marine facility shall indicate the position and cause of 

release to onshore control room. The onsite personnel shall also indicate the 
probable size of the release. 

 The site main controller shall assist the designated release response team/ Coast 
Guard reach the site of release and mobilize release combating equipment to 
the site depending on the size of the release. 

 
 The responsibility of the main controller is also to inform all statutory authorities, i.e., 

Gujarat Maritime Board, GPCB, Coast Guard, Superintendent of Police, and Local 
Customs etc. 

 
 The spills shall be contained as per the National Oil Spill Disaster Contingency plan 

with PLL providing the necessary equipment and manpower assistance. 
 
The operational command structure can be similar to Figure-7.5. 
 

 
Emergency 

services 

Site Main controller 
(Overall  responsibility) 

 
External 

Communications 

                                                                     
 

Incident Controller 
(Responsible at the 

incident site) 
 
 
   

FIGURE-7.5 : TYPICAL COMMAND STRUCTURE FOR EMERGENCY RESPONSE 
 
7.3.13 Handling Unignited Release 

 
The unignited vapours could accumulate or move to a vulnerable area where any 
ignition source would produce an explosion with even more dramatic consequences. 
In this case, the emergency responders may involve law enforcement or other public 
resources to help notify personnel in the downwind direction to take action and 
move away from the hazard. 
 

7.3.14 Handling Fire and Explosion Emergencies 
 
The general strategy that can be used to deal with a fire emergency comprises three 
steps, namely: 

 
 Information gathering and accident assessment 
 Decision Making 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐7: Risk Assessment & Disaster Management Plan 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad                                                                                   C7-23 

 Implementation of the response actions 
The types of actions to be implemented will depend on the first two steps, and 
can be summarized in three possible courses of actions, i.e. 

 Attacking fire 
 Controlling the fire without attempting to put it out, or 
 Complete withdrawal 
 
Step1: Information gathering and Accident Assessment 

 
 Determine whether casualties have occurred, and whether rescue operations 

would be required 
 Identify the materials involved in the incident. It is possible that more than one 

material is involved in the accident. It is possible that more than one material is 
stored in the same location. 
 
 Use the MSDS for the material involved 
 Appropriate extinguishing agents for the material 
 

 Determine weather conditions such as wind direction and speed, temperature, 
humidity, and precipitation. 

 
 Determine available resource in terms of manpower, equipment and supplies. 

Also determine what additional resources could be mobilized and how soon. 
 
Step2: Decision Making 
 
After all this information has been collected, a decision should be made as to the 
type of action to take. Rescue of casualties should, of course, be the first task. 
However, even this task will depend on the overall accident assessment, on the 
resources available, and on the alternatives implementable. 
 
In general, three possibilities should be considered, 
 
 Attack the fire 
 Control the fire without attempting to put it out 
 Withdrawal of emergency response panel 
 
The choice of one of these actions will depend on the accident assessments and the 
materials involved. Putting out the fire could sometimes introduce even greater 
hazards due to dispersion of the unignited cloud and therefore, the other alternative 
can be sometimes be to let the fire burn, thus limiting the  exposure of personnel. 
 
The duties of the fire and rescue team leader include: 
 
 Overall in-charge of the fire fighting operations 
 Inform the Main Controller if external fire tender/ firefighting equipment/ 

materials/ Mutual Aid are required. 
 Maintaining adequate supplies for the fighting equipment and facilities. 
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7.3.15 Roles and Responsibilities 
 
Contingency plans backed up by adequate and well-maintained equipment, 
detailed procedures, necessary supplies of products for treatment, and personnel 
trained to deal with spills are essential to ensure an effective response. The following 
section defines the roles and responsibilities of the various agencies involved in 
combating oil pollution in the event of spillage or in the event of a disaster. 
 
 Provision of safety and security zones for LNG carriers to reduce the likelihood of 

collisions or the need for an LNG vessel to try to avoid other post traffic. 
 Identify releases: Location, size and intimate site main controller at PLL Plant 
 Inform statutory bodies, Coast Guard about releases 
 Establish crisis management group an define roles and responsibilities 
 Coordination on quick and safe handling of tankers 
 Provide for training of personnel involved in operation 
 Organization of periodic exercise and mock drills under the guidance of the 

regional Coast Guard to keep equipment and personnel in constant readiness. 
 Identification of suitable means for treatment and disposal of debris, emulsions 

etc. 
 

7.3.16 Regional Coast Guard Commander 
 
 Coordination of activities of Regional Communication Center 
 Receive reports of oil pollution and mobilize Coast Guard resources to support 

On-Scene Commander (OSC) action at spill area. 
 Provision of administrative and infrastructure to the Regional Communication 

Centre (RCC) to conduct routine and operational tasks. 
 Maintain a list and assess available resources including local, regional, national 

and international groups, and the scale of spillage at which they should be 
contacted 

 Conduct periodical exercises of combating oil pollution equipment and material 
 Provide assistance to local groups in implementation of Local Action Plan. 

 
7.4 Disaster Management Planning (DMP) by PLL 

 
PLL has a Disaster Management Plan (DMP) in place that is professionally addressed 
& duly weighed. PLL had engaged an experienced Port Operator to provide various 
services that include Hazard Prevention, and Health, Safety & Environment services on 
the waterfront. PLL are taking care of HSE & Hazard prevention activities on the 
waterfront with the assistance of Port Operator. The DMP prepared by PLL is fully 
effective for preventing and managing any incidents or accidents in and around the 
Facilities, the existing LNG terminal and the waterfront and for ensuring their safety. A 
eetailed Emergency Response/Disaster Management Plan for PLL LNG terminal at 
Dahej is given in Annexure-XI.  

 
7.5 Marine Safety 
 

Since commercial LNG transport began in 1959, LNG has been safety transported, 
stored, and delivered to densely populated cities in the US, Europe and Japan. LNG 
has an excellent safety record with more than 33,000 carrier voyages covering 60 
million miles around the globe without a major accident over a 45 year history 
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Ocean going tanker transportation of LNG has a long record of safe operation. Few 
accidents have occurred since the fist converted freighter delivered a Lake Charles, 
Louisiana cargo of LNG to the UK in January 1959, none involving a fatality or major 
release of LNG. The outstanding LNG shipping safety record is attributable to 
continuously improving tanker technology, tanker safety equipment, comprehensive 
safety procedures, training, equipment maintenance, and effective government 
regulation and oversight 

 
LNG ships are well built, robust vessels with a double hull designed and built to 
withstand the low energy impacts common during harbour and docking operations. 
They are a common sight throughout much of the world. 

 
As part of the risk management process identified, establishing safe conditions for the 
port transit of LNG will be of major importance and will be a direct responsibility of the 
concerned port authority along with input from Navy and the various ship operators.  

 
As part of the operations study within the port design process, navigational risks 
management will be reviewed and developed based on the following factors: 

 
 Number and type of ships and other crafts using the port 
 Projected accident scenarios 
 Navigational distances and difficulty through the port and jetty approach 
 The maximum draft of the ships 
 Tidal conditions 
 The nature of the sea bed 
 Meteorological conditions (wind, waves, sea ice and visibility) 
 Proximity of the terminal to populated areas and industrial sites 

 
7.5.1 Marine Emergency and Contingency Planning 
 

Emergency response and contingency planning will take precedence in the 
development of facility process control measures. Emergency planning will consider 
dealing with the largest incident that can reasonably be foreseen, but detailed plans 
will concentrate on events that are most probable as identified through the 
impending risk analysis program. 

 
These activities will be developed with close consultation with port users, ships 
agencies, municipal authorities, police, fire and medical services. The plan will be 
communicated to all relevant parties that may be involved in responding to each 
specific emergency and ensure they all understand their appropriate response. 

 
PLL has established a DMP which also include planed and effective measures to deal 
with marine emergencies. The port and jetty safety plan incorporates the following: 

 
 Surveillance equipment, including cameras and closed circuit TV systems 
 Improvements to dockside and perimeter security and access control, such as 

fencing, gates, signages and lighting 
 Command, control and communications equipment, such as portable and vessel 

to shore radios; and 
 Infrastructure security protective measures, such as security guards and 

arrangements with local police departments. 
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7.5.2 Vessel Traffic & Port Management System 
 

Gujarat with its 1600 km long coastline represents a third of nation’s water front and is 
strategically positioned to service the vast north and central Indian hinterland and 
develop as a global maritime hub. Gulf of Cambay and Gulf of Kutch provides 
natural navigational safety and logistical advantage that has led to development of 
various maritime activities in the area. 

 
The Gulf of Khambhat is quite active maritime area with a lot of developments 
already taken place and planned in coming years. Gujarat Maritime Board (GMB) 
has established a number of minor and intermediate ports in the Gulf of Khambhat. 
Many captive jetties have been setup/ are being set up by various industries like 
Reliance, Essar, Indian oil, L&T etc. along with development of ports like Petronet LNG, 
HPPL, Solid Cargo Port Terminal and the upcoming Bulk General Cargo Terminal. 

 
Considering the safety and security of the area in lieu of overall holistic development, 
Government of Gujarat (GoG) & Gujarat Maritime Board (GMB) has set up one of the 
most modernized Vessel Traffic & Port Management System (VTPMS) at Gulf of 
Khambhat on BOOT basis. The project is established by a Aatash Norcontrol Ltd. The 
project involves designing, financing, procuring, installing, commissioning, operating 
& maintaining the VTPMS system for 30 years. GMB commenced the system on August 
15, 2010 and became fully operational from 1st September 2010. Accordingly, all 
maritime vessel traffic in the Gulf of Khambhat has been monitored by a state-of-the-
art Vessel Traffic & Port Management System (VTPMS).  
 
The Gulf of Khambhat has a typical peculiarity due to the shifting seabed and strong 
currents. Typically, 140m to 180m big and small commercial vessels enter and exit the 
Gulf regularly.  

 
The VTMS system is spread across entire coastal area of the Gulf of Khambhat, 
wherein Ghogha, Sartanpur, Mahuva, Jafrabad, Dahej, Magdalla, Hazira and 
Sultanabad have installations for Radar, AIS, DF, VHF, MET & Hydro etc. All the stations 
are connected to the Master Control Station (MCS) at Hazira through microwave link, 
using repeater stations at Alang and Bhagwa. The system provides complete surface 
water surveillance with two Emergency Response Centers, one at Coast Guard and 
one at GMB H.O., Gandhinagar that covering the entire Gulf of Khambhat. 
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The VTMS system is operated in accordance with IALA guidelines. The VTMS operators 
are fully trained according to the IALA V-103 standards for VTS operation by highly 
qualified professions from U.K., which include master mariners.  

 
The system includes integrated RADAR, Automatic Identification System (AIS), and 
Radio Direction Finders (RDF), Metrological and Hydrological sensors, Microwave links 
as well as VOIP based Very High Frequency (VHF) radio system. All maritime traffic is 
recorded, and movements are stored in a database.  
 
The VTMS system is operated in accordance with IALA guidelines. The VTMS operators 
are fully trained according to the IALA V-103 standards for VTS operation by highly 
qualified professions from U.K., which include master mariners.  
 
The system includes integrated RADAR, Automatic Identification System (AIS), and 
Radio Direction Finders (RDF), Metrological and Hydrological sensors, Microwave links 
as well as VOIP based Very High Frequency (VHF) radio system. All maritime traffic is 
recorded, and movements are stored in a database.  

 
With the help of satellite based Synthetic Aperture Radars (SAR) and ground based 
radars, the software of Gulf of Khambhat VTMS is also capable of detecting oil spill 
and can predict the movement of oil spill.  

 
VTMS software is ready to integrate the Diver Detection System, Long range day & 
night optical (camera) detection system and long range underwater sonar based 
submarine detection system. 
 
Moreover, any port user can avail the service of VTMS Remote Monitoring Consol 
(RMC) to monitor their own ship as well as entire traffic of the Gulf of Khambhat, 
without having installed their own RADAR and AIS system. 
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In addition to monitoring traffic, the VTPMS is an invaluable aid to search and rescue 
operations along the Gujarat coastline.  Search and rescue operations can be 
directed from the VTPMS, and efforts coordinated with the Emergency.  
 
Operations Centre in Gandhinagar.  This real-time exchange of information greatly 
improves emergency response time, which was demonstrated on 22 January when a 
sinking vessel mobilized a coordinated response from the coast guard and VTPMS.  
The VTPMS provided real-time updates to search and rescue operations and 
enlisted vessels in the area to assist in the search, thus demonstrating its value.  25 lives 
at sea were saved due to effective utility/ implementation of VTMS. GMB VTPMS has 
also received the appreciation from Coast Guard.  
 
The Gulf of Khambhat VTPMS is first and only one of its kinds in India. The system was 
implemented in record time, and has already been operational for more than one 
year, now.  
 
Apart from monitoring, Gulf of Khambhat VTPMS is also one and only VTMS in India 
which provides all three important services like Information Service (IS), Navigational 
Assistance Service (NAS) and Traffic Organizing Service (TOS), as per IALA guidelines. 
The ships calling Gulf of Khambhat are supposed to report VTPMS as per set rules, 
worked out by Gujarat Maritime Board.  
 
The importance of maritime security is increasing day by day with increased maritime 
traffic and incidents threatening marine security and safety occurring every now and 
then. With centralized control system providing port management, surveillance, 
safety and guidance for vessels arriving and leaving the port, the chances of 
accidents are minimized. The VTPMS initiative taken by Gujarat Maritime Board thus 
seamlessly takes care of concerns such as ever increasing traffic at the ports, risk of 
accidents, highly volatile areas, security concerns, oil spills etc.  
 
With the functioning of VTPMS in both the Gulfs, the entire coastline of Gujarat would 
be under complete surveillance. This would lend the entire coastline of Gujarat a 
tighter security and better navigational aid to the vessels entering Gujarat waters. 
With installation of VTPMS in both the Gulfs, Gujarat would become the first maritime 
state of the country to completely secure its coastline; thereby adding another 
feather to its cap of firsts.  
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8.0 ENVIRONMENT AND SOCIAL MANAGEMENT PLAN 
 
8.1 Introduction 
 

The present chapter discusses the measures for environmental protection and social 
sustainability, so that the assimilative capacity is not exceeded. At the industry level, 
pollution control measures include in-built process control measures and also external 
control measures. 

 
The identification and quantification of impacts based on scientific and mathematical 
modeling have been presented in Chapter-5. It has been evaluated that the study area 
has not been affected adversely with present industrialization and is likely to get new 
economical fillip, not only for the study area but for the region as a whole.  
 
Mitigation measures at the source level and an overall Management Plan at the study 
area level are elicited so as to improve the supportive capacity of the study area and 
also to preserve the assimilative capacity of the receiving bodies. Standards are 
stipulated by various regulatory agencies to limit the emission of pollutants in air and 
water. Similarly, a mandatory practice is recommended for preparing an Environment 
Statement each year in order to encourage the industries to allow efficient use of 
resources in their processes and reduce the quantities of wastes. This in itself is not 
sufficient since this does not provide an assurance that its environmental performance 
not only meets, but will continue to meet, legislative and policy requirements.  
 
The ESMP has been designed within the framework of requirement under Indian 
legislation, ADB’s Safeguard Policy Statement (2009) and IFC's Performance Standards 
on environmental and socio-economic aspects. The mitigation measures to be 
adopted for the implementation of the proposed project include the following: 
 
 Environmental Management Plan including Green Belt Development Plan; and 
 Environmental Action and Monitoring Plan. 
 
The ESMP has been prepared considering life cycle approach. During the 
construction and operation periods, PLL will have the sole responsibility to meet the 
identified environmental and social requirements under the ESMP. 
 

8.2 Environmental Management Plan 
 

This chapter covers a comprehensive ESMP, including recommendations for its 
implementation during construction and operation phase of the project. The chapter 
consists of the set of mitigation, management, monitoring and institutional measures 
to be taken during the implementation and operation to eliminate adverse 
environmental and social impacts, offset them or reduce them to acceptable limits. A 
post study environmental monitoring program is also devised, identifying required 
equipment, man power and necessary budget for implementation of these programs. 
 
The industrial development in the study area needs to be intertwined with judicious 
utilization of non-renewable resources of the study area and within the limits of 
permissible assimilative capacity. The assimilative capacity of the study area is the 
maximum amount of pollution load that can be discharged in the environment without 
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affecting the designated use and is governed by dilution, dispersion, and removal due 
to physico-chemical and biological processes.  

 
The following additional mitigation measures are recommended in order to synchronize 
the economic development of the study area with the environmental protection of the 
region. 

 
8.2.1  Environment Management Plan during Construction Phase 

 
During construction phase, the construction activities like site leveling, grading, 
transportation of the construction material cause various impacts on the surroundings. 
However, the constructional phase impacts are temporary and localized phenomena 
except the permanent change in local landscape and land use pattern of the 
proposed expansion of LNG terminal project site.  
 
Since the construction activities shall be carried out by the EPC contractor, an effective 
contractor plan must be developed to reflect the overall environmental policy of the 
project.  
 
As a part of Construction Environmental Management Plan, Construction contractor’s 
plan shall identify specific techniques, practices and measures that will be utilized to 
minimize any adverse environmental impact during construction of the facility including 
those specified under mitigation measures and Environmental Management Plan. 
Specific issues to be addressed shall include the following: 
 
 Protection of marine and ground water quality during all construction work; 
 Minimization fugitive dust emissions from construction and site preparation as per the 

mitigation plan; 
 Minimize the quantity of erosion; 
    Containment, collection and disposal of waste materials from construction    

activities. Dumping at sea and burning will be strictly prohibited. Maintain disposal 
records (quantities, disposal facility, dates, etc.); 

 Collection and disposal of construction site’s domestic waste; 
 Noise control of vehicles and construction equipment; 
 Vehicle traffic congestion on access roads to and from the construction site; 

Construction site storage, handling and dispensing of vehicle and equipment, as 
well as fuel and lubricants. Specify spill containment, clean-up and disposal 
methods; 

 Containment of airborne paint particles from spray painting operations; 
 Disposal of waste or unused liquid concrete (non-solidified concrete). Include clean-

up procedure for tools, boots, equipment, truck chutes; 
 Soil contamination must be prevented; 
 Disposal of contaminated soil; 
 Disposal of hazardous materials; and 
 Establish good relationships with local community administration offices and    

residents. 
 
 
 
 
 

8.2.2 Land Environment Management 
 
PLL is having about 16 hectares of land in south side of the existing plot. Additionally 
about 22.62 hectares of land on south side of existing plot is allocated by Forest 
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Department to PLL and Stage-I clearance is accorded by Forest Department.  PLL has 
also been permitted by Gujarat maritime Board to reclaim 20 hectares of land on 
west side of the existing plot.  
 
Preparation of site will involve excavations and fillings. The earthen material generated 
during excavations and site grading periods, shall be properly dumped and slope 
stabilization shall be taken. The topsoil generated during construction shall be used for 
filling of low laying areas required for the proposed expansion of LNG terminal and 
reused for plantations. 
 
No perennial nallas are present in the LNG terminal site. However, natural drainage 
pattern shall not be disturbed as far as possible.  
 
The existing approach road to project site shall be appropriately strengthened to 
facilitate vehicular movement. 
 
The greenbelt area shall be delineated before start-up of earthwork and tree plantation 
shall be taken up during and after construction stage itself.  
 

8.2.3 Air Quality Management 
 
Construction phase will generate air pollution due to operation of construction 
machinery as well as vehicular emissions. Some measures can be considered for 
mitigation purpose 
 
 In the unpaved Roads, apply chemical stabilizers or apply water twice per hour 

during active operation;  
 

 In Earthmoving operation, maintain soil moisture content to a minimum of 12 
percent when earthmoving;  

 
 Conduct watering as necessary to restrict the dust emission within the active cut 

area;  and 
 

 In the disturbed surface areas, apply dust suppression in sufficient quantity and 
frequency to maintain a stabilized surface. Any areas, which cannot be stabilized   
as evidenced by wind driven fugitive dust. If applying chemical stabilizers, apply 
within five working days of grading completion.  

 
 Proper maintenance of vehicles and construction equipment; and 

 
 Tree plantation in the area earmarked for greenbelt development. 
 
With regard to NOx emissions, the contractors shall implement the following measures to 
reduce daily NOx emissions associated with construction activities. 
 
 All equipment shall be properly tuned and maintained in accordance with 

manufacturer's specifications; and 
 

 General contractors shall maintain and operate construction equipment so as to 
minimize exhaust emissions. During construction, trucks and vehicles in loading and 
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unloading queues would be kept with their engines off, when not in use, to reduce 
vehicle emissions. Construction emissions should be phased and scheduled to avoid 
emissions peaks. 

 
8.2.4 Water Quality Management  

 
The major source of water pollution in the construction phases is the sewage generated 
by the workers. During construction phase about 10 m3/day of waste is expected to be 
generated. The sewage generated shall be routed to soak pits and tanks and will be 
transferred regularly through authorized agencies.   
 

8.2.5 Noise Level Management 
 
The project construction is likely to increase the vehicular traffic in the area. However, 
there are no settlements near the project site and thus adverse impacts on noise levels 
due to increased vehicular movements are not anticipated. During construction phase, 
the noise may be generated due to operation of various construction equipment’s. 
Efforts need to be made to reduce the noise generated by various construction 
equipment are as follows: 
 
 Chassis and engine structural vibration noise can be dealt with by isolating the 

engine from the chassis and by covering various sections of the engines 
 Noise levels from the drillers can be reduced by fitting of exhaust mufflers and the 

provision of damping on the steel too. 
 Good maintenance of vehicles and construction equipment; 
 Restriction of construction activities to day time only; 
 Plantation of trees around the plant boundary to attenuate the noise; and 
 Provision of earplugs and earmuffs to workers. 

 
8.2.6 Ecological Management 

 
During construction, the measures required to be undertaken to minimize the impact on 
the ecology are: 
 
 The felling of trees will be kept at minimum; and 
 The greenbelt having vegetation density of 2500 trees/ha will be developed.  

 
8.2.7 Social community Management 

 
Constructional activities will generate employment to about 2500 workers. For 
construction work force, temporary sanitation facilities (septic tanks and soak pits) will be 
set-up for disposal of sanitary sewage. Similarly, rest rooms and canteen facilities will be 
provided for truck drivers during construction as well as operation phase of LNG terminal. 
 
 

8.3 Environment Management Plan during Operation Phase 
 

During operation phase, the impacts on the various environmental attributes should be 
mitigated using appropriate pollution control equipment. The Environment 
Management Plan prepared for the proposed expansion of LNG terminal aims at 
minimizing the pollution at source.  
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PLL will enhance the existing Health, Safety, Environment (HSE) department to ensure 
safe and environment friendly practices during operations. HSE department is 
corporate mandate to achieve these objectives and establish PLL organization as 
safety and health conscious, environment friendly, and conscious of its social 
obligations and commitments. 
 
HSE functions are dealt with team of competent professionals. This team also includes 
engineers qualified in Environmental Engineering. Coordination on environmental 
sample analysis done by Lab team experienced in environmental sampling and 
analysis. PLL, Lab, will be equipped with analyzers having state-of-the art technology 
to ascertain the composition on LNG/ RLNG as well as to meet other analytical 
requirements of process of LNG regasification & various analytical requirements 
pertaining to environment. Work permit management system will be developed and 
being followed to carry out all kind of maintenance activities inside the project 
premises in a safe and environment friendly manner. Work permit system also covers 
environmental issues like good housekeeping and all types of waste disposal & 
management. 
 
PLL will enhance and utilize the existing Occupational Health Centre (OHC) with basic 
facilities and round the clock medical assistants & Industrial doctor for 2 days a week. 
PLL will coordinate with nearest hospital for emergency which cannot be handled by 
PLL medical assistants. 
  
The primary role of OHC is to protect the health of the employee in their Work Zone 
environment and to ensure that everyone is medically and physically fit to carry out 
the job that they are employed to do. OHC will conduct periodic medical checkup 
of all employees working at site. 
 
HSE department is equipped with noise meter, Lux meter for regular monitoring of 
noise levels and illumination levels in the terminal area.  
 
The proposed expansion of LNG terminal shall be within the existing LNG terminal 
area and existing environment management system shall be extended.  

 
8.3.1 Air Pollution Management 
 

Only source of emissions in the proposed expansion of LNG terminal project are the 
GTGs. The gas generators installed at PLL Dahej site are based on “Lean – burn 
“technology. This controls pollution generation by firstly, reducing the temperature of 
the combustion process by introducing excess air thereby reducing the amount of 
oxides of nitrogen (NOx) produced by nearly half, compared to a conventional 
natural gas engine. Secondly, improving the efficiency of the combustion process 
and more power by introducing excess oxygen. In this new lean-burn engine, the 
combustion process is enhanced by pre-mixing the air and fuel upstream of the turbo 
charger before introduction into the cylinder. Break mean Effective Pressure (BMEP) 
against Air Excess (Lambda), the operating window is a very narrow band where 
efficiency peaks and where NOx is near its minimum. One of the results of this 
technology is significantly reduction in emission in the exhaust. The gas engine 
generators have NOx emissions as low as 0.85 grams/BHP-hr and produce low 
amounts of hydrocarbons (HC), carbon monoxides (CO) and particulate matter 
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(PM). This allows the generator sets to meet the most stringent air quality regulations 
without after –treatment devices in the exhausts stream.  

 
Fugitive and stack emissions from the LNG terminal will contribute to increase in 
concentrations of NOx pollutants. The mitigation measures recommended in the 
Terminal are: 
 
 30 m tall stack will be provided to ensure wider dispersion of pollutants; 
 Appropriate system to control NOx emissions to 50 PPM will be provided; 
 Asphalting of the roads within the project area;  
 Developing of greenbelt around the project to arrest the fugitive emissions;  
 Design of control equipment to meet the standards stipulated by CREP; 
 Use of Personnel safety devices by the workers should be strictly enforced. 
 Online flue gas monitors as well as flue gas flow rates and temperature 

measurement shall be provided for all stacks; and 
 
To control fugitive hydrocarbon emissions, the following measures shall be adopted: 
 
 Provision and periodic inspections of mechanical seals in pumps; 
 Preventive maintenance of valves, flanges, joints, roof vents of storage tanks; and  
 Submerged filling of liquid fuel storage tanks. 

 
8.3.2 Water Pollution Management 
 

The mitigation measures recommended to minimize the impacts are sedimentation tank 
to retain the solids from run-off water; oil and grease trap at equipment maintenance 
centre; septic tanks to treat sanitary waste at labour camp; and utilizing the wastewater 
in greenbelt development. The wastewater from labour colony will contribute to higher 
BOD concentrations.  

 
The domestic sewage generated shall be routed to soak pits and tanks and will be 
transferred regularly through authorized agencies.   

 
8.3.3 Noise Pollution Management 

 

In the process, various equipments like pumps, cooling tower, compressors etc generate 
the noise. The recommendations to mitigate higher noise levels are: 
 
 Equipments should be designed to conform to noise levels prescribed by regulatory 

authorities; 
 Provision of acoustic barriers or shelters in noisy workplaces; 
 Provision of hoods to noise generating equipments like pumps; 
 Provision of thick greenbelt to attenuate the noise levels;  
 Provision of Personal Protective Equipments (PPE) such as earplugs, earmuffs to the 

workers working in high noise level area; and 
 Implementation of greenbelt, landscaping with horticulture at power block areas to 

reduce noise impacts. 
 
8.3.4 Solid Waste Management  

 

On a regular basis, there is no generation of any non-hazardous or inert solid waste 
from the proposed expansion of LNG terminal. A small quantity i.e. about 0.5 - 1.0 
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KL/year of hazardous oily waste will be generated from the proposed expansion of 
LNG terminal during periodic maintenance. Hazardous waste will be collected and 
stored at specific identified area at site. Authorized agency will be hired to dispose 
the collected Hazardous waste. Like existing hazardous waste, additional waste shall 
be handled similarly.  

 

8.4 Greenbelt Development 
 

With rapid industrialization and consequent deleterious impact of pollutants on 
environment, values of environmental protection offered by trees are becoming clear. 
Trees are very suitable for detecting, recognizing and reducing air pollution effects. 
Monitoring of biological effects of air pollutant by the use of plants as indicators has 
been applied on local, regional and national scale. Trees function as sinks of air 
pollutants, besides their bio-esthetical values, owing to its large surface area.  
 

The greenbelt development not only functions as foreground and background 
landscape features resulting in harmonizing and amalgamating the physical structures 
of the project with surrounding environment, but also acts as pollution sink. Thus, 
implementation of afforestation program is of paramount importance. It will also check 
soil erosion, make the ecosystem more complex and functionally more stable and 
make the climate more conducive. 
 
Greenbelt with a width of 10-m to 50-m has been developed around the project site 
outside the LNG handling area.  
 

8.4.1 Various Species planted by Petronet LNG Limited, Dahej 
 
The following plants species are planted in greenbelt for the aesthetic importance 
and into various patches. All the species are planted as per standard green belt 
design. They are given in Table-8.1 to Table-8.6   respectively. Three grass species like 
Cynodon sp, Cymbopogon martini and Cyperus rotundus planted in lawn. Most of 
the species are exotic and have very little role for the attenuation of environmental 
pollution  

TABLE-8.1 : BOTANICAL NAME OF FRUIT TREES 
 

Sr No Botanical Name of Fruit Trees Common Name 
1 Musa paradisiacal Banana 
2 Punica granatum - 
3 Cocos nucifera Coconut 
4 Acrhrus sapota Sapota 
5 Mangifera indica Mango 
6 Psidium gauvava Guavava 
7 Sygygium cumini Jamun 
8 Ziziphus jujube Ber 
9 Terminalia catapa Ashoka tree (hybrid) 

 
TABLE-8.2 : BOTANICAL NAME OF PALM TREES 

 
Sr No. Botanical Name of Palm Trees Common Name 
1  Areca catechu Kattha 
2  Areca palm ornamental Palm 
3  Roystonia regia - 
4  Caryota mitis - 
5  Caryota urenis - 
6  Washingtonia filifera - 
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Sr No. Botanical Name of Palm Trees Common Name 
7  Bismarckia sp - 
8  Lantana sp  - Yellow Lantana 
9  Lantana sp - Red - 
10  Raphis excelsa  
11  Travenella medagascarensis  
12  Cycas revoluta Cycas 
13  Cycas circinalis - 
14  Phoenix robellenii Sindi 

 
TABLE-8.3 : BOTANICAL NAME OF ORNAMENTAL TREES 

 
Sr No Botanical Name of Ornamental  Trees Common Name 

1 Azadirachta indica Neem 
2 Melia azadirachta Mahaneem 
3 Cassia siamea Cassia 
4 Cassia fistula Amaltash 
5 Cassia biflora - 
6 Lagerstroemia indica - 
7 Spathodia companulata - 
8 Kegilia pinnata Kajali 
9 Leaucena leaucocephala Subaool 
10 Pongamia pinnata Karanj 
11 Terminalia catapa Badam 
12 Erythrina indica - 
13 Samanea saman Indian rain tree 
14 Saraca indica Askoka (wild) 
15 Polyalthia longifolia Askoka (hybrid) 
16 Polyalthia pendula - 
17 Bahunia blackia - 
18 Bahunia purpurea Apata 
19 Callistemon lanceolatus - 
20 Gravillea robusta Indian ghost tree 
21 Alstonia scholaris - 
22 Peltophorum ferrugenium - 
23 Schlechera oliosa (Kusum) Kusum 
24 Thespesia populnea  
25 Molsari sp - 
26 Ficus bengalensis Baragad 
27 Ficus religiosa Pipal 
28 Ficus infectoria - 
29 Dalbergia sissoo Shisam 
30 Delonix regia Gulmohar 
31 Tecoma stans - 
32 Tebubia rosea - 
33 Michelia champaca Champa 
34 Bambusa vulgaris Bamboo 
35 Casuarina equisitifolia Suru 
36 Couroupita guianensis - 

 
TABLE-8.4 : BOTANICAL NAME OF SHRUB SPECIES 

 
Sr No Botanical Name of Shrub Species Common Name 
1  Hibiscus rosasinensis Jasvand 
2  Hibiscus malavicus - 
3  Hibiscus double Jasvand 
4  Calliandra sp Callendra 
5  Golden duranta Peela kaner 
6  Duranta broad leaved Duranta 
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Sr No Botanical Name of Shrub Species Common Name 
7  Ixora singapuriensis Ixora 
8  Thevetia peruviana - 
9  Ficus panda - 
10  Caesalpinia pulicherrima Yellow gulmohar 
11  Mussanda sp - 
12  Acalypha hyspida - 
13  Acalypha sp - 
14  Amaranthus virdis Chaulai 
15  Adenium obesum - 
16  Lantana camara Lantana 
17  Lantana sellowviana - 
18  Ocimum sanctum Tulasi 
19  Allamanda cathartica - 
20  Verbina - 
21  Taberna –e-montena Safed Chkri 
22  Dracena cordilyne - 
23  Draceana indica - 
24  Draceana fragrance - 
25  Draceana light yellow - 
26  Polyscia variegata - 
27  Aralia sps. - 
28  Agloenema - 
29  Asparagus sprengeri Asparagus 
30  Asparagus meyers - 
31  Syngonium sp - 
32  Diffenbachia sp  
33  Coaedium petra - 
34  Coaedium narrow leaved - 
35  Coaedium sp - 
36  Lagerstromia indica - 
37  Bougainvillea spectabilis Bougainvillea 
38  Russalia juncia - 
39  Russalia equisitifolia - 
40  Taberna dwarf - 
41  schefflera arboricola compacta - 
42  Oleander - 
43  Hibiscus rosasinensis Jasvand 

 
TABLE-8.5 : BOTANICAL NAME OF HEDGES AND EDGES 

 
Sr No Botanical Name of Hedges Common Name 
1  Clerodendron inermi Clerodendron 
2  Duranta golden - 
3  Duranta broad leaved - 
4  Amaranthus narrow leaved - 
5  Amaranthus broad leaved - 
6  Acalypha hyspida - 
7  Acalypha java - 
8  Acalypha copper - 
9  Acalypha red - 
10  Acalypha wilkisia green - 
11  Acalypha wilkisia copper - 
12  Acalypha twisted - 
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Sr No Botanical Name of Hedges Common Name 
13  Lantana camara Lantana  
14  Lantana yellow - 
15  Lantana sellowiana blue - 
16  Lantana sellowiana white - 
17  Lantana pink - 
18  Ficus panda - 
19  Bougainvillea specabilis Bougainvillea 
20  Hibiscus rosasinensis Jasvand  
21  Tradescantia sps - 

 
TABLE-8.6 : BOTANICAL NAME OF CREEPERS AND GROUND COVER 

 
Sr No Botanical Name of Creepers Common Name 
1  Ipomea sps. Lotus  
2  Quisqualis indica Chameli  
3  Allamanda species - 
4  Vernonia elaegnifolia - 
5  Petria volubilis - 
6  Passiflora Passin flower  
7  Clerodendron  inermi Clerodendron 
8  Ipomea species - 
9  Wodelia sps. - 
10  Asparagus sprengeri Khus  
11  Asparagus meyers - 

  
        Grass Species 

 
1. Cynodon dactylon 
2. Cyperous rotundous 
3. Cymbopogon sp. (lemongrass) 
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FIGURE-8.1 : GREENBELT DEVELOPMENT PLAN 
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8.4.2 Recommended species for Plantation 
 
The species proposed will have broad leaves. Trees will be selected based on the type 
of pollutants, their intensity, location, easy availability and suitability to the local 
climate. They have different morphological, physiological and bio-chemical 
mechanism/ characters like branching habits, leaf arrangement, size, shape, surface 
(smooth/hairy), presence or absence of trichomes, stomatal conductivity proline 
content, ascorbic acid content, cationic peroxides and sulphite oxidize activities to 
trap or reduce the pollutants.  Species to be selected will fulfill the following specific 
requirements of the area: 
 
 Tolerance to specific conditions or alternatively wide adaptability to eco-

physiological conditions; 
 Rapid growth; 
 Capacity to endure water; 
 Stress and climate extremes after initial establishment; 
 Differences in height and growth habits; 
 Pleasing appearances; and 
 Providing shade. 

 
Based on the above, the recommended species for greenbelt and plantation are 
given in Table-8.7. Further, the already existing/native species will be given 
preference. 
 
Based on climate and soil characteristics of the study area, some species are 
recommended for plantation. In order to have a ground cover, some fast growing 
species, wider soil adaptability have been recommended for mass plantation. For 
protecting the environment from dust, temperature, chemicals, emissions, the 
following species have been recommended: 

 
 TABLE-8.7 : RECOMMENDED PLANTS FOR GREENBELT  

 
Note: S: Small, M: Medium, L: Large 

Sr. No. Species Type 
1  Acacia auriculoformis  Tree 
2  Acacia catechu  Tree 
3  Acacia nilotica   Tree 
4  Aegle marmelos   Tree 
5  Albizia lebbeck  Tree 
6  Albizia procera   Tree 
7  Anona squamosa   Tree 
8  Azadirachta indica   Tree 
9  Bridelia squamosa   Tree 
10  Butea monosperma  Tree 
11  Callistemon citrinus Tree 
12  Ceiba pentandra Tree 
13  Cassia symea  Tree 
14  Caesalpinia pulcherima  Tree 
15  Dalbergia sisoo Tree 
16  Delonix regia  Tree 
17  Eucalyptus sp Tree 
18  Ficus benghalensis Tree 
19  Ficus glomerata Tree 
20  Ficus religiosa Tree 
21  Gardenia asminoides Tree 
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Sr. No. Species Type 
22  Gardenia resinifera Tree 
23  Polyalthia longifolia Tree 
24  Prosopis chilensis Tree 
25  Mangifera indica Tree 
26  Pithocellobium duci Tree 
27  Syzygium cumini Tree 
28  Tamarindus indica Tree 
29  Zizyplus mauritiana Tree 
30  Pongamia pinnata  Tree 
31  Plameria rubra  Tree 
32  Polyalthia longifolia  Tree 
33  Duranta repens Shrub 
34  Caesalpinia pulcherima  Shrub 
35  Hibiscus rose-sinensis Shrub 
36  Ixora coccinea Shrub 
37  Clerodendrum sp Shrub 
38  Lantana camara Shrub 
39  Lawsonia inermis Shrub 
40  Peltophoram sp  Shrub 
41  Nerium indicum Shrub 
42  Abutilon indicum linn   Shrub 
43  Bambusa arundinecia    Shrub 
44  Bambusa vulgeris   Shrub 
45  Bougainvillea spectabilis   Shrub 

 
The plantation schedule will be completed within five years from the construction 
period of the project. PLL will also associate with State Forest Department for 
plantation and forestation project in the state.  

 
8.5 Environmental Management Plan for Pipeline Corridors 
 

The EMP for pipeline corridors is given as under: 
 

TABLE-8.8: ENVIRONMENTAL MANAGEMENT PLAN FOR PIPELINE CORRIDORS 
 

EMP 
Code 

Potential 
Impact 

Action Parameters for 
Monitoring 

Timing 

EMP 1 Route 
Finalization 
and Land 
Acquisition 

It will be ensured that all 
necessary protocols are 
followed and legal 
requirements implemented. 

Check list of legal 
documents and 
legal compliance 
registers / 
documents. 

Pre-deployment of 
topographic survey 
team or site clearance 
crew. 

EMP 2 Soil Erosion Topsoil stockpile will be 
protected wherever possible 
at edge of site. 

Effective cover in 
place. 

Duration of 
programme until 
demobilization. 

EMP 3 Habitat 
disturbance of 
flora and 
fauna 

Site boundaries will be 
marked. 

Clear boundaries 
marks in place. 

Prior to 
commencement of 
site clearance. 

For cleared area, topsoil will 
be retained in stockpile 
where possible on perimeter 
of site for subsequent re-
spreading onsite during 
restoration. 

Topsoil stockpile in 
place on site edge. 

Duration of 
programme until 
demobilization. 

Riverine areas will be Pipeline lay-out To At time of laying 
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EMP 
Code 

Potential 
Impact 

Action Parameters for 
Monitoring 

Timing 

protected whenever there 
are crossings 

avoid any type of 
contamination/ 
discharge into the 
river 

pipeline across rivers 

EMP 4 Drainage and 
Effluent 
Management 

Ensure drainage system and 
specific design measures are 
working effectively. 

Design of pipelines 
to incorporate 
existing drainage 
pattern and avoid 
disturbing the same.  

Duration of 
programme. 

Wastewater generated if 
any, will be treated as per 
GPCB norms before disposal  

GPCB norms  

EMP 5 Fuels and 
Lubricants 
Management 

Strict inventory of all fuels 
and lubricants brought to 
the site will be maintained. 

Up-to-date 
inventory in place. 

Duration of 
programme 

All fuels and lubricants will be 
placed in controlled storage. 

Integrity of storage 
area 

Duration of 
programme 

All used and unused 
lubricants no longer 
required, will be transported 
offsite. Used lubricants will be 
sent to authorized re-
processors. 

Low inventory (or 
absence) of used / 
unused lubricants 
no longer required 
onsite. 

Duration of 
programme 

EMP 6 Waste 
Management 

Waste management plan 
will be implemented that 
identifies the procedures for 
collection, handling and 
disposal of each waste 
arising.  

Solid waste is to be 
disposed of by 
sanitary land filling 
method at a site 
approved by the 
State Pollution 
Board. 

Duration of 
Programme 

EMP 7 Site 
Contamination 

Installation of impervious 
liners (e.g.; clay, concrete) in 
place for: fuel, lubricants 
and wastes generated 
during pipeline construction 

Evidence of 
protective 
measures in place 

Daily throughout the 
duration of 
programme. 

EMP 8 Water 
consumption 
and disposal 
and related 
impacts 

Water consumption will be 
optimized and water reuse 
will be attempted. 

Quantity of water 
consumed and 
wastewater 
generated 

Construction and 
commissioning of 
pipelines 

Wastewater generated will 
be treated to GPCB norms 
before disposal  

GPCB norms  Project programme 

EMP 9 Noise and 
Vibration  

List of all noise generating 
machinery onsite along with 
age will be maintained. 

Equipment 
maintained in good 
working order. 

Written record of 
maintenance for all 
equipment. 

Generation of vehicular 
noise will be minimised 

Maintenance 
records of vehicles 

Programme duration 

Acoustic mufflers / 
enclosures for GTC’s, DG 
sets)  

Mufflers / enclosures 
in place. 

Duration of 
programme 

EMP Air Emissions All equipment will be 
operated within specified 

Proper 
maintenance of 

Duration of 
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EMP 
Code 

Potential 
Impact 

Action Parameters for 
Monitoring 

Timing 

10 design parameters. 
(Construction and 
operational phases for all 
activities) 

equipments to 
minimize the 
emissions 

programme. 

Vehicle trips will be 
minimized to the extent 
possible 

Vehicle logs 

Compaction of soil during 
pipeline laying and other 
construction activities 

Construction logs Construction activities, 
laying of pipelines 

EMP 
11 

River 
Hydraulics 

Construction shall be 
expedited and use of 
equipment and mainline 
construction activities within 
rivers shall be limited to 
minimum 

Comprehensive 
Management Plan 
in place  

Construction activities 
and laying of pipelines 

River crossings will be 
constructed as 
perpendicular to the axis of 
the river as far as 
practicable 

EMP 
12 

Non-routine 
events and 
accidental 
releases. 

Emergency Response Plan 
will be drawn up. 
 

The provisions of the 
Emergency 
Response Plan will 
be monitored. 

Programme duration 

Utmost care will be taken in 
patrolling pipelines and 
ensuring prompt detection 
of leaks. 

Pipeline monitoring 
records 
 

Programme duration 

EMP 
13 

Emergency 
preparedness, 
such as fire 
fighting 

Fire protection and safety 
measures to take care of fire 
and explosion hazards, will 
be assessed and steps taken 
for their prevention. 

Mock drill records, 
on site emergency 
plan, evacuation 
plan 
 

During operation 
phase 

EMP 
14 

Environmental 
Management 
Unit/Cell 

The Environmental 
Management Cell/Unit will 
be set up to ensure 
implementation and 
monitoring of environmental 
safeguards and other 
conditions stipulated by 
statutory authorities. 

A Letter from 
management 
indicating 
formation of 
Environment 
Management Cell  

Duration of 
Programme 
 

 
TABLE-8.9: LOCATION SPECIFIC EMP 

 
S. 

No. 
Major Crossing Environmental Concern Relevant EMP Code 

1. Water crossings  Impact on aquatic flora and 
fauna 

EMP 1, EMP 3, EMP 6, EMP 8, EMP 
11 and EMP 12 

2. Road crossing Impact on noise levels 
Impact on air emissions 

EMP 1, EMP 4, EMP 6, EMP 7, EMP 
8, EMP 9 and EMP 10 
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S. 
No. 

Major Crossing Environmental Concern Relevant EMP Code 

3. Vegetation Impact on air emissions 
Impact on flora and fauna 

EMP 1, EMP 2, EMP 3, EMP 4, EMP 
6, EMP 7, EMP 8, EMP 9 and EMP 
10 

4. Cultivable land  Impact on land  
Impact on flora and fauna 

EMP 1, EMP 2, EMP 4, EMP 6 and 
EMP 8 

 
8.6 Environment and Social Action Plan 

 
The ESAP provides a delivery mechanism to address potential adverse impacts, to 
instruct the Project executing teams and contractors to implement standards of good 
practice to be adopted for all the Project work. During this time PLL will have the sole 
responsibility to meet the identified environmental and social requirements under the 
ESAP.  
 
PLL will ensure following action items to be complied with throughout the life cycle of 
the Project: 
 
 Standards and guidelines;  
 Inspections, monitoring and auditing; 
 Periodical ESAP review and amendments; 
 Reporting and communication of Project related information including internal 

and external reporting and 
 communication; 
 Documentation and record keeping; 
 Organisation, roles and responsibilities for the ESAP implementation and for 

functioning of Environmental Management System (EMS) and Safety 
Management System (SMS) Procedures.  

 
8.6.1 Standards and Guidelines 

 
Besides the compliance with the stipulated conditions under various permits 
(approvals, clearances and licenses) obtained for construction and operation of the 
proposed Project, PLL is also required to comply with regulatory provisions and 
applicable international standards. The developed system will help environmental 
and safety related requirements under the international standards.  
 

8.6.2 Legal and Regulatory Requirements and Applicable International Standards 
 
The ESAP has been designed to meet the documentation requirements of applicable 
Indian regulations and standards and international standards i.e. Performance 
Standards on Social and Environmental Sustainability and General Environmental, 
Health and Safety (EHS) guidelines of IFC as described below:  
 
o Performance Standard 1: Social and Environmental Assessment and 

Management System; 
o Performance Standard 2: Labour and Working Conditions; 
o Performance Standard 3: Pollution Prevention and Abatement; 
o Performance Standard 4: Community Health, Safety and Security; 



 

Environmental and Social  Impact Assessment Report for Expansion of existing LNG  Import, Storage and Re‐gasification 
Facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat

Chapter‐8: Environment and Social Management Plan 

Document No. VLL/11/ESIA/PLL‐Dahej/001                           Issue No.01
 

 

VIMTA Labs Limited, Hyderabad    C8-17 

o Performance Standard 5: Land Acquisition and Involuntary Resettlement; 
o Performance Standard 6: Biodiversity Conservation and Sustainable Natural 

Resource Management; 
o Performance Standard 7: Indigenous Peoples; and 
o Performance Standard 8: Cultural Heritage.  
o General EHS Guidelines 
o Industry Sector Guidelines for Thermal Power  
o Industry Sector Guidelines for Electric Power Transmission and Distribution 

 
8.6.3 Inspection, Monitoring and Auditing 

 
Inspection and monitoring of the Project activities vis-ā-vis the suggested mitigation 
measures will minimise adverse impacts and increase effectiveness of environmental 
and social suggested mitigations.  Through the process of inspection, monitoring and 
auditing, PLL will ensure that all the contractors comply with the requirements of 
stipulated conditions under various permits as well suggested mitigations for Project 
cycle related activities.  

 
Internal and external monitoring is proposed in the Project. Internal monitoring of the 
ESAP implementation will be the responsibility of a special Monitoring & Evaluation 
cell within PLL. The internal and external monitoring and evaluation will be an ongoing 
process and will continue effective even after the construction activities of the 
Project are over.  

 
The stage wise monitoring, responsibilities for reporting and review are given below:  
 
Pre-Construction Phase  

 
During the pre-construction phase PLL will ensure the following activities are 
completed in consultation with EPC contractor and before handing over the project 
site.  

 
o Confirm the location of project site and the labor colony 
o Identify site specific and environmental issues 
o Identify the use of alternate roads for movement of equipment, labor 
o Identify stockpile sites and spoil and waste disposal areas; and  
o Plan construction phasing at project sites and location of labor colony 
o Provision for water and power supply 

 
Construction Phase 
 
The PLL Project Management Team and the EPC Contractor shall jointly undertake 
weekly inspections of construction sites and work areas, and monthly inspections of 
workforce camps during the construction period. The inspection will also include the 
following aspects; 
 
Weekly environmental inspections 

 
o Monitoring of air quality, water quality, vehicular emissions and ambient noise 
o Implementation of the mitigation measures as per ESMP 
o Safe storage of chemicals and fuels 
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o Batching and hot mix plant area 
o Occupational safety and health 
o Sanitation and hygiene at labor camp 
o Compliance as per GPCB and MOEF guidelines 
o Any other site specific issues 

 
If any of these sites or activities is not in accordance with the contract and ESMP 
conditions, the PLL Project Management Team shall document these and specify 
corrective measures in the Weekly Report.  The PLL Project Management Team shall 
provide a copy of the Weekly Report to the EPC Contractor within two days of the 
inspection for appropriate action, and the EPC Contractor shall undertake all actions 
as specified. 
 
Monthly Environmental Inspections 

 
The PLL Project Management Team shall undertake a monthly inspection of all 
workforce camps and work sites in use over the preceding month.  The adequacy of 
services provided at work sites and workforce camps will be inspected, as well as any 
on-site or off-site environmental degradation caused by camp or workforce activities. 

 
If any activities are not being undertaken in accordance with the contract and EMP 
conditions, the PLL Project Management Team shall document these activities and 
specify corrective measures in the Monthly Report.  The PLL Project Management 
Team shall provide a copy of the Monthly Report to the EPC Contractor within two 
days of the inspection, and the EPC Contractor shall undertake all actions as 
specified.   

 
The following schedule of inspections will be undertaken by the Project Management 
Team of SPL during construction: 

 
Department Review Period 

PLL EHS Department Weekly inspection and review with the 
EPC Contractor 

PLL – Head of Construction Fortnightly review and exceptional 
situation 

PLL – Head of Project Monthly review and exceptional situation 
  

The PLL Project Management Team shall undertake a post-construction certification 
inspection of each completed project site.  The PLL Project Management Team shall 
inspect all reinstated access and local services and the re-vegetation of all 
temporarily disturbed land.  The PLL Project Management Team shall certify each 
project site if it is in accordance with all contract and ESMP conditions, or provide a 
written list of remedial actions to the EPC Contractor to be completed prior to 
certification. 

 
Operations Phase 

 
During the Operation phase the following schedule will be followed for review and 
reporting on the compliance of environmental aspects. SPL will ensure the following 
activities are complied as per the GPCB/MOEF conditions set out in the 
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environmental clearance granted for the project. The following are   components 
which will be monitored during the operation phase of the project 

   Air Pollution: 
 
 Monitoring of ambient air quality  
 Monitoring of stack emissions for SO2, NOX,  HC and CO 
 Calibration and maintenance of the continuous emission monitoring equipment 
 Calibration and maintenance of the continuous ambient air quality analyzer 

Calibration and maintenance of the laboratory based instruments  
 Calibration and maintenance of automatic weather station 
 
Fuel Quality: 
 
 Monitoring of Fuel characteristics- GCV and  Sulphur  
 
Water Pollution: 
 
 Monitoring of water quality, waste water generation,  
 Operation and maintenance of effluent treatment plant, sewage treatment plant 

 
Noise Levels: 
 
 Monitoring of ambient noise levels outside the plant boundary  
 Monitoring of spot noise levels near heavy noise generating equipment 
 
Solid Waste Management: 
 
 Monitoring of hazardous waste  generation and its disposal  
 
Greenbelt Development: 
 
 Monitoring of survival rate of plants 
 Development of greenbelt as per MOEF guidelines 
 
Occupational Health and Safety:   
 
 Monitoring of workers health 
 Monitoring of the safety aspects followed by the employees 
 Monitoring the use of personal protection devices by employees 
 
Training  
 
 Monitoring the progress of various training modules  

                       
Department Review Period 

PLL - O&M Department  Generation of daily reports on environmental 
aspects 

PLL - Head  
(Environment Department) 

Weekly analysis and review of the information  

PLL - Head (O&M Department) Fortnightly review  
PLL - Head of Project  Monthly review  
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ESAP Review and Amendment 
 

PLL will review the ESAP and identified management action plans to address any 
changes in the organisation, process or regulatory requirements periodically        
(Once in two years), Upon any amendment, the amended ESAP will be 
communicated to all the staff by the   Environment, Health, Safety and Social 
department.   External auditing will be carried out   yearly during the construction 
phase. These reports will be forwarded to IFC for necessary review. During Operation 
phase, the external auditing will be done on an annual basis. 

 
Documentation and Record Keeping  

 
The Project will maintain following documents for effective implementation of the 
ESAP: 

 
o Master environnent management system document;  
o Legal Register; 
o Operation control procedures; 
o Work instructions; 
o Incident reports; 
o Emergency preparedness and response procedures; 
o Training records; 
o Monitoring reports; 
o Auditing reports; and  
o Complaints register and issues attended/closed. 

 
8.7 Formation of an Environmental and Social Management System 

 
Environmental and Social Management Systems (ESMS) are suggested at the industry 
level for ensuring that the activities, products and services of the region conform to the 
carrying capacity (supportive and assimilative capacity) based issues. This is based on 
Bureau of Indian Standard Specification IS: 13967: Environmental Management Systems 
- Specification. These shall include latest international technologies and practices.  
 
Since this is more in line with the quality systems, it is recommended that the proposed 
plant develop one on as outlined in the following sub-sections. 

 
 The EMS - its set-up, role and responsibilities - is given subsequently. 

 
The environmental management system to be formed by each industry will enable it to 
maximize its beneficial effects and minimize its adverse effects - with emphasis on 
prevention. It should: 
 
 Identify and evaluate the environmental effects arising from the industry's 

existing/proposed activities, products and services to determine those of 
significance; 

 Identify and evaluate the environmental effects arising from incidents, accidents 
and potential emergency situations; 
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 Identify the relevant legislative and regulatory requirements; 
 Enable priorities to be identified and pertinent environmental objectives and targets 

to be set; 
 Facilitate planning, control, monitoring, auditing and review activities to ensure that 

the policy is complied with; and 
 Allow periodic evaluation to suit changing circumstances so that it remains 

relevant. 
 
8.7.1 Implementation of an Environmental Management System  
 
8.7.1.1 Commitment 
 

It is essential that the top management of the industry is committed to development of 
its activities in an environmentally sound manner and supports all efforts in achieving 
this objective. 
Experience has shown that all attempts to change the processes and production 
methods which reduce/prevent wastes and inefficient use of resources ultimately result 
not only in environmentally sound practices but also better business returns. 

 
8.7.1.2 Preparatory Environmental Review 
 

An industry with no formal environmental management system should first establish its 
current position with regards to environment through a preparatory environmental 
review. This should cover four areas: 

 
 Legislative and regulatory requirements; 
 
 Evaluation and registration of significant parameters and their environmental 

impacts; 
 
 Review of existing environmental management practices and procedures; and 
 
 Assessment of feedback from investigation of previous environmental incidents and 

non-compliance with legislation, regulations or existing policies and procedures. 
 
 The resulting report should address: 
 

 The nature and extent of problems and deficiencies; 
 
 The priorities to be accorded to rectify them; and 
 
 An improvement programme designed to ensure that the personnel and material 

resources required are identified and made available. 
 

8.7.1.3 Environmental Policy 
 
The industry's management should actively initiate, develop and support the 
environmental policy, which is relevant to its activities, products and services and their 
environmental effects. Broadly this should: 
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 Be consistent with the occupational health and safety policy and other industrial 
policies (such as quality policy); 

 
 Indicate which of the industrial activities are covered by the environmental 

management system; 
 

 Be communicated and implemented at all levels of the industry; and 
 
 Be available publicly. 

 
8.7.1.4 Organization and Personnel 
 

To facilitate the implementation of the EMS, one of the most important aspects relate 
to the organization and personnel. The related issues are: 
 
 Define and document the responsibility, authority and interrelations of key 

personnel involved in the implementation of the environmental policy, objectives 
and environmental management system; 

 
 Identify the in-house verification requirements and procedures including resources 

and personnel; 
 
 Appoint a management representative (MR); 
 
 Communicate to employees at all levels the importance of compliance with the 

environmental policy, their role and responsibilities in achieving compliance, the 
potential consequences of departures from the specified procedures, and identify 
and provide appropriate training; and 

 
 Establish and maintain procedures to ensure that contractors are made aware of 

the environmental management system requirements and provisions. 
 
8.7.1.5  Environmental Effects 
 
 The industry should establish and maintain procedures for: 

 
 Receiving, documenting and responding to internal as well as external 

communications concerning environmental aspects  and management; 
 
 Identifying, examining and evaluating the environmental effects of its activities 

under normal and abnormal/emergency situations (including risk assessment) and 
compiling significant effects in a register; and 

 
 Recording all legislative, regulatory and other policy requirements and codes in a 

register. 
 

8.7.1.6  Environmental Objectives and Targets 
 

The objectives should be set with a view to realizing gradual and steady improvements 
in environmental performance through application of best available and economically 
viable technology. 
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The areas targeted for improvement should be those where improvements are most 
necessary to reduce risks (to environment and industry) and liabilities. These should be 
identified through cost-benefit analysis wherever practicable and should be 
quantitative and achievable. 
 

8.7.1.7  Environmental Management Programme 
 

The establishment of an environmental management programme is the key to 
compliance with the industry's environmental policy and achievement of the 
environmental objectives and targets. 
 
It should designate the responsibility for achieving the targets at each level and the 
means thereof. It should deal with the actions required for the consequences of the 
industry's past activities as well as address the life cycle of development of new 
products so as to effectively control adverse impacts. 

 
8.7.1.8 Environmental Management Manual and Documentation 
 

The documentation is intended to provide an adequate description of the 
environmental management system. The manual is expected to provide a reference to 
the implementation and maintenance of the system. 

 
8.7.1.9 Operational Control 
 

The management responsibilities should be defined to ensure that the control, 
verification, measurement and testing of environmental parameters within the industry 
are adequately co-ordinated and effectively performed. 

 
The control, verification, measurement and testing should be made through 
documented procedures and work instructions defining the manner of conducting 
activities, the absence of which can lead to violation of the environment policy. 

 
In the event of non-compliance, procedures for investigation of the causative 
mechanism should be established and the factors reported for corrective actions. 

 
8.7.1.10 Environmental Management Records 
 

The industry should establish and maintain a system of records to demonstrate 
compliance with the environmental management systems and the extent of 
achievement of the environmental objectives and targets. In addition the other 
records (legislative, audit and review reports), management records should address the 
following: 
 
 Details of failure in compliance and corrective action; 
 Details of incidents and corrective action; 
 Details of complaints and follow-up action; 
 Appropriate contractor and supplier information; 
 Inspection and maintenance reports; 
 Product identification and composition data; 
 Monitoring data; and 
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 Environmental training records. 
 
 
 

8.7.1.11 Environmental Management Audits 
 

The management audits are to determine whether the activities are conforming to the 
environmental management systems and effective in implementing the environmental 
policy. They may be internal or external, but carried out impartially and effectively by a 
person properly trained for it. Broad knowledge of the environmental process and 
expertise in relevant disciplines is also required. Appropriate audit programmes and 
protocols should be established. 

 
8.7.1.12 Environmental Statement 

 
As a mandatory requirement under the Environment Protection Rules (1986) as 
amended through the Notification issued by the Ministry of Environment and Forests in 
April 1993, an Environmental Statement should be prepared annually. This should 
include the consumption of total resources (raw material and water per tonne of 
product), quantity and concentration of pollutants (air and water) discharged, 
quantity of hazardous and solid waste generation, pollution abatement measures, 
conservation of natural resources and cost of production vis-a-vis the investment on 
pollution abatement. This may be an internal or external audits, but carried out 
impartially and effectively by a person properly trained for it. Broad knowledge of the 
environmental process and expertise in relevant disciplines is also required. 

 
 The intention of this statement is: 
 

 to identify the process/production areas where resources can be used more 
efficiently through a comparison with the figures of a similar industry (thereby 
reducing the consumption per unit of product); 

 
 to determine the areas where waste generation can be minimized at source and 

through end of pipe treatment (thereby reducing the wastes generated and 
discharged per unit of product); and 

 
 to initiate a self correcting/improvement system through an internal analysis to 

achieve cost reduction through choice of superior technology and more efficient 
practices. 

 
8.7.1.13 Environmental Management Reviews 
 

The senior management should periodically review the Environmental Management 
System (EMS) to ensure its suitability and effectiveness. The need for possible changes in 
the environmental policy and objectives for continuous improvement should be 
ascertained and revisions made accordingly. 

 
EMS based on the above objectives should be formulated and implemented at the 
industry level. 

 
8.8 Implementation Schedule of Mitigation Measures 
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The mitigation measures suggested above should be implemented so as to reduce the 
impact on environment due to the operations of the proposed plant. In order to 
facilitate easy implementation mitigation measures are phased as per the priority 
implementation. The implementation schedule is given in Table-8.10. 

 
TABLE-8.10: IMPLEMENTATION SCHEDULE 

 
Sr. No. Recommendations Time Requirement 

(Months) 
Implementation 

schedule 
1 Air pollution control 

measures 
Before commissioning of 
respective units 

Immediate 

2 Water pollution control 
measures 

Before commissioning of the 
plant 

Immediate 

3 Noise control 
measures 

Along with the commissioning 
of the plant 

Immediate 

4 Ecological 
preservation and 
upgradation 

Stage-wise implementation Immediate & 
Progressive 

 
8.9 Environmental Monitoring Programme 
  
 An impact assessment study comprises two main phases: 
 

 Assessment of the present situation with regards to environmental problems,  
 
 Prediction of the impact of future development and/or alteration in the operation 

and design of existing installations. 
 

Usually, as in the case of the present study, an impact assessment study is carried out 
over a short period of time and the data cannot bring out all variations induced by 
natural or by human activities. Therefore, regular monitoring programme of the 
environmental parameters is essential to take into account the changes in the 
environment. The objectives of monitoring are: 

  
 To verify the results of the impact assessment study in particular with regards to new 

development; 
 To follow the trend of parameters which have been identified as critical; 
 To check or assess the efficiency of the controlling measures; 
 To ensure that new parameters, other than those identified in the impact 

assessment study, do not become critical through the commissioning of new 
installations or through the modification in the operation of existing facilities; 

 To check assumption made with regard to the development and to detect 
deviations in order to initiate necessary measures; and 

 To establish a data base for future Impact Assessment Studies for new projects.  
  

The attributes, which merit regular monitoring, are specified underneath: 
  

1) Air quality 
 2) Water and waste water quality 
 3) Noise levels 
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 4) Ecological preservation and afforestation 
5) Socio-Economic aspects 

   
The post project monitoring to be carried out at the industry level is discussed in 
following sections.  

 
8.9.1 Post Project Monitoring  

 
Regular monitoring of environmental parameters is of immense importance to assess 
the status of environment during project operation. With the knowledge of baseline 
conditions, the monitoring programme will serve as an indicator for any deterioration in 
environmental conditions due to operation of the project, will enable the management 
to take up suitable mitigation steps in time to safeguard the environment.  Monitoring is 
as important as that of control of pollution since the efficiency of control measures can 
only be determined by monitoring.  
 
Usually, as in the case of the study, an Impact Assessment study is carried over short 
period of time and the data cannot bring out all variations induced by the natural or 
human activities. Therefore, regular monitoring programme of the environmental 
parameters is essential to take into account the changes in the environmental quality.   
 

8.10 Environmental Monitoring and Reporting Procedure 
 
Monitoring shall confirm that commitments are being met. This may take the form of 
direct measurement and recording of quantitative information, such as amounts and 
concentrations of discharges, emissions and wastes, for measurement against 
statutory standards, consent limits or targets. It may also require measurement of 
ambient environmental quality in the vicinity of a site using ecological/biological, 
physical and chemical indicators. Monitoring may include socio-economic 
interaction, through local enquiry. 
 
Contract will been awarded to GPCB approved agency to carry out environmental 
monitoring as per GPCB consent requirements. Details of environmental monitoring 
plan undertaken by PLL is given below 
 

8.10.1 Objectives of Monitoring 
 
The objectives of environmental post-project monitoring are to: 
 
 Verify effectiveness of planning decisions;  
 Measure effectiveness of operational procedures; 
 Confirm statutory and corporate compliance; and 
 Identify unexpected changes. 
 Opportunity to utilise the feedback for the corrective measures. 

 
8.11 Monitoring Schedule 

 
Environmental monitoring schedules are prepared covering various phases of project 
advancement, such as constructional phase and regular operational phase. 
 

8.11.1  Monitoring Schedule during Construction Phase 
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The construction activities require clearing of vegetation, mobilisation of construction 
material and equipment. The construction activities are expected to last for four years.  
The generic environmental measures that need to be undertaken during project 
construction stage are given in Table-8.11. 

 
TABLE-8.11 : ENVIRONMENTAL MONITORING DURING PROJECT CONSTRUCTION STAGE  

 
Sr. 
No. 

Potential 
Impact 

Action to be Followed Parameters for 
Monitoring 

Frequency of 
Monitoring 

1 Air Emissions All equipments are operated 
within specified design 
parameters.  

Random checks of 
equipment logs/ 
manuals 

Periodic   

Vehicle trips to be minimized 
to the extent possible 

Vehicle logs Periodic  during 
site clearance & 
construction 
activities  

Maintenance of DG set  
emissions to meet stipulated 
standards 

Gaseous emissions 
(SO2, HC, CO, NOx) 

Periodic 
emission 
monitoring  

Ambient air quality within the 
premises of the proposed 
facility to be monitored. 

The ambient air 
quality will conform to 
the standards for 
PM10, PM2.5, SO2, NOx 
and CO  

As per CPCB/ 
GPCB 
requirement or 
on monthly 
basis whichever 
is earlier 

2 Noise List of all noise generating 
machinery onsite along with 
age to be prepared. 
 
Equipment to be maintained 
in good working order. 

Equipment logs, noise 
reading 

Regular during 
construction 
activities 

Night working is to be 
minimized.  

Working hour records Daily records 

Generation of vehicular 
noise 

Maintenance of 
records of vehicles 

Daily records 

Noise to be monitored in 
ambient air within the project 
premises. 

Spot Noise recording As per 
CPCB/GPCB 
requirement or 
on quarterly 
basis whichever 
is earlier 

3 Wastewater 
Discharge 

No untreated discharge to 
be made to sea, 
groundwater or soil. 

No discharge hoses 
shall be in vicinity of 
watercourses / sea. 

Periodic  during 
construction 
activities 

4 Soil Erosion Protect topsoil stockpile 
where possible at edge of 
site. 

Effective cover in 
place. 

Periodic  during 
construction 
activities 

5 Drainage and 
effluent 
Management 

Ensure drainage system and 
specific design measures are 
working effectively. 
 
The design to incorporate 
existing drainage pattern 
and avoid disturbing the 
same. 

Visual inspection of 
drainage and records 
thereof 

Periodic  during 
construction 
activities 

6 Waste 
Management 

Implement waste 
management plan that 

Comprehensive 
Waste Management 

Periodic  check 
during 
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Sr. 
No. 

Potential 
Impact 

Action to be Followed Parameters for 
Monitoring 

Frequency of 
Monitoring 

identifies and characterizes 
every waste arising 
associated with proposed 
activities and which identifies 
the procedures for 
collection, handling & 
disposal of each waste 
arising.  

Plan should be in 
place and available 
for inspection on-site. 
 
Compliance with 
MSW Rules, 1998 and 
Hazardous Wastes 
(Management and 
Handling Rules), 2003 

construction 
activities 

7 Non-routine 
events and 
accidental 
releases 

Plan to be drawn up, 
considering likely 
emergencies and steps 
required to prevent/limit 
consequences. 

Mock drills and 
records of the same 
 

Periodic  during 
construction 
activities 

8 Health  Employees and migrant 
labour health check ups   

All relevant 
parameters including 
HIV 

Regular check 
ups  

9 Environmental 
Management 
Cell/ Unit 

The Environmental 
Management Cell/Unit is to 
be set up to ensure 
implementation and 
monitoring of environmental 
safeguards.  

Responsibilities and 
roles will be decided 
before the 
commencement of 
work.  

During 
construction 
phase 
 

10 Loss of flora and 
fauna 

Re-vegetation as per Forest 
guidelines  

No. of plants, species  During site 
clearance 
phase  

 
8.11.2 Monitoring Schedule during Operational Phase  
 

During operational stage, continuous air emissions from GTG’s, wastewater, non-
hazardous and hazardous wastes ash and oily wastes are generated.  
 
The following attributes based on the environmental setting and nature of project 
activities merit regular monitoring are listed below:  
 Source emissions and ambient air quality;  
 Groundwater Levels and ground water quality; 
 Water and wastewater quality (water quality, effluent & sewage quality, etc.); 
 Solid and hazardous waste characterisation (oily wastes, used and waste oil);   
 Soil quality;  
 Noise levels (equipment and machinery noise levels, occupational exposures and 

ambient noise levels); and  
 Ecological preservation and afforestation. 

  
The following routine monitoring programme as detailed in Table-8.12 shall be 
implemented at site. Besides to this monitoring, the compliances to all environmental 
clearance conditions and regular permits from GPCB/MoEF shall be monitored and 
reported periodically. 

 
TABLE-8.12 : ENVIRONMENTAL MONITORING DURING OPERATIONAL PHASE 

 
Sr. 
No. 

Potential Impact Action to be Followed Parameters for 
Monitoring 

Frequency of 
Monitoring 

1 Air Emissions Stack emissions from GTG to Gaseous emissions Continuous 
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Sr. 
No. 

Potential Impact Action to be Followed Parameters for 
Monitoring 

Frequency of 
Monitoring 

be optimized and monitored (SO2, CO, NOx and  monitoring using 
on-line 
equipment 
during operation 
phase 

Stack emissions from DG set to 
be optimized and monitored 

Gaseous emissions 
(SO2, HC, CO, NOx) 

Periodic during 
operation phase 

Ambient air quality within the 
premises of the proposed unit 
and nearby habitations to be 
monitored. 
 
Exhaust from vehicles to be 
minimized by use of fuel 
efficient vehicles and well 
maintained vehicles having 
PUC certificate. 

SPM, RPM, SO2, 
NOx, CO and HC. 
  
 
 
 
Vehicle logs to be 
maintained 

As per CPCB/ 
GPCB 
requirement or 
on weakly basis 
whichever is 
earlier 

Measuring onsite  data of 
Meteorology  

Wind speed, 
direction, temp., 
relative humidity 
and rainfall. 

Continuous 
monitoring using 
on-line weather 
station during 
operation phase 

Vehicle trips to be minimized 
to the extent possible 

Vehicle logs Daily records 

2 Noise Noise generated from 
operation of Pumps and 
compressor to be optimized 
and monitored 
 
Noise generated from 
operation of DG set to be 
optimized and monitored 
 
Compressor  to generate less 
than 80 dB(A) Leq at 1-m from 
the source 

Spot Noise Level 
recording; 
Leq(night), 
Leq(day), Leq(dn) 

Periodic during 
operation phase 

Generation of vehicular noise Maintain records of 
vehicles 

Periodic during 
operation phase 

3 Wastewater 
Discharge 

No untreated discharge to be 
let to surface water, 
groundwater or soil. 

Regular check ups Periodic during 
operation phase 

Take care in disposal of 
wastewater generated such 
that soil and groundwater 
resources are protected 

Discharge norms for 
effluents 

Periodic during 
operation phase 

Compliance of wastewater 
discharge to standards 

pH, TSS, TDS, BOD, 
COD & 
Temperature 

Once in a week 
during operation 
phase 

Compliance of treated 
sewage to standards 

Comprehensive as 
per GSR 422(E) 

Once in a 
season 

4 Drainage and 
effluent 
Management 

Ensure drainage system and 
specific design measures are 
working effectively. 
 
Design to incorporate existing 
drainage pattern and avoid 
disturbing the same. 

Visual inspection of 
drainage and 
records thereof 

Periodic during 
operation phase 
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Sr. 
No. 

Potential Impact Action to be Followed Parameters for 
Monitoring 

Frequency of 
Monitoring 

5 Water Quality 
and Water Levels 

Monitoring used water quality, 
groundwater quality around 
project site and ground water 
levels 

Comprehensive 
monitoring as per 
IS:10500 
 
Groundwater level 
in meters bgl 

Periodic during 
operation phase 

River and marine water 
quality  
 
Biological Analysis in sediment 
and marine water 

As per IS:10500 
 
 
Physico-chemical & 
biological 
parameters 

Once in a week  
 
 
Quarterly 

6 Work zone air 
contamination 

Contaminants such as VOCs 
to be reduced by providing 
adequate ventilation 

Monitoring of 
indoor air 
contaminants such 
as CO, CO2 and 
VOCs. 

As per CPCB/ 
GPCB 
requirement  

7 Emergency 
preparedness, 
such as fire 
fighting 

Fire protection and safety 
measures to take care of fire 
and explosion hazards, to be 
assessed and steps taken for 
their prevention. 

Mock drill records, 
on site emergency 
plan, evacuation 
plan 
 

Periodic during 
operation phase 

8 Maintenance of 
flora and fauna 

Vegetation, greenbelt / green 
cover development  

No. of plants, 
species  

Periodic during 
operation phase 

9 Waste 
Management 

Implement waste 
management plan that 
identifies and characterizes 
every waste arising 
associated with proposed 
activities and which identifies 
the procedures for collection, 
handling & disposal of each 
waste arising.  

Records of solid 
waste generation, 
treatment and  
disposal  

Periodic during 
operation phase 

10 Soil quality Maintenance of good soil 
quality 

Physico-chemical 
parameters and 
metals. 

Periodical 
monitoring at 
ash pond site 

11 Health  Employees and migrant 
labour health check ups   

All relevant 
parameters 
including HIV 

Regular check 
ups  

 
8.12  Monitoring Methods and Data Analysis of Environmental Monitoring  
 

All environmental monitoring and relevant operational data will be stored in a 
relational database. This will enable efficient retrieval and storage and interpretation 
of the data. Regular data extracts and interpretive reports will be sent to the 
regulator. 
 

8.12.1 Air Quality Monitoring and Data Analysis 
 
8.12.1.1 Stack Monitoring 
 

The emissions from all the stacks shall be monitored regularly. The exit gas temperature, 
velocity and pollutant concentrations shall be measured. Any unacceptable deviation 
from the design values shall be thoroughly examined and appropriate action shall be 
taken.  
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8.12.1.2 Workspace Monitoring 
 

The concentration of air borne pollutants in the workspace/work zone environment 
shall be monitored periodically.  If concentrations higher than threshold limit values are 
observed, the source of fugitive emissions shall be identified and necessary measures 
taken.  Methane and non-methane hydrocarbons shall be monitored in oil storage 
area once in a season. If the levels are high, suitable measures as detailed in the EMP 
shall be initiated. 

 
8.12.1.3 Ambient Air Quality Monitoring 
 

The ground level concentrations of PM10, PM2.5, SO2 and NOX in the ambient air shall be 
monitored at regular intervals. Any abnormal rise shall be investigated to identify the 
causes and appropriate action shall be initiated.  Greenbelt shall be developed for 
minimising dust propagation. The ambient air quality data should be transferred and 
processed in a centralised computer facility equipped with required software. Trend 
and statistical analysis should be done. 
 

8.12.2 Water and Wastewater Quality Monitoring and Data Analysis 
 

To ensure a strict control over the water consumption, flow meters shall be installed for 
all major inlets. All leakages and excess shall be identified and rectified. In addition, 
periodic water audits shall be conducted to explore further possibilities for water 
conservation. 
 
Methods prescribed in "Standard Methods for Examination of Water and Wastewater" 
prepared and published jointly by American Public Health Association (APHA), 
American Water Works Association (AWWA) is recommended. 

 
8.12.2.1 Monitoring of Wastewater Streams 
 

All the wastewater streams in the project area shall be regularly analysed for flow rate 
and physical and chemical characteristics. Such analysis is carried out for wastewater 
at the source of generation, at the point of entry into the wastewater treatment plant 
and at the point of final discharge. These data shall be properly documented and 
compared against the design values for any necessary corrective action. 
 

8.12.3 Noise Levels 
 

Noise levels in the work zone environment such as compressor/pump area shall be 
monitored. The frequency shall be once in three months in the work zone. Similarly, 
ambient noise levels near habitations shall also be monitored once in three months. 
Audiometric tests should be conducted periodically for the employees working close to 
the high noise sources. 

 
8.13 Reporting Schedules of the Monitoring Data  

 
It is proposed that voluntary reporting of environmental performance with reference 
to the EMP should be undertaken.  
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The environmental monitoring cell shall co-ordinate all monitoring programmes at site 
and data thus generated shall be regularly furnished to the state regulatory agencies. 
 
The frequency of reporting shall be on six monthly basis to the local state pollution 
control board officials and to Regional office of MoEF. The Environmental Audit reports 
shall be prepared for the entire year of operations and shall be regularly submitted to 
regulatory authorities. During construction, a semi-annual monitoring report will be 
submitted and during operation, an annual monitoring report will be submitted to ADB. 

 
8.14 Infrastructure for Monitoring of Environmental Protection Measures 
 

A well-equipped laboratory with consumable items shall be provided for monitoring of 
environmental parameters in the site. Alternatively, monitoring can be outsourced to a 
recognized reputed laboratory. 
The following equipment and consumable items shall be made available in the site for 
environmental monitoring or alternatively the monitoring can be outsourced by 
engaging a reputed authorised environmental laboratory. 
 
Air Quality and Meteorology 

 
Respirable dust sampler, stack monitoring kit, personal dust sampler, central weather 
monitoring station, spectrophotometer (visible range), single pan balance, flame 
photometer, relevant chemicals as per IS:5182. 

 
 Water and Wastewater Quality 

 
The sampling shall be done as per the standard procedures laid down by IS: 2488.  The 
equipments and consumables required are:  
 
BOD incubator, COD reflex set-up, refrigerator, oven, stop watch, thermometer, pH 
meter, distilled water plant, pipette box, titration set, dissolved oxygen analyser, 
relevant chemicals. 

 
Noise Levels 
 
Noise monitoring shall be done utilising an integrating sound level meter to record noise 
levels in different scales like ‘A-weighting’ with slow and fast response options. 
 

8.15 Institutional Arrangements for Pollution Control  
 
8.15.1 Environment Monitoring Cell  
 

The proposed expansion of LNG Terminal complex will be supervised and controlled by 
the unit head, supported by HOD (Terminal operations) and adequate team of 
technically and statutorily qualified personnel apart from the operating staff of skilled, 
semi skilled, unskilled and other categories.  

Environment management cell will be headed by HOD-Environment plant and will be 
supported by multi disciplinary professionals. The HOD-Environment will be responsible 
for regular environment management activities in LNG Terminal and CPP. 
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The organizational structure of environment management for LNG Terminal is 
presented in Figure-8.2.  
 
The Environmental Engineer will be responsible for monitoring activities in the LNG 
terminal. As conscious of this, PLL will create a department consisting of officers from 
various disciplines to co-ordinate the activities concerned with the management and 
implementation of the environmental control measures in all sphere of activities. 
Basically, this department will supervise the monitoring of environmental pollution 
levels viz. ambient air quality, water and effluent quality, noise level either 
departmentally or by appointing external agencies wherever necessary.  
 
In case the monitored results of environmental pollution are found to exceed the 
allowable limits, the environmental management cell will suggest remedial action 
and get these suggestions implemented through the concerned authorities.  
 
The environmental management cell will also co-ordinate all the related activities 
such as collection of statistics of health of workers and population of the region, 
afforestation and green belt development.  
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FIGURE-8.2 :ORGANIZATIONAL STRUCTURE OF ENVIRONMENT MANAGEMENT 

8.16 Environment Health and Safety  
 
The Company attaches utmost importance to safety standards at all its installations 
especially the power station. Necessary steps are regularly taken to ensure the safety 
of employees and equipment. Both external and internal safety audits are 
conducted regularly. Mock drills are conducted to gauge emergency and disaster 
management preparedness. The joint safety committee at the power supply division 
identifies safety measures to be adopted to continually improve safe working 
procedures. 
 
Environmental Policy: 
 
The Company, having a leading role in delivering reliable and quality products and 
services to all consumers at competitive costs, is conscious of its responsibility towards 
creating, conserving and ascertaining safe and clean environment for sustainable 
development.  
 
The Company is committed to achieve excellence in environmental performance 
and towards achieving these objectives, the Company shall  
 
o Adopt appropriate operational practices and suitable technologies to monitor, 

control and minimize the impact of its activities on environment.  
o Continually improve its environmental performance by setting objectives and 

targets to prevent or reduce pollution and waste and minimize use of resources.  
o Comply with all the relevant legislative and regulatory environmental 

requirements.  
o Develop and maintain a highly motivated workforce trained for effective 

management of environment and emergency situations.  
o Provide relevant information on environmental policy to the concerned 

authorities and interested parties and ensure that the policy is understood, 
implemented and maintained by employees at all levels within the organization.  

o Evaluate and modify environmental management practices keeping in view 
regulatory requirements, community concerns and technological advancements.  

o Conserve natural resources by their responsible and efficient use in all the 
operations.  

o Plant trees, develop green belts and promote lush green surroundings at our 
generating locations and establishments to work in harmony with nature; and  

o Make this policy available to public. 
 
Health and Safety Policy 
 
Company firmly believes that health and safety of its employees, who are an asset to 
the company, is of utmost importance. Safety is an essential and integral part of each 
and every activity at PLL. Therefore all work shall be carried out with utmost care, 
giving due consideration to safety which shall not be compromised under any 
circumstances. Accidents and risk to health are preventable through continuous 
improvement in working environment and involvement of all employees making 
thereby a safe, healthy and accident free work place. 
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With regard to health and safety objectives Company will:  
 
o Comply with the requirement of all relevant statutory provisions  
o Incorporate appropriate health and safety criteria and factors into business 

decisions as well as selection and placement of personnel at appropriate levels 
and assigning the responsibility thereof  

o Provide and maintain safe and healthy work place through operational 
procedure, safe systems and methods of works  

o Develop safety awareness to protect all employees from foreseeable work 
hazards  

o Provide appropriate levels of training and support to management and 
employees to ensure that they are able to fulfill health and safety responsibilities  

o Work with major suppliers, contractors and customers to facilitate their health and 
safety performance improvement and also make it obligatory for them to follow 
the plant safety rules, procedures, systems and safe practices  

o Conduct audits and mock drills on site to ensure that operations are in 
compliance with health and safety management requirements and for 
emergency preparedness  

o Ensure that appropriate resources are available to fully implement health and 
safety policy and continuously review the policy’s relevance with respect to legal 
and business development  

 
The Company firmly believes that accidents are preventable and aims in achieving 
“Zero Accident Level”. 
 
Environment Health and Safety Committee: 
 
The Environment, Health and Safety Committee of the Board is constituted, to monitor 
compliance as to environment, health and safety issues affecting the Company also 
to promote environment protection. 

 
8.17 Cost Provision for Environmental Measures  

 
The capital cost of the proposed project will be Rs. 5650 crores (2950 crores for 5 
MMTPA and 2700 crores for additional 5 MMTPA). The details of investment for 
procuring the equipment for efficient control and monitoring of pollution along with 
total annual recurring cost are given in Table-8.13. 

 
TABLE-8.13 : COST OF ENVIRONMENTAL PROTECTION MEASURES 

 
Sr. No. Description of Item Cost  (Rs in 

Crores) 
Recurring cost Rs  

(Crores) per Annum  
1 Fire Fighting System 20.25 1.2 
2 Fire Tendor, ambulance etc 3.4 0.6 
3 Occupational Health Centre 2.2 0.2 
4 Water conservation and wastewater treatment 0.3 0.05 
5 Environment Lab  13.2 0.2 
6 Green belt 7 0.50 
 Total 46.35 2.75 
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8.18  Training 
 

Regular job specific training and EHS induction training needs will be imparted to 
project personnel and contractors and sub-contractors engaged for the Project 
activities. Specific training will also be imparted to undertake the required ESMP 
management actions and monitoring activities. The Project will ensure that all 
concerned team members assigned for implementation of ESMP understand the 
following aspects through the training programme:  

  
o Purpose of ESMP for various project activities; 
o Requirements of the mitigation measures under the management plan and 

specific Action Plans; 
o Understanding of the sensitive environmental and social features within and 

surrounding the Project areas; and  
o Aware of the potential risks from the Project activities 

 
The Environmental Management cell who would be responsible for the 
implementation of the ESAP will be trained on environmental issues of PLL . To ensure 
the success of the implementation requirement of training and skill up-gradation is 
identified and is brought under. 

 
The training would encompass the following: 

 
o Understanding of the relevant environmental regulations and their application to 

the project 
o Main impacts of the project on the environment 
o Mitigation measures as given in the EMP and their implementation  
o Duties and responsibilities of the Contractors and staff of PLL in the project 
o Public/community consultation and its role during the implementation of the 

project 
o Liaison with the other departments and relevant agencies (such as GPCB, MoEF 

etc) 
o Supervision of the implementation of the ESMP and environmental issues during 

construction and operation. Resolution of environmental and social issues and their 
reporting 

o Monitoring during construction and operation 
o Progress report preparation and submission  

 
The various training modules for implementation of the same are given in the following 
Table-8.14.  

 
TABLE-8.14 : TRAINING MODULES FOR IMPLEMENTATION 

 
Sr. No. Training 

Recipients 
Mode of Training Environment aspects to be 

covered in the training 
modules 

Training 
conducting 

agency 
Module 
- I 

EHS staff   
involved in the 
project, 

Lecture sessions, 
Workshops and 
presentations  

Environmental Overview: 
 General environmental  

issues 

External 
trainers, EHS 
Officer 
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Sr. No. Training 
Recipients 

Mode of Training Environment aspects to be 
covered in the training 

modules 

Training 
conducting 

agency 
contractor and 
regulatory 
agencies 

 Environmental issues 
related to thermal 
power project 

 Public consultations 
 Environmental Acts, 

Rules and regulations 
relevant to the Thermal 
Power plant 

 Air Pollution Act 
 Water Pollution Act 
 Role of environmental 

planning, conservation 
and enforcement 
authorities 

 Hazardous materials 
(Transportation and 
Handling) rules 

Module 
- II 

EHS staff   
involved in the 
project,  

Lecture sessions, 
Workshops and 
presentations  

Environmental 
Management Plan 
 Basic feature of an EMP 
 Planning and designing 

the environmental 
mitigation measures 

 Incorporation of 
environmental 
components in design, 
construction and 
operation stages 

 Environmental 
monitoring, evaluation 
and review techniques 

External 
trainers, 
EHS Officer 

Module-
III 

EHS staff   
involved in the 
project, 
contractors, and 
collaborating 
government 
agencies 

Lecture sessions, 
Workshops and 
presentations  

Environmental Issues in the 
Project 
 Legal and institutional 

aspects; project 
mandates including the 
EHS guidelines 

 Introduction to the 
designs and 
implementation 
schedule for the Project 

 Probable natural 
environmental aspects 

 Basic features of the 
ESMP 

 Importance of 
community 
consultations 

External 
agency 

Module 
– IV 

EHS staff   
involved in the 
project and 
contractor 

Lectures; 
Demonstrations; 
Group discussions  

Environmental Sound 
Construction Management  
 Laws and other statutes 

associated with the 
thermal power project 
such as the labor laws, 
various pollution control 
acts, Environmental 
(Protection) Act, Land 

External 
agency 
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Sr. No. Training 
Recipients 

Mode of Training Environment aspects to be 
covered in the training 

modules 

Training 
conducting 

agency 
Acquisition Act, 
Factories Act etc. 

 Clean construction 
technologies 

 New and alternative 
technology and 
materials 

 New equipment, 
machines and their 
environmental 
/pollution performance 

 Effluent control systems 
for construction 
processes and 
equipment 

 Waste minimization and 
management in 
construction 

 Efficient construction 
activity monitoring; 
compliance monitoring 

 Environmental clauses 
in contract documents 
and their implications 

 Basic feature of an 
ESMP 

 Planning and designing 
the environmental 
mitigation measures 

 Incorporation of 
environmental 
components in design, 
construction and 
operation stages 

 Environmental 
monitoring, evaluation 
and review techniques 

Module 
– V 

EHS staff   
involved in the 
project  

Lectures; Group 
discussions  

Planning for Environmentally 
Sustainable Operation of 
CCPP  
 Controlling 

pollution in CCPP 
operation 

 Cross agency 
responsibilities and co-
ordination 

 Monitoring 
requirements; 
monitoring techniques 

 Environmental 
evaluation techniques 

 Performance 
indicators 

 Reporting 
requirements and 
mechanisms for the 
project 

External 
Agency 
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Sr. No. Training 
Recipients 

Mode of Training Environment aspects to be 
covered in the training 

modules 

Training 
conducting 

agency 
Module 
- VI 

EHS staff   
involved in the 
project 

Lectures; 
Demonstration 
sessions; Group 
Discussions 

Long term environmental 
issues in CCPP 
Management 
 Environmental Surveys 

including ambient air, 
noise, biological and 
water quality surveys 

 Data storage, analysis 
and retrieval 

 Contract documents 
and incorporation of 
environmental clauses 

 Community 
consultation and 
participatory 
technology generation 
methods 

 Contingency planning 
and management 

External 
Agency 

Module 
VII 

EHS staff   
involved in the 
project 

Lectures; 
Demonstration 
sessions; Group 
Discussions 

Environmental Processes, 
Methods and Equipment 
Operations 
 Introduction to 

Environmental 
Standards 

 Measurement 
Principles 

 Types of monitoring 
equipment (portable / 
continuous online etc) 

 Calibration of 
equipment 

 Analysis and 
interpretation of 
pollutant 
concentrations 

 Safe operation 
practices 

External 
agency, 
Equipment 
manufacturer 

Module 
VIII 

EHS staff   
involved in the 
project 

Lectures; 
Workshops; Group 
Discussions 

ISO 14000 and OSHA 
Training Program 

 Introduction to ISO 
Certification 

 Introduction to 
OSHA Certification 

 Environment and 
Energy Audit of 
Thermal Power 
Plants 

 

External 
Agency  

 
 Quality Health Safety and Environment Policy is given in Figure-8.3.  
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FIGURE-8.3 : QUALITY, HEALTH, SAFETY AND ENVIRONMENT POLICY 
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9.0 PUBLIC CONSULTATION, GRIEVANCE REDRESSAL AND COMMUNITY DEVELOPMENT  
 
9.1 Public Consultation 
 
 The public consultation for the proposed expansion of existing LNG import, storage and 

re-gasification facilities from 10 MMTPA to 20 MMTPA at Dahej, Bharuch District, Gujarat 
was held on 19.06.2013 at Petronet LNG Dahej site. 

 
The press notification indicating date and venue of the public hearing was issued by 
Member Secretary, State pollution control Board, Gujarat and the same was 
published in news papers namely Gujarat Samachar (in Hindi) and The Times of India 
(in English) on 16th May 2013 inviting suggestions, views and objections on matters 
relating to environmental aspects of the proposed project. 

 
 The copy of the draft EIA report and executive summary of the EIA report both English 

and Gujarati have been placed at the following places for the references to the 
general public. 

      
1. The district collector office, Bharuch. 
2. The district development office, Bharuch. 
3. The district industry centre, Bharuch. 
4. The taluk development officer, Vagra, Dist Bharuch. 
5. The Chief Conservator of Forests, Ministry of Environment and Forest, GOI, Regional 

office (West Zone) Kendriya Paryavaran Bhavan, E-5, Area Colony, Link Road-3, 
Ravishankar Colony, Bhopal – 462016 

6. Regional Office, Gujarat Pollution Control Board, C1-119/3, GIDC Narmadanagar, 
Bharuch. 

 
Public hearing meeting was chaired by Shri R. S. Ninama Additional District Collector, 
Bharuch supervised & presided over the public hearing process and assisted by Shri B. 
Y. Rathod, Regional Officer, Gujarat State Pollution Control Board. 
 
Welcoming the public, the Regional Officer, outlined the various provisions of the 
Notification and briefed the procedural details for conducting this Public Hearing 
including actions taken by GPCB for wide publicity of this public hearing 
advertisement given earlier in the local news papers in vernacular language as well 
as English. He announced that as per the provisions of Notification, only locally 
affected persons will be allowed to make their representation in the Public Hearing 
while others having plausible stake may give their representation in writing which 
would be included in the proceedings. He also made it clear to the gathering that 
making recommendation about the project proposal is out of the purview of the 
working of the public hearing committee and is solely responsible for preparation of 
proceedings of the meeting covering all the concerns raised during the public 
hearing.  
 
He then opened the Public Hearing after due permission from the Additional District 
Collector. He invited the Project Proponent to give their introduction and to make the 
presentation of their project. The minutes of the public hearing meeting is enclosed as 
Annexure-XII.  
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The Public Hearing Notification and Photographs are given in Figure-9.1. The 
comments raised during the public hearing and replies to public hearing comments 
by project proponent are given below in the Table-9.1. 
 

TABLE-9.1 
SUMMARY OF PUBLIC HEARING ISSUES AND PROPONENT’S RESPONSE 

 
Sr. 
No 

Name and 
Address 

Issue Raised Reply from Project Proponent 

1 Shri Jaswantbhai 
Sarpanch, 
Lakhigam, 
Vagra, 
Bharuch 

 Petronet LNG Limited supports us 
always. Nothing more to say 

We welcome all your suggestions 

2 Shri Jayantibhai 
Ahir 
Upsarpanch, 
Luvara, Vagra, 
Bharuch 

 He informed that Company has 
provided solar light, roads, medical 
facility, drinking water facility and 
green belt development to our 
village. Company always 
concentrates on our problems 

We welcome all your suggestions 

3 Shri Sureshbhai 
Parmar, 
Kadodara, 
Vagra, Bharuch 

 He informed that industry come with 
development and pollution also 
comes, if it is attended time to time 
then industry comes with solution. 

 Name of our village become 
famous worldwide due to this 
industrial development. 

 Further, he added that industry 
should develop green belt in 
surrounding villages. 

 Due to this industrial development, 
kidney disease are detected in this 
area and for this problem; villagers 
have to go to Vadodara or any 
major city for dialysis. Company 
should reserve fund to provide the 
dialysis machine to nearby village or 
donate to welfare society or welfare 
trust. So, they do not have to go to 
vadodara or any major city to 
treatment. 

 Company should provide the 
school, internal roads, employment 
and other facilities. 

We welcome all your 
suggestions. 
 
PLL will work closely with Dahej 
Industrial Association (DIA) and 
District Authorities and is 
committed for social welfare 
and development of the area 
near our Terminal by addressing 
issues as per the CSR Policy of 
the Company. 

4 Shri Ishwarbhai 
Narsinhbhai 
Gohil, 
Lakhigam, Vagra, 
Bharuch 

 He asked the Company give the 
employment to educated and 
skilled person who are engineers or 
ITI graduates. 

We welcome all your 
suggestions. 
 
PLL has always welcomed local 
skilled manpower who have the 
requisite skills to join its work force 
and contribute positively to the 
socio-economic welfare of the 
local population. 

5 Shri Pradeep 
Thakar 
Manav Kalyan 
samiti, 
Ankleshwar, 
Bharuch 

 Pollution level is decreased in New 
Delhi as they started using Natural 
gas vehicles and pollution level will 
also decrease in this area due to 
coming of this project. So we 
welcome the project. 

 Company should develop CBSE 
School in this area. 

 He said that 5000 banyan trees have 

We welcome all your 
suggestions. 
 
For the Dahej Higher Secondary 
School, the Company has 
provided sponsorship for science 
stream laboratory equipment so 
that students from Dahej and 22 
adjoining villages will not have to 
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Sr. 
No 

Name and 
Address 

Issue Raised Reply from Project Proponent 

been planted at the bank of 
Narmada river and company should 
come forward and support in future 
for green belt development. 

 Due to this company surrounding 
villages are developed which 
welcome and company should 
continue this type of CSR Activities  

travel to Bharuch for science 
stream education. 
 
PLL will work closely with DIA and 
District Authorities and is 
committed for social welfare. 

6 Shri Haniabhai 
President of 
Dahej 
Industrial 
Association, 
Dahej, 
Vagra, 
Bharuch 

 He said that people of this area are 
positive during public hearing 
programs. 

 He added that medical facility for 
dialysis is very costly in this area and 
limited. Company should come 
forward jointly with Dahej Industrial 
Association (DIA). For this facility, DIA 
will contribute Rs. 5‐10 Lacs. 

 Petronet LNG Limited is having well 
planned management system  

 DIA has proposed fire and safety 
department and for this they require 
the expertise of PLL so that they can 
give training to personnel. 

We welcome all your 
suggestions.  
 
PLL has provided an ambulance 
in the area so that emergency 
cases may be transferred to 
places having full medical 
facilities.  
 
PLL will work closely with DIA and 
District Authorities and is 
committed for social welfare 
and will positively take up any 
such proposal initiated by the 
local authorities. 
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FIGURE-9.1 (A) :PUBLIC HEARING NOTIFICATION 
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FIGURE-9.1 (B)PUBLIC HEARING PHOTOGRAPH 
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9.2 Grievance Redressal Framework 
 
The Safeguard Policy Statement – 2009 of ADB and Central Government guidelines 
lay special emphasis on Grievance redressal for addressing concerns/problems of 
project affected persons who may consider themselves deprived of appropriate 
compensation, rehabilitation benefits as prescribed under the policy guidelines and 
or be exposed to other adverse impacts on account of the project. 
 
No Rehabilitation and Resettlement is applicable as the land has been allocated by 
GIDC and GMB on a long term lease basis and project location falls within the 
notified GUDC Industrial Area. No displacement nor land acquisition is involved. 

 
PLL has an open door policy to deal with the social issues arising from the people 
residing around their installations. However, a documented procedure or a defined 
organisational set up don’t exists for the Public Information and Grievance Redressal. 
PLL Dahej plant has been certified ISO: 18001 unit, the fact itself show causes the PLL’s 
commitment for the social causes.  

 
However, the grievance redressed mechanism shall be developed to receive and 
resolve concerns and grievances by the affected communities. The mandate and 
procedure are described in following sections. 
 
PLL shall prepare a framework for redress of grievances / complaints during all phases 
of the project. This framework will continuously be reviewed and modified for 
improvements during the life of the project.  
 
Community development plan has been prepared in consultation with the residents 
of villages in the vicinity, which aims to inform the community project related adverse 
impacts or risks.  
 

9.2.1 Grievance Redressal Mechanism 
 
Following its policy of building and maintaining strong community relationships, PLL 
has formulated a informal Procedure, in order to proactively manage and 
appropriately address complaints/ concerns/ grievances of the community during its 
different phases (i.e., planning, construction and operation). 
 
As a part of the grievance redressal, PLL will perform the following actions: 
 
 Continuously collect and analyze complaint/grievance related data; 
 Disseminate this information into its organizational set up; 
 Review and upgrade exiting impact mitigation plans;  
 Develop new mitigation plans as required; 
 Involvement of appropriate level of management; 
 Using understandable and transparent process, provides feedback without any 

retribution;  
 The mechanism will not impede access to other judicial or administrative 

remedies; and 
 Redressal within a week time or less depending on the gravity of grievance. 
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In addition, this procedure will help to improve the project social performance. This is 
because the number and nature of received complaints including punctuality, 
nature and effectiveness of grievance redressal are indicators of the manner in which 
the Project is implemented and the behavior of employees and contractors. 
 
Typical Redressal System is shown in Figure–9.2. The mandate of Redressal Cell would 
be as follows: 

 
 To assist the project implementation unit (PIUs) in ensuring social responsibilities of 

the project, such as compliance with the labour laws, prohibition of child labour 
and gender issues; 

 
 To collect data and submit progress reports on monthly basis as well as quarterly 

basis to monitor the grievances raised during the counseling; 
 
 To involve population within impact zone in the planning, implementation and 

maintenance activities envisaged, creating practical solutions through 
community participation and mobilization; 

 
 To assist population within impact zone in the redress of grievance through the 

system implemented as a part grievance redressal system; 
 
 To ensure the participation of people in maintaining the environmental balance 

by educating and training them; and 
 
 Local NGOs may also take part in grievance mechanism system with other local 

agencies. 
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FIGURE-9.2 : PROPOSED GRIEVANCE REDRESSAL SYSTEM 
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9.3 Project Benefits 
 
The proposed developmental activities in this region will result in improvement of 
infrastructure as well upliftment of social structure in the area. The people residing in 
the nearby areas will be benefited indirectly. It is anticipated that the proposed 
development will provide benefits for the locals in two phases i.e. during construction 
phase as well as during operational stage.  

 
9.3.1 Construction Phase  
 
9.3.1.1Employment 
 

The major benefit due to the proposed expansion of LNG terminal will be in the 
sphere of generating temporary employment for substantial number of personnel. The 
construction phase of the proposed expansion of LNG terminal is expected to span 
over a period of 42~ 48 months. Approximately 2500 persons would be required for 
the construction work, most of whom would be unskilled workers, although the LNG 
terminal construction requires few skilled personnel as well. These construction workers 
will be taken from the study area to the extent possible. Hence, the proposed 
expansion of LNG terminal project will benefit locals to some extent. 

 
9.3.1.2 Community Services 
 

PLL shall employ local people to the extent possible in order to reduce the need for 
additional infrastructure. In addition, PLL will develop necessary infrastructure like 
water supply, sewerage, medical facility, etc. for catering to the needs of the project 
personnel and their families. The local people have been indirectly benefited by 
these developments.  

9.3.1.3 Transportation 
 

The proposed expansion of LNG terminal site is well connected with roads and local 
transport.   

9.3.2 Operational Phase 
 

9.3.2.1 Population 
 

 During the operational phase, additional (site to advise) 20~30 people shall be 
employed. Considering that most of the skilled personnel and unskilled/ semiskilled 
personnel shall be from within the study area, the proposed project result in better 
scope for direct employment etc. The developmental activities will cause least 
increase in the local population and hence any extra strain on the infrastructure, 
education etc. 

 
9.3.2.2 Education 
 

Unskilled people and limited skilled people (depending on availability) shall be hired 
from local population. People expected to come to the study area from outside are 
expected to be educated and especially skilled. In addition, some secondary 
developments like opening of new schools, shops may take place in view of the 
increased family population due to the proposed employment. These factors will be 
beneficial to locals residing in the study area. 
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Economy 

 
 

Environment 

 

 
 

Social 

 

9.3.2.3 Employment 

The man power requirements for the operational phase of the proposed expansion of 
LNG terminal project shall be about 20 ~ 30 persons. Many of these persons, however 
shall be skilled people and possibly shall come from outside the study area. Need of 
unskilled people shall be satisfied from local population. 

In addition to the direct employment mentioned above, there will be indirect 
employment of local people by utilizing their expertise in different areas like 
horticulture, site clearing, LNG terminal development activities like reclamation and 
construction. Also, due to secondary development in the study area, employment 
opportunities will be generated. 
 

9.4 PLL’S Philosophy on Corporate Social Responsibility 
 
In its continuous efforts to positively impact the community it operates within, PLL has 
formulated policy for the social development that is based on the following guiding 
principles: 

 
 Adopt an approach that aims at achieving a greater balance between social 

and economic development. 
 Adopt new measures to accelerate and ensure the satisfaction of the basic 

needs of all people.  
 Work towards elimination of all barriers to the social inclusion of disadvantaged 

groups- such as the poor or the disabled.  
 Give unfailing attention to children for in their hands lies the future of the country. 

It is for their sake that health, education and environment are given priority in our 
programme and investments.   

 
The objective is to communicate to the local 
community, the nature, importance and 
impact of the project on the locals, the state 
and the country. The initiatives are being 
designed, to create a positive impact on the 
lives of the local people and improve their 
living conditions. Monetary and short term 
initiatives are kept to the minimum. Major 
focus is to initiate activities which are 
sustainable and will help to build lasting 
relationship with the local community. This 
would also help in creating inter-
dependencies with local community, so that 
they also have a sense of responsibility 
towards the well-being of the project. 

 
The proposed action plan will serve as a preliminary framework and would be 
modified based on results of such initiatives and feedback from community and 
stakeholders. 
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9.4.1 Corporate Social Responsibility 
 

Petronet LNG, as responsible Corporate/Community/Government Citizens, will 
undertake Socio-Economic Development Programme to supplement the efforts to 
meet priority needs of the community with the aim to help them become self-reliant. 
These efforts would be generally around our work centres mostly in the areas of 
Education, Civil Infrastructure, Healthcare, Sports & Culture, and Entrepreneurship in 
the Community. Petronet LNG shall also support Water Management and Disaster 
Relief in the country thereby helps to bolster its image with key stakeholders.  

 
 Petronet LNG shall promote community projects selected on the following 
 parameters in the focus areas:  
 

 Shared resource contribution by Petronet with Government, credible partners and 
the Community; 

 Sustainable impact of the projects on the well-being & self-reliance of the 
community; and 

 Process credibility to enhance the corporate image –critical evaluation of success 
in meeting the desired objectives & documentation.  

 
 Support National causes in the focus areas, and 
 
 Create enduring Values, Satisfactions and Recognitions 
 
9.4.2  Work Centre Level 
 
 At the Work Centre level, the focus areas are Education with thrust on Information 

Technology, Health care including Drinking Water, Environment and Entrepreneurship 
Projects. The distribution of budget allocation in these areas will be on the following 
lines: 
i. Education      - 25% 
ii. Healthcare including Drinking water   - 30% 
iii. Entrepreneurship Schemes    - 15% 
iv. Environment      - 15% 
v. Others       - 15% 

 
NOTE: The Schemes will be developed in collaboration with State Agencies like District Administration, 
District Industries Centres, District and Government agencies, NGOs, local districts/village level authorities, 
Professional bodies etc. 

 
9.4.3  Existing CSR Activities  

Following are the Existing CSR activities carried out Petronet LNG at Dahej. Photos of 
CSR activities are shown in Figure-9.3 

1. PLL has constructed a temple at the site for the local people and has contributed 
towards infrastructure in the area for roads and drinking water. 

 
2. Community development and welfare measures are taken. Village Luwara has 

been jointly adopted along with another nearby industry, as directed by PCPIR 
Welfare Society. Separate fund allocated for CSR.  
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3. Some of the schemes completed/under progress are Health Center (construction 
& operation), drainage and provision of street lights at Village Luwara. Rupees 75 
lakh contributed to PCPIR Welfare Society. Two ladies from Luwara village 
sponsored for nursing course at Vidhyadeep Community college, Bharuch. 
Sponsored construction of Sanitation scheme at village Muller. Active 
participation in other Government initiated community development programs. 

 
4. Installed 10 Emergency solar lighting at prominent places in village Luwara. 

Donated Rs.1 lac for Bharuch District Civic centre development. Participated in 
Govt. scheme on Kanya Kelvani. Installation of drainage crossings to remove 
accumulated water at 4 locations within the village Luvara at a cost of Rs. 0.8 
lacs. Construction of approach road in village Lakhigaon, Dahej. 

 
5. PLL has sponsored ‘Mataria Talav drinking water project’ of the Bharuch 

Municipality Corporation. This project is for the supply of sweet drinking water from 
the Narmada River to the residents of Bharuch city. MD&CEO handed over 
cheque for Rs. 25 Lacs to the Collector, Bharuch on 13/06/2011.  

 
6. PLL installed 50 Emergency solar lighting at prominent places in village Luwara & 

10 Emergency solar lighting at prominent places in village Lakhigam of Vagra 
Taluka in Bharuch District. Provided School Bus to Primary School at Lakhigam 
Village and also running Primary Health Center at Luvara Village.  
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FIGURE-9.3 : PHOTOS Of EXISTING CSR ACTIVITIES 
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10.0 CONCLUSION AND RECOMMENDATION 
 

• The Project will have no significant environmental issues; 
 
• The project operations generate limited waste water solid/hazardous waste, and 

noise pollution; 
 
• The air emissions of NOX from GTGs can be controlled effectively and air quality can 

be maintained within the prescribed standards;  
 
• The likely risks due to LNG leaks caused by tanker collision or grounding, rupture of 

unloading arms, or accidental discharge from the storage tanks is extremely low. 
Even if such a leak happens, the thermal exclusion zone and the vapor dispersion 
zone will be within the site; 

 
• The existing emergency response and disaster management systems are adequate 

to deal effectively with any accidents or disasters; 
 
• The Project’s environmental aspect and risks are well understood, and can be 

mitigated effectively; 
 

Considering the extremely low probability of risks and the envisaged adequate 
protection measures, the project could be justified in terms of its environmental and 
economic benefits.  
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Sr. 

No 

Particulars of 

Recommendations in TOR 

Report Reference 

1 Submit the status of compliance of 

various conditions of Environmental 

clearance and Consent orders. 

Compliance of Environmental clearance 

and consent orders are enclosed in 

Annexure-II  

2 The proposal indicates the acquisition of 

forest land 28 ha. Necessary prior 

permission shall be obtained from the 

Forest Department. 

Approached Forest department for  

Forest clearance which is under 

progress 

 

3 Submit the details of safety regulations 

applicable and its compliance. Terminal will be constructed majorly  in 

accordance with the following 

standards: 

 

1. NFPA 59 A :- Standard for the 

Production, storage and handling of 

Liquefied Natural Gas(LNG) 

 

2. OISD-194:- Standard for Storage 

and Handling of LNG 

 

3. EN1473: Installation and Equipment 

for Liquefied Natural Gas- Design of 

Onshore Installations 

Details of the safety futures 

incorporated into the project, as per the 

above safety guidelines, have been 

detailed in Section- 7.3.2, Chapter-7 

4 Submit details of Risk Assessment, 

Disaster Management Plan including 

emergency evacuation during natural 

and man-made disaster like floods, 

cyclone, tsunami and earth quakes etc. 

Risk assessment and Disaster 

Management Plan is given in Section- 

7.2 and Section-7.4 of Chapter-7 

Detailed Disaster Management Plan for 

PLL LNG terminal at Dahej is given in 

Annexure-XII 

5 Submit the recommendations of Gujarat 

CZMA. 

SCZMA will accept the application after 

Public hearing. 

6 Submit a copy of layout superimposed 

on the HTL/LTL map demarcated by an 

authorized agency on 1:4000 scale. 

HTL/LTL map is shown in Figure-2.14 of 

Chapter-2 

7 Submit details of safety aspects 

associated with handling of LNG vis a 

vis other cargo in other facilities within 

the port. 

Safety aspects associated with handling 

of LNG is given in section-7.3.8  of 

chapter-7 
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Sr. 

No 

Particulars of 

Recommendations in TOR 

Report Reference 

8 Submit details of storage and 

regasification, distribution network etc 

and vulnerability of human habitation 

vis a vis LNG associated risks. 

The storage and regasification process 

along with the layout has been detailed 

in Section –2.5.3 of Chapter-2 

The nearest habitation to the proposed 

LNG handling terminal is Luvara village 

which is located at 1.5 -km in the E 

direction. 

 

The maximum vulnerable heat radiation 

will not spread beyond 346-m. Hence, 

human habitation will not be affected. 

9 Type of LNG carriers proposed taking 

into account the future growth in vessel 

sizes beyond the present day market 

trend and the handling aspects of such 

vessels from environmental 

considerations. 

Vessel size shall be from 185,000 m3 to 

260,000 m3 are considered for the 

future operations. These vessels do not 

use sea water or discharge in sea when 

in the port. 

10 A comprehensive EIA based on 3-

season data and actual field 

measurements, appropriate modeling 

study etc shall be carried out. 

Base line monitoring data of  

 

1. Winter season (December 2011 to 

February 2012) 

 

2. Pre monsoon Season (March 2012 to 

May 2012)  

 

3. Post monsoon (September 2012 to 

November 2012) is given in Chapter -3 

11 Submit details of Environmental 

Management Plan and Environmental 

Monitoring Plan with parameters and 

costs. 

Environmental Management plan is 

given in chapter-5 and Environmental 

Monitoring plan is given in chapter-6 

12 Submit the details of court cases, if 

any. 

-Nil- 
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1.0 Ambient Air Quality Standards 

National Ambient Air Quality Standards for ambient air has been prescribed by 

the Environment (Protection) Seventh Amendment Rules, 2009 dated 16th 

November 2009. The prescribed Standards are given below in Table-1. 

 

TABLE-1 

 NATIONAL AMBIENT AIR QUALITY STANDARDS 

 
Sr.  
No. 

Pollutant Time 
Weighted 
Average 

Concentration in Ambient Air 

Industrial, 
Residential
, Rural and 
other  Area 

Ecologically 
Sensitive 

Area 
(notified by 

Central 
Government) 

Methods of 
Measurement 

(1) (2) (3) (4) (5) (6) 

1 Sulphur dioxide 
(SO2), µg/m3 

Annual* 50 20 -Improved West and 
Gaeke 
-ultraviolet 
fluorescence 

24 Hours** 80 80 

2 Nitrogen Dioxide 
(NO2), µg/m3 

Annual* 40 30 -Modified Jacob & 
Hochheiser (Na-
Arsenite) 
-Chemiluminesence 

24 Hours** 80 80 

3 Particulate Matter 
(Size less than 
10µm) or PM10 
µg/m3 

Annual* 60 60 -Gravitmetric 
-TOEM 
-Beta attenuation 

24 Hours** 100 100 

4 Particulate Matter 
(Size less than 
2.5µm) or PM2.5 
µg/m3 

Annual* 40 40 -Gravitmetric 
-TOEM 
-Beta attenuation 

24 Hours** 60 60 

5 Ozone (O3) µg/m3 8 hours ** 100 100 -UV photometric 
-Chemiluminiscence 
-Chemical Method 

1 hour ** 180 180 

6 Lead (Pb) µg/m3 Annual* 0.50 0.50 -AAS /ICP method 
after sampling on 
EPM 2000 or 
equivalent filter 
paper 
-ED-XRF using Teflon 
filter 

24 Hours** 1.0 1.0 

7 Carbon monoxide 
(CO) mg/m3 

8 Hours 02 02 -Non Dispersive Infra 
Red (NDIR) 1 Hour** 04 04 

8 Ammonia (NH3) 
µg/m3 

Annual* 100 100 -Chemiluminiscence 
-Indophenol blue 
method 

24 Hours** 400 400 

9 Benzene (C6H6) 
µg/m3 

Annual* 05 05 -Gas 
chromatography 
based continuous 
analyzer 
-Adsorption and 
Desorption followed 
by GC analysis 

10 Benzo() Pyrene 

(BaP)- particulate 
phase only ng/m3 

Annual* 01 01 -Solvent extraction 
followed by HPLC/GC 
analysis 
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Sr.  
No. 

Pollutant Time 
Weighted 
Average 

Concentration in Ambient Air 

Industrial, 
Residential
, Rural and 
other  Area 

Ecologically 
Sensitive 

Area 
(notified by 

Central 
Government) 

Methods of 
Measurement 

11 Arsenic (As) ng/m3 Annual* 06 06 - AAS /ICP method 
after sampling on 
EPM 2000 or 

equivalent filter 
paper 

12 Nickel (Ni) ng/m3 Annual* 20 20 - AAS /ICP method 
after sampling on 
EPM 2000 or 
equivalent filter 
paper 

 Note: 
 * Annual arithmetic mean of minimum 104 measurements in a year taken 

 twice a week 24 hourly at uniform intervals. 

          ** 24 hourly or 8 hourly or, 01 hourly monitored values, as applicable, shall be 
complied with 98% of the time in a year. 2% of the time, the may exceed the limits 
but not on two consecutive days of monitoring. 

 

2.0 Ambient Noise Standards 

 

Ambient standards with respect to noise have been notified by the Ministry of 

Environment and Forests vide gazette notification dated 26th December 1989 

(Amended on January, 2010), Noise Pollution (Regulation and Control) Rules, 

2010. It is based on the A weighted equivalent noise level (Leq). The standards are 

presented in Table-2. 

 

 TABLE-2 

 AMBIENT NOISE STANDARDS 

 

Area Code Category of Area Noise Levels dB(A) eq 

Day time* Night Time 

A Industrial Area 75 70 

B  Commercial Area 65 55 

C  Residential Area 55 45 

D  Silence Zone**   50 40 
 Note: - 1. Day time shall mean from 6.00 a.m. to 10.00 p.m.  

 2. Night time shall mean from 10.00 p.m. to 6.00 a.m.  
      3. Silence zone is an area comprising not less than 100 metres around hospitals, 

educational institutions, courts, religious places or any other area which is declared as 
such by the competent authority.  

4.  Mixed categories of areas may be declared as one of the four above mentioned 
categories by the competent authority.  

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

A  “decibel” is a unit in which noise is measured.  
 “A”,in dB(A) Leq, denotes the frequency weighting in the measurement of noise and 

corresponds to frequency response characteristics of the human ear.  

 Leq: It is an energy mean of the noise level over a specified period. 
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3.0 Noise Standards for Occupational Exposure 

 

Noise standards in the work environment are specified by Occupational Safety and 

Health Administration (OSHA-USA) which are being enforced by Government of 

India through model rules framed under Factories Act. These are given in Table-3 

below. 

 

TABLE-3 

 STANDARDS FOR OCCUPATIONAL EXPOSURE 

 
Total Time of Exposure per Day in Hours 

(Continuous or Short term Exposure) 

Sound Pressure Level in dB(A) 

8 90 

6 92 

4 95 

3 97 

2 100 

3/2 102 

1 105 

¾ 107 

½ 110 

¼ 115 

Never >115 

 Note: 
 1. No  exposure in excess of 115 dB(A) is to be permitted. 

 2. For any period of exposure falling in between any figure and the next higher or lower 
figure as indicated in column (1), the permissible level is to be determined by 
extrapolation on a proportionate scale. 
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1.0 Meteorology 

 

The methodology adopted for monitoring surface observations is as per the 

standard norms laid down by Bureau of Indian Standards (IS:8829) and India 

Meteorological Department (IMD).  

 

1.1  Methodology of Data Generation 

 

The Central Monitoring Station (CMS) equipped with continuous monitoring 

equipment was installed at site at a height of about 10 m above ground level to 

record wind speed, direction, relative humidity and temperature. The 

meteorological monitoring station was located in such a way that it is free from 

any obstructions and as per the guidelines specified under IS:8829. Cloud cover 

was recorded by visual observation. Rainfall was monitored by rain gauge.  

 

The continuous recording meteorological instrument of Dynalab, Pune (Model 

No.WDL1002) has been used for recording the met data. The sensitivity of the 

equipment is as given in Table-1. 

 

TABLE-1 

SENSITIVITY OF METEOROLOGY MONITORING STATION 

 

Sr. No. Sensor Sensitivity 

1 Wind speed Sensor ± 0.02 m/s 

2 Wind direction Sensor ± 3 degrees 

3 Temperature Sensor ± 0.2oC 

 

Hourly maximum, minimum and average values of wind speed, direction and 

temperature were recorded continuously with continuous monitoring equipment. All 

the sensors were connected to filter and then logged on to datalogger. The readings 

were recorded in a memory module, which was attached to datalogger. The 

memory module was downloaded in computer through Dynalab software. The 

storage capacity of memory module was 256 KB. Data was downloaded every 

fortnight into the computer. The data was recorded continuously. The recovery of 

data was about 98%. The rest of 2 % data gaps were filled by referring to IMD data 

and daily weather reports in the local newspapers. However, Relative Humidity and 

Rainfall were recorded manually. 

 

1.2 Ambient Air Quality 

 

The air samples were analyzed as per standard methods specified by Central 

Pollution Control Board (CPCB), IS: 5184 and American Public Health Association 

(APHA). 

 

The techniques used for ambient air quality monitoring and minimum detectable 

level are given in Table-3. 
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TABLE-3 

TECHNIQUES USED FOR AMBIENT AIR QUALITY MONITORING 

 
Parameters Test Method 

[as per GSR 826(E), Sch-VII] 
Minimum Detectable 

Limit (g/m3) 

Particulate Matter, PM10 Gravimetric Method 1.0 

Particulate Matter, PM2.5 Gravimetric Method 1.0 

Sulphur dioxide (SO2) Improved West and Gaeke Method 4.0 

Nitrogen dioxide (NOx) Modified Jacob and Hochheiser 
Method 

4.0 

Carbon Monoxide (CO)  

(3 x 8 hr) 

Gas Monitor 12.5 

Ozone (O3) (3 x 8 hr) Spectroscopic analysis 0.01 ppm /20 g/m3 

Ammonia, NH3 Indophenol Blue method 4.0 

Benzene, C6H6 Solvent extraction followed by GC 
analysis 

0.001 

Benzo(a)pyrene in Particulate 
phase 

Solvent extraction followed by GC 
analysis 

0.0001 

Heavy metals in particulate 
phase for Arsenic (As), Nickel 
(Ni), Lead (Pb) 

AAS/ICP method 0.0001 

 

1.3 Water Analysis 

 

Samples for chemical analysis were collected in polyethylene carboys. Samples 

collected for metal content were acidified with 1 ml HNO3. Samples for 

bacteriological analysis were collected in sterilized glass bottles. Selected physico-

chemical and bacteriological parameters have been analyzed for projecting the 

existing water quality status in the study area.  Parameters like temperature, 

Dissolved Oxygen (DO) and pH were analyzed at the time of sample collection. 

 

The methodology for sample collection and preservation techniques was followed as 

per the Standard Operating Procedures (SOP) mentioned in Table-4.  

 

TABLE-4 

STANDARD OPERATING PROCEDURES (SOP) 

FOR WATER AND WASTEWATER SAMPLING 

 
Parameter Sample Collection Sample 

Size 

Storage/ Preservation 

pH Grab sampling 
Plastic /glass container 

50 ml On site analysis 

Electrical 

Conductivity 

Grab sampling 

Plastic /glass container 

50 ml On site parameter 

Total suspended 
solids 

Grab sampling 
Plastic /glass container 

100 ml Refrigeration, 
can be stored for 7 days 

Total Dissolved  

Solids 

Grab sampling 

Plastic /glass container 

100 ml Refrigeration, 

can be stored for 7 days 

BOD Grab sampling 
Plastic /glass container 

500 ml Refrigeration, 48 hrs 

Hardness Grab sampling 
Plastic /glass container 

100 ml Add HNO3 to pH<2, 
refrigeration; 6 months 

Chlorides Grab sampling 

Plastic /glass container 

50 ml Not required; 28 days 

Sulphates Grab sampling 100 ml Refrigeration; 28 days 
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Parameter Sample Collection Sample 
Size 

Storage/ Preservation 

Plastic /glass container 

Sodium, Potassium Plastic container 100 ml Not required; 6 months 

Nitrates Plastic containers 100 ml Refrigeration; 48 hrs 

Fluorides Plastic containers only 100 ml Not required; 28 days 

Alkalinity Plastic/ glass containers 100 ml Refrigeration; 14 days 

Ammonia Plastic/ glass containers 100 ml Add H2SO4 to pH>2, 
refrigeration, 28 days 

Hexavalent 
Chromium, Cr+6 

Plastic/ Glass rinse with 
1+1 HNO3  

100 ml Grab sample; 
refrigeration; 24 hrs 

Heavy Metals (Hg, 

Cd, Cr, Cu, Fe, Zn, 
Pb etc.) 

Plastic/ Glass rinse with 

1+1 HNO3  

500 ml Filter, add HNO3 to 

pH>2; Grab sample; 6 
months 

Source: Standard Methods for the Examination of Water and Wastewater, 

Published By APHA, AWWA, WEF 19th Edition, 1995 

 

1.3.1 Analytical Techniques  
 

The analytical techniques used for water and wastewater analysis is given in the 

Table-5. 

TABLE-5 

ANALYTICAL TECHNIQUES 

FOR WATER AND WASTEWATER ANALYSIS 

 
Parameter Method  

pH APHA-4500-H+ 

Colour APHA-2120 C 

Odour IS: 3025, Part-4 

Temperature APHA-2550 B 

Dissolved Oxygen APHA-4500 O 

BOD APHA-5210 B 

Electrical conductivity APHA-2510 B 

Turbidity APHA-2130 B 

Chlorides APHA-4500 Cl- 

Fluorides APHA-4500 F- 

Total dissolved solids APHA-2540 C 

Total suspended solids APHA-2540 D 

Total hardness APHA-2340 C 

Sulphates APHA-4500 SO4
-2 

Arsenic APHA-3120 B/ APHA-3114 B/ APHA-3500 As 

Calcium APHA-3120 B/ APHA-3500 Ca 

Magnesium APHA-3120 B/ APHA-3500 Mg 

Sodium APHA-3120 B/ APHA-3500 Na 

Potassium APHA-3120 B/ APHA-3500 K 

Manganese APHA-3120 B/ APHA-3500 Mn 

Mercury APHA-3112 B/ APHA-3500 Hg 

Selenium APHA-3120 B/ APHA-3114 B/ APHA-3500 Se 

Lead APHA-3120 B/ APHA-3500 Pb 

Copper APHA-3120 B/ APHA-3500 Cu 

Cadmium APHA-3120 B/ APHA-3500 Cd 

Iron APHA-3120 B/ APHA-3500 Fe 

Zinc APHA-3120 B/ APHA-3500 Zn 

Boron APHA-4500 B 

Coliform organisms APHA-9215 D 

Alkalinity APHA-2320 B 
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1.4 Soil Quality 

 

At each location, soil samples were collected from three different depths viz. 30 

cm, 60 cm and 90 cm below the surface and are homogenized. This is in line with 

IS: 2720 & Methods of Soil Analysis, Part-1, 2nd edition, 1986 of (American 

Society for Agronomy and Soil Science Society of America). The homogenized 

samples were analyzed for physical and chemical characteristics. The soil samples 

were collected and analyzed once in each season. 

 

The samples have been analyzed as per the established scientific methods for 

physico-chemical parameters. The heavy metals have been analyzed by using 

Atomic Absorption Spectrophotometer and Inductive Coupled Plasma Analyzer. 

 

The methodology adopted for each parameter is described in Table-6. 

 

TABLE-6 

ANALYTICAL TECHNIQUES FOR SOIL ANALYSIS 

 
Parameter Method (ASTM number) 

Grain size distribution Sieve analysis (D 422 – 63) 

Textural classification Chart developed by Public Roads Administration 

Infiltration capacity Infiltrometer 

Bulk density Sand replacement, core cutter 

Porosity Void ratio 

Sodium absorption ratio Flame colourimetric (D 1428-82) 

PH pH meter (D 1293-84) 

Electrical conductivity Conductivity meter (D 1125-82) 

Nitrogen Kjeldahl distillation (D 3590-84) 

Phosphorus Molybdenum blue, colourimetric (D 515-82) 

Potassium Flame photometric (D 1428-82) 

Copper AAS (D 1688-84) 

Iron AAS (D 1068-84) 

Zinc AAS (D 1691-84) 

Boron Surcumin, colourimetric (D 3082-79) 

Chlorides Argentometric (D 512-81 Rev 85) 

Fluorides Fusion followed by distillation and estimation by 

Ion selective electrod. 

 

1.5 Noise Levels 

1.5.1 Method of Monitoring 

 

Noise level monitoring was carried out continuously for 24-hours with one hour 

interval starting at 0030 hrs to 0030 hrs next day. The noise levels were monitored 

on working days only and Saturdays, Sundays and public holidays were not 

monitored. During each hour Leq were directly computed by the instrument based 

on the sound pressure levels. Lday (Ld), Lnight (Ln) and Ldn values were computed 

using corresponding hourly Leq of day and night respectively. Monitoring was 

carried out at ‘A’ response and fast mode. 

 

 Parameters Measured During Monitoring 

 

For noise levels measured over a given period of time interval, it is possible to 

describe important features of noise using statistical quantities. This is calculated 
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using the percent of the time certain noise levels exceeds the time interval. The 

notation for the statistical quantities of noise levels is described below: 

 

 Hourly Leq values have been computed by integrating sound level meter. 

 

 Lday: As per the CPCB guidelines the day time limit is between 07:00 hours to 

22.00 hours as outlined in Ministry of Environment and Forest Notification S.O. 

123 (E) dated 14/02/2000.  

 

 Lnight:  As per the CPCB guidelines the night time limit is between 22:00 hours to 

07.00 hours as outlined in Ministry of Environment and Forest Notification S.O. 

123 (E) dated 14/02/2000. 

 

A rating developed by Environmental Protection Agency, (US-EPA) for specification 

of community noise from all the sources is the Day-Night Sound Level, (Ldn).   

 

 

Ldn: It is similar to a 24 hr equivalent sound level except that during night time 

period (10 PM to 07 AM) a 10 dB (A) weighting penalty is added to the 

instantaneous sound level before computing the 24 hr average. This nighttime 

penalty is added to account for the fact that noise during night when people usually 

sleep is judged as more annoying than the same noise during the daytime. 

 

The Ldn for a given location in a community may be calculated from the hourly Leq’s, 

by the following equation. 
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LANDUSE PATTERN

Sr. No. Name of Village Forest 

Land

Total Irrigated 

Land

Un-Irrigated 

Land

Cultivable 

Waste Land

Area not Available 

for Cultivation

Total

0-3 km  

1 Lakhigam 0.00 0.00 698.82 204.22 160.28 1063.32

2 Luvara 0.00 0.00 320.00 8.70 561.75 890.45

Sub-Total 0 0 1018.82 212.92 722.03 1953.77

3-7  km  

3 Jageshwar 0.00 0.00 18.00 10.21 486.83 515.04

4 Ambheta 0.00 0.00 96.11 16.42 1403.55 1516.08

Sub-Total 0 0 114.11 26.63 1890.38 2031.12

7-10  km  

5 Dahej 0.00 0.00 1087.25 369.00 6174.27 7630.52

Sub-Total 0 0 1087.25 369 6174.27 7630.52

Grand Total 0 0 2220.18 608.55 8786.68 11615.41

Vagra Taluka

Vagra Taluka

Vagra Taluka

AVI-1
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Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 55.3 16.2 14.6 15.2 384 412 379 3.4 6.6 2.7

2 02/12/2011 57.6 16.8 13.2 14.4 426 456 389 3.9 7.8 3.3

3 08/12/2011 56.1 16.5 12.5 12.9 459 483 446 3.2 5.3 2.8

4 09/12/2011 55.3 16.0 11.6 12.2 366 395 384 3.5 7.5 2.9

5 15/12/2011 53.1 17.3 13.6 14.2 452 469 447 4.5 6.2 4.2

6 16/12/2011 51.3 16.3 11.4 12.4 425 459 435 4.1 6.6 3.4

7 22/12/2011 52.6 17.3 12.8 13.6 389 394 374 4.2 7.1 3.9

8 23/12/2011 53.8 16.1 14.9 15.2 342 362 344 3.3 7.5 3.1

9 29/12/2011 54.2 16.3 13.5 14.2 406 421 412 4.2 5.0 3.4

10 30/12/2011 55.6 17.1 14.9 16.2 421 456 429 3.5 5.5 3.9

11 05/01/2012 56.8 17.8 16.2 17.5 412 436 416 3.8 6.1 2.5

12 06/01/2012 57.6 17.3 15.2 16.3 356 389 371 4.1 6.5 3.6

13 12/01/2012 54.2 16.3 13.2 14.2 368 383 362 4.4 5.5 3.8

14 13/01/2012 50.4 15.7 14.6 15.6 344 385 351 3.9 6.5 3.2

15 19/01/2012 47.2 14.0 15.9 16.3 332 357 346 3.5 7.3 3.1

16 20/01/2012 49.5 15.1 14.3 15.4 368 394 379 3.4 4.9 2.8

17 26/01/2012 44.3 13.8 15.2 16.9 334 385 363 3.5 6.1 3.2

18 27/01/2012 42.6 12.8 13.5 14.6 359 384 351 3.9 7.6 3.4

19 02/02/2012 43.9 13.4 14.6 15.4 364 386 380 3.8 4.2 2.8

20 03/02/2012 46.8 14.0 16.8 17.5 346 356 313 4.0 5.2 3.2

21 09/02/2012 47.6 13.3 17.6 18.5 342 372 349 3.8 7.3 3.5

22 10/02/2012 49.2 14.9 14.9 16.3 376 394 384 3.7 7.8 2.7

23 16/02/2012 51.2 15.7 13.9 15.4 376 412 394 3.6 6.3 2.9

24 17/02/2012 53.6 16.6 15.3 16.3 422 443 416 3.8 7.5 2.8

25 23/02/2012 55.8 15.7 13.7 15.7 439 456 432 3.2 5.3 3.0

26 24/02/2012 57.9 16.0 14.9 15.4 451 476 446 3.9 4.4 3.2

Min 42.6 12.8 11.4 12.2

Max 57.9 17.8 17.6 18.5

Avg 52.1 15.7 14.3 15.3

98th 57.8 17.6 17.2 18.0

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 55.3 16.5 10.6 11.6 339 362 329 3.3 4.9 2.9

2 02/12/2011 51.4 15.7 11.2 12.5 310 336 311 3.6 6.5 2.7

3 08/12/2011 50.8 17.2 10.9 12.6 325 365 319 3.1 4.3 2.7

4 09/12/2011 49.6 16.7 10.7 12.4 349 392 375 3.7 6.2 3.0

5 15/12/2011 48.3 16.0 11.6 13.1 362 405 386 3.5 6.3 2.4

6 16/12/2011 46.2 14.7 12.7 13.6 379 428 406 4.0 5.6 3.4

7 22/12/2011 45.3 14.6 13.5 14.2 412 435 398 2.7 7.1 2.4

8 23/12/2011 42.9 13.1 11.3 12.8 408 442 398 4.1 5.3 3.0

9 29/12/2011 44.9 14.3 11.8 12.7 413 440 429 4.6 6.4 3.4

10 30/12/2011 43.1 15.6 10.5 13.5 398 432 401 3.4 7.1 3.1

11 05/01/2012 41.8 14.7 11.3 14.1 359 412 389 5.0 6.9 2.7

12 06/01/2012 45.6 14.3 10.9 12.4 276 345 298 3.5 7.0 3.5

13 12/01/2012 44.2 13.8 11.7 12.9 296 345 312 4.3 6.2 3.1

14 13/01/2012 42.6 14.1 12.5 14.2 308 356 334 2.8 6.9 2.3

15 19/01/2012 41.9 15.2 13.3 14.8 298 361 324 3.5 6.4 3.0

16 20/01/2012 40.8 14.5 11.9 13.4 264 316 296 3.3 6.1 2.3

17 26/01/2012 39.4 13.6 12.6 14.2 291 315 305 3.7 5.6 2.9

18 27/01/2012 37.1 12.9 13.2 15.7 372 416 384 5.7 7.4 3.2

19 02/02/2012 35.2 12.6 13.3 14.3 321 376 341 3.7 6.6 2.8

20 03/02/2012 35.4 12.1 13.6 14.6 264 326 284 4.5 7.0 3.4

21 09/02/2012 34.6 12.4 12.4 13.4 235 284 268 2.9 4.1 2.8

22 10/02/2012 35.8 11.4 10.6 11.7 238 274 253 4.4 7.2 2.5

23 16/02/2012 35.6 12.2 11.6 12.6 264 332 301 3.2 6.0 2.6

24 17/02/2012 38.9 13.9 10.4 12.5 295 348 326 3.8 5.5 2.5

25 23/02/2012 40.1 13.4 10.9 11.7 320 359 333 4.0 5.8 3.3

26 24/02/2012 42.2 14.6 11.2 12.4 356 426 398 4.6 7.2 3.5

Min 34.6 11.4 10.4 11.6

Max 55.3 17.2 13.6 15.7

Avg 42.7 14.2 11.8 13.2

98th 53.4 17.0 13.6 15.3

4.3

7.2

7.4

CO 

All the values are given in µg/m3

442

346

437

PETRONET LNG, DAHEJ (WINTER DEC 2011 TO FEB 2012)

AAQ1:PLANT SITE

313 2.5

CO O3

7.8

4.4

7.7

483

396

472

All the values are given in µg/m3

AAQ2 : LAKHIGAM VILLAGE

O3

235 2.3

AVII-1
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Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 38.5 13.1 10.3 12.0 295 324 302 3.6 5.9 2.9

2 02/12/2011 37.2 12.5 12.1 13.7 284 301 297 3.8 6.9 2.8

3 08/12/2011 38.3 12.6 10.8 11.9 274 291 286 3.2 4.7 2.8

4 09/12/2011 37.1 13.1 11.6 13.0 294 334 316 3.9 5.1 3.2

5 15/12/2011 36.4 12.5 11.5 12.3 312 375 334 3.4 6.0 2.7

6 16/12/2011 35.1 11.3 12.7 13.9 328 394 356 3.9 7.0 3.4

7 22/12/2011 34.6 11.5 12.2 13.1 376 391 381 3.8 5.3 2.8

8 23/12/2011 34.9 10.6 11.8 13.0 334 375 362 4.0 5.6 3.2

9 29/12/2011 35.8 11.2 12.7 13.8 321 349 326 3.8 6.7 2.6

10 30/12/2011 34.4 10.3 12.7 13.9 334 359 320 3.7 7.2 2.7

11 05/01/2012 36.5 11.6 10.8 12.0 304 349 337 3.9 7.2 2.4

12 06/01/2012 34.6 10.0 11.4 12.8 345 375 352 3.2 4.7 2.7

13 12/01/2012 36.7 10.3 12.0 12.9 324 357 341 3.5 6.9 2.9

14 13/01/2012 34.8 11.5 12.8 13.6 308 368 342 4.5 5.6 4.2

15 19/01/2012 36.9 11.2 12.1 13.0 289 324 295 4.1 7.3 3.4

16 20/01/2012 38.4 13.1 12.5 13.6 279 312 296 3.5 6.7 3.1

17 26/01/2012 39.1 13.9 12.9 14.6 284 315 305 3.4 4.9 2.8

18 27/01/2012 40.5 13.1 11.4 13.1 296 338 249 3.5 5.5 3.2

19 02/02/2012 41.6 13.2 13.5 16.1 272 297 286 3.8 5.5 2.5

20 03/02/2012 42.7 14.3 12.5 14.6 264 291 274 4.1 7.4 3.6

21 09/02/2012 44.1 15.1 11.5 12.8 238 294 259 4.4 7.6 3.8

22 10/02/2012 45.6 14.6 10.7 13.9 249 276 264 3.9 7.2 3.2

23 16/02/2012 46.3 15.3 12.1 15.1 264 296 276 4.2 6.5 2.4

24 17/02/2012 44.6 14.1 11.6 12.5 295 348 326 3.3 6.9 2.9

25 23/02/2012 47.2 15.3 11.8 13.9 320 359 333 4.2 6.0 3.4

26 24/02/2012 49.6 16.5 12.4 14.1 356 374 323 3.5 4.9 3.2

Min 34.4 10.0 10.3 11.9

Max 49.6 16.5 13.5 16.1

Avg 39.3 12.8 11.9 13.4

98th 48.4 15.9 13.2 15.6

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 38.4 10.2 10.8 12.4 221 264 246 3.5 5.8 3.3

2 02/12/2011 36.4 10.0 11.2 13.1 246 284 261 3.8 5.1 3.5

3 08/12/2011 40.4 11.7 12.5 13.5 221 248 234 3.1 4.1 3.0

4 09/12/2011 41.1 11.6 13.1 14.6 238 263 249 3.8 4.9 2.6

5 15/12/2011 43.7 11.5 12.6 13.4 240 279 268 2.9 4.0 2.5

6 16/12/2011 42.1 10.9 11.6 12.5 246 269 251 3.6 4.6 2.3

7 22/12/2011 43.6 9.2 11.1 14.6 254 286 264 3.2 4.9 2.7

8 23/12/2011 42.5 10.3 11.5 12.1 243 261 246 3.9 5.2 3.1

9 29/12/2011 40.4 10.9 12.2 14.2 252 273 235 4.2 5.5 3.4

10 30/12/2011 41.6 11.1 11.4 13.4 221 234 224 3.9 5.6 3.5

11 05/01/2012 39.4 10.4 10.8 12.6 242 259 213 4.1 5.1 3.3

12 06/01/2012 37.7 11.0 11.4 13.1 232 243 215 3.8 4.8 2.9

13 12/01/2012 35.6 10.5 11.9 12.9 221 260 245 3.4 4.5 2.5

14 13/01/2012 39.4 11.2 11.7 12.4 256 286 275 4.1 7.1 3.0

15 19/01/2012 38.4 9.4 11.3 13.3 226 259 235 3.9 6.5 2.6

16 20/01/2012 37.6 10.7 11.1 12.6 212 234 206 3.5 5.2 2.5

17 26/01/2012 34.1 10.5 11.8 13.1 225 239 219 3.9 5.8 3.0

18 27/01/2012 38.5 10.8 12.4 13.9 256 267 251 3.6 5.6 2.9

19 02/02/2012 36.9 10.6 12.1 12.8 248 276 257 3.7 5.4 2.6

20 03/02/2012 35.4 10.5 11.6 13.5 264 294 289 3.5 4.6 2.4

21 09/02/2012 34.8 9.5 11.1 12.8 279 324 310 3.7 5.1 2.6

22 10/02/2012 35.1 10.1 11.8 12.3 240 267 254 3.9 5.5 2.7

23 16/02/2012 34.2 10.6 12.6 14.2 275 294 284 2.9 4.4 3.1

24 17/02/2012 36.5 10.2 11.1 12.1 256 273 249 3.3 5.2 2.3

25 23/02/2012 37.3 10.8 11.8 12.7 220 258 246 3.5 5.6 3.0

26 24/02/2012 36.7 10.5 12.1 13.3 251 281 262 4.0 5.4 3.2

Min 34.1 9.2 10.8 12.1

Max 43.7 11.7 13.1 14.6

Avg 38.4 10.6 11.7 13.1

98th 43.7 11.7 12.9 14.6
All the values are given in µg/m3

253

301

All the values are given in µg/m3

AAQ4 : AMBHETA VILLAGE

386

317

CO O3

4.3

7.3

AAQ3 : NEAR DAHEJ VILLAGE

CO O3

238 2.4

394

324

206

7.6

2.3

7.1

3.9

6.1

AVII-2



ANNEXURE-VII

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 39.6 13.5 11.7 12.7 242 264 256 3.7 6.5 3.1

2 02/12/2011 42.1 13.9 12.1 13.1 251 276 264 3.5 6.7 2.4

3 08/12/2011 37.4 12.1 12.7 13.6 275 312 294 3.3 6.4 3.0

4 09/12/2011 36.1 11.3 11.4 13.4 259 271 235 3.1 6.3 2.7

5 15/12/2011 35.3 12.1 12.5 13.9 256 279 268 2.9 5.7 2.3

6 16/12/2011 34.5 12.8 13.5 14.6 246 269 251 2.7 5.5 2.5

7 22/12/2011 35.1 11.1 11.9 13.1 275 295 256 3.4 5.5 2.8

8 23/12/2011 33.9 11.5 11.8 13.5 265 281 258 3.5 6.7 2.3

9 29/12/2011 35.1 11.1 13.0 14.9 294 316 285 3.9 5.8 2.7

10 30/12/2011 36.8 9.5 12.1 13.5 284 297 264 3.7 5.0 2.6

11 05/01/2012 34.5 10.6 11.6 14.2 268 285 258 3.2 6.5 2.8

12 06/01/2012 36.7 10.2 12.5 13.4 256 269 215 3.8 7.3 3.3

13 12/01/2012 35.4 11.2 12.1 13.8 221 260 245 3.5 4.7 3.2

14 13/01/2012 36.1 12.2 12.4 15.0 256 286 275 3.8 5.9 2.8

15 19/01/2012 34.8 11.5 11.5 13.5 245 259 264 4.5 6.2 4.0

16 20/01/2012 38.1 10.2 12.1 14.6 234 245 216 3.5 5.0 2.5

17 26/01/2012 33.9 10.6 12.7 13.8 235 256 249 4.2 5.3 2.6

18 27/01/2012 35.1 9.8 11.1 13.8 256 267 275 3.7 5.8 2.3

19 02/02/2012 34.5 11.8 12.4 14.3 248 276 257 4.1 5.7 2.7

20 03/02/2012 35.8 10.5 12.1 12.8 264 294 289 3.6 4.8 2.4

21 09/02/2012 33.6 11.3 12.6 13.8 281 304 294 3.2 6.2 2.8

22 10/02/2012 33.7 11.8 13.4 14.9 249 294 276 3.5 5.5 3.0

23 16/02/2012 34.8 10.4 12.1 12.8 275 305 284 4.4 7.1 3.6

24 17/02/2012 34.8 12.3 12.7 13.9 294 334 312 3.2 4.9 2.4

25 23/02/2012 35.6 12.0 13.4 15.1 259 289 243 2.9 4.7 2.5

26 24/02/2012 36.1 11.7 14.3 15.4 275 316 289 2.8 5.6 2.6

Min 33.6 9.5 11.1 12.7

Max 42.1 13.9 14.3 15.4

Avg 35.7 11.4 12.4 13.9

98th 40.9 13.7 13.9 15.3

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 56.2 17.3 12.1 13.1 375 402 389 3.2 6.6 2.6

2 02/12/2011 52.3 16.2 11.5 12.2 394 412 388 3.6 7.6 2.8

3 08/12/2011 51.2 16.4 13.0 14.1 401 429 403 3.8 5.8 2.7

4 09/12/2011 50.1 17.3 11.8 12.7 406 426 416 3.1 7.2 2.4

5 15/12/2011 47.9 16.8 11.2 12.2 398 428 399 3.3 6.3 2.5

6 16/12/2011 46.8 16.1 12.1 13.5 394 418 411 3.7 6.7 2.6

7 22/12/2011 46.2 15.9 11.2 12.4 368 412 396 4.1 7.2 2.8

8 23/12/2011 45.2 14.9 11.8 13.0 376 436 416 3.3 5.1 2.9

9 29/12/2011 44.6 15.3 13.0 13.5 389 409 398 4.6 7.5 3.6

10 30/12/2011 46.2 16.4 12.2 13.0 412 446 430 3.5 6.2 2.5

11 05/01/2012 47.3 15.4 13.8 14.5 406 421 402 3.4 6.9 2.7

12 06/01/2012 48.1 14.8 15.0 16.2 349 394 363 3.9 6.5 2.9

13 12/01/2012 49.6 15.6 15.5 16.9 336 391 379 3.6 5.9 2.7

14 13/01/2012 50.2 16.2 15.9 17.0 359 378 365 3.8 7.0 2.8

15 19/01/2012 47.2 15.6 15.5 15.9 354 391 371 4.5 6.0 3.2

16 20/01/2012 45.3 13.9 12.8 14.2 378 412 377 4.1 6.8 2.7

17 26/01/2012 44.1 14.6 12.1 13.0 339 384 360 2.8 3.9 2.4

18 27/01/2012 46.9 15.1 11.5 13.5 353 399 380 3.7 7.5 3.1

19 02/02/2012 48.2 16.3 12.2 14.0 323 388 356 3.9 7.7 2.6

20 03/02/2012 49.3 15.4 13.2 14.0 334 401 358 3.5 7.1 2.5

21 09/02/2012 50.6 15.9 12.5 13.0 322 346 332 3.6 5.9 2.8

22 10/02/2012 51.6 16.2 11.9 13.2 335 398 370 4.1 7.0 2.4

23 16/02/2012 49.6 16.8 14.9 16.5 305 370 315 4.4 7.6 3.4

24 17/02/2012 47.3 15.3 13.8 14.9 313 387 366 3.5 6.9 2.6

25 23/02/2012 46.1 14.9 13.0 13.7 325 368 359 3.5 6.9 2.9

26 24/02/2012 44.3 15.4 12.4 13.4 359 397 388 3.9 5.3 2.7

Min 44.1 13.9 11.2 12.2

Max 56.2 17.3 15.9 17.0

Avg 48.2 15.8 12.9 14.0

98th 54.3 17.3 15.7 17.0

305 2.4

7.7

381

446

215 2.3

4.0

6.9

All the values are given in µg/m3

AAQ6 : LUVARA VILLAGE

CO O3

AAQ5 : JAGESHWAR VILLAGE

CO O3

270

7.6

334

4.4

316

7.3

All the values are given in µg/m3

433

AVII-3



ANNEXURE-VII

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 55.3 17.3 11.6 12.5 414 476 432 4.2 7.1 3.5

2 02/12/2011 51.4 16.5 12.5 13.2 428 494 465 3.6 4.8 3.0

3 08/12/2011 50.8 16.9 13.6 14.2 454 507 489 4.0 5.9 3.2

4 09/12/2011 49.6 16.5 14.4 15.2 442 494 472 3.8 6.7 3.1

5 15/12/2011 52.6 16.8 15.9 16.3 409 459 436 3.6 5.8 2.8

6 16/12/2011 53.9 17.0 13.7 14.2 436 497 475 3.9 5.1 3.0

7 22/12/2011 54.8 17.4 16.2 17.3 442 486 469 4.0 6.3 3.1

8 23/12/2011 51.8 16.2 14.1 15.3 436 465 465 3.9 6.8 3.3

9 29/12/2011 50.9 16.6 15.9 16.4 412 449 406 3.4 6.0 2.6

10 30/12/2011 49.2 17.4 17.6 18.5 431 475 432 5.0 6.5 4.0

11 05/01/2012 51.8 18.4 19.4 20.4 442 482 460 4.6 7.6 3.6

12 06/01/2012 52.6 17.3 17.6 18.2 426 497 451 3.7 7.3 3.0

13 12/01/2012 54.7 19.4 16.3 17.2 437 479 449 3.7 5.9 2.9

14 13/01/2012 55.8 18.2 17.5 18.6 416 476 436 3.5 6.9 2.9

15 19/01/2012 57.3 18.6 14.6 15.3 445 462 441 3.7 6.2 2.7

16 20/01/2012 54.2 16.8 13.5 14.4 461 481 453 3.5 6.5 2.5

17 26/01/2012 52.3 17.9 15.6 16.4 436 459 426 3.4 5.7 2.8

18 27/01/2012 55.6 18.6 17.2 18.2 453 459 426 4.2 7.1 3.1

19 02/02/2012 56.1 18.9 16.4 17.2 435 462 429 3.6 7.5 2.6

20 03/02/2012 57.4 17.6 15.9 16.4 451 462 452 3.5 4.9 2.5

21 09/02/2012 55.9 17.5 17.2 17.9 459 476 434 3.7 5.1 2.9

22 10/02/2012 56.8 18.6 15.6 16.2 430 472 451 4.3 6.3 2.5

23 16/02/2012 54.2 17.3 13.4 14.5 455 472 424 4.0 6.6 2.9

24 17/02/2012 51.8 17.1 12.8 13.4 313 359 334 3.5 5.2 3.0

25 23/02/2012 52.3 16.5 14.7 15.9 361 416 397 4.1 6.3 2.9

26 24/02/2012 51.4 16.6 15.2 15.9 386 423 394 3.6 6.7 2.7

Min 49.2 16.2 11.6 12.5

Max 57.4 19.4 19.4 20.4

Avg 53.5 17.5 15.3 16.1

98th 57.4 19.2 18.5 19.5

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/12/2011 33.9 8.5 11.6 13.4 246 282 259 3.9 5.9 3.3

2 02/12/2011 34.4 9.3 11.3 13.7 232 256 245 3.4 5.1 2.9

3 08/12/2011 35.6 9.1 11.0 12.7 220 237 212 3.6 5.0 3.0

4 09/12/2011 35.2 9.9 10.2 12.0 195 235 221 3.5 5.1 3.0

5 15/12/2011 36.6 8.6 10.9 12.3 241 254 224 3.2 5.2 2.7

6 16/12/2011 37.4 10.8 11.2 12.4 224 269 245 3.3 5.0 3.1

7 22/12/2011 36.4 9.2 11.4 12.7 207 248 221 4.0 7.0 2.7

8 23/12/2011 35.4 10.2 11.6 13.0 196 232 172 3.6 6.6 3.0

9 29/12/2011 36.6 10.0 10.8 13.0 172 199 185 3.0 5.4 2.6

10 30/12/2011 34.3 10.5 11.3 12.7 213 251 234 3.6 5.1 2.3

11 05/01/2012 37.1 11.6 11.0 13.0 208 245 223 3.4 5.2 3.0

12 06/01/2012 40.4 10.7 11.2 12.7 251 263 237 3.5 5.4 2.7

13 12/01/2012 35.6 9.5 10.7 12.5 224 245 235 3.6 5.5 2.7

14 13/01/2012 36.4 8.7 11.0 12.7 201 231 195 3.7 5.7 3.1

15 19/01/2012 34.4 9.2 11.5 13.0 176 198 159 3.4 6.2 2.5

16 20/01/2012 35.5 9.4 11.2 12.5 156 186 143 3.8 5.5 3.0

17 26/01/2012 34.1 10.5 11.7 12.7 186 205 173 3.5 5.4 2.6

18 27/01/2012 35.4 11.1 10.9 12.0 157 169 175 3.8 5.5 3.0

19 02/02/2012 33.8 10.2 10.7 11.4 143 165 151 3.5 5.9 2.8

20 03/02/2012 34.4 9.1 11.2 12.7 152 195 173 3.4 5.3 2.9

21 09/02/2012 33.5 9.5 11.5 12.5 177 193 168 3.2 4.4 2.7

22 10/02/2012 35.3 8.7 11.8 12.7 227 258 214 3.9 4.9 2.2

23 16/02/2012 34.2 8.6 11.4 13.5 251 279 264 3.3 5.4 2.5

24 17/02/2012 35.9 9.6 11.0 13.0 225 253 224 4.2 5.1 3.1

25 23/02/2012 33.8 9.1 11.2 12.7 212 251 234 3.7 6.0 2.5

26 24/02/2012 34.3 9.9 10.9 12.5 221 235 229 3.3 5.4 2.7

Min 33.5 8.5 10.2 11.4

Max 40.4 11.6 11.8 13.7

Avg 35.4 9.7 11.2 12.7

98th 38.9 11.4 11.8 13.6
All the values are given in µg/m3

143 2.2

7.0

3.9215

274 6.4

7.4

All the values are given in µg/m3

AAQ8 : NEAR ALIABET VILLAGE

CO O3

497

444

313

O3

2.5

7.6

4.4

282

507

AAQ7 : SE OF PLANT

CO 

AVII-4



ANNEXURE-VII 

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/03/2012 60.8 22.6 14.9 16.1 324 368 289 4.6 6.7 3.4

2 02/03/2012 63.0 20.5 14.2 15.5 338 352 289 4.2 6.4 3.6

3 08/03/2012 65.1 21.4 12.4 12.8 278 331 306 3.4 6.5 3.2

4 09/03/2012 61.4 23.0 15.3 15.7 301 367 328 3.8 7.1 3.5

5 15/03/2012 62.8 23.1 14.1 15.4 356 384 326 4.0 7.3 3.6

6 16/03/2012 64.0 23.8 15.5 16.1 319 355 280 3.6 6.7 3.4

7 22/03/2012 54.3 21.4 12.1 12.8 323 363 297 3.7 7.5 3.5

8 23/03/2012 52.3 20.8 12.4 13.1 351 390 354 4.2 6.6 3.5

9 29/03/2012 55.1 20.5 11.9 12.7 306 317 312 4.5 7.2 3.6

10 30/03/2012 57.2 21.1 13.4 14.8 321 370 353 3.6 6.5 3.4

11 05/04/2012 61.4 21.6 10.1 13.8 328 389 371 3.6 7.5 3.1

12 06/04/2012 58.5 21.4 12.4 13.7 289 344 317 3.9 7.1 2.9

13 12/04/2012 54.4 20.3 13.1 14.8 286 360 306 4.0 7.7 3.3

14 13/04/2012 53.2 20.7 12.5 13.8 315 387 367 3.9 6.8 2.8

15 19/04/2012 59.9 22.8 10.5 12.6 283 297 289 3.9 8.0 3.5

16 20/04/2012 62.5 22.0 10.3 11.5 359 384 364 3.6 7.9 3.4

17 26/04/2012 60.3 23.3 11.3 11.7 364 414 388 3.9 5.9 3.7

18 27/04/2012 62.5 20.0 12.5 14.7 339 394 366 3.8 6.3 3.5

19 03/05/2012 64.8 22.4 11.1 12.2 331 388 377 4.2 6.8 3.8

20 04/05/2012 63.3 21.1 14.2 15.0 352 388 370 3.5 6.6 2.9

21 10/05/2012 64.2 22.4 15.3 16.5 305 384 375 4.7 7.1 4.4

22 11/05/2012 59.8 23.3 15.8 16.0 327 408 389 3.6 5.8 3.4

23 17/05/2012 61.3 22.1 14.1 15.8 327 390 388 3.5 6.5 2.8

24 18/05/2012 59.2 20.4 13.4 14.1 288 357 267 4.0 6.1 3.9

25 24/05/2012 56.4 18.6 14.9 15.8 362 392 381 4.5 7.5 3.5

26 25/05/2012 58.4 22.8 13.2 14.7 336 403 316 4.9 7.2 4.5

Min 52.3 18.6 10.1 11.5

Max 65.1 23.8 15.8 16.5

Avg 59.8 21.7 13.1 14.3

98th 64.9 23.5 15.7 16.3

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/03/2012 35.6 12.8 10.6 12.3 285 333 279 3.2 7.0 3.0

2 02/03/2012 38.5 13.5 9.5 11.2 284 316 288 3.1 7.4 2.9

3 08/03/2012 40.1 13.3 11.2 12.0 310 334 299 3.5 7.6 3.1

4 09/03/2012 37.0 14.0 10.9 11.5 301 336 286 3.8 7.3 3.1

5 15/03/2012 38.5 15.7 11.3 13.4 290 341 275 3.4 7.4 3.2

6 16/03/2012 39.0 14.5 10.5 12.9 289 336 295 3.1 6.1 3.0

7 22/03/2012 57.6 18.8 11.4 12.4 311 352 315 3.2 6.9 2.7

8 23/03/2012 49.9 19.5 12.3 12.9 305 343 303 4.0 7.0 3.2

9 29/03/2012 50.1 17.3 11.1 11.8 309 334 296 3.8 7.7 2.8

10 30/03/2012 53.2 17.8 11.6 12.5 298 329 284 3.4 6.4 3.1

11 05/04/2012 50.9 16.9 12.9 13.7 276 320 289 3.1 7.3 2.9

12 06/04/2012 49.6 16.3 12.9 13.4 274 326 268 3.2 7.3 2.7

13 12/04/2012 47.7 17.0 12.3 13.4 298 310 276 3.5 7.3 2.9

14 13/04/2012 47.0 16.5 11.8 12.5 292 312 274 3.8 7.5 3.7

15 19/04/2012 48.1 16.8 11.7 13.9 315 336 291 3.3 6.0 2.9

16 20/04/2012 49.0 17.0 12.9 14.2 310 343 280 3.7 7.9 3.3

17 26/04/2012 59.6 16.7 12.5 13.5 298 325 286 3.4 7.2 3.0

18 27/04/2012 61.9 15.9 12.3 12.9 296 330 291 3.7 7.4 3.2

19 03/05/2012 50.6 15.1 11.9 13.2 296 326 280 3.5 7.5 3.1

20 04/05/2012 51.9 17.1 12.2 13.8 310 336 291 3.5 7.7 2.8

21 10/05/2012 48.6 17.7 12 13.1 300 315 283 3.6 7.0 2.8

22 11/05/2012 37.9 15.1 12.5 13.4 279 300 276 3.6 7.7 3.5

23 17/05/2012 40.1 14.5 11.1 12.9 221 253 235 3.2 7.4 3.0

24 18/05/2012 40.6 15.1 11.9 12.8 241 269 238 3.4 7.1 2.7

25 24/05/2012 39.0 16.5 11.5 12.6 269 298 266 3.1 6.2 3.0

26 25/05/2012 37.5 14.1 11.4 14.1 283 339 271 2.9 7.6 2.7

Min 35.6 12.8 9.5 11.2

Max 61.9 19.5 12.9 14.2

Avg 46.1 16.0 11.7 12.9

98th 60.8 19.2 12.9 14.2

PETRONET LNG, DAHEJ (PRE-MONSOON, MARCH TO MAY 2012)

AAQ1:PLANT SITE

414

344

267

CO O3

2.8

8.0

4.8

7.8

All the values are given in µg/m3

AAQ2 : LAKHIGAM VILLAGE

405

CO O3

221 2.7

352 7.9

298 4.5

343 7.7

AVII-5



ANNEXURE-VII 

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/03/2012 48.4 15.9 11.8 12.3 279 298 271 3.9 6.6 3.0

2 02/03/2012 51.6 16.7 11.6 13.6 290 339 299 4.2 8.0 3.2

3 08/03/2012 52.7 18.9 12.4 13.0 284 323 278 3.2 7.4 2.8

4 09/03/2012 53.5 19.2 12.0 13.8 310 354 308 3.1 6.9 2.8

5 15/03/2012 56.6 18.9 11.1 12.9 293 318 288 4.4 6.9 3.2

6 16/03/2012 59.0 19.3 11.7 12.4 289 326 281 3.8 7.7 2.8

7 22/03/2012 51.4 17.8 10.8 13.2 280 330 278 3.4 7.8 2.9

8 23/03/2012 48.9 17.9 11.3 12.1 294 347 298 3.1 6.5 2.7

9 29/03/2012 58.5 18.9 11.6 12.4 273 324 284 3.2 7.3 2.9

10 30/03/2012 57.6 18.8 12.0 13.4 290 324 286 4.0 7.4 3.1

11 05/04/2012 55.6 19.1 11.7 13.1 310 340 301 3.8 7.5 3.0

12 06/04/2012 51.3 19.3 11.0 12.7 314 350 318 3.4 6.8 2.8

13 12/04/2012 55.2 18.8 10.8 12.1 308 323 280 3.6 8.0 2.9

14 13/04/2012 57.1 18.7 12.2 13.3 293 340 313 3.9 7.1 3.2

15 19/04/2012 46.2 14.6 10.3 13.1 310 338 323 3.7 7.7 2.9

16 20/04/2012 44.5 13.4 10.1 10.8 299 321 279 4.1 7.9 3.6

17 26/04/2012 43.4 15.3 10.3 11.7 283 310 277 3.1 6.4 2.8

18 27/04/2012 45.2 15.7 10.0 11.6 267 314 261 3.4 6.8 2.9

19 03/05/2012 40.3 14.9 10.9 12.2 287 318 299 3.4 7.6 2.7

20 04/05/2012 38.6 14.7 10.6 11.8 297 325 288 3.7 7.8 2.9

21 10/05/2012 46.3 15.8 10.4 11.9 231 286 239 3.5 7.9 2.8

22 11/05/2012 40.7 14.3 11.0 11.5 246 294 274 3.5 6.6 2.9

23 17/05/2012 39.4 13.4 10.0 12.0 318 360 332 3.6 7.4 3.0

24 18/05/2012 36.6 13.2 10.2 11.5 322 373 332 3.6 8.0 3.2

25 24/05/2012 45.8 17.1 12.0 13.3 329 340 310 3.2 7.8 2.7

26 25/05/2012 47.3 16.2 12.3 13.2 287 307 278 3.4 7.5 2.9

Min 36.6 13.2 10.0 10.8

Max 59.0 19.3 12.4 13.8

Avg 48.9 16.8 11.2 12.5

98th 58.8 19.3 12.4 13.7

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 01/03/2012 37.5 12.5 9.6 10.6 253 270 259 4.8 6.2 3.0

2 02/03/2012 36.8 11.6 9.3 11.1 267 297 283 4.3 6.5 2.7

3 08/03/2012 50.2 14.2 9.8 11.1 250 261 246 4.7 6.6 3.1

4 09/03/2012 51.0 15.1 9.6 10.6 228 270 238 4.2 5.7 2.8

5 15/03/2012 43.8 14.3 10.5 11.1 239 245 238 3.8 7.1 3.1

6 16/03/2012 42.7 13.9 10.3 11.5 232 256 251 4.1 6.4 3.4

7 22/03/2012 45.8 14.9 10.9 12.1 251 265 246 4.5 6.3 3.4

8 23/03/2012 45.3 14.8 10.8 11.9 248 259 245 3.8 5.8 2.8

9 29/03/2012 43.6 14.2 10.5 11.8 238 246 240 3.7 5.6 2.8

10 30/03/2012 42.2 13.7 10.3 11.4 229 251 242 2.9 5.5 2.6

11 05/04/2012 51.2 14.3 12.0 12.8 239 263 252 3.5 5.9 2.9

12 06/04/2012 47.3 14.4 11.7 13.1 241 275 254 3.1 5.2 2.6

13 12/04/2012 46.9 15.3 11.1 12.5 257 284 270 3.9 6.4 3.4

14 13/04/2012 45.3 14.8 10.8 12.1 248 282 261 3.7 6.0 2.7

15 19/04/2012 45.6 13.6 10.9 11.8 250 264 256 3.5 6.1 2.7

16 20/04/2012 43.7 12.8 10.5 11.8 238 258 251 3.3 6.4 2.8

17 26/04/2012 42.0 12.6 10.2 11.4 228 247 241 4.0 6.4 3.2

18 27/04/2012 43.0 13.2 10.4 11.1 234 257 243 3.8 5.6 2.7

19 03/05/2012 42.5 13.8 10.3 11.3 231 252 236 4.5 6.7 3.1

20 04/05/2012 44.3 14.4 10.6 11.2 242 267 258 4.3 5.9 3.0

21 10/05/2012 49.3 15.0 11.3 11.6 252 266 265 3.2 6.5 2.8

22 11/05/2012 48.4 15.3 11.7 12.3 258 264 253 4.4 6.4 3.7

23 17/05/2012 39.2 12.6 9.7 12.4 232 253 224 4.8 6.2 3.6

24 18/05/2012 38.4 12.1 10.1 11.6 225 231 221 4.4 6.1 3.2

25 24/05/2012 52.2 14.2 9.5 11.0 238 257 205 5.1 7.3 4.4

26 25/05/2012 47.0 13.6 9.8 11.4 189 218 194 3.3 6.8 2.9

Min 36.8 11.6 9.3 10.6

Max 52.2 15.3 12.0 13.1

Avg 44.8 13.9 10.5 11.6

98th 51.7 15.3 11.9 13.0

All the values are given in µg/m3

AAQ3 : NEAR DAHEJ VILLAGE

189 2.6

CO O3

231 2.7

373 8.0

304 4.6

357 8.0

All the values are given in µg/m3

AAQ4 : AMBHETA VILLAGE

CO O3

297 7.3

248 4.4

283 6.9

All the values are given in µg/m3

AVII-6



ANNEXURE-VII 

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 05/03/2012 41.4 14.0 10.6 12.1 243 269 236 4.6 6.4 2.5

2 06/03/2012 45.1 15.3 13.0 14.4 262 299 266 4.3 7.5 3.3

3 12/03/2012 42.6 15.7 12.3 13.3 275 292 259 4.9 7.2 3.5

4 13/03/2012 39.5 13.3 10.6 11.8 276 284 266 3.6 5.7 2.9

5 19/03/2012 37.9 12.8 10.4 11.4 263 274 237 3.9 6.3 3.0

6 20/03/2012 39.0 13.2 10.1 11.7 258 288 269 3.7 5.5 2.7

7 26/03/2012 40.5 13.7 10.4 12.3 262 268 249 3.5 6.0 2.6

8 27/03/2012 39.8 14.2 10.7 11.8 253 299 260 3.8 6.1 2.6

9 02/04/2012 42.4 14.3 12.5 13.3 264 288 256 4.3 5.4 3.4

10 03/04/2012 42.3 14.3 13.0 14.4 280 285 276 4.4 6.9 3.2

11 09/04/2012 43.4 14.7 12.4 13.3 264 266 258 3.4 5.1 2.5

12 10/04/2012 40.6 14.9 12.6 13.6 263 282 259 3.8 6.4 2.7

13 16/04/2012 43.4 14.7 11.7 12.5 256 284 269 3.7 6.9 2.9

14 17/04/2012 42.4 14.3 10.7 12.3 277 278 267 5.3 6.7 2.7

15 23/04/2012 41.4 14.0 10.6 11.7 261 286 272 3.8 6.8 2.6

16 24/04/2012 39.4 13.3 10.2 12.2 282 265 250 4.6 6.0 3.1

17 30/04/2012 36.8 13.7 9.7 11.9 266 269 259 3.1 6.7 2.5

18 01/05/2012 38.4 13.4 9.5 10.6 250 274 255 3.8 6.2 3.0

19 07/05/2012 39.3 13.3 10.8 12.2 212 241 229 3.6 5.9 3.0

20 08/05/2012 41.7 13.7 10.4 11.9 265 287 269 4.0 5.4 2.9

21 14/05/2012 36.7 11.9 9.8 11.2 226 242 215 6.0 7.2 3.2

22 15/05/2012 37.9 11.8 10.0 10.9 223 246 204 4.0 6.4 2.8

23 21/05/2012 36.6 11.2 9.7 11.4 268 286 266 4.8 6.8 3.4

24 22/05/2012 37.4 12.4 10.4 11.0 230 269 243 3.6 5.1 2.8

25 28/05/2012 38.0 12.8 10.9 12.2 262 271 235 4.7 7.0 3.3

26 29/05/2012 40.5 13.7 11.6 13.2 248 274 257 3.5 5.8 2.5

Min 36.6 11.2 9.5 10.6

Max 45.1 15.7 13.0 14.4

Avg 40.2 13.6 10.9 12.3

98th 44.3 15.5 13.0 14.4

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 05/03/2012 54.9 19.1 11.2 12.6 313 325 319 3.5 7.2 3.2

2 06/03/2012 50.1 18.5 12.1 14.1 319 340 307 3.8 6.6 3.2

3 12/03/2012 52.7 17.7 11.9 13.1 325 345 312 4.0 7.8 3.1

4 13/03/2012 54.1 19.1 11.5 12.8 312 329 304 3.6 7.7 3.3

5 19/03/2012 51.4 17.7 10.3 11.6 299 320 295 3.6 7.3 2.9

6 20/03/2012 50.1 16.1 10.8 12.2 312 325 310 3.9 6.0 3.1

7 26/03/2012 54.2 16.8 10.2 11.5 322 341 319 3.2 7.2 2.7

8 27/03/2012 51.7 18.7 10.5 10.9 291 317 288 3.6 7.9 3.0

9 02/04/2012 50.3 17.0 11.0 11.9 290 305 294 3.6 7.0 2.8

10 03/04/2012 53.0 16.2 11.6 12.7 303 326 309 3.7 6.3 3.3

11 09/04/2012 52.4 17.0 12.0 13.5 285 314 283 3.5 7.4 2.9

12 10/04/2012 56.0 17.7 12.4 14.2 326 384 334 3.4 7.7 3.0

13 16/04/2012 50.3 16.8 11.8 13.7 320 354 326 3.9 6.8 3.2

14 17/04/2012 52.1 17.4 11.3 12.9 325 336 321 3.5 6.4 3.0

15 23/04/2012 49.5 15.1 11.6 12.8 337 349 325 3.6 5.3 2.7

16 24/04/2012 51.3 15.2 11.5 13.6 300 332 308 3.9 7.6 3.3

17 30/04/2012 63.1 21.4 11.9 14.8 305 314 297 3.4 7.7 2.9

18 01/05/2012 58.6 20.5 11.6 14.2 307 346 308 3.2 6.1 2.7

19 07/05/2012 55.0 18.8 11.4 13.5 319 344 322 3.5 6.4 2.8

20 08/05/2012 52.2 16.6 12.2 12.9 310 362 299 3.9 7.6 3.0

21 14/05/2012 55.8 18.9 12.4 13.4 342 355 334 4.2 7.3 3.8

22 15/05/2012 56.6 18.1 11.6 11.9 293 314 290 3.8 6.3 3.5

23 21/05/2012 53.1 18.7 13.8 14.9 315 329 322 3.9 7.9 3.2

24 22/05/2012 54.8 16.6 13.1 14.4 322 346 326 3.6 7.6 2.9

25 28/05/2012 53.6 17.8 10.8 12.3 325 337 314 3.2 6.1 2.7

26 29/05/2012 50.5 15.7 9.7 11.0 300 320 289 4.0 6.6 3.2

Min 49.5 15.1 9.7 10.9

Max 63.1 21.4 13.8 14.9

Avg 53.4 17.7 11.5 13.0

98th 60.9 21.0 13.5 14.9

262 4.4

AAQ5 : JAGESHWAR VILLAGE

CO O3

204 2.5

299 7.5

All the values are given in µg/m3

295 7.2

All the values are given in µg/m3

AAQ6 : LUVARA VILLAGE

CO O3

283 2.7

384 7.9

319 4.6

358 7.8
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ANNEXURE-VII 

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 05/03/2012 54.2 17.9 10.1 10.9 369 399 351 3.6 7.6 2.7

2 06/03/2012 57.8 19.2 10.7 12.3 374 382 359 3.7 6.9 2.9

3 12/03/2012 59.5 20.3 10.9 12.5 349 387 336 3.9 7.5 3.0

4 13/03/2012 56.1 18.7 10.0 10.9 339 366 326 4.1 6.9 2.9

5 19/03/2012 55.7 17.3 10.5 12.6 384 407 373 3.6 6.4 2.9

6 20/03/2012 57.5 19.1 10.3 12.0 369 391 359 3.5 6.6 2.8

7 26/03/2012 63.5 20.2 10.5 11.5 351 382 338 4.1 7.6 2.9

8 27/03/2012 60.7 19.9 10.2 12.0 344 381 333 3.5 7.2 2.7

9 02/04/2012 61.0 20.3 10.9 11.9 366 391 356 4.1 7.0 3.3

10 03/04/2012 59.6 20.0 10.1 12.2 365 401 351 3.9 7.3 3.1

11 09/04/2012 60.6 19.1 10.8 12.0 375 397 357 3.8 7.8 2.9

12 10/04/2012 58.9 19.6 10.5 11.6 322 340 319 4.0 8.0 3.1

13 16/04/2012 57.6 18.4 10.3 11.9 310 328 293 3.8 6.5 2.8

14 17/04/2012 61.1 20.4 10.9 12.5 370 408 350 3.6 7.5 2.6

15 23/04/2012 55.8 18.5 12.6 14.5 364 396 346 4.6 6.2 3.7

16 24/04/2012 56.0 17.7 12.1 13.9 363 398 350 4.2 7.7 2.9

17 30/04/2012 53.2 18.7 10.0 12.1 365 411 359 3.6 7.3 2.6

18 01/05/2012 51.1 19.4 10.6 11.8 368 394 356 3.5 4.9 2.7

19 07/05/2012 57.5 19.1 10.3 11.5 360 376 351 3.6 6.1 2.7

20 08/05/2012 59.2 19.7 10.6 11.6 351 368 334 3.9 6.1 3.0

21 14/05/2012 56.3 19.6 11.8 13.0 379 406 359 4.2 7.0 3.1

22 15/05/2012 60.0 20.1 11.2 12.9 350 403 346 4.3 7.2 3.3

23 21/05/2012 57.0 18.0 10.2 11.7 356 397 343 4.0 7.8 2.7

24 22/05/2012 59.4 19.4 10.6 12.5 363 376 347 4.3 7.1 2.7

25 28/05/2012 56.8 18.9 13.1 14.5 370 391 359 4.0 7.5 3.1

26 29/05/2012 55.5 18.1 13.7 15.5 366 408 349 4.3 6.6 2.9

Min 51.1 17.3 10.0 10.9

Max 63.5 20.4 13.7 15.5

Avg 57.8 19.1 10.9 12.4

98th 62.3 20.4 13.4 15.0

Sr.No Monitoring Date PM10 PM2.5 SO2 NOx

I II III I II III

1 05/03/2012 36.6 11.6 9.7 10.8 208 226 203 3.2 6.7 2.7

2 06/03/2012 37.7 12.6 9.5 11.1 206 235 194 3.5 6.2 3.2

3 12/03/2012 39.3 13.2 9.4 11.3 225 247 220 3.2 5.8 2.8

4 13/03/2012 36.2 11.4 10.2 11.0 220 237 216 3.5 6.5 3.1

5 19/03/2012 34.7 11.0 10.1 11.3 210 236 208 3.6 6.5 3.0

6 20/03/2012 36.6 12.9 9.9 11.8 189 205 171 3.2 6.1 2.7

7 26/03/2012 40.3 14.7 9.4 10.4 185 219 180 3.9 6.8 3.1

8 27/03/2012 36.8 11.2 9.8 10.6 195 220 190 3.4 6.7 2.9

9 02/04/2012 37.1 11.5 9.9 11.1 191 229 186 3.8 6.8 2.6

10 03/04/2012 36.0 12.4 10.1 11.5 193 208 186 3.3 5.9 2.8

11 09/04/2012 44.5 15.7 9.4 11.8 135 156 132 3.6 7.3 2.7

12 10/04/2012 43.7 12.5 9.7 11.0 142 189 146 3.2 6.6 2.9

13 16/04/2012 45.3 12.6 10.1 11.6 220 250 211 3.9 6.5 3.2

14 17/04/2012 41.5 14.5 9.7 11.7 225 249 222 3.2 6.0 2.7

15 23/04/2012 40.4 14.5 10.1 11.5 200 239 198 3.3 5.8 2.8

16 24/04/2012 40.0 13.4 9.9 11.0 179 215 175 3.5 7.1 3.1

17 30/04/2012 44.4 12.5 10.1 11.0 199 221 180 3.4 7.0 3.0

18 01/05/2012 39.6 11.3 9.4 11.4 189 199 180 3.2 7.2 2.7

19 07/05/2012 40.4 11.1 10.1 11.6 206 225 199 3.4 6.5 2.9

20 08/05/2012 39.6 10.9 10.0 12.0 208 232 203 3.9 6.6 3.3

21 14/05/2012 37.7 10.5 9.6 11.0 186 215 175 3.3 6.8 2.9

22 15/05/2012 40.4 11.3 10.1 11.9 184 216 177 3.4 6.6 2.8

23 21/05/2012 37.3 10.2 9.1 11.0 208 225 203 3.1 6.6 2.7

24 22/05/2012 39.5 10.5 9.5 10.9 202 220 199 3.2 6.4 2.8

25 28/05/2012 35.1 10.2 9.7 10.3 236 275 232 3.6 6.9 3.0

26 29/05/2012 40.6 12.4 9.9 10.8 220 262 219 3.4 6.1 2.9

Min 34.7 10.2 9.1 10.3

Max 45.3 15.7 10.2 12.0

Avg 39.3 12.2 9.8 11.2

98th 44.9 15.2 10.2 12.0

AAQ7 : SE OF PLANT

132 2.6

CO O3

293 2.6

411 8.0

364 4.6

408 7.8

All the values are given in µg/m3

AAQ8 : NEAR ALIABET VILLAGE

CO O3

256 7.1

All the values are given in µg/m3

275 7.3

205 4.3
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ANNEXURE-VII

AMBIENT AIR QUALITY LEVELS

Sr.No Monitoring Date PM10 PM2.5 SO2 Nox

µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3µg/m3µg/m3

I II III I II III

1 01/10/2011 59.3 16.8 15.6 14.6 413 436 422 5.8 6.5 6.2

2 02/10/2011 57.7 17.2 15.1 14.2 407 448 436 6.1 6.9 6.5

3 08/10/2011 58.4 19.3 16.2 15.6 411 452 424 6.6 7.9 7.2

4 9/10/2011 59.1 20.7 14.9 16.3 422 469 441 5.7 6.4 6.1

5 15/10/2011 60.7 18.2 15.3 14.2 441 473 453 6.2 7.1 6.6

6 16/10/2011 59.4 17.8 16.1 15.3 416 455 421 6.5 7.4 6.9

7 22/10/2011 62.3 16.9 14.7 16.7 431 469 446 5.9 6.9 6.2

8 23/10/2011 60.1 18.4 15.2 14.2 419 452 431 5.7 6.3 6.1

9 29/10/2011 58.5 19.3 14.1 14.9 409 441 424 6.1 6.7 6.4

10 30/10/2011 57.7 21.7 14.9 15.5 411 436 419 6.2 7.1 6.6

11 05/11/2012 59.1 20.3 15.2 17.3 422 462 443 5.9 6.9 6.2

12 06/11/2012 60.4 20.9 15.5 18.3 419 431 424 5.7 6.4 6.1

13 12/11/2012 60.9 19.3 14.3 19.1 421 449 431 5.8 6.7 6.2

14 13/11/2012 58.4 17.3 15.7 17.4 409 422 414 6.2 7.2 6.9

15 19/11/2012 57.7 18.3 16.9 16.5 417 431 429 5.7 6.8 6.1

16 20/11/2012 58.1 19.9 15.4 14.8 426 456 443 5.9 6.4 6.1

17 26/11/2012 58.6 20.3 17.8 15.7 431 462 451 6.2 7.1 6.7

18 27/11/2012 59.3 16.9 14.8 16.3 414 441 426 5.9 6.9 6.4

Min 57.7 16.8 14.1 14.2

Max 62.3 21.7 17.8 19.1

Avg 59.2 18.9 15.4 15.9

98th 61.8 21.4 17.5 18.8

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3

1 01/10/2011 49.3 13.8 14.5 17.2 342 366 357 6.1 6.8 6.4

2 02/10/2011 50.2 14.6 14.1 15.3 345 356 348 5.8 6.5 6.1

3 08/10/2011 51.4 16.3 15.2 14.1 339 361 350 5.4 6.2 5.9

4 9/10/2011 52.4 18.2 13.8 15.9 352 378 361 5.1 5.8 5.3

5 15/10/2011 53.2 19.5 14.7 14.5 341 361 355 5.8 6.4 6.1

6 16/10/2011 51.1 17.4 14.2 16.9 336 356 346 6.2 6.9 6.5

7 22/10/2011 50.7 15.3 13.8 17.4 346 366 354 5.5 6.3 5.9

8 23/10/2011 48.3 14.2 13.3 16.4 361 389 371 5.1 5.9 5.4

9 29/10/2011 47.4 13.9 15.8 18.2 348 364 355 5.3 5.7 5.5

10 30/10/2011 48.8 12.9 14.7 16.7 339 352 346 5.5 6.1 5.9

11 05/11/2012 50.6 13.5 13.9 17.1 341 366 352 4.9 6.4 5.3

12 06/11/2012 49.1 16.7 15.2 14.3 354 379 361 5.2 6.6 5.7

13 12/11/2012 48.4 18.3 14.9 15.4 356 386 374 4.8 6.2 5.4

14 13/11/2012 50.8 17.2 13.6 17.2 351 391 372 4.7 6.7 5.1

15 19/11/2012 51.3 15.2 16.6 16.4 364 406 389 5.2 6.4 5.6

16 20/11/2012 52.1 13.7 14.2 15.3 359 412 392 5.5 6.8 5.9

17 26/11/2012 50.7 16.8 13.8 14.9 346 395 367 5.2 6.6 5.5

18 27/11/2012 48.1 14.2 13.3 13.1 331 374 351 4.9 6.2 5.7

Min 47.4 12.9 13.3 13.1

Max 53.2 19.5 16.6 18.2

Avg 50.2 15.7 14.4 15.9

98th 52.9 19.1 16.3 17.9

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

µg/m3 µg/m3 µg/m3 µg/m3 µg/m4 µg/m5 µg/m6

1 01/10/2011 48.2 15.6 15.1 13.5 333 356 342 5.3 6.1 5.8

2 02/10/2011 49.7 16.3 15.9 14.2 329 364 355 4.5 5.3 4.9

3 08/10/2011 51.2 17.6 14.2 15.9 334 356 346 4.9 5.9 5.5

4 9/10/2011 52.5 14.2 14.6 17.8 342 375 354 4.6 5.4 5.1

5 15/10/2011 50.7 15.3 13.2 15.8 351 381 362 4.9 5.7 5.3

6 16/10/2011 50.1 16.1 14.8 15.1 362 389 371 4.7 6.1 5.4

7 22/10/2011 49.2 14.2 15.1 13.2 371 396 382 4.4 6.4 5.8

8 23/10/2011 47.4 12.9 13.7 12.8 355 378 367 4.8 5.7 5.3

9 29/10/2011 46.6 11.2 12.7 13.7 361 385 371 4.1 5.5 4.9

10 30/10/2011 48.2 13.8 13.1 14.6 342 361 356 5.1 5.9 5.6

11 05/11/2012 50.7 15.6 14.5 15.8 354 376 364 4.8 5.7 5.2

12 06/11/2012 51.3 13.7 13.3 16.2 361 389 372 5.3 6.1 5.8

13 12/11/2012 50.9 12.8 15.1 15.3 358 384 361 4.7 5.8 5.2

14 13/11/2012 50.1 11.6 14.7 14.1 344 371 356 4.4 5.5 5.1

15 19/11/2012 51.6 13.9 12.9 13.7 323 364 352 4.9 6.1 5.2

16 20/11/2012 49.3 15.8 13.4 15.4 326 385 371 5.3 5.9 5.5

17 26/11/2012 47.1 16.3 14.6 16.9 316 373 355 4.7 5.3 5.1

18 27/11/2012 48.7 14.8 13.2 17.1 322 362 341 5.1 6.1 5.5

Min 46.6 11.2 12.7 12.8

Max 52.5 17.6 15.9 17.8

4.7

6.9

5.8

6.8

396

4.1

6.4

361

405

AAQ3 : NEAR DAHEJ VILLAGE

316

433 6.4

CO 

AAQ2 : LAKHIGAM VILLAGE

CO 

331

412

469 7.4

PTRONET- LNG (Post Monsoon - Oct-Nov 2012)

AAQ1:PLANT SITE

CO O3

407 5.7

473 7.9
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ANNEXURE-VII

AMBIENT AIR QUALITY LEVELS

Avg 49.6 14.5 14.1 15.1

98th 52.2 17.2 15.6 17.6

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

µg/m3 µg/m3 µg/m3 µg/m3 µg/m4 µg/m5 µg/m6

1 01/10/2011 45.3 11.6 11.9 17.3 325 379 334 4.7 5.5 5.1

2 02/10/2011 44.7 12.8 12.3 15.2 338 365 346 4.9 5.9 5.4

3 08/10/2011 42.1 13.9 12.8 14.1 312 345 329 4.5 5.6 5.2

4 9/10/2011 40.3 11.6 13.4 13.7 303 339 312 4.2 5.1 4.8

5 15/10/2011 41.8 13.8 14.7 14.6 301 356 342 3.9 4.9 4.5

6 16/10/2011 42.7 12.4 13.1 15.4 295 342 331 3.5 4.7 4.1

7 22/10/2011 43.8 11.3 12.4 13.2 287 334 327 3.9 5.1 4.7

8 23/10/2011 45.1 10.9 11.8 12.4 312 353 346 4.6 5.5 5.2

9 29/10/2011 46.7 12.8 13.4 14.5 326 361 352 4.2 5.2 4.9

10 30/10/2011 44.8 13.7 12.7 15.2 314 342 325 4.1 4.8 4.4

11 05/11/2012 44.1 11.4 12.2 16.1 301 339 321 3.8 4.6 4.2

12 06/11/2012 42.8 12.8 11.9 15.9 295 331 315 4.1 4.9 4.3

13 12/11/2012 40.9 13.7 13.4 15.2 302 346 324 4.3 5.1 4.8

14 13/11/2012 41.7 14.3 13.9 14.6 291 352 338 4.8 5.4 5.1

15 19/11/2012 40.3 15.9 12.8 14.1 301 369 345 4.2 5.1 4.7

16 20/11/2012 42.8 13.4 11.9 13.9 292 375 331 4.5 5.3 4.8

17 26/11/2012 41.4 11.2 13.4 13.2 313 356 328 3.6 4.8 4.3

18 27/11/2012 43.6 10.9 13.9 12.5 287 341 319 3.9 5.1 4.7

Min 40.3 10.9 11.8 12.4

Max 46.7 15.9 14.7 17.3

Avg 43.1 12.7 12.9 14.5

98th 46.2 15.4 14.4 16.9

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

µg/m3 µg/m3 µg/m3 µg/m3 µg/m4 µg/m5 µg/m6

1 01/10/2011 40.6 10.6 13.9 16.9 244 279 262 4.4 5.4 4.8

2 02/10/2011 38.9 12.7 13.1 14.6 238 284 251 4.1 4.9 4.5

3 08/10/2011 42.6 13.5 12.4 15.3 251 296 274 3.8 4.4 4.1

4 9/10/2011 43.8 14.7 11.3 14.7 242 303 286 3.5 4.1 3.9

5 15/10/2011 44.6 13.2 10.8 13.2 298 323 304 3.7 4.6 4.2

6 16/10/2011 42.9 12.6 11.3 13.9 285 314 294 4.1 4.9 4.5

7 22/10/2011 40.7 12.1 12.4 14.6 274 326 311 4.2 5.1 4.7

8 23/10/2011 38.6 11.3 12.9 15.3 261 333 317 3.9 4.7 4.3

9 29/10/2011 39.4 12.1 13.1 13.7 255 304 294 3.5 4.4 4.1

10 30/10/2011 38.5 9.9 12.1 11.6 243 289 264 4.2 4.9 4.6

11 05/11/2012 40.7 11.2 11.6 13.7 231 275 254 4.1 5.1 4.4

12 06/11/2012 41.3 11.7 10.8 14.3 212 261 242 4.2 4.8 4.7

13 12/11/2012 42.9 13.4 12.7 15.2 207 274 237 3.9 4.5 4.1

14 13/11/2012 43.1 13.1 13.1 12.4 239 269 255 3.5 4.2 3.9

15 19/11/2012 41.1 11.2 10.2 11.9 221 254 242 3.7 4.7 4.2

16 20/11/2012 40.3 10.7 12.9 13.2 216 249 236 3.2 4.3 3.8

17 26/11/2012 39.1 12.2 11.5 15.8 238 256 241 3.8 4.7 4.0

18 27/11/2012 41.8 11.3 10.9 14.2 221 248 232 3.9 5.1 4.4

Min 38.5 9.9 10.2 11.6

Max 44.6 14.7 13.9 16.9

Avg 41.2 12.1 12.1 14.1

98th 44.3 14.3 13.6 16.5

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

µg/m3 µg/m3 µg/m3 µg/m3 µg/m4 µg/m5 µg/m6

1 01/10/2011 54.2 15.3 12.7 15.5 205 267 241 3.9 4.6 4.2

2 02/10/2011 55.3 16.8 11.3 13.2 212 257 226 3.6 4.4 3.9

3 08/10/2011 57.8 18.2 10.8 12.7 198 238 212 4.2 4.9 4.6

4 9/10/2011 55.9 20.2 9.9 14.3 202 248 226 3.5 4.2 3.9

5 15/10/2011 56.7 18.8 10.4 13.8 216 256 242 3.2 3.9 3.5

6 16/10/2011 55.4 16.7 10.9 11.2 242 275 261 3.6 3.6 3.8

7 22/10/2011 53.3 15.6 11.3 11.9 213 258 242 3.1 3.7 3.3

8 23/10/2011 52.8 14.3 9.9 13.3 209 247 237 3.3 4.1 3.7

9 29/10/2011 51.9 13.4 10.4 14.1 189 237 221 3.5 4.3 3.9

10 30/10/2011 53.7 15.8 11.5 13.9 175 225 216 3.9 4.6 4.2

11 05/11/2012 55.4 17.3 10.3 11.3 204 246 222 3.3 4.2 3.8

12 06/11/2012 56.1 18.6 9.9 14.2 186 253 212 3.1 3.9 3.5

13 12/11/2012 55.2 15.3 10.4 13.3 175 261 232 3.8 4.4 4.1

14 13/11/2012 53.8 13.9 11.9 12.4 208 281 241 3.2 4.1 3.8

15 19/11/2012 52.7 14.2 10.7 14.5 216 251 223 2.9 3.7 3.4

16 20/11/2012 54.3 15.7 11.6 13.4 204 243 219 2.6 3.5 3.1

17 26/11/2012 56.7 16.2 11.1 12.6 179 236 204 2.9 3.8 3.2

18 27/11/2012 54.2 18.9 10.3 11.8 182 257 221 2.8 3.5 3.1

Min 51.9 13.4 9.9 11.2

Max 57.8 20.2 12.7 15.5

3.5

5.9

CO 

175 2.6

281 4.9

AAQ6 : LUVARA VILLAGE

3.2

5.4

4.3

5.1

207

333

265

326

CO 

4.7

5.6

329

375

AAQ5 : JAGESHWAR VILLAGE

5.3

6.1

AAQ4 : AMBHETA VILLAGE

CO 

287

379

359

389
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ANNEXURE-VII

AMBIENT AIR QUALITY LEVELS

Avg 54.7 16.4 10.9 13.2

98th 57.4 19.8 12.4 15.2

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

µg/m3 µg/m3 µg/m3 µg/m3 µg/m4 µg/m5 µg/m6

1 01/10/2011 58.3 16.8 14.3 13.9 371 405 382 6.3 7.2 6.8

2 02/10/2011 59.1 17.3 15.7 15.2 385 421 396 6.1 6.8 6.5

3 08/10/2011 60.6 19.2 16.2 14.3 391 429 412 5.9 6.5 6.2

4 9/10/2011 57.9 20.4 14.3 13.8 402 435 421 6.1 6.7 6.3

5 15/10/2011 58.1 21.6 13.8 14.2 411 429 431 5.7 6.3 6.1

6 16/10/2011 57.3 17.2 14.9 13.5 399 401 384 6.1 6.6 6.3

7 22/10/2011 55.9 18.3 15.3 15.2 407 416 396 5.7 6.4 6.0

8 23/10/2011 56.8 16.1 13.8 16.3 391 428 412 5.3 6.1 5.6

9 29/10/2011 58.4 15.9 15.9 13.5 404 431 421 5.8 6.6 6.2

10 30/10/2011 57.2 17.3 13.9 14.8 374 419 397 6.1 6.8 6.4

11 05/11/2012 58.4 19.4 14.3 14.1 398 423 411 5.7 6.4 6.1

12 06/11/2012 57.4 16.8 13.8 15.6 382 437 409 5.5 6.7 6.3

13 12/11/2012 55.9 18.3 14.7 16.9 371 416 394 5.8 6.5 6.1

14 13/11/2012 58.1 19.4 15.3 17.4 382 428 407 5.4 6.6 6.2

15 19/11/2012 59.4 16.3 16.4 15.3 411 439 423 5.3 6.4 5.9

16 20/11/2012 58.1 15.3 17.1 17.1 401 445 417 5.1 6.2 5.7

17 26/11/2012 57.3 17.8 15.6 18.6 394 425 402 5.9 6.7 6.4

18 27/11/2012 58.4 15.9 15.9 14.8 373 419 394 5.7 6.6 6.2

Min 55.9 15.3 13.8 13.5

Max 60.6 21.6 17.1 18.6

Avg 57.9 17.7 15.1 15.3

98th 60.2 21.2 16.9 18.2

Sr.No Monitoring Date PM10 PM2.5 SO2 NO2

Units µg/m3 µg/m3 µg/m3 µg/m3 µg/m4 µg/m5 µg/m6

1 01/10/2011 35.6 9.4 10.3 12.3 175 196 182 3.1 3.9 3.5

2 02/10/2011 36.1 10.8 11.2 14.9 162 184 176 2.4 3.6 3.1

3 08/10/2011 37.9 11.4 11.9 10.8 154 172 161 2.8 3.5 3.1

4 9/10/2011 34.1 10.9 12.5 11.4 141 168 152 3.1 3.9 3.5

5 15/10/2011 35.6 12.7 10.3 12.7 136 159 143 2.4 3.4 3.1

6 16/10/2011 36.7 13.7 9.6 13.6 139 175 151 2.9 3.6 3.3

7 22/10/2011 37.2 10.8 9.9 12.4 186 222 209 3.1 3.9 3.5

8 23/10/2011 39.1 11.3 11.2 13.2 164 209 195 3.3 4.4 3.8

9 29/10/2011 37.4 12.8 10.3 12.8 152 211 184 2.8 3.7 3.3

10 30/10/2011 41.3 10.7 10.9 11.3 141 198 172 2.7 3.4 3.1

11 05/11/2012 37.1 9.9 11.2 10.8 152 176 161 3.1 3.9 3.5

12 06/11/2012 38.4 11.6 11.7 12.6 136 162 153 3.4 4.1 3.9

13 12/11/2012 36.7 12.3 10.4 13.7 155 179 162 2.9 3.8 3.2

14 13/11/2012 35.2 10.3 11.1 12.1 148 184 172 2.4 3.3 2.9

15 19/11/2012 37.2 12.7 10.4 13.5 136 167 176 2.8 3.6 3.2

16 20/11/2012 36.9 11.8 9.6 12.8 142 199 182 2.4 3.4 3.1

17 26/11/2012 34.6 10.6 11.2 11.3 138 176 165 2.9 3.9 3.5

18 27/11/2012 34.1 9.4 11.8 12.8 156 194 181 2.5 3.6 3.2

Min 34.1 9.4 9.6 10.8

Max 41.3 13.7 12.5 14.9

Avg 36.7 11.3 10.9 12.5

98th 40.6 13.4 12.3 14.5 4.1

AAQ8 : NEAR ALIABET VILLAGE

CO 

169

211

3.3

371

445

136

222

2.4

4.4

275 4.6

408

441

5.1

7.2

6.2

6.9

CO 

AAQ7 : SE OF PLANT

227 3.7
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ANNEXURE-VIII

DEMOGRAPHIC DETAILS
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0-3 km  

1 Lakhigam 640 3357 1939 1418 485 249 236 79 434 2204 1472 732 1629 1618 11 1728

2 Luvara 276 1393 689 704 257 129 128 81 792 750 454 296 556 452 104 837

Sub-Total 916 4750 2628 2122 742 378 364 160 1226 2954 1926 1028 2185 2070 115 2565

3-7  km  Vagra Taluka

3 Jageshwar 346 1465 861 604 242 135 107 23 75 855 593 262 609 552 57 856

4 Ambheta 293 1330 695 635 232 120 112 94 199 901 538 363 405 369 36 925

Sub-Total 639 2795 1556 1239 474 255 219 117 274 1756 1131 625 1014 921 93 1781

7-10  km  Vagra Taluka

5 Dahej 1551 6846 3756 3090 1145 582 563 365 1398 4552 2734 1818 2688 2524 164 4158

Sub-Total 1551 6846 3756 3090 1145 582 563 365 1398 4552 2734 1818 2688 2524 164 4158

Grand Total 3106 14391 7940 6451 2361 1215 1146 642 2898 9262 5791 3471 5887 5515 372 8504

Vagra Taluka
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ANNEXURE-IX 
EMISSION CALCULATIONS 

 

AIX-1 

1.1 Emission Calculations 
 

1.1.1 General Calculations  
 

Area Calculations 
 

4

)DiameterStackTop(x142.3
=)m(Area

2
2  

    = 3.14 X (1.66)2/4 = 2.16 m2 

 
Temperature Correction 

 
Temperature correction is calculated based on standard ambient temperature of 
25 C. 

CeTemperaturStack

C
CorectioneTemperatur

0

0

273

25273




  

 
      = [273 + 25]/ [273 + 160] =0.68 

 
Volumetric Flow Rate 
 

CorrectioneTemperaturx)s/m(VelocityExitx)m(Area)
s

Nm
(flowVolumetric 2

3



                                 = 2.16 X 21 X 0.68 = 31.26 Nm3/s 
  
1.1.2 Emission Calculations - Oxides of Nitrogen Emissions (NOx) 

 
Only NOx emissions have been considered from the proposed gas based CPP 
project. NOx emission is calculated based on limit of 50 ppm. 
 

 NOx Emission (mg/Nm3)   = 50 x 2.05 mg/Nm3 
    = 102.5 mg/Nm3 

 
NOx Emission (mg/sec/stack)  = NOx (mg/Nm3) x Volumetric Flow (Nm3/sec) 
    = 102.5 x 31.26 
    = 3204.15 mg/sec 
    = 3.2 g/sec 
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EXECUTIVE SUMMARY 

 

Petronet LNG Limited (PLL) operates at Dahej (Bharuch District, Gujarat), one LNG terminal 

called Dahej LNG terminal to import and handle LNG received by ships. This complex is 

presently having a 2.4 km long jetty with unloading platform and unloading arms as a part of the 

marine facilities apart from other related facilities of storage etc. on shore / ground. PLL is now 

proposing to expand, under phase III, their unloading and processing facilities and planning to 

build another jetty (termed as proposed standby jetty) with unloading platform and unloading 

arms to the south of the existing jetty.  

 

Dredging will be carried out for construction / maintenance of the navigational channel in the 

Narmada Estuary for the proposed new (standby) Jetty in the Gulf of Khambat.  

 

 PLL planned to get modeling studies carried out for predicting the hydraulic behavior, 

morphological changes and water quality, if any due to the above development. The study has 

to predict the seasonal behavior of the estuary in terms of hydraulics, morphological changes 

and water quality based on the available data and to predict the future changes interpolated on 

behavior of the river and the proposed development. The studies are to predict the current flow 

regime, morphology and water qualities in terms of sedimentation transport and settling in the 

area before and after the development for various meteorological and hydrological conditions. 

 

The studies will essentially predict the seasonal behavior of the estuary in terms of hydraulics, 

morphological changes and predict the future changes interpolated on the behavior of the river 

and modifications carried out due to development. The studies would also predict the current 

flow regime and morphology in the area before and after development for various 

meteorological and hydrological conditions. The governing factor in carrying out the study is to 

ensure that the modifications carried out should not substantially change the flow regime in the 

domain.   

 

The details of studies carried out are summarized below: 
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Flow Modeling studies 

 

Under various hydrological, oceanographic and meteorological conditions of the proposed site 

in the Gulf of Kambhat, the basic oceanographic field data pertaining to tides and tidal currents 

has been made available for carrying out the modeling studies. Hydrodyn-FLOSOFT, developed 

by M/s. Environ Software (P) Ltd. (ESPL), Bangalore has been used for predicting the tides and 

currents in the model. The model has been run with the available data of tide and currents for 

various tidal conditions to predict the effects on flow regime due to proposed development of 

new jetty facilities. The results show that there is no significant change in the flow dynamics due 

to the proposed development. The software has been run for 15 days continuously for pre-

monsoon and post-monsoon periods and calculated the flow patterns for various hydrological 

conditions. Results of FLOSOFT show that there is no significant impact on the marine 

environment due to the proposed development.  

 

Sediment Transport Modeling Studies 

 

The software Hydrodyn-SEDSOFT is used to predict the cohesive and non-cohesive sediment 

transport for various hydrological, oceanographic and geomorphologic conditions for 15 days 

period during pre-monsoon and post-monsoon seasons. The software has been run 

continuously for 15 days to calculate the rate of erosion/deposition and also to predict the 

changes in the bed levels due to proposed development.  

 

Results of SEDSOFT show that there is a certain change in the sedimentation processes after 

proposed development. There is certain increase in sediment deposition rates in parts of the 

study domain specifically at the existing and proposed standby LNG jetty head areas; but the 

variations are very insignificant. It is estimated that the increase in the bed levels will be of the 

order of 3 cm to 5 cm over a period of fifteen days at the vicinity of the jetty head. It was 

deduced from the SEDSOFT results that apart from the areas mentioned, there is no significant 

impact on the marine environment in the rest of the area due to the development.  
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Approach strategy and final conclusions: 

 

 “Hydrodyn-FLOSOFT” and “Hydrodyn-SEDSOFT” software modules have been used to study 

the flow regime changes and morphological changes due to the proposed development facility. 

The advanced scientific simulation software is a proven tool used to simulate the flow and 

sediment transport in the coastal waters having complex geometry with high order precision 

numerical computations and has been used extensively to predict the same in creeks, seas and 

estuaries. It solves the conservation equations for mass, momentum and energy of flow and 

pollutant transport on 3D BFC (Body-Fitted-Coordinate) grid system with generalized flow 

boundaries. BFC maps exactly the physical features of the domain to be modeled. 

 

The results of the present study for various hydrological and oceanographically conditions 

follow: 

 

Hydrodynamic Modeling: 

 

The model generated tides are comparable to actual observations at the vicinity of proposed 

development. 

 

The model has been run for various tidal conditions to study the hydrodynamic behavior and 

flow regime in and around the proposed development. 

 

For all the tidal conditions and different proposed facilities considered the impact on the flow 

regime seem to be not significant difference in the flow system due to proposed development. 

 

Flow regime changes for various tidal conditions before and after the proposed development 

seem to be negligible.  

 

Sediment Transport Modeling: 

 

The changes in the sedimentation processes for all tidal conditions seem to be present due to 

the proposed standby LNG Jetty. 
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The accumulation of sand/silt/mud predicted in the vicinity of jetty is around 3 to 4 cm over a 

period of 15 days at the existing LNG jetty and 3 to 5 cm at the proposed standby LNG jetty.  
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1. INTRODUCTION 

 

1.1 Back ground 

  

Petronet LNG Limited (PLL) is already operating the Dahej LNG Terminal with the 

commissioning of phase 1 (5 MMTPA capacity) since April, 2004. The capacity was increased 

to 10 MMTPA with the commissioning of the phase II in July 2009. The existing facilities at 

Dahej include: 

• 2.4 km long jetty, unloading platform with unloading arms etc. 

• 4 LNG tanks, each of 160,000 m3 gross storage tank capacity 

• Shell & tube vaporizer 

• Submerged combustion vaporizers 

• Boil off compressor and re-condenser 

• Send out facilities and gas metering 

• Utilities, power generation and distribution 

• Fire fighting & safety 

• Control room and other instrumentation 

 

Dahej LNG terminal, now operating at 10 MMTPA and with all the gas evacuated through major 

trunk pipelines, is meeting about 24% of the total gas consumption of the country. 

 

PLL is now proposing to expand the capacity of the Dahej LNG terminal to 20 MMTPA under 

phase III to be carried out in two phases : phase III 3A ( from 10 to 15 MMTPA) to be completed 

by the year 2016 and phase IIIB  (from 15 to 20 MMTPA) to be completed by the year 2020. 

Utilities and other facilities shall be for 20 MMTPA capacity and will be completed in phase IIIA 

itself. 

 

As a part of this expansion, PLL is proposing a new LNG jetty. This proposed standby LNG jetty 

will be on trestles and will be located on the south side of the existing jetty. This development 

activity would call for a study of its impact on the marine environment. It is necessary to carryout 

modeling studies to predict the impact due to the proposed standby LNG jetty on the flow 

conditions and sedimentation processes in the region. 
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2. SCOPE OF STUDY 

 

Vimta Laboratories Ltd has requested Environ Software (P) Ltd, to carry out the mathematical 

modeling studies for the hydrodynamic behavior as well as the water quality studies due to the 

phase III expansion of the Dahej LNG terminal project of Petronet LNG Ltd., Dahej. The 

expansion includes installation of a new jetty for unloading of LNG to the south of the existing 

jetty.  

 

Objectives 

 

The following are the main objectives and scope of the present study. 

 

1. Hydrodynamic studies  

 

• Simulate the flow conditions prevailing at the site based on the bathymetry and tidal 

conditions. 

• Predict the flow conditions at site considering the installation of the new jetty. 

Establishing the flow regime before and after installation the new jetty and identify any 

changes in the flow regime for various seasons. 

 

2. Sedimentation Modeling Studies: 

 

• Numerical runs will be carried for various tide conditions for predicting morphological 

changes due to the proposed marine developments. 

• Numerical modeling studies for erosion, deposition and shoreline changes at the existing 

as well as proposed standby Jetty.  

• Modeling studies for predicting the impact on flow dynamics, bed morphology and 

marine environment due to the existing and proposed standby jetty. 
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3.  MODELING OF FLOW REGIME FOR THE PROPOSED DEVELOPMENT  

 

3.1 Introduction 

 

In order to obtain better accuracy in the prediction of flow regime changes due to the proposed 

development of marine facilities (provision of standby LNG Jetty), a finer mesh is adopted to 

represent the study area for modeling purpose. Computational runs have been carried out on 

this model domain.  

The study domain selected is between the geographical coordinates given below: 

 

Long: 72° 29' 08.9" E - 72° 32' 30.9" E 

Lat   : 21° 38' 19.4" N - 21° 43' 43.2" N 

 

Location of the existing LNG jetty and other existing jetties / facilities and the proposed 

development (standby jetty) are taken into account in this domain. 

 

The terrain features of the domain before the development are shown in Fig.A1.3. The terrain 

features of the domain after the development (with the proposed marine facilities in place) are 

shown in Fig.A1.4. 

 

The model domain is divided into several computational blocks (160 x 100) and generated grids 

in x and y directions respectively. The size of the grid varies from 30m to 80m. Fig.A1.5 and 

Fig.A1.6 show the computational grid for the domain before and after the development. The 

computational grid is the same for both conditions.   

 

The bathymetry is selected from the measured hydrographic chart data. Figs.A1.7 and A1.8 

show the interpolated bathymetric depth contours before and after the development 

respectively.  From the figures, it can be seen that the maximum depth contour is 26 m.  

 

3.2 Bed roughness 

 

The bottom roughness in the domain varies according to bed sediment grain sizes. The bed 

consists of various sizes of clay, sand and silt. Depending upon bed configuration and sediment 
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sizes, the d50 size varies from 0.0001m to 0.005m. In the present study constant Manning’s 

roughness coefficient is selected based on the validation and the same is used for carrying out 

various computational runs for the prediction of hydrodynamic parameters in the study region 

flow field system. The software has been run for various sets of Manning roughness coefficient 

till the discrepancy is minimum in the prediction of tides and currents. From the series of 

computational runs, the Manning coefficient found to be best for model calibration is selected. 

The bed roughness contours (Chezy’s bed roughness coefficient) have been calculated based 

on this Manning roughness and water depth and are shown in Figs.A1.9 and A1.10 for the 

condition before and after development, respectively. It can be observed that the roughness 

coefficient varies from 0 to 27. The model has been run for various inputs using the same 

roughness coefficient in the prediction of tide and currents in the domain under study. 

 

3.3 Initial and boundary conditions 

 

The initial conditions for the model are selected based on still water conditions. The vertical 

density gradients due to salinity variation have been neglected since the water column is well 

mixed. The BFC technique has been adopted to take care of shoreline shape and make fine 

mesh near the coastline. The grid is non-uniform both in x and y directions and it is a fine mesh.  

Fig.A1.11 shows the boundary tides taken for the model. The selected computational domain 

has been calibrated with the observed tide and currents and the calibration graphs are shown in 

Fig.A1.12 and Fig.A1.13. The computational runs have been made for a period of 15 days 

covering spring and neap tide conditions to obtain an insight into the basic hydrodynamic 

behavior of the study domain. 

 

A no. of observation points have been located around the proposed standby LNG jetty head 

area to predict the changes in the flow before and after development. The location of the 

observer points is shown in Fig.A1.14. 

 

3.4 Modeling of flow regime 

 

The study has been carried out to predict the changes in flow regime and circulation pattern due 

to the proposed development activities at the PETRONET LNG jetty location for various 

hydrodynamic conditions.  
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The model clearly reproduces the tidal variation at various locations in the study area. The 

typical tidal elevations and velocities for Low Water (LLW), High Water (HHW), Peak Flood (PF) 

and Peak Ebb (PE) for pre-monsoon (March 2012), and winter (November 2012) have been 

generated and are discussed in the following sections. 

 

3.4.1 Flow regime before and after proposed development during pre-monsoon (March 

2012) 

 

The software has been run for 15 days continuously representing spring and neap tide 

conditions for both the cases of before development as well as after development and the 

predicted results are discussed below:    

 

a). Neap tide condition-slack-1(LLW) 

The tides during slack-1 for neap tide condition before and after proposed development are 

shown in Fig A2.1 and Fig.A2.2 respectively. The maximum water level is about 3.44 m at 

the existing LNG jetty head and no significant change in the water levels after development 

is noticed during lowest low water condition.  

 

The currents during slack-1 for neap tide condition before and after proposed development 

are shown in Fig A2.3 and Fig.A2.4 respectively. It can be seen that the maximum current 

speed is about 0.36 m/sec at the existing LNG jetty head and no significant change in the 

flow regime after development during lowest low water condition.  

 

Fig.A2.33 shows the difference in current speed before and after proposed development. It 

can be observed that there is an increase in current speed of the order of 0.04 m/s to 0.16 

m/s across the proposed standby LNG jetty head location. 

 

b). Neap tide condition-peak flood (PF) 

The tides during neap tide PF condition before and after proposed development are shown 

in Fig A2.5 and Fig.A2.6 respectively. It can be seen that the maximum water level is about 

4.82 m at the existing LNG jetty head and no significant change in the water levels is 

observed after development during peak flood water condition.  
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The currents during neap tide PF condition before and after proposed development activities 

are shown in Fig A2.7 and Fig.A2.8 respectively. It can be observed that flow is towards 

north direction. It can be seen that the maximum current speed in the basin is about 0.75 

m/sec after the development and there is no significant change in the flow regime.   

 

Fig.A2.34 shows the difference in current speed due to proposed development activities. It 

can be seen that there is an increase in current speed of the order of 0.04 m/s to 0.16 m/s 

across the proposed standby LNG jetty head location due to the development. 

 

c). Neap tide condition- highest high water (slack-2) (HHW) 

The tides during slack-2 for neap tide HHW condition before and after proposed 

development are shown in Fig A2.9 and Fig.A2.10 respectively. It can be seen that the 

maximum water level is about 6.17 m at existing LNG jetty head and no significant change 

in the water levels after development during lowest low water condition.  

 

The currents during slack-2 for neap tide HHW condition before and after proposed 

development activities are shown in Fig.A2.11 and Fig.A2.12 respectively.  It can be seen 

that the maximum current speed is about 0.45 m/sec at the existing LNG jetty head and the 

flow direction is north.  

 

Fig.A2.35 shows the difference in current speed due to proposed dredging activities near 

existing LNG jetty head.  It can be observed that there is an increase in current speed of the 

order of 0.04 m/s to 0.16 m/s across the proposed standby LNG jetty head location due to 

the development. 

  

d). Neap tide condition- peak ebb (PE) 

The tides during neap tide PE condition before and after proposed development are shown 

in Fig A2.13 and Fig.A2.14 respectively. It can be seen that the maximum water level is 

about 5.23 m at existing LNG jetty head and no significant change in the water levels is 

observed after development. 

 

The currents during neap tide PE condition before and after proposed development are 

shown in Fig.A2.15 and Fig.A2.16 respectively.  It can be observed that the flow pattern is 
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towards south direction with a slight tilt towards east. It can be seen that the maximum 

current speed is about 0.6 m/sec at the existing LNG jetty head after development. 

 

Fig.A2.36 shows the difference in current speed due to proposed development activities.  It 

can be observed that there is an increase in current speed of the order of 0.04 m/s to 0.16 

m/s across the proposed standby LNG jetty head location due to the development. 

 

e). Spring tide condition-slack-1(LLW) 

The tides during slack-1 for spring tide condition before and after proposed development in 

the area are shown in Fig A2.17 and Fig.A2.18 respectively. It can be seen that the 

maximum water level is about 3.365 m at existing LNG jetty head and no significant change 

in the water levels after development during lowest low water condition.  

The currents during slack-1 for spring tide condition before and after proposed development 

are shown in Fig.A2.19 and Fig.A2.20 respectively. It can be seen that the maximum current 

speed is about 0.18 m/sec at the existing LNG jetty head and no significant change in the 

flow regime after development activities during lowest low water condition. The current 

direction is northwards. 

 

Fig.A2.37 shows the difference in current speed between before and after development 

activities.  It can be observed that there is an increase in current speed of the order of 0.04 

m/s to 0.16 m/s across the proposed standby LNG jetty head location due to the 

development. 

  

f). Spring tide condition-peak flood (PF) 

The tides during spring tide PF condition before and after proposed development are shown 

in Fig A2.21 and Fig.A2.22 respectively. It can be seen that the maximum water level is 

about 6.01 m at existing LNG jetty head and no significant change in the water levels after 

development during lowest low water condition.  

 

The currents during spring tide PF condition before and after proposed development are 

shown in Fig.A2.23 and Fig.A2.24 respectively. It can be observed that flow is towards north 

direction. It can be seen that the maximum current speed in the proposed dredged area is 

about 0.57 m/sec after the development and there is no significant change in the flow 
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regime around Existing LNG jetty head.   

 

Fig.A2.38 shows the difference in current speed due to proposed development activities.  It 

can be observed that there is an increase in current speed of the order of 0.04 m/s to 0.16 

m/s across the proposed standby LNG jetty head location due to the development. 

  

g).Spring tide condition-highest high water (slack-2) (HHW) 

The tides during spring tide HHW condition before and after proposed development are 

shown in Fig A2.25 and Fig.A2.26 respectively. It can be seen that the maximum water level 

is about 8.55 m at existing LNG jetty head and not much significant change in the water 

levels after development during HHW condition.  

 

The currents during slack-2 for spring tide condition before and after proposed development 

are shown in Fig.A2.27 and Fig.A2.28 respectively.  It can be seen that the maximum 

current speed is about 0.83 m/sec at the jetty head after development and the flow direction 

is north. 

 

Fig.A2.39 shows the difference in current speed due to proposed development activities.  It 

can be observed that there is an increase in current speed of the order of 0.04 m/s to 0.16 

m/s across the proposed standby LNG jetty head location due to the development. 

 

h). Spring tide condition-peak ebb (PE) 

The tides during spring tide PE condition before and after development are shown in Fig 

A2.29 and Fig.A2.30 respectively. It can be seen that the maximum water level is about 6.75 

m at jetty head and no significant change in the water levels after development during PE 

water condition.  

 

The currents during spring PE condition before and after development are shown in 

Fig.A2.31 and Fig.A2.32 respectively.  It can be observed that the flow pattern is changed 

and the flow is towards south direction. It can be seen that the maximum current speed is 

about 1.9 m/sec at the jetty after the proposed development activities.  

 

Fig.A2.40 shows the difference in current speed due to proposed development.  It can be 
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observed that there is an increase in current speed of the order of 0.04 m/s to 0.16 m/s 

across the proposed standby LNG jetty head location due to the development. 

  

i). Impact on flow regime and flow circulation in the proposed basin 

The model has been run for 15 days continuously for predicting the impact on flow regime 

and circulation for various hydrodynamic tidal conditions due to the proposed development / 

augmentation of marine facilities. Fig.A2.41 (a) and Fig.A2.41 (b) show the variation of 

currents at different locations (Fig.A1.14) in the region around the LNG jetty heads before 

and after proposed development activities. It can be seen that there is very little 

(insignificant) impact on current regime in general. The changes in the flow regime (in the 

values of currents) are mainly local as discussed at length in the above sections.  

 

3.4.2 Flow regime before and after proposed development during post-monsoon  

         (November 2011) 

 

a). Neap tide condition-slack-1(LLW) 

The tides during neap tide LLW condition before and after development are shown in Fig 

A3.1 and Fig.A3.2 respectively. It can be seen that the maximum water level is about 3.82 m 

at existing LNG jetty head and not much significant change in the water levels after 

development during LLW tide condition.  

 

The currents during slack-1 for neap tide condition before and after development are shown 

in Fig.A3.3 and Fig.A3.4 respectively. It can be seen that the maximum current speed is 

about 0.32 m/sec in the existing LNG jetty head area and there is no significant change in 

the flow regime after the development during lowest low water condition. The flow direction 

is northwards.  

 

Fig.A3.33 shows the difference in current speed between before and after development. It 

can be observed that there is increase in current speed of the order of 0.1 m/s to 0.2 m/s at 

the proposed standby LNG jetty head area due to the proposed development activities.  
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b). Neap tide condition-peak flood (PF) 

The tides during neap tide PF condition before and after development are shown in Fig A3.5 

and Fig.A3.6 respectively. It can be seen that the maximum water level is about 6.03 m at 

existing LNG jetty head and no significant change in the water levels after development 

during PF water condition.  

 

The currents during neap tide PF condition before and after development are shown in 

Fig.A3.7 to Fig.A3.8 respectively. It is observed that flow is towards north direction. The 

maximum current speed at the existing LNG jetty head region is about 0.5 m/sec after the 

development and there is no significant change in the flow regime due to the proposed 

development. 

 

Fig.A3.34 shows the difference in current speed due to proposed development and 

augmentation of marine facilities. It can be observed that there is increase in current speed 

of the order of 0.1 m/s to 0.2 m/s at the proposed standby LNG jetty head area due to the 

proposed development activities.  

 

c). Neap tide condition- highest high water (slack-2) (HHW) 

The tides during neap tide HHW condition before and after development are shown in Fig 

A3.9 and Fig.A3.10 respectively. It can be seen that the maximum water level is about 5.27 

m at existing LNG jetty head and no significant change in the water levels after development 

during HHW water condition.  

 

The currents during slack-2 for neap tide condition before and after development are shown 

in Fig.A3.11 to Fig.A3.12 respectively.  It can be seen that the maximum current speed is 

about 0.42 m/sec in the existing LNG jetty head region and the direction remains 

northwards. 

 

Fig.A3.35 shows the difference in current speed due to proposed development activities 

around the Existing LNG jetty head.  It can be observed that there is increase in current 

speed of the order of 0.1 m/s to 0.2 m/s at the proposed standby LNG jetty head area due to 

the proposed development activities.  
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d). Neap tide condition-peak ebb (PE): 

The tides during neap tide PE condition before and after development are shown in Fig 

A3.13 and Fig.A3.14 respectively. It can be seen that the maximum water level is about 4.96 

m at existing LNG jetty head and no significant change in the water levels after development 

during PE water condition.  

 

The currents during neap tide PE condition before and after development are shown in 

Fig.A3.15 to Fig.A3.16 respectively. It can also be observed that the flow pattern has 

changed and flow is towards south direction. It can be seen that the maximum current speed 

is about 1.5 m/sec after development. 

Fig.A3.36 shows the difference in current speed due to proposed development activities 

around the existing LNG jetty head.  It can be observed that there is increase in current 

speed of the order of 0.1 m/s to 0.2 m/s at the proposed standby LNG jetty head area due to 

the proposed development activities.  

 

e). Spring tide condition-slack-1(LLW): 

The tides during spring tide LLW condition before and after proposed dredging activities are 

shown in Fig A3.17 and Fig.A3.18 respectively. It can be seen that the maximum water level 

is about 3.57 m at existing LNG jetty head and no significant change in the water levels after 

development during LLW water condition.  

The currents during slack-1 for spring tide condition before and after proposed development 

are shown in Fig.A3.19 to Fig.A3.20 respectively. It can be seen that the maximum current 

speed is about 0.32 m/sec at the existing LNG jetty head. It is also evident that there is no 

significant change in the flow regime after development during lowest low water condition 

and the flow direction is northwards. 

 

Fig.A3.37 shows the difference in current speeds before and after proposed development.  It 

can be observed that there is increase in current speed of the order of 0.1 m/s to 0.2 m/s at 

the proposed standby LNG jetty head area due to the proposed development activities.  
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f). Spring tide condition-peak flood (PF) 

The tides during spring tide PF condition before and after development are shown in Fig 

A.5.21 and Fig.A3.22 respectively. The maximum water level is about 5.95 m at existing 

LNG jetty head and there is no significant change in the water levels after development 

during PF water condition.  

 

The currents during spring tide PF condition before and after proposed development are 

shown in Fig.A3.23 to Fig.A3.24 respectively. It can be observed that flow remains towards 

north direction. It can be seen that the maximum current speed in the basin is about 0.63 

m/sec after the development. It can be seen that there is no significant change in the flow 

regime after development.  

 

Fig.A3.38 shows the difference in current speed due to the development proposed.  It can 

be observed that there is increase in current speed of the order of 0.1 m/s to 0.2 m/s at the 

proposed standby LNG jetty head area due to the proposed development activities.  

 

g). Spring tide condition- highest high water (slack-2) (HHW) 

The tides during spring tide HHW condition before and after development are shown in Fig 

A3.25 and Fig.A3.26 respectively. The maximum water level is about 7.55 m at the exisiting 

LNG jetty head and no significant change in the water levels observed after development 

during HHW water condition.  

 

The currents during slack-2 for spring tide condition before and after development are 

shown in Fig.A3.27 to Fig.A3.28 respectively.  It can be seen that the maximum current 

speed is about 0.6 m/sec in the existing LNG jetty head area and the flow direction remains 

northwards. There is no significant change in the currents due to development in the region. 

 

Fig.A3.39 shows the difference in current speed due to proposed developments. It can be 

observed that there is increase in current speed of the order of 0.1 m/s to 0.2 m/s at the 

proposed standby LNG jetty head area. 
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h). Spring tide condition-peak ebb (PE): 

The tide levels during spring tide PE condition before and after development are shown in 

Fig A3.29 and Fig.A3.30 respectively. It can be seen that the maximum water level is about 

6.42 m at the existing LNG jetty head area and no significant change in the water levels 

after development during PE water condition.  

 

The currents during spring tide PE condition before and after development are shown in 

Fig.A3.31 to Fig.A3.32 respectively.  It can be observed that the flow direction is towards 

south. It can be seen that the current speed is about 0.66 m/sec att he existing LNG jetty 

head area and no significant change in the currents observed in the region. 

 

Fig.A3.40 shows the difference in current speed due to proposed development.  It can be 

observed that there is increase in current speed of the order of 0.1 m/s to 0.2 m/s at the 

proposed standby LNG jetty head area due to the proposed development activities.  

 

i). Impact on flow regime and flow circulation in the proposed basin 

The model has been run for 15 days continuously for predicting the impact on flow regime 

and circulation for various hydrodynamic tidal conditions due to the proposed development / 

augmenting of marine facilities. Fig.A3.41 (a) and Fig.A3.41 (b) shows the variation of 

currents at different observation location points (Fig.A1.14) in the region before and after 

development. It can be seen that there is no impact on current regime in general. The 

changes in the flow regime are local and do not have any significant effect on the overall 

domain. 
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4.    SEDIMENT TRANSPORT MODELING 

 

4.1 Numerical approach to sediment (cohesive and non-cohesive) transport modeling 

studies 

  

This chapter presents the setting up of sediment transport model and simulation of the existing 

sediment transport conditions for estimating the sediment deposition for various hydro-dynamic 

and oceanographic conditions. 

 

As with the flow modeling described in the previous chapter, a critical step in applying a 

numerical model of sediment transport is the process of model verification. Whereas data sets 

against which to calibrate and validate the flow model are relatively straightforward to obtain, 

collection of data to validate a sediment transport model is typically more difficult. The sediment 

transport studies are aimed at indicating the likely tendency in the bed levels (i.e. erosion and/or 

deposition) as a result of the engineering developments rather than the quantities involved. This 

approach is, however, still valid for confirming the sediment erosion/deposition at various 

locations. 

 

The principal aim of these studies was to assess the total (Cohesive and Non-Cohesive) 

sediment load getting deposited in the study area and to find out any changes in these values 

due to the proposed development. Accordingly the simulation runs were carried out with a 

sand/fine silt/mud transport which was appropriate for the conditions in these areas. 

 

4.2 Available data pertaining to the morphological assessment 

 

Data which was made available in the present study to provide input to the morphological 

studies comprised the following: 

� Bathymetry data for the domain 

� Suspended sediment concentration in the river 

� Bed sediment grain size and settling velocities. 

This information was used to specify the initial distribution of sand/silt/mud (limiting it to the 

intertidal areas) in the numerical modeling simulations. 
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4.3 Sediment transport simulation 

 

Simulation of sediment transport in the study area (Fig.A2.1) was carried out with the Hydrodyn-

SEDSOFT model for various tide conditions during pre-monsoon (March 2012) and post-

monsoon (November 2012) seasons. Hydrodyn-SEDSOFT is a 2D sediment transport model 

(Cohesive and non-Cohesive) and predicts the process of erosion, transport and deposition of 

sediment.  

 

Hydrodyn-SEDSOFT was driven with the neap and spring tide hydrodynamic flow file and using 

standard parameters which describe the erosion and settling characteristics of the sediment. 

Simulation runs were carried by specifying sediment composition in the shallower (intertidal) 

zones where the tide induced bed shear stress was relatively low. 

 

Following simulation of the sediment transport under existing conditions, the model was 

adjusted to include the effects of the bathymetry changes due to proposed development. 

 

4.3.1 Sediment erosion before and after development during pre-monsoon (Mar 2012) 

 

The model results for instantaneous rate of sediment erosion before and after development for 

pre-monsoon (March 2011) are presented in Fig.A4.1 - Fig.A4.16. The figures represent the 

predicted erosion values for different tidal condition, viz. lowest low water (LLW), peak flood 

(PF), highest high water (HHW) and peak ebb (PE) of neap and spring tides. Fig.A4.17 to 

Fig.A4.24 show the difference in the rate of erosion for various seasons before and after 

development during LLW, PF, HHW and PE condition of neap and spring tides respectively. The 

results are discussed in subsequent sections below. 

 

4.3.1.1 Neap tide condition-slack-1 (LLW) 

 

The rate of erosion for neap tide LLW water condition before development (as existing) and 

after development are shown in Fig.A4.1 & Fig.A4.2 respectively. From the figures, it can be 

seen that the maximum erosion rate at the existing LNG jetty head area is of the order of 0.028 

kg/m2-sec both before and after development. 
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Fig.A4.17 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development. It can be observed that there is an increase in rate of sediment erosion 

of the order of 0.005 kg/m2-sec to 0.015 kg/m2-sec at the proposed standby LNG jetty head 

location. 

 

4.3.1.2 Neap tide condition-peak flood (PF) 

 

The rate of erosion for neap tide PF water condition before and after development is shown in 

Fig.A4.3 & Fig.A4.4 respectively. It can be seen that the maximum erosion rate is 0.110 kg/m2-

sec before and after development during the neap tide PF condition at the existing LNG jetty 

head area. 

Fig.A4.18 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development. It can be observed that there is an increase in rate of sediment erosion 

of the order of 0.005 kg/m2-sec to 0.03 kg/m2-sec at the proposed standby LNG jetty head 

location. 

 

4.3.1.3 Neap tide condition-highest high water (HHW) 

 

The rate of erosion for neap tide HHW water condition before and after development is shown in 

Fig.A4.5 & Fig.A4.6 respectively. It can be seen that the maximum erosion rate at the existing 

LNG jetty head area head is 0.080 kg/m2-sec before and after development  

Fig.A4.19 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development during neap tide HHW condition. It can be observed that there is an 

increase in rate of sediment erosion of the order of 0.01 kg/m2-sec to 0.03 kg/m2-sec at the 

proposed standby LNG jetty head location. 

 

4.3.1.4 Neap tide condition-peak ebb (PE) 

 

The rate of erosion for neap tide PE water condition before and after development is shown in 

Fig.A4.7 & Fig.A4.8 respectively. From the figures it can be seen that the maximum erosion rate 

at the existing LNG jetty head area head is 0.08 kg/m2-sec before and after development.  

Fig.A4.20 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development during neap tide peak ebb condition. It can be observed that there is an 
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increase in rate of sediment erosion of the order of 0.01 kg/m2-sec to 0.03 kg/m2-sec at the 

proposed standby LNG jetty head location while area away from jetty head has shown a slight 

decrease in the sediment erosion rates. 

 

4.3.1.5 Spring tide condition-slack-1 (LLW) 

 

The rate of erosion for spring tide LLW water condition, before and after development is shown 

in Fig.A4.9 & Fig.A4.10 respectively. It can be seen that the maximum erosion rate at the 

existing LNG jetty head area head is 0.02 kg/m2-sec before development and 0.014 kg/m2-sec 

after development. 

Fig.A4.21 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development during spring tide LLW condition. It can be observed that there is an 

increase in rate of sediment erosion of the order of 0.005 kg/m2-sec to 0.01 kg/m2-sec at the 

proposed standby LNG jetty head location. 

 

4.3.1.6 Spring tide condition-peak flood (PF) 

 

The rate of erosion for spring tide PF water condition, before and after development is shown in 

Fig.A4.11 & Fig.A4.12 respectively. The maximum erosion rate is about 0.21 kg/m2-sec before 

and after development at the existing LNG jetty head area.   

Fig.A4.22 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development during spring tide PF condition. It can be observed that there is an 

increase in rate of sediment erosion of the order of 0.01 kg/m2-sec to 0.03 kg/m2-sec at the 

proposed standby LNG jetty head location. 

 

4.3.1.7 Spring tide condition-highest high water (HHW) 

 

The rate of erosion for spring tide HHW water condition, before and after development is shown 

in Fig.A4.13 & Fig.A4.14 respectively. It can be seen that the maximum erosion rate in the 

existing LNG jetty head area is of the order of 0.2 kg/m2-sec before and after development. 

Fig.A4.23 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development during spring tide HHW condition. It can be observed that there is an 

increase in rate of sediment erosion of the order of 0.03 kg/m2-sec at the proposed standby 
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LNG jetty head location. 

 

4.3.1.8 Spring tide condition-peak ebb (PE) 

 

The rate of erosion for spring tide PE water condition, before and after development is shown in 

Fig.A4.15 & Fig.A4.16 respectively. From the figures it can be seen that the maximum erosion 

rate is 0.21 kg/m2-sec before and after development at the existing LNG jetty head area. 

Fig.A4.24 shows the difference in the instantaneous rate of sediment erosion before and after 

proposed development during spring tide PE condition. It can be observed that there is an 

increase in rate of sediment erosion of the order of 0.03 kg/m2-sec at the proposed standby 

LNG jetty head location. 

 

It can be seen that there is no change in the rate of erosion at the existing LNG jetty head area 

but the changes are around the proposed standby LNG jetty head and its alignment. It is more 

pronounced comparatively during LLW and PE condition of the tides. The comparison of 

sediment erosion before and after the development at different locations around the existing 

LNG jetty head area is shown in Fig.A4.25 (a) and Fig.A4.25 (b). (The location points are shown 

in Fig.A1.14). Though there is a slight variation in the erosion values at and around the 

proposed standby LNG jetty head area, the phenomena seem to be very much localized and 

there is no significant change observed in the whole domain.  

 

4.3.2 Sediment deposition before and after development during pre-monsoon (Mar 2012) 

 

The model results for instantaneous rate of sediment deposition for pre-monsoon before and 

after development are presented in Fig.A5.1 - Fig.A5.16.  The figures represent the deposition 

values for different tidal condition, viz. lowest low water (LLW), peak flood (PF), highest high 

water (HHW) and peak ebb (PE) of neap and spring tides. Fig.A5.17 - Fig.A5.24 show the 

difference in rate of deposition for various tidal condition before and after development during 

LLW, PF. HHW and PE of neap and spring tide conditions respectively. The results are 

discussed in detail below. 
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4.3.2.1 Neap tide condition-slack-1 (LLW) 

 

The rate of deposition for neap tide LLW water condition before and after development is shown 

in Fig.A5.1 & Fig.A5.2 respectively. It can be seen that the deposition rate is minimum and is in 

the range of 0 - 0.0132 kg/m2-sec at the existing as well as proposed standby LNG jetty head 

areas before and after development. 

 

4.3.2.2 Neap tide condition-peak flood (PF) 

 

The rate of deposition for neap tide PF water condition before and after development is shown 

in Fig.A5.3 & Fig.A5.4 respectively. It can be seen that the deposition rate is minimum / 

negligible in the region of existing LNG jetty head area and is in the range of 0 - 0.009 kg/m2-

sec at the proposed standby LNG jetty head area after development. 

 

4.3.2.3 Neap tide condition-highest high water (HHW) 

 

The rate of deposition for neap tide HHW water condition before and after development is 

shown in Fig.A5.5 & Fig.A5.6 respectively. The deposition rate in the existing LNG jetty head 

area is observed to be nil where as it is about 0.009 kg/m2-sec at the proposed standby LNG 

jetty head area after development. 

 

4.3.2.4 Neap tide condition-peak ebb (PE) 

 

The rate of deposition for neap tide PE water condition, before and after development is shown 

in Fig.A5.7 & Fig.A5.8 respectively. It can be seen that the deposition rate in the existing LNG 

jetty head area and at the proposed standby LNG jetty head area is minimum and is of the order 

of 0.01 kg/m2-sec both before and after development. 

 

4.3.2.5 Spring tide condition-slack-1 (LLW) 

 

The rate of deposition for spring tide LLW water condition before and after development is 

shown in Fig.A5.9 & Fig.A5.10 respectively. The deposition rate in the existing LNG jetty head 

area and at the proposed standby LNG jetty head area is observed to be small and is about 
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0.012 kg/m2-sec. 

 

4.3.2.6 Spring tide condition-peak flood (PF) 

 

The rate of deposition for springtide PF water condition before and after development is shown 

in Fig.A5.11 & Fig.A5.12 respectively. It can be seen that the deposition rate at the proposed 

standby LNG jetty head area is about 0.01 kg/m2-sec where as the existing LNG jetty is 

unaffected. 

 

4.3.2.7 Spring tide condition-highest high water (HHW) 

 

The rate of deposition for spring tide HHW water condition before and after development is 

shown in Fig.A5.13 & Fig.A5.14 respectively. The deposition rate in the existing LNG jetty head 

area is nil where as at the proposed standby LNG jetty head area it is about  0.011 kg/m2-sec 

after development. 

 

4.3.2.8 Spring tide condition-peak ebb (PE) 

 

The rate of deposition for spring tide PE water condition before and after development is shown 

in Fig.A5.15 & Fig.A5.16 respectively. It can be seen that the deposition rate is minimum and is 

in the range of 0 - 0.0132 kg/m2-sec both before and after development. 

 

Fig.A5.17 – Fig.A5.24 show the difference in rate of deposition before and after development. It 

can be seen that there is a change in the deposition rate due to the proposed development 

specifically at the existing LNG jetty head area. The comparison of sediment deposition before 

and after development at different location points (given in Fig.A1.14) in the area is shown in 

Fig.A5.25 (a) and Fig.A5.25 (b). It can be seen that, though there is a slight increase in rate of 

deposition in some areas in the domain, it is very much localized and no significant change in 

deposition over the larger domain is noticed. 

 

4.3.3 Sediment erosion before and after development during post-monsoon (Nov 2012) 

 

The model predicted values for the rate of erosion during post-monsoon (November 2012) are 
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discussed below. 

 

4.3.3.1 Neap tide condition-slack-1 (LLW) 

 

The rate of erosion for neap tide LLW condition before and after development is shown in 

Fig.A6.1 & Fig.A6.2 respectively. It can be seen that the erosion rate in the existing LNG jetty 

head area is about 0.040 kg/m2-sec both before and after development.  

 

4.3.3.2 Neap tide condition-peak flood (PF) 

 

The rate of erosion for neap tide PF water condition before and after development is shown in 

Fig.A6.3 & Fig.A6.4 respectively. It can be seen that the erosion rate in the existing LNG jetty 

head area is varying between 0.03 to 0.11 kg/m2-sec both before and after development.  

 

4.3.3.3 Neap tide condition-highest high water (HHW) 

 

The rate of erosion for neap tide HHW water condition before and after development is shown in 

Fig.A6.5 & Fig.A6.6 respectively. It can be seen that the erosion rate in the existing LNG jetty 

head area is of the order of 0.0980 kg/m2-sec both before and after development. There is no 

significant change in the rates of erosion after development. 

 

4.3.3.4 Neap tide condition-peak ebb (PE) 

 

The rate of erosion for neap tide PE water condition before and after development is shown in 

Fig.A6.7 & Fig.A6.8 respectively. It can be seen that the erosion rate in the existing as well as 

proposed standby LNG jetty head areas is varying between 0.0 to 0.090 kg/m2-sec both before 

and after development.  

 

4.3.3.5 Spring tide condition-slack-1 (LLW) 

 

The rate of erosion for spring tide LLW water condition before and after development is shown 

in Fig.A6.9 & Fig.A6.10 respectively. It can be seen that the erosion rate in the existing LNG 

jetty head area is about 0.0350 kg/m2-sec both before and after development. A similar erosion 
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rate is observed at the proposed standby LNG jetty head area also after the development. 

 

4.3.3.6 Spring tide condition-peak flood (PF) 

 

The rate of erosion for spring tide PF water condition before and after development is shown in 

Fig.A6.11 & Fig.A6.12 respectively. It can be seen that the instantaneous rate of erosion in the 

existing LNG jetty head area is about 0.230 kg/m2-sec; both before and after development. A 

similar erosion rate is observed at the proposed standby LNG jetty head area also after the 

development. 

 

4.3.3.7 Spring tide condition-highest high water (HHW) 

 

The rate of erosion for spring tide HHW water condition before and after development is shown 

in Fig.A6.13 & Fig.A6.14 respectively. It can be seen that the instantaneous rate of erosion in 

the existing LNG jetty head area is about 0.180 kg/m2-sec; both before and after development. 

A similar erosion rate is observed at the proposed standby LNG jetty head area also after the 

development. 

 

 

4.3.3.8 Spring tide condition-peak ebb (PE) 

 

The rate of erosion for spring tide PE water condition before and after development is shown in 

Fig.A6.15 & Fig.A6.16 respectively. It can be seen that the instantaneous rate of erosion in the 

existing LNG jetty head area varies between 0.02 to 0.170 kg/m2-sec both before and after 

development. A similar erosion rate is observed at the proposed standby LNG jetty head area 

also after the development. 

 

Fig.A6.17 - Fig.A6.24 show the erosion difference before and after development respectively for 

different tidal conditions. It can be seen that there is a change in the rate of erosion after 

development at the proposed standby LNG jetty head area. The comparison of sediment 

erosion before and after development at different location points (Fig.A1.14) around the existing 

and proposed standby LNG jetties is shown in Figs.A6.25 (a) and (b). It can be seen that the 

variations are small in magnitude and can be considered not very significant and the variations 
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are very much localized and do not affect the larger domain. 

 

4.3.4 Sediment deposition before and after development during post-monsoon (Nov 

2012) 

 

The model predicted values for the rate of deposition during post-monsoon (November 2012) 

are discussed below. 

 

4.3.4.1 Neap tide condition-slack-1 (LLW) 

 

The rate of deposition for neap tide LLW water condition before and after development is shown 

in Fig.A7.1 & Fig.A7.2 respectively. It can be seen that the deposition rate in the existing as well 

as proposed standby LNG jetty head areas is varying between 0.0 to 0.009 kg/m2-sec both 

before and after development.  

 

4.3.4.2 Neap tide condition-peak flood (PF) 

 

The rate of deposition for neap tide PF water condition before and after development is shown 

in Fig.A7.3 & Fig.A7.4 respectively. It can be seen that the deposition rate in the existing LNG 

jetty head area has not changed. The rate of deposition at the proposed standby LNG jetty head 

area is of the order of 0.0176 kg/m2-sec after development.  

 

4.3.4.3 Neap tide condition-highest high water (HHW) 

 

The rate of deposition for neap tide HHW water condition before and after development is 

shown in Fig.A7.5 & Fig.A7.6 respectively. It can be seen that the deposition rate in the existing 

LNG jetty head area is varying between 0.0 to 0.0132 kg/m2-sec before and after development. 

The rate of deposition at the proposed standby LNG jetty head area is of the order of 0.0132 

kg/m2-sec after development. 
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4.3.4.4 Neap tide condition-peak ebb (PE) 

 

The rate of deposition for neap tide PE water condition before and after development is shown 

in Fig.A7.7 & Fig.A7.8 respectively. It can be seen that the deposition rate in the existing LNG 

jetty head area is varying between 0.0088 to 0.0132 kg/m2-sec both before and after the 

proposed development. The rate of deposition at the proposed standby LNG jetty head area is 

of the order of 0.0132kg/m2-sec after development. 

 

4.3.4.5 Spring tide condition-slack-1 (LLW) 

 

The rate of deposition for spring tide LLW water condition before and after development is 

shown in Fig.A7.9 & Fig.A7.10 respectively. It can be seen that the deposition rate in the 

existing LNG jetty head area is varying between 0.0 to 0.0132 kg/m2-sec both before and after 

development. The rate of deposition at the proposed standby LNG jetty head area is of the 

order of 0.0132 kg/m2-sec after development. 

 

4.3.4.6 Spring tide condition-peak flood (PF) 

 

The rate of deposition for spring tide PF water condition before and after development is 

graphically shown in Fig A7.11 & Fig.A7.12 respectively. It can be seen that there is no change 

in deposition rate in the existing LNG jetty head area before and after development. The rate of 

deposition at the proposed standby LNG jetty head area is of the order of 0.0132 kg/m2-sec 

after development. 

 

4.3.4.7 Spring tide condition-highest high water (HHW) 

 

The rate of deposition for spring tide HHW water condition before and after development is 

shown in Fig.A7.13 & Fig.A7.14 respectively. It can be seen that there is no change in the 

deposition rate in the existing LNG jetty head area before and after development. The rate of 

deposition at some parts of the proposed standby LNG jetty head area is of the order of 0.0132 

kg/m2-sec after development.  
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4.3.4.8 Spring tide condition-peak ebb (PE) 

 

The rate of deposition for spring tide PE water condition before and after development is shown 

in Fig.A7.15 & Fig A7.16 respectively. It can be seen that the deposition rate in the existing LNG 

jetty head area and channel area is varying between 0.0 to 0.0132 kg/m2-sec both before and 

after development. The rate of deposition at the proposed standby LNG jetty head area is of the 

order of 0.0132 kg/m2-sec after development.  

 

Fig.A7.17 – Fig.A7.24 show the deposition difference between before and after proposed 

development at the existing as well as proposed standby LNG jetty head areas. It can be seen 

that there is a change in the instantaneous rate of deposition in the area after the proposed 

development. No significant change in the rate of deposition noticed in the rest of the domain. 

The comparison of the rates of sediment deposition before and after development at different 

location points around the existing LNG jetty head area (Fig.A1.14) is shown in Fig.A7.25 (a) 

and (b).  

From the figures it can be seen that there is some impact on flow/sediment dynamics after 

proposed development but it is not very significant and mostly of localized nature. 

  

The actual degree of erosion that would occur over a length of time will depend on the net rate 

of erosion/deposition over that time. Hence, the exact quantity of erosion or deposition may not 

be predicted accurately from the instantaneous rates. However, the bed level changes 

calculated based on the summation of instantaneous rates of erosion/deposition in the domain 

due to the proposed development indicate the likely scenario of changes in the domain.  

 

4.4 Morphological changes 

 

The model has been run continuously for 15 days taking account of neap and spring tide 

conditions for various seasons and the morphological changes due to erosion and deposition in 

the domain after the proposed development. The results are shown graphically. 

 

Fig.A8.1 gives the bed level after 15 days before development and Fig.8.2 gives the bed level 

after development in the pre-monsoon period (March 2012).  
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Fig.A8.3 gives the difference in the bed levels before and after development in the domain. It 

can be seen that the bed level changes are limited to the proposed standby jetty location only 

due to the development. 

 

Figs.A8.4 (a) and (b) give the comparison of bed levels before and after development at various 

observation location points set up around the existing as well as proposed standby LNG jetties. 

Here again it can be observed that there is no significant difference in the bed level changes 

due to the development in the domain and it is mostly localized to the proposed standby LNG 

jetty only. 

The variation of bed level -- resultant of erosion and deposition over 15 days – is found to be a 

maximum value of the order of 0.04 m to 0.05 m in the vicinity of proposed standby LNG jetty 

head area during this pre-monsoon period ( March 2012) 

  

Fig.A9.1 gives the bed level after 15 days before development and Fig.9.2 gives the bed level 

after fifteen days after development in the post-monsoon period (November 2012).  

 

Fig.A9.3 gives the difference in the bed levels before and after development in the domain. Here 

also, it can be seen that the bed level changes are limited to the proposed standby jetty location 

only due to the development. 

 

Figs.A9.4 (a) and (b) give the comparison of bed levels before and after development at various 

observation location points set up around the existing as well as proposed standby LNG jetties. 

Here again it can be observed that there is no significant difference in the bed level changes 

due to the development in the domain and it is mostly localized to the proposed standby LNG 

jetty only. 

 

The variation of bed level -- resultant of erosion and deposition over 15 days – is found to be a 

maximum value of the order of 0.03m to 0.04 m in the vicinity of proposed standby LNG jetty 

head area during this post monsoon period (November 2012) 
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5.   CONCLUSIONS AND RECOMMENDATIONS 

 

Based on the modeling study carried out to evaluate the flow regime and sedimentation 

processes due to the proposed development of marine facilities (installing a standby LNG Jetty 

south of the existing LNG jetty) at Dahej, the following conclusions can be drawn: 

 

Hydrodyn-FLOSOFT and SEDSOFT modules have been used for predicting the impact on flow 

dynamics, morphological changes and coastline changes due to marine facility development. 

 

Hydrodynamic Modeling: 

 

• The model generated tides are comparable to actual observations at the vicinity of proposed 

development at PETRONET LNG Jetty. 

• The model has been run for various tidal conditions to study the hydrodynamic behavior and 

flow regime in and around the proposed development. 

• For all the tidal conditions and with the proposed development considered, the impact on the 

flow regime is minimal and there seems to be no significant difference in the tides and 

velocities in the domain due to proposed development. 

• The changes in the flow regime for various tidal conditions before and after the proposed 

development are found to be negligible.  

 

Sediment Transport Modeling: 

 

• Minor changes in the sedimentation processes for all tidal conditions seem to be present 

due to the proposed development. 

• The accumulation of sand/silt/mud predicted in the vicinity of proposed standby LNG jetty is 

around 3 to 5 cm over a period of 15 days. 

• The changes in the sedimentation processes for all tidal conditions due to the development 

activities are not significant enough to cause any appreciable change in the bed levels and 
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sediment concentration in other parts of the domain except at the proposed standby LNG 

jetty 

• The development activities do not seem to affect the flow regime and morphology in the rest 

of the study area in general.  
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Fig.A1.1: Study domain showing existing  LNG jetty and other installations in the study domain -
(before development) 

 

 

ANNEXURE-X 
MARINE MODELING STUDIES

AX-38



�

�

Revision No: 1 
Vimta Laboratories Ltd., Hyderabad Annexure - I 

Page No  30 

�

 

 

Fig.A1.2: Study domain with the proposed standby LNG jetty and other existing installations in 
the study domain - ( after development) 
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Fig.A1.3: Terrain features of the study domain ( Before development) 
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Fig.A1.4: Terrain features of the study domain ( After development)   
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Fig.A1.5: Computational grid of the study domain – (Before development) 
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Fig.A1.6: Computational grid of the study domain – (After development) 
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Fig.A1.7: Interpolated depth contours – (Before development) 
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Fig.A1.8: Interpolated depth contours – (After development) 
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Fig.A1.9: Chezy’s coefficients - (Before development) 
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Fig.A1.10: Chezy’s coefficients - (After development) 
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Fig.A1.11:Boundary tides 
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Fig.A1.12: Comparison of predicted and observed tides. 

ANNEXURE-X 
MARINE MODELING STUDIES

AX-49



�

�

Revision No: 1 
Vimta Laboratories Ltd., Hyderabad Annexure - I 

Page No  41 

�

 

Fig.A1.13: Comparison of predicted and observed currents. 
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Fig.A1.14: Location of observation points around the proposed breakwater 
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Fig.A3.1 Simulated tides before development (at 08/11/2012 06:00hr) during neap tide 

(LLW) 
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Fig.A3.2 Simulated tides after development (at 08/11/2012 06:00hr) during neap tide 

(LLW) 
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Fig.A3.3 Simulated currents before development (at 08/11/2012 06:00hr) during neap tide 

(LLW) 
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Fig.A3.4 Simulated currents after development (at 08/11/2012 06:00hr) during neap tide 

(LLW) 
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Fig.A3.5 Simulated tides before development (at 08/11/2012 09:00hr) during neap tide 

(Peak Flood) 
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Fig.A3.6 Simulated tides after development (at 08/11/2012 09:00hr) during neap tide 

(Peak Flood) 
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Fig.A3.7 Simulated currents before development (at 08/11/2012 09:00hr) during neap tide 

(Peak Flood) 
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Fig.A3.8 Simulated currents after development (at 08/11/2012 09:00hr) during neap tide 

(Peak Flood) 
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Fig.A3.9  Simulated tides before development (at 08/11/2012 11:00hr) during neap tide 

(HHW) 
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Fig.A3.10 Simulated tides after development (at 08/11/2012 11:00hr) during neap tide 

(HHW) 
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Fig.A3.11 Simulated currents before development (at 08/11/2012 11:00hr) during neap 

tide (HHW) 
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Fig.A3.12  Simulated currents after development (at 08/11/2012 11:00hr) during neap tide 

(HHW) 
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Fig.A3.13 Simulated tides before development (at 08/11/2012 14:00hr) during neap tide 

(Peak EBB) 
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Fig.A3.14  Simulated tides after development (at 08/11/2012 14:00hr) during neap tide 

(Peak EBB) 
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Fig.A3.15 Simulated currents before development (at 08/11/2012 14:00hr) during neap 

tide (Peak EBB) 
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Fig.A3.16  Simulated currents after development (at 08/11/2012 14:00hr) during neap tide 

(Peak EBB) 
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Fig.A3.17 Simulated tides before development (at 14/11/2012 22:00hr) during spring tide 

(LLW) 
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Fig.A3.18 Simulated tides after development (at 14/11/2012 22:00hr) during spring tide 

(LLW) 
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Fig.A3.19 Simulated currents before development (at 14/11/2012 22:00hr) during spring 

tide (LLW) 
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Fig.A3.20 Simulated currents after development (at 14/11/2012 22:00hr) during spring tide 

(LLW) 
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Fig.A3.21 Simulated tides before development (at 15/11/2012 03:00hr) during spring tide 

(Peak Flood) 
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Fig.A3.22 Simulated tides after development (at 15/11/2012 03:00hr) during spring tide 

(Peak Flood) 
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Fig.A3.23 Simulated currents before development (at 15/11/2012 03:00hr) during spring 

tide (Peak Flood) 
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Fig.A3.24 Simulated currents after development (at 15/11/2012 03:00hr) during spring tide 

(Peak Flood) 
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Fig.A3.25 Simulated tides before development (at 15/11/2012 05:00hr) during spring tide 

(HHW) 
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Fig.A3.26 Simulated tides after development (at 15/11/2012 05:00hr) during spring tide 

(HHW) 
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Fig.A3.27 Simulated currents before development (at 15/11/2012 05:00hr) during spring 

tide (HHW) 
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Fig.A3.28  Simulated currents after development (at 15/11/2012 05:00hr) during spring 

tide (HHW) 
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Fig.A3.29 Simulated tides before development (at 15/11/2012 08:00hr) during spring tide 

(Peak EBB) 

ANNEXURE-X 
MARINE MODELING STUDIES

AX-82



�

�

Revision No: 1 
Vimta Laboratories Ltd., Hyderabad Annexure - III 

Page No  113 

�

 

Fig.A3.30  Simulated tides after development (at 15/11/2012 08:00hr) during spring tide (Peak EBB) 
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Fig.A4.1 Instantaneous rate of sediment erosion before development (at 17/03/2012 19:00hr) 

during neap tide (LLW) 
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Fig.A4.2 Instantaneous rate of sediment erosion after development (at 17/03/2012 19:00hr) 

during neap tide (LLW) 
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Fig.A4.3 Instantaneous rate of sediment erosion before development (at 17/03/2012 23:00hr) 

during neap tide (Peak Flood) 
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Fig.A4.4 Instantaneous rate of sediment erosion after development (at 17/03/2012 23:00hr) 

during neap tide (Peak Flood) 
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Fig.A4.5 Instantaneous rate of sediment erosion before development (at 18/03/2012 01:00hr) 

during neap tide (HHW) 

ANNEXURE-X 
MARINE MODELING STUDIES

AX-88



 

 

Vimta Laboratories Ltd., Hyderabad Annexure - IV 
Revision No: 1 

Page No  131 

 

 
Fig.A4.6 Instantaneous rate of sediment erosion after development (at 18/03/2012 01:00hr) 

during neap tide (HHW) 
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Fig.A4.7 Instantaneous rate of sediment erosion before development (at 18/03/2012 05:00hr) 

during neap tide (Peak EBB) 
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Fig.A4.8 Instantaneous rate of sediment erosion after development (at 18/03/2012 05:00hr) 

during neap tide (Peak EBB) 
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Fig.A4.9 Instantaneous rate of sediment erosion before development (at 11/03/2012 12:00hr) 

during spring tide (LLW) 
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Fig.A4.10 Instantaneous rate of sediment erosion after development (at 11/03/2012 12:00hr) 

during spring tide (LLW) 
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Fig.A4.11 Instantaneous rate of sediment erosion before development (at 11/03/2012 

17:00hr) during spring tide (Peak Flood) 
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Fig.A4.12 Instantaneous rate of sediment erosion after development (at 11/03/2012 17:00hr) 

during spring tide (Peak Flood) 
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Fig.A4.13 Instantaneous rate of sediment erosion before development (at 11/03/2012 

19:00hr) during spring tide (HHW) 
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Fig.A4.14 Instantaneous rate of sediment erosion after development (at 11/03/2012 19:00hr) 

during spring tide (HHW) 
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Fig.A4.15 Instantaneous rate of sediment erosion before development (at 11/03/2012 

21:00hr) during spring tide (Peak EBB) 
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Fig.A4.16 Instantaneous rate of sediment erosion after development (at 11/03/2012 21:00hr) 

during spring tide (Peak EBB) 
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Fig.A4.17 Difference in sediment erosion between before and after development during 

LLW of neap tide (Mar 2012) 
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Fig.A4.18 Difference in sediment erosion between before and after development during Peak 

Flood of neap tide  (Mar 2012) 
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Fig.A4.19 Difference in sediment erosion between before and after development during 

HHW of neap tide (Mar 2012) 
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Fig.A4.20 Difference in sediment erosion between before and after development during Peak 

EBB of neap tide (Mar 2012) 

ANNEXURE-X 
MARINE MODELING STUDIES

AX-103



 

 

Vimta Laboratories Ltd., Hyderabad Annexure - IV 
Revision No: 1 

Page No  146 

 

 
Fig.A4.21 Difference in sediment erosion between before and after development during 

LLW of spring tide (Mar 2012) 
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Fig.A4.22 Difference in sediment erosion between before and after development during Peak 

Flood of spring tide (Mar 2012) 
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Fig.A4.23 Difference in sediment erosion between before and after development during 

HHW of spring tide (Mar 2012) 
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Fig.A4.24 Difference in sediment erosion between before and after development during Peak 

EBB of spring tide (Mar 2012) 
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Fig.A4.25(a) Comparison of sediment erosion before and after development (Mar 2012) 
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Fig.A4.25(b) Comparison of sediment erosion before and after development (Mar 2012) 
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Fig.A5.1 Instantaneous rate of sediment deposition before development (at 17/03/2012 

19:00hr) during neap tide (LLW) 
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Fig.A5.2 Instantaneous rate of sediment deposition after development (at 17/03/2012 

19:00hr) during neap tide (LLW) 
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Fig.A5.3 Instantaneous rate of sediment deposition before development (at 17/03/2012 

23:00hr) during neap tide (Peak Flood) 
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Fig.A5.4 Instantaneous rate of sediment deposition after development (at 17/03/2012 

23:00hr) during neap tide (Peak Flood) 
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Fig.A5.5 Instantaneous rate of sediment deposition before development (at 18/03/2012 

01:00hr) during neap tide (HHW) 
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Fig.A5.6 Instantaneous rate of sediment deposition after development (at 18/03/2012 

01:00hr) during neap tide (HHW) 
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Fig.A5.7 Instantaneous rate of sediment deposition before development (at 18/03/2012 

05:00hr) during neap tide (Peak EBB) 
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Fig.A5.8 Instantaneous rate of sediment deposition after development (at 18/03/2012 

05:00hr) during neap tide (Peak EBB) 
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Fig.A5.9 Instantaneous rate of sediment deposition before development (at 11/03/2012 

12:00hr) during spring tide (LLW) 
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Fig.A5.10 Instantaneous rate of sediment deposition after development (at 11/03/2012 

12:00hr) during spring tide (LLW) 
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Fig.A5.11 Instantaneous rate of sediment deposition before development (at 11/03/2012 

17:00hr) during spring tide (Peak Flood) 
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Fig.A5.12 Instantaneous rate of sediment deposition after development (at 11/03/2012 

17:00hr) during spring tide (Peak Flood) 
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Fig.A5.13 Instantaneous rate of sediment deposition before development (at 11/03/2012 

19:00hr) during spring tide (HHW) 
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Fig.A5.14 Instantaneous rate of sediment deposition after development (at 11/03/2012 

19:00hr) during spring tide (HHW) 
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Fig.A5.15 Instantaneous rate of sediment deposition before development (at 11/03/2012 

21:00hr) during spring tide (Peak EBB) 
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Fig.A5.16 Instantaneous rate of sediment deposition after development (at 11/03/2012 

21:00hr) during spring tide (Peak EBB) 
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Fig.A5.17 Difference in sediment deposition between before and after development during 

LLW of neap tide (Mar 2012) 
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Fig.A5.18 Difference in sediment deposition between before and after development during 

Peak Flood of neap tide  (Mar 2012) 
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Fig.A5.19 Difference in sediment deposition between before and after development during 

HHW of neap tide (Mar 2012) 
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Fig.A5.20 Difference in sediment deposition between before and after development during 

Peak EBB of neap tide (Mar 2012) 
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Fig.A5.21 Difference in sediment deposition between before and after development during 

LLW of spring tide (Mar 2012) 
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Fig.A5.22 Difference in sediment deposition between before and after development during 

Peak Flood of spring tide (Mar 2012) 
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Fig.A5.23 Difference in sediment deposition between before and after development during 

HHW of spring tide (Mar 2012) 
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Fig.A5.24 Difference in sediment deposition between before and after development during 

Peak EBB of spring tide (Mar 2012) 
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Fig.A5.25(a) Comparison of sediment deposition before and after development (Mar 2012) 
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Fig.A5.25(b) Comparison of sediment deposition before and after development (Mar 2012) 
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Fig.A6.1 Instantaneous rate of sediment erosion before development (at 08/11/2012 

06:00hr) during neap tide (LLW) 
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Fig.A6.2 Instantaneous rate of sediment erosion after development (at 08/11/2012 06:00hr) 

during neap tide (LLW) 
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Fig.A6.3 Instantaneous rate of sediment erosion before development (at 08/11/2012 

09:00hr) during neap tide (Peak Flood) 
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Fig.A6.4 Instantaneous rate of sediment erosion after development (at 08/11/2012 09:00hr) 

during neap tide (Peak Flood) 
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Fig.A6.5 Instantaneous rate of sediment erosion before development (at 08/11/2012 

11:00hr) during neap tide (HHW) 
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Fig.A6.6 Instantaneous rate of sediment erosion after development (at 08/11/2012 11:00hr) 

during neap tide (HHW) 
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Fig.A6.7 Instantaneous rate of sediment erosion before development (at 08/11/2012 

14:00hr) during neap tide (Peak EBB) 
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Fig.A6.8 Instantaneous rate of sediment erosion after development (at 08/11/2012 14:00hr) 

during neap tide (Peak EBB) 
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Fig.A6.9 Instantaneous rate of sediment erosion before development (at 14/11/2012 

22:00hr) during spring tide (LLW) 
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Fig.A6.10 Instantaneous rate of sediment erosion after development (at 14/11/2012 22:00hr) 

during spring tide (LLW) 
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Fig.A6.11 Instantaneous rate of sediment erosion before development (at 15/11/2012 

03:00hr) during spring tide (Peak Flood) 
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Fig.A6.12 Instantaneous rate of sediment erosion after development (at 15/11/2012 03:00hr) 

during spring tide (Peak Flood) 
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Fig.A6.13 Instantaneous rate of sediment erosion before development (at 15/11/2012 

05:00hr) during spring tide (HHW) 
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Fig.A6.14 Instantaneous rate of sediment erosion after development (at 15/11/2012 05:00hr) 

during spring tide (HHW) 
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Fig.A6.15 Instantaneous rate of sediment erosion before development (at 15/11/2012 

08:00hr) during spring tide (Peak EBB) 
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Fig.A6.16 Instantaneous rate of sediment erosion after development (at 15/11/2012 08:00hr) 

during spring tide (Peak EBB) 
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Fig.A6.17 Difference in sediment erosion between before and after developments during 

LLW of neap tide (Nov 2012) 
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Fig.A6.18 Difference in sediment erosion between before and after developments during 

Peak Flood of neap tide  (Nov 2012) 
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Fig.A6.19 Difference in sediment erosion between before and after developments during 

HHW of neap tide (Nov 2012) 
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Fig.A6.20 Difference in sediment erosion between before and after developments during 

Peak EBB of neap tide (Nov 2012) 
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Fig.A6.21 Difference in sediment erosion between before and after developments during 

LLW of spring tide (Nov 2012) 
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Fig.A6.22 Difference in sediment erosion between before and after developments during 

Peak Flood of spring tide (Nov 2012) 
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Fig.A6.23 Difference in sediment erosion between before and after developments during 

HHW of spring tide (Nov 2012) 
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Fig.A6.24 Difference in sediment erosion between before and after developments during 

Peak EBB of spring tide (Nov 2012) 
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Fig.A6.25(a) Comparison of sediment erosion before and after development (Nov 2012) 
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Fig.A6.25(b) Comparison of sediment erosion before and after development (Nov 2012) 
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Fig.A7.1 Instantaneous rate of sediment deposition before development (at 08/11/2012 

06:00hr) during neap tide (LLW) 
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Fig.A7.2 Instantaneous rate of sediment deposition after development (at 08/11/2012 

06:00hr) during neap tide (LLW) 
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Fig.A7.3 Instantaneous rate of sediment deposition before development (at 08/11/2012 

09:00hr) during neap tide (Peak Flood) 
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ON-SITE 
 

EMERGENCY RESPONSE PLAN 
 
 
 
 
 
 
 
 
 
 
 
 
 

To safeguard the health and safety of employees and neighbours alike, a force stands 
in constant readiness, trained and equipped to handle any emergency from any 
quarter. Response to an emergency involves planning and practice well in advance of 
a potential incident. 

 
 

EMERGENCY CONTACT NO. 101 / 102 
 
 

PETRONET LNG LTD., DAHEJ 
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1. INTRODUCTION 
1.1 Background 
 
Petronet Dahej LNG Terminal stores and regasify Liquefied Natural Gas (LNG) for 
export to the GAIL transmission system. LNG/NG leakage and fires/explosion can 
pose great risk to personnel, plant and offsite facilities. With a view to bring about 
improvements in the matter of Safety, Health and the Environment, the Government 
of India mandates the development of Emergency Response Plans (ERP) by the 
companies that are handling hazardous materials. In the light of the above, the ERP 
is prepared to mitigate against damage to health and environmental damages from 
fires, explosions & toxic releases etc.  
 
1.2 Emergency 

An emergency is an uncontrolled event that could lead to a disaster that 
would result in significant loss to life, equipment or the environment. 

 
1.2.1  Types of Emergency  
 
1.  Natural Calamities  

 Earthquake  
 Cyclone  
 Flood  

2.  Man Made  
 Civil disturbance  
 War  
 Riots  
 Industrial  

3.  Man made emergency, which are encountered in any industry are  
 Fire  
 Explosion  
 Gas leak  
 Poisoning (liquid, gaseous and or chemical poisoning) 
 Those arising out of abnormalities in operation, maintenance, start up / 

    Shutdown, failure of equipment and use of sub-standard / 
wrong material  

 Civil commotion and armed conflicts  
 Sabotage 
 Road accidents involving hazardous / toxic / radioactive / corrosive 

chemicals 
1.2.2   Level of Emergencies: 

Classification of Level of Emergencies as well as Management: 
 
Level 1 Emergency: 

The Emergency, which can be managed / controlled on site with the sources 
of factory concerned in accordance with the On Site Emergency plan.  
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Level 2 Emergency: 
The Emergency, which can be managed / controlled by the concerned factory 
with mutual aid arrangements and outside resources. 
 

 
Level 3 Emergency: 

The Emergency, which will spread over to Off Site (out side factory) and 
require actions from the Off Site Emergency i.e. Local Crisis Group & District 
Crisis Group. 

 
Level 4 Emergency: 

The Emergency, which will require assistance and help from the State 
Government and Central Government.  

 
1.3 Emergency Response Plan 
  
The Emergency Response Plan identifies the type of incidents that are typical of an 
LNG terminal, the actions to be taken to manage these incidents and the roles and 
responsibilities of key personnel. 
 
1.4 Purpose of the Plan 
 
The purpose of the emergency response plan is to identify the emergency scenarios 
that are likely to occur, to evolve pre-planned responsibilities and actions required 
and to train all persons at site through regular mock drill exercise using this 
document. 
 
1.5 Scope of the Plan 
 
Risk scenarios identified based on Quantitative Risk Analysis (QRA) carried out 
during design stage and accident history experience in LNG industry will be the basis 
of emergency response plan. 
 

2. DESCRIPTION OF THE FACILITY 
2.1  Description 
The Petronet Dahej LNG Terminal is designed for an annual throughput of 10 million 
tons of LNG (liquefied natural gas). The LNG is delivered by membrane type LNG 
tankers having a maximum cargo capacity of 138,000 m³. This is imported into the 
Terminal via the jetty head by means of two 30”, 2.3 kilometre long unloading lines. 
The maximum import rate is 10,000m³/hr. 
 
The LNG is stored in four specially constructed 148,000m³ storage tanks at a 
temperature of (-)160 deg. C and at pressures up to 250 mbarg pressure. The inner 
tanks are constructed from 9% Nickel steel with an outer pre-stressed concrete shell. 
Each tank has 3 submerged canned type pumps rated at 520 m³/hr. When there is 
no LNG import taking place, LNG @ about 400m³/h from LP LNG pump discharge is 
circulated around the jetty loading lines to keep them cool and ready for the next 
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importation. With LNG being held at its boiling point, boil off gas is generated as a 
consequence of heat ingress to the tanks. During LNG import most of this gas is 
returned to the tanker via Boil off Gas (BOG) Compressors via a 10” line to the jetty 
head. During send out, boil- off gas is re-condensed to prevent flare losses. If there 
are no BOG Compressors available, a high level flare is available for the safe 
disposal of this gas. 
 
For send out operation, LNG is pumped by the in-tank pumps to the suction of the 
HP LNG pumps at rates corresponding to send out requirement & 7 to 8 barg 
pressure. Further the LNG pressure is raised to about 90 barg by 10 numbers HP 
LNG pumps. This high pressure LNG is vaporised via 14 shell and tube vaporizers 
(STV), one hot water STV and 4 submerged combustion vaporisers (SCV) to 
produce natural gas for exporting to GAIL at pressures up to 90 barg. HP LNG pump 
throughput is 1142 TPH at nominal terminal capacity of 10 MMTPA. 
 
For transporting LNG by road tankers, a side stream from In-tank LNG pumps is 
routed to Truck Loading Facility where LNG is loaded into semi trailers through LNG 
hoses.  
 
Power for the Terminal is generated on site by four Gas Turbine Generators (GTG) & 
one GTG as standby with power generation capacity of 7.1 MW maximum each. Hot 
water circulating through the heating coils of the GTG exhaust ducts is fed to the 
SCV tanks to provide heat recovery which is supplemented by the use of submerged 
gas burners. In addition to the 5 GTG, there is an Emergency Diesel Generator 
(EDG) capable of producing 1500 KW of power. This power is sufficient to keep all 
essential services operable. The diesel for the EDG is stored in a storage tank with 
capacity of 58.3 m³ maximum. 
 
2.2      The main sections of the Terminal are: 

 LNG Unloading System 

 LNG Storage Tanks and LP Pumps 

 LNG Recondenser and BOG Compressors 

 LNG Truck loading Facility 

 LNG HP Pumps 

 LNG vaporizers 

 Gas Metering 

 Vent and Flare System 

 Glycol / Water System 

 Hot Water System 

 Diesel Fuel Storage and Distribution  

 Drainage and Effluent Treatment 

 Nitrogen System 

 Instrument and Plant Air System 

 Electrical Power Generation, Heat Recovery & Substation 

 Potable and Industrial Water System 

 Fire Water Pump house 
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2.3 Description of Fire, Gas and Spill Detection 
 

The Fire, Gas and Spill Detection facility installed on this LNG Terminal 
identifies following areas for constant monitoring. These Areas are: 

 Jetty Head 

 Trestle and Unloading Drain Drum 

 LNG Tank T-101 / 102 /103 / 104 

 Recondenser 

 LNG HP Pumps 

 BOG Compressors 

 LNG Truck Loading Skid 

 Shell and Tube vaporizers A to G in phase-1 

 Shell and Tube vaporizers A to H in phase-2 

 Process Drain Drum 

 Submerged Combustion vaporizers  

 Fuel Gas Heater 

 Metering Station 

 Pig Launcher and Metering 
  
The area identification, other than Truck Loading Skid, is displayed on a mimic panel 
in the Main Control Room (MCR). Dependent upon the risks in that area various 
detection devices are located in the plant areas to detect gas leak, fire or LNG spill. 
For gas leak detection alarms at 20% and 60% LEL are sounded in the MCR. The 
gas detectors are catalytic and will lead to emergency alarm / shutdown via 2 gas 
detectors sensing 60%LEL voting system. The fire detectors are of the UV/IR type 
and any two of which in a given plant area will automatically activate that area’s 
firewater deluge system. 
 
LNG truck Loading Facility has a dedicated PLC. The TTLF-ESD is caused under 
following conditions: 

 Signals from two detectors of identical type. 

 Signals from two detectors of different type. 

 Initiation of manual Call point. 

 ESD of main plant. 
Further, signals of 60%LEL gas detection stop LNG filling operation. 
 
LNG spill detection is provided in the following areas: 

 Jetty platform 

 Unloading line LNG Drain Drum pit 

 LNG Tank T-101 / 102 /103 / 104 annular space 

 BOG Compressor Suction Drum and Drain pit 

 Process Area LNG Drain Drum pit 

 BOG Recondenser 

 LNG HP Send out Pumps 

 LNG Truck Loading Skid 
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Buildings are protected by smoke detectors being installed in all rooms, cable 
trenches and sub-floor areas. If fire is detected in a building, common alarm is 
activated on the Fire alarm system panel as well as in FGS system in control room 
and fire station.  
 
In addition to the above the plant area and buildings have Manual Call Points 
installed at strategic locations. 
 
2.4 Description of Fire Protection System 
 
2.4.1 Fire Water Pumps and Jockey pumps 
 
18,000m³ of industrial water is stored in two firewater tanks T-1001 A/B. Minimum 
amount of firewater available to fight a fire is 16,800m³ which is sufficient to fight the 
worst case fire for up to 4 hours for two major fire. A 10” pipe supplies industrial 
water from GIDC at a rate of 144m³/hr to the firewater storage tanks. Also 
condensate water from Air heater is being used as makeup. 
 
There are two 125 m³/hr electric Firewater Jockey Pumps deigned to keep the fire 
main pressurised to 14 kg/cm2. On a falling fire main pressure the lead jockey pump 
will automatically cut in at 13 kg/cm² to return the fire main to its normal pressure. 
Should the lead jockey pump fail to start then the second pump will automatically 
start after 30 seconds. Should any main fire water pump start then all jockey pumps 
are automatically stopped. The jockey pumps can be started manually from their 
local control panels. 
 
Should the fire main pressure continue to fall the four diesel driven firewater pumps 
rated at 1088 m³/hr, automatically start sequentially at 12.0, 11.5, 11.0 and 10.5 
kg/cm² respectively. The diesel firewater pumps can be started from either from local 
or MCR FGS panel but can only be stopped locally. Each diesel driven pump has its 
own fuel tank with up to 8 hours fuel supply available. 
 
There are two 1050 m³/hr electrically driven firewater pumps also available. In the 
automatic mode they cut in at a fire main pressure of 10 kg/cm². These pumps can 
also be started manually from either local or MCR FGS panel but can only be 
stopped locally. 
 
The firewater pumps system is designed to supply firewater at a minimum pressure 
of 7 kg/cm². Double headed fire hydrants are provided around the processing area at 
30 metre intervals. Hose boxes are located at the same position each containing two 
x 15m 2½” hoses with branch pipe with nozzle and a universal nozzle rated at 54 
m³/hr at 7 kg/cm². Similar facilities are also available at various buildings. 
 
2.4.2 Jetty Head Facilities 
 
Two tower mounted remote controlled monitors are installed at the jetty head on 15m 
towers. Their discharge capacity is 360m³/hr at 7 kg/cm². They are combined fog / jet 
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360 deg. with locking device and -90 to+90 deg. elevation angle. Their effective 
throw is 80 m horizontally. Both tower monitors can be operated either from the main 
panel located in the jetty control room or from the slave panel on the jetty head lower 
deck. Four double headed hydrants with hose box and accessories are also 
provided. 
    
2.4.3 Firewater Deluge System 
 
Medium velocity fixed water spray facilities, which are automatically activated on 
detection of a fire by two separate sensors or by manual from the FGS panel in the 
MCR, are installed at the following locations: 
 

 BOG Compressor Suction Drum  

 BOG Compressors 

 Recondenser 

 HP LNG Send out Pumps 

 Metering piping 

 Fuel gas electric and ambient heaters 

 STV structure 

 SCV area 

 LNG manifold (jetty area) 

 LNG Drain Drum 

 Diesel oil tank 

 Electrical transformers above 5MVA 
 

For Truck loading skid, single flame detection initiates.  
Manual spray facilities are also provided for the LNG Drain Drums. 
Dense water curtains are also provided in the following locations: 

 Jetty face and personnel access route 

 HP LNG Pump shed 

 BOG Compressor shed 
 
Activation is automatic via the respective area’s two separate flame detectors or 
manually from the FGS panel in the MCR.  
 
2.4.4 High Expansion Foam 
 
A high expansion foam installation has been installed for the LNG drain pits V-902 
and 903 which is automatically activated on the detection of an LNG spill. The foam 
generators can also be activated from a local control panel or remotely from the FGS 
panel in the MCR. A foam depth of 1.8m can be achieved within 1 minute with foam 
storage for 1 hour operation being made available. Foam system will stop after 3 
minutes and needs to be manually restarted if required. 
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2.4.5 Clean Agent System 
 
Clean agent (Inergen) has been provided for the rack, Engineering and UPS rooms 
in the Main Control Building. It is also provided for the Gas Turbine Generators panel 
room. These systems are designed for automatic discharge in the event of fire 
detection. The facility has 100% standby. Highly visible alarms are provided within 
each of the rooms being protected to give pre-warning of chemical discharge. Alarms 
are also positioned outside the rooms to indicate that the chemicals have been 
discharged.  Use BA set provided at control room for rescue operations before 
entering rooms where clean agent has been already released. 
 
2.4.6  Berthing Aid System 

Jetty head has been equipped with berthing Aid system which has  
1) LASER sensors to monitor ship approach velocity and ship position. 
2) To monitor tension in the mooring ropes with over tension alarms. 
3) To measure weather conditions such as tide/wind conditions. 

 
2.4.7  Powered Emergency Release Coupler (PERC) 

Each unloading arm has been equipped with PERC system for automatic 
disconnection of arms if arm movement is detected beyond specified limit 
using position monitoring system. This situation may be possible due to bad 
weather conditions. 

 
2.4.8  Occupational Health Centre (OHC) 

Occupational health centre is equipped to provide medical assistance during 
emergencies. Round the clock ambulance and medical assistance is available 
at site. Medical officer (Doctor specialised in industrial accident treatment) is 
also available on Monday and Thursday. 
 

 2.4.9  Safety procedure implemented at jetty 
Ship shore safety inspection using checklist is being carried out for every 
shipment. Testing of emergency shutdown (ESD) is being done before 
unloading operation of every shipment. 

 
 

3. RISK ASSESSMENT AND STRATEGY 
 
3.1 Risks Assessed at Dahej LNG Terminal  
 
Major incidents identified for Dahej LNG terminal based on QRA study and historical 
accident experiences of LNG industry are as follows, 
 
1. Loading arm PERC failure leading to breakage in loading arms and sudden 

draining of LNG from loading arms and its connected pipelines into seawater. 
Rapid Phase Transition (RPT) explosion may be possible depending upon 
quantity of LNG released into sea water. 



ANNEXURE-XI 

DISASTER MANAGEMENT PLAN 

AXI-10 

2. Trestle LNG pipeline failure (may be due to vehicle impact) leading to breakage 
and sudden draining of LNG from trestle pipelines into seawater. Rapid Phase 
Transition (RPT) explosion may be possible depending upon quantity of LNG 
released into sea water. 

3. Pool fire due to LNG leakage in unloading lines flange connection at jetty. 
4. Small fire on top of LNG tanks due to flange leakage. 
5. Roll over on LNG tanks leading to sudden rise in tank pressure due to abnormal 

BOG generation. 
6. Jet fire in NG high pressure lines. 
7. Fire in flare due to LNG entering into flare system. 
8. Fire/explosion in submerged combustion vaporizer due to formation of flammable 

mixture. 
9. Pool fire in diesel tank. 
10. Confined explosion in GTG cabin. 
11. Significant Gas leak from our or GAIL metering station. 
12. Ship related emergency like fire/explosion in ship or bad weather conditions while 

berthing at our jetty. 
13. Natural disasters like earthquake/flood/cyclone. 
14. Cold vent fire at jetty. 
15. Emergency situation arising from nearby plant say GSPL pipeline leak. 
16. Emergency situation arising from nearby jetty say GCPTCL or Birla copper. 
17. Fire in Main control room.  
18. Sabotage (Bomb threat). 
19. Emergency situation due to LNG cargo hits the jetty. 
20. High pressure equipment i.e. Recondenser, N2 liquid storage vessel, STV, SCV 

bursting/failure due to high pressure.  
21. Overfilling of road tanker. 
22. During TTLF loading, leakages from valves & loading hoses (hose 

rupture/improper connection). 
23. Leakage of LNG while driving LNG tanker inside the terminal. 
24. Fire at LNG Loading (TTLF) Skid. 
25. Fire on the LNG tanker while driving inside the terminal. 
 
3.2 Port operations related special risk and Security Threat  
 

3.2.1 Category 1 Incidents 
1. Significant Gas Leakage at the Manifold 

 
3.2.2 Category 2 Incidents 

1. LNG Tanker Grounding in Dahej Port Area 
2. Fire and / or Explosion aboard Vessel 
3. Fire and / or Explosion on Jetty whilst Vessel Discharging 

 
3.2.3 Category 3 Incidents 

1. Other vessel Drifting and Striking LNG Jetty or Trestle 
2. Collision between LNG Tanker / Other Vessel 
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3.2.4 Category 4 Incidents 
 
3.2.5 Security Threat 
 
Refer concerned emergency response plan for detailed action plan. 
 

3.3 Emergency Response Strategies 
 
The development of any emergency can be considered in the following way: 

 Warning Phase 

 Impact Phase 

 Rescue Phase 

 Relief Phase 

 Rehabilitation Phase 
 
 
3.3.1 Warning Phase 

 
It is possible that the emergency may due to early weather forecasts predicting 
cyclones in the Dahej area. For such eventualities the following actions may be 
taken; 

 Stop unloading of LNG ship and un berth ship 

 Stop all hot work on site 

 Reduce personnel on site to a minimum to provide the necessary support to 
ensure continued safe operation 

 Inform GAIL of possible loss of gas supply. 
 
If the emergency is due to LNG/NG leak and fire/explosion then plant operator and 
shift security supervisor will take action to eliminate following ignition sources inside 
the plant and nearby area, 

 Hot works like welding, grinding which can generate sparks. 

 Workshop activities 

 Electrical transmission lines/lights 

 Hot surfaces 

 Canteen (open flame cooking) 

 Temple activities 

 Smoking/vehicle movement inside/outside the plant boundary  

 Tugboats at jetty 
 

The Field Operators are alerted to gas leaks, LNG leaks or fire via walkie talkies, 
telephone, paging system or the siren being sounded. Since the top of the LNG 
tanks are approximately 50m above ground, flashing lights with hooters are provided 
at all LNG tank top as well as jetty head upper deck (Flashing Light code - Red for 
gas leak, Blue for Fire and white for LNG spill). 
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3.3.2 Impact Phase 
 
The period of impact may be short duration up to 15 minutes long where gas leaks, 
fires or explosions may occur. Weather caused emergencies or major storage tank 
fires could be for a number of days.  
 
Actions to be taken by all personnel on site are described below. 
 
3.3.3 Rescue Phase 
 
The rescue phase starts immediately after the impact and continues until the 
necessary measures have been taken to bring the emergency under control.   
 
3.3.4 Relief Phase 
 
This phase covers organising the relief measures that may well include external 
mutual aid or Government agencies to help provide medical aid, evacuation of 
personnel, food etc. 
 
3.3.5 Rehabilitation Phase 
 
Prior to re-streaming gas production, an investigation of the causes of the 
emergency needs to be carried out by Operation and HSE team and inform the 
incident investigation report to senior management / legal authorities for preventive 
action.  For significant large events, a full senior management review must be carried 
out before authorisation for resuming production can be given. 
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4. Duties of Key Personnel for emergency action, rescue and evacuation 
 
4.1  First Responder  

 
Anyone discovering Gas Leak, LNG Leak, Fire or Injuries to Personnel takes 
the following actions. 

 
4.1.1 In case of Injuries to Personnel 

 First Contact by telephone Main Control Room on Extn. No 101/102 then 
OHC 456 and clearly state your name, the location of the injured person and 
the type of assistance needed i.e. ambulance, rescue at height etc.  

 
4.1.2 In case of small fire (Note: small fire is defined as fire that can be 

extinguished by portable extinguishers) 
 

 If the fire is small and if you have received training in the use of portable fire 
extinguishers, try to extinguish the fire. 

 If not trained on fire fighting, activate the fire alarm by breaking the glass in 
MCP (Manual call point) or SPB (Safety push button). 

 First Contact by paging or telephone Main Control Room on Extn. No 
101/102 then fire station 444/445 and clearly state your name, the location 
of the fire and if possible some description of fire. 

 Upon extinguishing the fire, standby with a new portable fire extinguisher 
until Emergency Services (fire tender and ambulance) arrive on site.  

 Standby in safe location to direct the Emergency Services (fire tender and 
ambulance) to the incident site. 

 
4.1.3 In case of major fire: (Note: Major fire is defined as fire that can not be 

extinguished by portable extinguishers) 
 

 Activate the fire alarm by breaking the glass in MCP (Manual call point) or 
SPB (Safety push button). 

 First Contact by paging or telephone Control Room on Extn. No 101/102 then 
fire station 444/445 and clearly state fire, fire, the location of the fire and if 
possible some description of fire. 

 Standby in safe location to direct the Emergency Services (fire tender and 
ambulance) to the incident site.  

 Later on wait at respective assembly point until all clear Siren has been 
sounded. 

 All persons other than emergency services assemble at nearby assembly 
points on hearing the evacuation sirens.  

 
4.1.4 In case of Significant Gas or LNG Leak (Note: Significant leak means 

forming visible vapour cloud): 
 

 Activate the fire alarm by breaking the glass in MCP(Manual call point) or 
SPB(Safety push button). 



ANNEXURE-XI 

DISASTER MANAGEMENT PLAN 

AXI-14 

 First Contact by paging or telephone Control Room on Extn. No 101/102 then 
fire station 444/445 and clearly state leak, leak, the location of the leak and if 
possible some description of leak. 

 Standby in safe location to direct the Emergency Services (fire tender and 
ambulance) to the incident site.  

 In case of LNG leak, do not enter into visible vapour cloud.  

 Later on wait at respective assembly point until all clear Siren has been 
sounded.  

 All persons other than emergency services assemble at nearby assembly 
points on hearing the evacuation sirens.  

 
4.1.5 Leakage of LNG during Tanker loading at TTLF Skid (Minor LNG spill / 

Hose rupture during loading/ Hose improperly connected and loading 
started) 

 

 Operator to inform the MCR first by paging or telephone to Control Room on 
Extn. No 101/102 then fire station 444/445 and clearly state leak, the location 
of the leak and if possible some description of leak and activate ESD-TTLF. 

 Close the Tanker emergency shut down valves. 

 Isolate the skid LNG isolation valves as per SOP. 

 Standby in safe location to direct the Emergency Services (fire tender and 
ambulance) to the incident site. 

 Do not enter into visible vapour cloud. 
 Later on wait at respective assembly point until all clear Siren has been 

sounded.  

 All persons other than emergency services assemble at nearby assembly 
points on hearing the evacuation sirens.  

 
4.1.6 Leakage of LNG while driving inside the terminal 
 

 Truck Filling Operator (TFO) to inform the MCR first by paging or telephone 
Control Room on Extn. No 101/102 then fire station 444/445 and clearly state 
leak, the location of the leak and if possible some description of leak. 

 Tanker driver to stop the engine & Barricade the area by cordoning tape. 

 Standby in safe location to direct the Emergency Services (fire tender and 
ambulance) to the incident site. 

 Do not enter into visible vapour cloud. 

 Later on wait at respective assembly point until all clear Siren has been 
sounded.  

 All persons other than emergency services assemble at nearby assembly 
points on hearing the evacuation sirens.  
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4.1.7 Fire on the LNG tanker while driving inside the terminal (Possible spread 
of fire) 

 

 Tanker driver to stop the engine & extinguish fire with dry chemical powder 
fire extinguisher installed on the tanker. 

 Activate the fire alarm by breaking the glass in MCP (Manual call point) or 
SPB (Safety push button). 

 First Contact by paging or telephone to Control Room on Extn. No 101/102 
then fire station on Extn. No 444/445 and clearly state fire, the location of the 
fire and if possible some description of fire. 

 Standby in safe location to direct the Emergency Services (fire tender and 
ambulance) to the incident site.  

 Later on wait at respective assembly point until all clear Siren has been 
sounded.  

 All persons other than emergency services assemble at nearby assembly 
points on hearing the evacuation sirens.  

Do: 
 Break the nearest fire alarm point glass (MCP/SPB) to call the fire brigade. 
 Immediately inform the concerned plant control room (101/102). 
 Act to control the incident as per the instructions. 
 Reach to the assembly point, located at right angles to wind direction. 

 

Don’t: 

     X   Don’t Get panicky or spread rumours. 

     X   Don’t Approach control room without work. 

     X   Don’t Engage telephone. 

     X   Don’t Be a spectator. 

 
4.1.8 Anyone on receiving bomb threat call, 
 

• Keep the caller engaged in conversation as long as possible.  

• Try to get maximum information from caller and background noise. 

• Do not cut the phone from your side. 

• Immediately inform emergency control centre and Duty Security officer. 
 

4.2 Control Room Officer (CRO) 
 
On receipt of phone/paging call or activation of the Fire and Gas alarm console: 
 

 Inform the Shift in Charge. 

 Inform fire station about location of incident.  

 Take actions as shown on the relevant Contingency Plan sheets. 

 Inform SIC of his actions from the Contingency Plans. 

 Initiate emergency shutdown (ESD 1 or 2 or 3) as per instruction from shift 
incharge. 



ANNEXURE-XI 

DISASTER MANAGEMENT PLAN 

AXI-16 

 Arrange for Field Operator to meet mutual aid support for fire team if 
summoned. 

 Initiate sirens as per instruction from shift incharge for emergency 
evacuation. 

 
4.3 Shift Incharge (Emergency Controller) 
 
On receipt of information from the Control room Operator: 

 Take actions as shown on the relevant Contingency Plan sheets to isolate the 
affected area.  

 Advise CRO to initiate emergency shutdowns after monitoring process 
parameters. 

 Inform the CM (Operations) / GM (Plant Head) (via CRO if necessary) 

 Shift Incharge will proceed to site of emergency and act as Emergency 
Controller. 

 CM (Operations) / GM (Plant Head) arrive at control room. 

 Advise shift fire crew to reach the location with fire tender to control incident. 

 Inform first aid and ambulance service for readiness. 

 Advise CRO to call in mutual support aid if incident can not be managed by 
shift Emergency Team. 

 Ensure that guidance available at main gate to direct mutual aid to safe 
location to address incident. 

 Instruct CRO to initiate siren for emergency evacuation if required. Use 
paging siren (F1 key) also if required to alert people. 

 Co-ordinate all emergency responses and support until GM (Plant Head) or 
next incharge arrives on site. 

 
4.4 Shift Fire Operator  
 
On receipt of information: 

 Gather wind direction information either from control room or looking at wind 
sock at potable water tank. 

 Ensure that fire tender along with the ambulance reaches the agreed safe 
location (upwind direction) to attack the fire or control the gas leak. 

 Carry out duties as per fire drill. 

 Inform fire crew/ shift persons to use BA set (kept at various locations at site) 
for entering into confined space and use first aid box (kept at various 
locations) for rescue operations.  

 Inform shift incharge for initiating site evacuation alarm if required. 

 Inform shift Security Supervisor for head count. 

 Inform Main control room if any emergency communication received directly 
at fire station.  

 Inform OHC if fire station receives any emergency call. 
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4.5 Shift Security officer 
 
On receipt of information: 

 Eliminate all ignition sources outside the plant boundary in consultation with 
shift incharge. 

 Inform all security guards to arrange for assembly of persons in assembly 
point. 

 Take head count at assembly points based on attendance register.  

 Report the missing persons information to emergency control centre. 
 
4.6 Plant operator 

 Stop all Hot/cold work and evacuate persons in his area. 

 Reach Main control room or emergency area as per instructions from shift 
incharge. 

 Involve in emergency isolation and operation requirements as per instructions 
from shift incharge. 

 Eliminate all ignition sources inside the plant in consultation with shift in 
charge. 

 
4.7 Medical Service 

 On hearing the emergency siren or on hearing the fire tender moves with 
siren in the plant, immediately ambulance also should move along with fire 
tender to the emergency site and stationed at safe location. 

 Provide first aid service at the site and transfer the victim to OHC. 

 If the fire tender moves outside the plant, ask security department whether 
ambulance to be sent along with fire tender or not and act accordingly. 

 If the injury call is received directly from site, immediately send the ambulance 
to site. Then inform Main control room, HSE department and Security 
department. 

 
4.8 HSE officer 

 Reach to site and assess the emergency. 

 Monitor the emergency action and provide necessary advice for all 
emergency services. 

 Coordinate with emergency controller and arrange for mutual aid support. 
 
4.9 Emergency Control Centre 

Main control room will be the emergency control centre. Shift in charge will 
take control of emergency situation until GM (Plant Head) arrives to main 
control room. In case of emergencies, Chief Managers and all managers 
during day shift will be reporting at emergency control centre to GM (Plant 
Head) or to whom GM (Plant Head) hands over charge will be in charge of 
overall control of emergency. 
 
Shift in charge, in absence of GM (Plant Head), will inform key persons about 
the emergency. Contact numbers of key persons are enclosed as annexure 
(II). Only GM (Plant Head) is authorised for media address. 
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Main control room will be the emergency control & communication centre. 
 
On hearing siren, all persons should assemble at assembly points for head count 
except emergency controlling services like operation team, HSE, Fire, OHC, 
Security, concerned persons from Electrical, instrumentation, mechanical dept., 
GAIL office, OSL port service contractor and other concerned persons. In general, all 
emergency concerned persons should carryout their duties during emergency and 
they should not assemble at assembly point. 
 
4.10 ASSEMBLY POINTS 

In case of emergency, these people will assemble at following assembly points, 
 
1) Near Main gate 
2) Opposite PLL canteen  
3) South side Gate 
4) Opposite to Maritime guard house (Jetty entrance) 
5) Opposite to Jetty substation building  

Exact locations of assembly points are shown in layout plan as appendix (I). 
 
Respective Security supervisor will take head counts at assembly points and will 
report to shift in charge for missing persons. 
 
4.11 Personnel Manning at Dahej Plant 
Site will have 35 people in shift duty while ship is berthed and this number may be 
less when ship is not berthed at jetty. During general shift, maximum number of 
people at site will be around 200 including contractor workers. 
 
4.12 Mutual Aid Support 
Petronet LNG is member of Disaster Management centre, Dahej and hence can 
request for nearby Industries help in case of major fire. Nearby industries such as 
RIL (IPCL), Birla copper, GACL, ONGC C2-C3 and GCPTCL have fire tender with 
full-fledged fire fighting team. Familiarisation programme has been conducted for 
nearby industries fire/safety professionals to explain about possible fire scenarios in 
the plant. 
 

5. HAZARDS and TYPES OF SIREN 
 
5.1 Hazards of chemicals: 
 
Material safety data sheet of chemicals handled at site namely LNG, NG, Glycol, 
Nitrogen and Chlorine is kept at file in the Main control room and Fire station. 
 
Important LNG/NG hazards are listed below, 
 

• LNG on exposure to human body cause cold burns.  

• LNG cold vapors is heavier than air at less than (-)110 deg C and forms 
visible white cloud which delimits flammable cloud. 



ANNEXURE-XI 

DISASTER MANAGEMENT PLAN 

AXI-19 

• LNG spill on water can create RPT explosion. 

• NG is flammable (5-15 % range). 

• NG is colorless and odorless. 

• NG can cause breathing problem in confined space. 
 
5.2 Fire fighting information 
 

• Use dry powder for NG fire. 

• Use foam first and then dry power for LNG pool fire. 

• Use CO2 or dry powder (if CO2 is not available) for electrical fires. 

• Never use water on LNG pool leaks or start water sprinkler/curtain system for 
process facilities under LNG pool leak as this can cause RPT explosion. 

• In case of LNG/NG fire, start water spray system of nearby facilities for 
cooling purpose. 

 
5.3 Types of sirens 

 
No siren – No siren will be sounded for injuries to personnel and small fire 
cases and small LNG/NG leak. Small fire / leak is based on assessment by 
Shift Incharge. 
 
Evacuation siren (On-site emergency) – It will be sounded for major fire 
and significant LNG/NG leak. The siren shall be wailing sound for 2 minutes.   

 

 
 
 

Disaster Siren (Off-site emergency) - For disaster situation, the siren shall 
be wailing sound for 2 minutes repeated thrice with one minute  gap in 
between (Total eight minutes duration). 
 
All clear siren - For all clear situation, the siren shall be straight run sound for 
2 minutes continuously. 
 

 
Siren during Mock Drill - In case of mock drill, evacuation siren should be 
sounded. The purpose of siren is to check effectiveness of emergency 
response procedures. 
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5.4      ERP Testing: 
 

Mock drill should be conducted every three months in order to check the 
effectiveness of emergency response plan and procedures. 

 
5.5 ERP Training: 
 

All persons in the plant should be given training on emergency response 
procedures atleast once in a year. 

 

 
6. APPENDIX 

 
APPENDIX (I): Layout of the terminal with marking of assembly points 
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APPENDIX (II): LIST OF KEY PERSONS CONTACT NUMBERS FOR EMERGENCY 

HANDLING 

 
 
PLL 

Petronet LNG Terminal, Dahej, India  

SITE CONTACT LIST  

PLL Contact Numbers 

Name Emergency Title Location Numbers 

Sr Vice President  
( Mr. Rajender Singh ) 

Over all Controller 

 
Petronet Delhi 
Head Office  
 

 

(M) 9953215141 

General Manager 
( Mr.S.B.Singh) 
 

Chief Emergency 
Controller 
 

Petronet 
Dahej site 

02641-300300/301 

(M) 09662526271 

 
General Manager 
( Mr.S.Baitalik) 
 

Standby - Chief 
Emergency Controller 

Petronet 
Dahej site 

02461-300251 

( M) 09662526274 

Shift Incharge Site  Emergency 
Controller 

Petronet 
Dahej site 

02641-300103 

(M) 9662522198 

Port Operations 
Incharge  

Port Operations 
Controller 

Petronet 
Dahej site 

02641-300323 

(M) 9662526306 

CM Operation  
(Mr. Sanjay Kumar) 

Operations  
Coordinator 

Petronet 
Dahej site 

02641-300111 

(M) 9662526281 

CM Port Operation         
( Capt. H.K.Varma ) 

Port Operations  
Coordinator 

Petronet 
Dahej site 

02641-300321/322 

(M) 9662526272 

Manager Security  
( Maj. J. S. Chauhan ) 

Security Coordinator Petronet 
Dahej site 

02641-300342/343 

(M) 9662526291 

 Manager Safety  
( Mr. S.Venugopal ) 

Safety  
Coordinator 

Petronet 
Dahej site   

02641-300451/452 

(M) 9662526295 

CM HR & Admin 
( Mr. Hemant Bahura ) 

Welfare  
Coordinator 

Petronet 
Dahej site 

02641-300305 

(M) 9662526276 

Manager Electrical  
( Mr. Sumit Kumar Pal) 

Communications 
Coordinator 

Petronet 
Dahej site 

02641-300201/205 

(M) 9662526302 

 
APPENDIX (III): LIST OF NEARBY FIRE STATION WITH TELEPHONE NUMBERS 
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Name Title Location Numbers 

Nearby Fire station 
GCPTCL Fire Station Mr. SanjayVaidya 

Dy. Mgr. (Incharge 
Fire & Safety) 

Dahej (1 km) 02641-261035/261101 

(M) 9998011229 

(M) 9998950550 

Reliance Industries 
Ltd. (IPCL)  
Fire Station 

Mr. P. Singh,  
AVP (FSD) 
 

Dahej (5 km) 02641-282431/32, 282000, 

282433, 282400 

(M) 9998975878 

Birla Copper 
(HINDALCO) 
Fire Station 

Col. C. K. Singh 
(Security & Fire 
Services) 

Dahej (7 km) 02641-256004-06 /251008-09 

(M) 9723709840 

 

BASF  
(Styrolution India Pvt. 
Ltd.) 
Fire & Safety dept. 

Mr. N. S. Swarup 
Mgr. (EHS) 

Dahej (8Km) 02641-256571 to 256575 

02641-257206 

(M) 9824704606 

GACL Fire Dept. Pankaj Patel 
Mgr. (Fire) 

Dahej (10Km) 02641-256315-17 

(M) 9909918873  

 

Bharuch Fire Station  Bharuch 02642-240008/101/102 

 

DPMC, Ankleshwar 
Fire station 

 Ankleshwar 02646 – 653101 

(M) 9426889616 
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APPENDIX (IV): LIST OF HELTH CENTERS / FIRST AID CENTERS 

 

Name Title Location Numbers 

Health / First Aid Centres 
 

Reliance Industries 
(IPCL) Occupational 
Health Centre 

Dr. Paren shah 
MBBS, GM (MS) 
 
Dr. V.N.Sheth 
MBBS, Sr.Mgr.(MS) 

Dahej (5 Km) 02641-282032/33/34, 

282000 

(M) 9998987298 

(M) 9998975822 

Birla Copper  
First Aid Center 

Dr. A.A.Rawal 
MS, Medical officer 
 

Dahej (7 km) 02641-256004/5/6, 251008/9  

(M) 9904402622 

GCPTCL Dr. Himanshu Vanza 
MBBS, Medical Officer  
 
Sanjay Panchal 
Medical Assistant 

Dahej 02641-261031 

(M) 9824143883 

(M) 9998011237 

BASF Dr. Himanshu Vanza 
MBBS, Medical Officer 
 

Dahej 02641-256571 to 75, 257206 

(M) 9824143883 

GACL Dr. M. P. Vyas 
MBBS,Medical Officer 
 
Dr. Himesh Mehta 
MBBS, CIS 
 

Dahej (5 Km) 02641-2486407 / 507, 

240889, 2489371 

(M) 9825298432 

 

Bharuch Hospital 
(Patel Welfare 
Hospital) 

Dr. Suketu Dave 
Medical Superintendent 

Jambusar 
Road, Nr. 
Bharuch tower 

02642-242520/ 244881 

(M) 9824141681 

Bhailal Amin general 
Hospital 

Dr. Darshan Desai Bhailal Amin 
Marg, 
Vadodara 

0265-2280300/ 2381301 / 

2286666 / 2282155 

Civil Hospital Dr. S R Patel  

 
(Chief Dist. Medical 
Officer & Civil Surgeon) 

Bharuch 02642-243515 (Emergency), 

241759 

 
APPENDIX (V): LIST OF DISTRICT AUTHORITIES IMPORTANT TELEPHONE 
NUMBERS 
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(OFFSITE EMERGENCY) 

IMPORTANT TELEPHONE NUMBERS - DISTRICT AUTHORITY 

Sr. 

No. 

 

 

Name & Designation Phone No. 

 

Mobile 

  (Office) (Residence)  

1 Mr. Jitendra patel 

Secretary, Disaster Management 

Center, Dahej 

02641-

266011/ 

256670 

 (M) 9824475576 

2 Capt. Alok kumar 

Gujarat Maritime Board  

Port officer – Bharuch 

02642-

243140 

  

3 Smt. Roopvant singh  

District Collector,  

Bharuch 

 

(02642) 

240600 

243499 

(02642) 

223701 

(M) 9978406205 

4 Shri B.G.Prajapati 

Dy. Collector 

 

241400   (M) 9978405177 

5 Shri Dhiren Pandya  

SDM, Bharuch 

(02642) 

241980 

- (M) 9978405256 

6 Shri Gautam Parmar 

Dist. Superintendent of Police,  

Bharuch  

(02642) 

223633 

 

(02642) 

223330 

(M) 9978405066 

7 Shri N. A. Munia 

Dy. Superintendent of Police,  

Bharuch 

(02642) 

269533 

- (M) 9825356700 

8 Shri D M Pandya  

Mamlatdar, Vagra  

 

(02641) 

225221 

(02641)  

225236 

(M) 9925944006 

9 Shri R.G.Desai 

Police Inspector, Dahej  

(02641) 

256233 

- (M) 9825130105 

10 Shri D. M. Jadeja   

Police Sub Inspector, Vagra  

(02641) 

225233 

- (M) 9825327308 

11 District Collector Office   

Control Room,  

Bharuch 

(02642) 

242300 

(Fax) 

251900 

 

Emergency No.  

(02642) 1077 

12 DSP Office Control Room,  

Bharuch  

(02642)  

223084 

223303 

- - 

13. D.P.M.C., Ankleshwar 

Mr. Manoj Kotadiya 

(02646) 

220229 

 9426889616 
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DIRECTORATE (INDUSTRIAL, SAFETY & HEALTH) 
 

Sr. 

No. 

 

Name & Designation 

Phone No. 

 

 

Mobile 

(Office) (Residence) 

 

14 Shri D. C. Chaudhary  

Director (IS&H),  

Ahmedabad  

(079) 
25502349 
25502357 
25502356 
25502364 
25502346 

(079) 

27487070 
(M) 9825049360 

 

 

 

 

 

15 Shri VIJAY S PATEL 

Dy. Director of (IS&H),  

Bharuch  

(02642) 

240421 

(02641) 

225838 

(M) 9909094455 

 

GUJARAT POLLUTION CONTROL BOARD (GPCB) 
 

 

Sr. 

No. 

 

Name & Designation 

Phone No. 

 

 

Mobile 

(Office) (Residence) 

 

16 Dr. K. U. Mistry 

Chairman, GPCB, 

Gandhinagar  

(079)  
23222425 

-  

16 Shri Hardik Shah  

Member Secretary, 

Gandhinagar  

(079) 

23232152 

-  

17 Shri D.L.Bhatt   

Regional Officer, 

Bharuch  

(02642) 

246333, 

248665 

-  

18 Prof. S.P. Gautam 

Chairman, CPCB, 

New Delhi 

(011) 

22304948, 

22307233 

  

 

DEPARTMENT OF EXPLOSIVE 
 

Sr. 

No. 

Name & Designation Phone No. 

 

Mobile 

(Office) (Residence) 

19 Shri. T.R. Thomas 
Chief Controller - Explosives,  
Nagpur 

(0712) 
2510103 

 

- - 
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Sr. 

No. 

Name & Designation Phone No. 

 

Mobile 

(Office) (Residence) 

20 Shri. P.C. Srivastava 
Joint Chief Controller of 
Explosives, 
Nagpur 

(0712) 
2512094 

  

21 Shri S. C. Maiti   

Jt.Chief Cont. Explosives,  

Mumbai  

(022) 
27575946 

 

- - 

22 Shri. R.C. Kaul 

Dy. Chief Controller Expl., 

Vadodara  

(0265) 

2225159 

2361035 

- - 

 

DEPARTMENT OF ENVIRONMENT & FOREST (DoEF) 
 

Sr. 

No. 

 

Name & Designation 

Phone No. 

 

 

Mobile 

23 Shri J. K. Vyas  

Director (Env.&For.), 

Ahmedabad   

(079) 

23251062 

23252154 

- - 
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APPENDIX (VI): FLOWCHART FOR EMERGENCY PREPAREDNESS PLAN 

 

 

 

 
 

 

APPENDIX (VII): REFLEX SHEET FOR MAXIMUM HAZARD 
DISTANCE FOR LNG DISPERSION / NG FIRE / NG EXPLOSION 

 

Hazard distances for pool fires, jet fires and flash fires were evaluated in the detailed QRA 

and are summarised in terms of the following dimensions:  

• d: maximum downwind distance;  

• c: maximum crosswind width;  

• s: offset distance (distance between source and upwind end of effects zone). Note that 

a negative offset distance indicates that the upwind end of the effects zone is located 

upwind of the source; and  

• m: distance between release source and location of maximum crosswind width.  
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Thermal radiation contours are calculated to 40kW/m
2
, 30kW/m

2 
and 12kW/m

2 

corresponding to fatality probabilities of 0.9, 0.5 and 0.01 respectively.  

 

TERMINOLOGY 

 

Section 

Code 

Equipment Facility Area 

LA Unloading Arms Jetty 

TP Pipeline (Jetty to Plant) Piping from Plant to Jetty 

TA LNG Tanks (T101 – T104) LNG Storage 

TO Tank Outlet LNG Storage 

SO HP Pump Outlet Vaporisation & Send-out 

CV SCVs (E106 / E107) Vaporisation & Send-out 

SV STVs (E104 / E105) Vaporisation & Send-out 

MT Metering (U101 / U103) Metering 

FG Fuel Gas Pipeline Piping from Metering station to Power plant 

CL Chlorination Package Chlorine 

TT1 6” main feed line TTLF 

TT2 3” feed line (upstream of 

FV – 13001) 

TTLF 

TT3 3” feed hose TTLF 

TT4 4” recirculation line TTLF 

TT5 Truck tanker TTLF 
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Hazardous Effects Zone for Pool Fires 

Section 
Code 

Thermal 
Radiation 
(KW/m

2
) & 

Fatality 
Probability 
(%)  

Consequence Distances for small pool fire due to 
12mm leak (m) 

Consequence Distances for small pool fire due to 
25mm leak (m) 

2F 5D 2F 5D 

d c s m d c s m d c s m d c s m 

TT3 

40 (90%) 0 0 0 0 0 0 0 0 9 3 3 6 10 3 4 7 

30 (50%) 7 2 3 5 7 2 4 6 11 3 3 7 12 3 4 8 

12(1%) 7 2 3 5 7 2 4 6 15 6 3 9 16 6 4 10 

TT4 

40 (90%) 0 0 0 0 0 0 0 0 9 3 3 6 10 3 4 7 

30 (50%) 7 2 3 5 7 2 4 6 11 3 3 7 12 3 4 8 

12(1%) 7 2 3 5 7 2 4 6 15 7 2 9 16 6 4 10 

TT5 

40 (90%) 0 0 0 0 0 0 0 0 9 3 3 6 10 3 5 7 

30 (50%) 7 2 3 5 7 2 4 6 11 3 3 7 12 3 4 8 

12(1%) 7 2 3 6 7 2 4 6 15 6 3 9 16 6 4 10 

                  
                  

Section 
Code 

Thermal 
Radiation 
(KW/m

2
) & 

Fatality 
Probability 
(%) 

Consequence Distances for small pool fire due to 
50 mm leak (m) 

Consequence Distances for  
Large pool fires (m) 

2F 5D 2F 5D 

d c s m d c s m d c s m d c s m 

LA 

40 (90%) 60 60 -68 0 85 65 
-

45 0 60 60 -55 0 90 70 -50 0 

30 (50%) 72 72 -55 0 100 80 
-

50 0 71 71 -68 0 110 87 -58 0 

12 (1%) 125 130 -120 0 165 140 
-

93 0 125 130 -120 0 180 150 -103 0 

TP 

40 (90%) 60 60 -68 0 85 65 
-

45 0 78 75 -70 0 100 80 -60 0 

30 (50%) 72 72 -55 0 100 80 
-

50 0 90 90 -85 0 120 100 -70 0 

12(1%) 125 130 -120 0 165 140 
-

93 0 155 160 -150 0 200 175 -125 0 

TA 

40 (90%) 40 40 -40 0 40 40 
-

40 0 40 40 -40 0 40 40 -40 0 

30 (50%) 40 40 -40 0 40 40 
-

40 0 40 40 -40 0 40 40 -40 0 

12(1%) 130 130 -130 0 180 115 
-

50 0 130 130 -130 0 180 115 -50 0 

TO 

40 (90%) 50 48 -40 0 75 50 
-

25 0 55 54 -50 0 80 55 -35 0 

30 (50%) 58 55 -50 0 90 60 
-

30 0 65 65 -60 0 95 70 -40 0 

12(1%) 95 100 -90 0 130 105 
-

60 0 110 110 -100 0 140 115 -70 0 

SO 

40 (90%) 50 48 -40 0 75 50 
-

25 0 55 54 -50 0 80 55 -35 0 

30 (50%) 58 55 -50 0 90 60 
-

30 0 65 65 -60 0 95 70 -40 0 

12(1%) 95 100 -90 0 130 105 
-

60 0 110 110 -100 0 140 115 -70 0 

CV 

40 (90%) 50 48 -40 0 75 50 
-

25 0 55 54 -50 0 80 55 -35 0 

30 (50%) 58 55 -50 0 90 60 
-

30 0 65 65 -60 0 95 70 -40 0 

12(1%) 95 100 -90 0 130 105 
-

60 0 110 110 -110 0 140 115 -70 0 

SV 

40 (90%) 50 48 -40 0 75 50 
-

25 0 55 54 -50 0 80 55 -35 0 

30 (50%) 58 55 -50 0 90 60 
-

30 0 65 65 -60 0 95 70 -40 0 

12(1%) 95 100 -90 0 130 105 
-

60 0 110 110 -110 0 140 115 -70 0 

TT3 

40 (90%) - - - - - - - - 12 7 -2 5 14 7 -2 6 

30 (50%) - - - - - - - - 15 8 -3 6 18 9 -2 8 

12(1%) - - - - - - - - 25 16 -8 8 25 16 -6 10 
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TT4 

40 (90%) 7 4 -1 3 8 4 -1 3 6 4 -3 2 7 5 -2 2 

30 (50%) 9 5 -1 4 10 5 -1 5 8 5 -3 3 9 5 -2 4 

12(1%) 15 9 -3 6 16 9 -2 7 14 10 -5 5 14 9 -3 6 

TT5 

40 (90%) 20 9 2 11 23 9 3 13 90 -50 16 43 109 -56 10 48 

30 (50%) 24 11 1 13 28 11 2 16 105 -64 25 40 123 -68 16 55 

12(1%) 35 21 -6 15 37 20 -2 17 158 -114 68 47 168 -115 54 57 

                  
The Small pool fire due to 12 mm and 25 mm leak were assessed for TTLF only. For Section Code TT3, 50 mm case was not assessed since 
the size of pipe 3" and hence not meaningful to assess for 50 mm leak case. 

 

Hazardous Effects Zone for Jet Fires 

Section 
Code 

Thermal 
Radiation 
(KW/M2) & 
Fatality 
Probability(%)  
(a) 

Consequence Distances for small jet 
fire due to 12mm leak (m) 

Consequence Distances for small jet fire  
due to 25mm leak (m) 

2F 5D 2F 5D 

d c s m d c s m d c s m d c s m 

TT1 

40 (90%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

30 (50%) 0 0 0 0 33 5 1 17 0 0 0 0 62 9 0 30 

12(1%) 47 8 1 24 40 10 0 20 87 17 1 43 73 12 0 36 

TT2 

40 (90%) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

30 (50%) 0 0 0 0 33 5 1 17 0 0 0 0 62 9 0 30 

12(1%) 47 8 1 24 40 10 0 20 87 17 1 43 73 12 0 36 

                  

Section 
Code 

Thermal 
Radiation 
(KW/M2) & 
Fatality 
Probability 

Consequence Distances for small jet 
fire due to 50 mm leak (m) 

Consequence Distances for  
Large jet fires (m) 

2F 5D 2F 5D 

d c s m d c s m d c s m d c s m 

MT 

40 (90%) 75 25 5 40 70 25 1 30 150 60 1 75 145 60 1 75 

30 (50%) 90 50 -1 40 80 50 
-

10 35 175 110 
-

25 75 175 110 
-

25 75 

12(1%) 110 75 
-

20 40 100 75 
-

25 40 210 145 
-

50 75 200 145 
-

50 75 

FG 

40 (90%) 21 5 5 12 19 5 2 10 55 20 1 30 55 20 1 30 

30 (50%) 25 12 1 12 24 12 0 10 65 40 -5 30 65 40 -5 30 

12(1%) 28 16 -3 12 26 17 -5 10 79 50 
-

10 30 79 50 
-

10 30 

TT1 

40 (90%) 0 0 0 0 107 14 0 52 0 0 0 0 219 33 0 110 

30 (50%) 136 15 2 70 114 19 0 58 270 35 0 136 232 43 -1 115 

12(1%) 139 37 0 80 134 43 -2 66 321 80 -4 160 271 94 -9 132 

TT2 

40 (90%) - - - - - - - - 184 19 2 97 154 22 1 78 

30 (50%) - - - - - - - - 195 23 2 100 164 29 0 82 

12(1%) - - - - - - - - 226 53 0 112 191 65 -4 94 

                  

The Small jet fire due to 12 mm and 25 mm leak were assessed for TTLF only. For Section Code TT2, 50 mm case 
was not assessed since the size of pipe 3" and hence not meaningful to assess for 50 mm leak case. 
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Hazardous Effects Zone for Toxic Dispersion 
                          

Section 
Code 

CL 
Concentration 
(mg/m3) & 
Fatality 
Probability (%) 
(a) 

Consequence Distances for 
Continuous Vapour Releases   

(m) 

Consequence Distances for 
continuous Two Phase Releases  

(m) 

Consequence Distances for 
Instantaneous Releases  

(m) 

2F 5D 2F 5D 2F 5D 

d c s m d c s m d c s m d c s m d c s m d c s m 

CL 

7700 (90%) 23 2 0 13 10 1 0 5 200 20 0 120 100 16 0 65 55 20 0 35 50 10 0 27 

4400 (50%) 42 3 0 27 16 2 0 12 290 25 0 165 125 20 0 75 80 22 0 35 70 11 0 30 

1600 (1%) 90 20 0 82 43 4 0 15 640 50 0 375 225 25 0 100 145 24 0 35 140 13 0 30 
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Pool Fire Effects on Critical Plants 

Source 

Hazard 
Distance 

(m) Offsite 

Distance to Sensitive Equipment / Area 

LNG 
Tanks 

Firewater 
Tanks 

Control 
Room 

Admin 
Building 

Unloading Arms 85 >2000 >2000 >2000 >2000 >2000 

Pipeline (Jetty to Plant) 85 255 100 390 430 480 

Tank T - 101 
(a)

 40 167 77 220 260 300 

Tank T - 102 
(a)

 40 322 77 222 295 370 

Tank T - 103 
(a)

 40 240 77 290 388 480 

Tank T - 104 
(a)

 40 85 77 410 522 615 

T - 101 Outlet 75 246 77
(b)

 230 280 332 

T - 102 Outlet 75 394 77
(b)

 230 338 423 

T - 103 Outlet 75 239 77
(b)

 300 437 534 

T - 104 Outlet 75 166 77
(b)

 415 530 622 

P - 104 Outlet 75 342 79
(b)

 140 233 329 

P - 105 Outlet 75 342 79
(b)

 186 300 388 

SCV E - 106 75 206 30 170 215 263 

SCV E - 107 75 206 30 256 366 458 

STV E - 104 75 190 68 146 200 256 

STV E - 105 75 190 68 230 344 435 

TTLF 23 
(c )

 115 60 235 260 235 

       

(a.) Modelled as a Tank Top Fire. 
(b.) T - 101 to 104 hazard distances to tanks are so close, it is assumed that they will affect the 
tanks.  
(c.)Based on Truck Transfer (TT5) results, which are the worst among all section analyzed for 
TTLF. 
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Hazardous Effects Zone for Flash Fires 

Section Code 
Fatality 

Probability 
(%) 

Consequences Distances for Flash Fires over 
plant (m) 

Consequences Distances for Flash Fires over Cloud 
Extent (m) 

2F 5D 2F 5D 

d c s m d c s m d c s m d c s m 

LA - Small 
Release 

(a)
 100 - - - - - - - - 350 37.1 0 350 85 21.5 0 85 

LA - Large 
Release 

(a)
 100 - - - - - - - - 1800 101.2 0 1800 390 59.1 0 390 

TP - Small 
Release 100 340 37.1 0 340 70 19 0 70 350 37.1 0 350 70 12.6 0 70 

TP - Large 
Release 100 340 59.8 0 340 70 90 0 70 2370 133.6 0 2370 500 73.8 0 500 

TA - Small 
Release 100 287 65.1 0 287 287 91 0 287 0

(b)
 0

(b)
 0

(b)
 0

(b)
 0

(b)
 0

(b)
 0

(b)
 0

(b)
 

TA - Large 
Release 100 287 202.7 0 287 287 186 0 287 9000 568.3 0 9000 900 253.8 0 900 

TO - Small 
Release 100 287 43.9 0 287 30 21 0 30 325 47.2 0 325 30 21.1 0 30 

TO - Large 
Release 100 287 49.7 0 287 60 24 0 60 410 57.9 0 410 60 23.6 0 60 

SO - Small 
Release 100 325 47.2 0 325 30 21 0 30 325 47.2 0 325 30 21.4 0 30 

SO - Large 
Release 100 342 49.6 0 342 60 21 0 60 410 57.9 0 410 60 21.4 0 60 

CV - Small 
Release 100 325 47.2 0 325 30 21 0 30 325 47.2 0 325 30 21.4 0 30 

CV - Large 
Release 100 342 49.6 0 342 60 21 0 60 410 57.9 0 410 60 21.4 0 60 

SV - Small 
Release 100 325 47.2 0 325 30 21 0 30 325 47.2 0 325 30 21.4 0 30 

SV - Large 
Release 100 342 49.6 0 342 60 21 0 60 410 57.9 0 410 60 21.4 0 60 

TT1 - Small 
release (12 mm) 100 47 5 8 35 48 2 8 32 47 5 8 35 48 2 8 32 

TT1 - Small 
release (25 mm) 100 80 11 9 59 80 5 7 48 93 13 10 69 119 7 10 72 

TT1 - Small 
release (50 mm) 100 80 13 5 55 80 6 4 54 179 30 12 123 236 18 12 160 

TT1 - Large 
release 100 80 32 0 27 80 10 0 50 619 250 0 210 609 77 0 380 

TT2 - Small 
release (12 mm) 100 47 5 8 35 48 2 8 32 47 5 8 35 48 2 8 32 

TT2 - Small 
release (25 mm) 100 80 11 9 59 80 5 7 48 93 13 10 69 119 7 10 72 

TT2 - Large 
release 100 80 15 3 55 80 7 2 51 260 48 10 180 340 30 10 215 

TT3 - Small 
release (12 mm) 100 49 8 4 32 34 2 6 25 49 8 4 32 34 2 6 25 

TT3 - Small 
release (25 mm) 100 80 15 4 51 80 6 5 47 109 21 5 70 93 7 6 55 

TT3 - Large 
release 100 80 16 0 9 77 11 0 30 175 36 0 20 77 11 0 30 

TT4 - Small 
release (12 mm) 100 49 8 4 32 34 2 6 24 49 8 4 32 34 2 6 24 

TT4 - Small 
release (25 mm) 100 80 17 3 58 80 6 6 47 111 23 4 80 86 6 6 50 

TT4 - Small 
release (50 mm) 100 80 12 0 13 66 7 2 26 150 23 0 25 66 7 2 26 

TT4 - Large 
release 100 80 19 0 8 60 7 0 23 124 29 0 12 60 7 0 23 

TT5 - Small 
release (12 mm) 100 49 8 4 32 34 2 6 25 49 8 4 32 34 2 6 25 

TT5 - Small 
release (25 mm) 100 80 16 4 52 80 6 6 48 111 22 5 72 90 7 7 54 

TT5 - Small 
release (50 mm) 100 80 24 2 57 80 8 2 46 246 75 5 175 173 17 5 100 

TT5 - Large 
release 100 80 35 0 8 80 10 0 54 681 300 0 70 812 105 0 550 

                  
(a) Flash fire over plant area not considered for jetty. 
(b) No part of the cloud is within LFL at ground level. 



ANNEXURE-XII 

DISASTER MANAGEMENT PLAN 

AXI-34 

APPENDIX (VIII) CHEMICAL DETAILS AND THEIR EFFECTS 

 

CHEMICALS STORAGE DETAILS OF MAH FACTORIES  

 

Sr. 

No.  

Name of the 

Factory & 

Address  

Nature of the 

Hazardous 

Chemical  

Kind of 

Storage  

Capacity 

of Storage  

No. of 

Contain

er/s  

Max. Qty. 

to be 

Stored M
3
 

Actual 

Qty.  

of Storage  

CAS 

no. 

1 Petronet LNG Ltd, 

GIDC Industrial 

Estate,  

Plot No. 7/A, 

Dahej,  

Taluka Vagra,  

Dist. Bharuch  

Liquified natural 

Gas(LNG), 

Regassified Liquid 

Natural gas (RLNG) 

Full containment 

tank (double wall 

using 9% Ni steel 

as inner tank and 

concrete as outer 

tank) 

160000 m3 

as gross 

capacity and 

148000 m3 

as net 

capacity 

04 148000 m3 Depends on 

send out gas 

rate 

74-82-8 



ANNEXURE-XII 

DISASTER MANAGEMENT PLAN 

AXI-35 

TOXIC CHEMICAL DISPERSION HAZARD DETAILS  

 
Sr. 

No. 

Name of 

Factory & 

Address  

Nature of 

Chemical 

(With 

IDLH) 

Spill Qty. 

Considering 

Credible Loss 

Maximum 

Credible  

Descript-

ion of 

Release 

Tank / 

Tonnar  

Atmo-

spheric 

Conditi

on  

F-2 

D-3 

Expo-

sure 

Type 

IDLH 

Damage 

Down 

Wind 

(Meter/s) 

Distance 

Credible 

Wind 

(Meter/s

) 

Con-

tour 

Arri-

val 

Time 

Minute  

Con-

tour 

Depa-

rture 

Time 

Min.  

Detail 

Popul-

ation 

Affect  

1 Petronet LNG 

Ltd,  

GIDC 

Industrial 

Estate,  

Plot No. 7/A, 

Dahej,  

Taluka Vagra, 

Dist. Bharuch  

No toxic 

chemicals 

used  

- - - - - - - - - 

 



ANNEXURE-XII 

DISASTER MANAGEMENT PLAN 

AXI-36 

FLAMMABLE CHEMICALS HAZARDS DETAILS (FIRE & EXPLOSION RISK)  

 

Sr. 

No. 

Name of the 

Factory 

Name of 

the 

Chemical 

IDLH 

Spill Qty. 

Maximum 

Credible 

Loss (MT) 

Explosion 

VCE 

Damage 0.1 

Bar distance 

in meter  

Fireball 

Damage 

Radius 4.0 

kgs/hr.  

R=29 M/3 

Fireball 

Druation  

t seconds 

t = 9.5M/3  

Radiations 1.6 

KW/M2 in 

meter  

1 PLL 

 

LNG/ 

RLNG 

111.5 kg/s for 

50 mm bore 

size for 

duration of 

<1 sec 

38 m for 140 

mbar  vapour 

cloud explosion 

Not Applicable BLEVE  can 

not happen for 

LNG tanks 

5 Kw/m2 (<1 % 

fatality probability) 

at distance of 300 

m for the case of 

LNG tank pool fire 

with 5D 

atmosphere 
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DISASTER MANAGEMENT PLAN 

AXI-37 

HAZARD IDENTIFICATION OF MAH FACTORIES SCENARIO RESULT AND EFFECT  
 

Sr. 

No. 

Name of 

Factory  

Haza-rdous  

Chemical  

Hazard  Scenario  Result  Effect  
Fire Toxic 

Release  

Corr

osive  

Expl

osive  

1 PLL LNG / RLNG Yes No No Yes 1. LNG Unloading 

arm failure at 

jetty during 

unloading 

operation 

2. LNG tank 

(concrete outer 

wall damage) 

leak 

 

 

 

3. RLNG leak from 

high pressure line 

(approx. 80 bar) in 

vapouriser or 

metering. 

Sudden LNG spill 

into sea surface and 

may have RPT 

(Rapid phase 

Transition) 

explosion 

Pool fire around the 

tank 

 

 

 

 

 

RLNG will easily 

dispersed in air and 

remote chances for 

Vapour cloud 

explosion. 

RPT Explosion 

overpressures  are 

very low and LNG 

splash on body cause 

cold burns 

 

Remote possibility 

and 5 Kw/m2 (<1 % 

fatality probability) 

at distance of 300 m 

for the case of LNG 

tank pool fire at 5D 

atmos. 

Offsite Impact will 

be 100-200 m (for 30 

mbar explosion 

overpressure) from 

plant boundary. 

 



ANNEXURE-XII 

PUBLIC HEARING DETAILS 

 





 









ANNEXURE – B (ENGLISH) 

As per the Ministry of Environment and Forests, Government of India, New Delhi vides its 

notification no. S.O.1533 dated 14/09/2006 and its subsequent amendment; Public Hearing is 

fixed for the following project covered under “Category A”, M/s. Petronet LNG Limited for its 

proposed expansion of Dahej LNG Terminal from 10 MMTPA to 20 MMTPA capacity (Import, 

Storage and Reどgasification Facilities) plants located at Dahej Site, Taluka Vagra, Dist. Bharuchど
392 130, Gujarat under the supervision of Shri. R. S. Ninama, Additional District Collector, 

Bharuch. 

 

Shri B.Y.Rathod, Regional Officer, GPCB, Bharuch and representative of Member Secretary, 

GPCB – a panel member of the Public Hearing Committee; welcomed all present to the Public 

Hearing. He outlined the various provisions of the Notification and briefed the procedural 

details for conducting this Public Hearing including actions taken by GPCB for wide publicity of 

this public hearing advertisement given earlier in the local news papers in vernacular language 

as well as English. All surrounding Gram Panchayat were informed before public hearing. He 

announced that as per the provisions of Notification, only locally affected persons will be 

allowed to make their representation in the Public Hearing while others having plausible stake 

may give their representation in writing which would be included in the proceedings. He also 

made it clear to the gathering that making recommendation about the project proposal is out 

of the purview of the working of the public hearing committee and is solely responsible for 

preparation of proceedings of the meeting covering all the concerns raised during the public 

hearing.  

 

The Regional Officer, GPCB, Bharuch further informed the forum that six written representations were 

received prior to public hearing. The first were received from Falguni Joshi (Paryavaran Mitra), 

Ahmedabad,  Second from Shri Bipin J. Upadhyay (Editor), Udhyog Mitra Gujarat, third from Gujarat 

Crime Coverage New Paper, Ankleshwar, fourth from Ladat Athwadik Samachar Patra, Bharuch, fifth 

from Shri Manish Rana, Paryavaran Mitra, Ankleshwar and sixth from Jitendrabhai Babalbhai Patel, Bird 

View of Industries, Ankleshwar which would be included in proceedings. The same are enclosed as 

Annexure C1, C2,C3, C4, C5 and, C6 along with the replies submitted by the project proponent as 

Annexure D1, D2, D3, D4, D5 and D6 respectively.  

 

He then opened the Public Hearing after due permission from the Additional District Collector. 

He invited the Project Proponent to give their introduction and to make the presentation of 

their project.  

Thereafter power point presentation in Gujarati language covering introduction of the Company, Details 

of existing site at Dahej, Photograph of Existing facility, Location of the Proposed Expansion Project and 

its capacity, technical information, Design Criteria, details of proposed expansion project, safety 

precautions to be adopted, Details of Pollution Load, Details of Utilities and water consumption, details 

of hazardous waste generation and disposal, mode of Transportation carried out by Company and 

industry’s activities was made by Shri Jatin Joshi representative of M/s. Petronet LNG Limited.  



Details of Environmental monitoring for Ambient Air, Water, Noise and soil and Details of study area, 

Environmental Management System, its impact on the environment along with proposed mitigation 

measures, Odor Control Plan, Medical Facilities and details of fire fighting system and Details of 

proposed CSR activities. 

 

After this, Regional Officer, GPCB, Bharuch with the due permission of the Additional District Collector 

opened the forum for representations / suggestions / objections from the locally affected people.  

 

The statement showing issues / suggestions / objections / opinion raised by the participants 

during public hearing verbally and responded to by the representative of the applicant during 

the Public Hearing is as under: 

 

Sr. 

No. 

Name and Address Points represented and / or 

written submission 

* Chronological Replies 

from Project Proponent 

1 Shri Jaswantbhai 

Sarpanch 

Village: Lakhigam,  

Taluka: Vagra,  

District: Bharuch 

• Petronet LNG Limited supports us 

always. Nothing more to say. 

 

 

  

• We welcome all your 

suggestions. 

2 Shri Jayantibhai Ahir 

Upsarpanch, Luvara 

Village: Luvara,  

Taluka: Vagra,  

District: Bharuch 

• He informed that Company has 

provided solar light, roads, medical 

facility, drinking water facility and 

green belt development to our 

village. Company always 

concentrates on our problems. 

• We welcome all your 

suggestions. 

 

 

 

3  Shri Sureshbhai Parmar, 

Village: Kadodara 

Taluka: Vagra, 

District: Bharuch  

• He informed that industry come 

with development and pollution 

also comes, if it is attended time to 

time then industry comes with 

solution. 

• Name of our village become 

famous worldwide due to this 

industrial development. 

• Further, He added that industry 

should develop green belt in 

surrounding villages. 

• Due to this industrial development, 

kidney disease are detected in this 

area and for this problem; villagers 

have to go to Vadodara or any 

major city for dialysis. Company 

should reserve fund to provide the 

dialysis machine to nearby 

 

 

 

 

• We welcome all your 

suggestions. 

 



Sr. 

No. 

Name and Address Points represented and / or 

written submission 

* Chronological Replies 

from Project Proponent 

 village or donate to welfare society 

or welfare trust. So, they do not 

have to go to vadodara or any 

major city to treatment. 

• Company should provide the 

school, internal roads, employment 

and other facilities. 

4 Shri Ishwarbhai 

Narsinhbhai Gohil, 

Village: Lakhigam,  

Taluka: Vagra,  

District: Bharuch 

• He asked the Company give the 

employment to educated and 

skilled person who are engineers or 

ITI graduates. 

• We welcome all your 

suggestions. 

 

5 Shri Pradeep Thakar 

Manav Kalyan samiti 

Village: Ankleshwar,  

Taluka: Ankleshwar,  

District: Bharuch 

• Pollution level is decreased in New 

Delhi as they started using Natural 

gas vehicles and pollution level will 

also decrease in this area due to 

coming of this project. So we 

welcome the project.   

• Company should develop CBSE 

School in this area. 

• He said that 5000 banayan trees 

have been planted at the bank of 

Narmada river and company should 

come forward and support in future 

for green belt development.. 

• Due to this company surrounding 

villages are developed which 

welcome and company should 

continue this type of CSR Activities.  

• We welcome all your 

suggestions. 

 

6 Shri Haniabhai 

President of Dahej 

Industrial Association, 

Village: Dahej,  

Taluka: Vagra,  

District: Bharuch 

• He said that people of this area are 

positive during public hearing 

programs.   

• He added that medical facility for 

dialysis is very costly in this area 

and limited. Company should come 

forward jointly with Dahej 

Industrial Association (DIA). For this 

facility, DIA will contribute Rs. 5ど10 

Lacs. 

• Petronet LNG Limited is having well 

planned management  

 

 

 

 

• We welcome all your 

suggestions. 

 



 

 

 



ANNEXURE – B1 (GUJARATI) 

Birt srkirni vn an[ pyi<vrN m>#iily, nv) (dÃh)ni Ôh[rnimi k|mi>k: a[s.ai[ {E} ti. 14-09-
2006 an[ t[ni> s&FirivFirini> an&s>Fin[ m[ss< p[T^i[n[T a[la[nJ (lm)T[D Úiri s&(ct (vAtrN dh[j 
a[la[nJ Tm)<nlni> sgvDn) xmti> 10 a[ma[mT)p)a[ Y) 20 a[ma[mT)p)a[  {aiyit, s>g\h an[ 

r)g[s)f)k[Sn} krvi miT[n) p(ryi[jni k[T[gr) “a[” mi> aivr) l[viy[l C[. j[ dh[j sieT, til&ki[ 
vigri, J. B$c – 392 130, g&jrit Kit[ aiv[l C[ j[ miT[n) li[k s&nivN) 19/06/2013 ni ri[j 
smy: 10:00 klik[ p\i[j[kT sieT, dh[j, til&ki[ vigri, J. B$c {g&jrit} m&kim[ riKvimi> aiv[l C[ 
j[ a(Fk (jÃli kl[kTr ~)min air. a[s. n)nimi n) d[Kr[K h[qL S$ kr[l.  

~) b).viy. riqi[D, p\id[(Sk a(Fkir), g&jrit p\d&PN (ny>#iN bi[D<, B$c an[ s¿ys(cv~) g&jrit 
p\d&PN (ny>#iN bi[D<ni p\(t(n(F an[ li[k s&nivN) s(m(tni p[nl s¿y tr)k[ li[k s&nivN)mi> 
up(AYt si]n[ aivkiyi<. t[ai[a[ e. aie.a[.  ni[T)(fk[Sn a>tg<t (v(vF ji[gviEai[ an[ li[k 
s&nivN) p\(k|yi bibt s>(x¼tmi> mi(ht) aip), t[mN[ ai li[k s&nivN)n) bhi[L) p\(s¹F) a>g[ 
g&jrit p\d&PN (ny>#iN bi[D[< kr[l kiy<vih) j[v) k[[ AYi(nk d](nk p#ii[mi> jih[rKbr aip)n[ krvimi> 
aiv[l Ôh[rit a>g[ mi(ht) aip[l. vF&mi> t[ai[a[ Ôh[rit kr) k[ sdr ni[T)(fk[Snn) Ô[gviEai[ 
an&sir AYi(nk asrg\At li[ki[ ai s&nivN)mi> mi](Kk rj&ait kr) SkS[ jyir[ Äyijb) h)t 
Frivti aºy Äy(ktai[ t[ai[n) rj&ait l[(Ktmi> kr) SkS[ j[ni[ kiy<vih) ni[>Fmi> smiv[S krvimi> 
aivS[. t[ai[a[ vF&mi> ApOTti krti jNiÄy&> k[ li[k s&nivN) s(m(tni kiy<x[#imi> s&(ct pr)yi[jnin) 
m>j&r) bibt[ ki[E BlimN krvini[ smiv[S Yti[ nY). s(m(ta[ li[k s&nivN) dr(myin mLt) tmim 
rj&aiti[n[ aivr) lE kiy<vih)  ni[>F  t]yir krvin) rh[ C[. 

T[D6[ JW]DF\ OMZDG[ H6FjI]\ S[ ,MS ;]GFJ6L VUFp S], K s&f ,[lBT ZH}VFTM D/[, K[P  H[DF\ 5|YD ZH}VFT 
OF<U]GL HMXL s5IF"JZ6lD+f4 VDNFJFN TZOYL D/L K[P  ALHL ZH}VFT zL AL5LGEF. H[P p5FwIFI 
sT\+Lf4 pnMUlD+4 +LHL ZH}VFT U]HZFT S|F.D S,Z[H gI}h 5[5Z4 V\S,[`JZ4 RMYL ZH}VFT ,0T 
V9JFl0S ;DFRFZ5+4 E~R4 5F\RDL ZH}VFT zL DGLQF ZF6F4 5IF"JZ6lD+ VG[ K9'L ZH}VFT HLT[gN=EF. 
AA,EF. 58[,4 A0"jI} VMO .g0:8=Lh4 V\S,[`JZGM SFI"JFCLDF\ ;DFJ[X SZ[, K[P  H[ VG]S|D[ V[G[1FZ ;Lv!4 
;LvZ4 ;Lv#4 ;Lv$4 ;Lv5 VG[ ;Lv& TZLS[ VG[ S\5GL wJFZF ,[lBTDF\ VF5[, HJFA VG]S|D[ V[G[1FZ 
0Lv!4 0LvZ4 0Lv#4 0Lv$4 0Lv5 VG[ 0Lv& TZLS[ ;FY[ AL0F6DF\ K[P 

tIFZ AFN T[D6[ VlWS lH<,F S,[S8ZzLGL 5ZJFGULYL ,MS ;]GFJ6LGM 5|FZ\E SIM"P  T[VMV[ 5|MH[S8 
5|5MGg8zLG[ T[DGF ;}lRT lJ:TZ6 5lZIMHGF lJX[ DFlCTL ZH} SZJF VG[ 5[|hg8[XG ZH} SZJF H6FJ[,P  

tIFZ AFN U]HZFTL EFQFFDF\ D[;;" 5[8=MG[8 V[,PV[GPHLP l,P GF 5|lTlGlW TZLS[ zL HTLG HMXLV[[  S\5GLGM 
5lZRI4 NC[H BFT[GL CF,GL ;F.8 lJX[GL DFlCTL4 CF,GL ;]lJWFGF OM8MU|FO4 ;}lRT lJ:TZ6 5lZIMHGFG]\ 
:Y/ VG[ T[GL  1FDTF4 TSlGSL DFlCTL4 l0hF.G S|F.8[ZLIF4 ;}lRT lJ:TZ6 5lZIMHGFGL DFlCTL4 
;FJR[TLGF 5U,F\VM4 5|N}QF6 lJX[GL DFlCTL4 I]8L,L8L VG[ 5F6LGF J5ZFX  

 



lJX[GL DFlCTL4 HMBDL SRZFG]\ pt5FNG VG[ T[GF lGSF, lJX[GL DFlCTL4 5lZJCGGF 5|SFZ lJX[GL DFlCTL 
VF5LP   
CJF4 5F6L4 VJFH VG[ DF8LGL 5IF"JZ6LI RSF;6L lJX[GL DFlCTL VG[ VeIF; lJ:TFZGL DFlCTL4 
5IF"JZ6LI jIJ:YF5G 5wWlT4 T[GL 5IF"JZ6 p5Z V;Z VG[ ;}lRT 5U,F\VM4 VM0"Z Sg8=M, %,FG4  
D[0LS, ;]lJWFVM VG[  OFIZ OF.8L\U 5wWlTGL DFlCTL VG[ ;}lRT ;FDFlHS 5|J'lTVMGL DFlCTLP 

p\i[j[kT p\pi[nºTni p\(t(n(F Úiri rj&ait p&N< Yyi bid p\id[(Sk a(Fkir) g&jrit p\d&PN (ny>#iN 
bi[D<a[ (jÃli kl[kTrn) an&m(t m[Lv) AYi(nk asrg\At li[ki[n) rj&aiti[/ vi>Fi s&cni[ miT[  m>c 
K&Ãl&>  m&ky&>. 

li[k s&nivN) drÀyin hijr li[ki[ Úiri mi](Kkmi> rj& krvimi> aiv[l p\Åni[/ vi>Fi s&cni[/ m>tÄy t[mj 
arjdirni p\(t(n(F Úiri aipvimi> aiv[l jvib n)c[ m&jb C[  

k|m nim an[ srnim&> uqiv[l m&Ùiai[ uFi[gkti< Úiri 
aipvimi> aiv[l jvib 

1. zL HXJ\TEF.  
;Z5\R 
UFD ,BL UFD4  
TFP JFUZF4  
lHP E~R  

• D[;;" 5[8=MG[8 V[,PV[GPHLP l,P VDG[ C\D[XF 
;CSFZ VF5[ K[P JWFZ[ S\. SC[J]\ GYLP 
  

• VD[ VF5GF ;}RGG[ 
VFJSFZLV[ KLV[P  

2. zL HI\lTEF. VFCLZ 
p5;Z5\R 
UFD ,]JFZF4 
TFP JFUZF4  
lHP E~R 

• T[D6[ H6FjI]\ S[ S\5GLV[ VDG[ ;M,FZ ,F.84 
ZM04 D[0LS, ;]lJWFVM4 5LJFG]\ 5F6L JU[Z[ 
;UJ0M 5}ZL 5F0L K[ VG[  U|LGA[<8GM UFDDF\ 
lJSF; SIM" K[P  VDFZL ;D:IFVM p5Z C\D[XF 
wIFG VF5[ K[P  

• VD[ VF5GF ;}RGG[ 
VFJSFZLV[ KLV[P  

3. zL ;]Z[XEF. 5ZDFZ 
UFD S0MNZF4 
TFP JFUZF4  
lHP E~R 

• T[D6[ H6FjI]\ S[ pnMUM lJSF; ;FY[ VFJ[ K[ VG[ 
T[GL ;FY[ 5|N}QF6 56 VFJ[ K[P  HM T[G]\  
;DI;Z  wIFG ZFBJFDF\ VFJ[ TM  pnMUM T[GM 
pS[, 56 ,.G[ H VFJ[ K[P  

• VDFZF UFDG]\ GFD VF pnMUMGF lJSF;G[ SFZ6[ 
lJ`JjIF5L AgI]\ K[P 

• JW]DF\ T[D6[ pD[I]" S[ pnMU[ VFH]AFH]GF UFDMDF\ 
U|LGA[<8GM lJSF; SZJM HM.V[P 

• VF VF{nMlUS lJSF;G[ 5lZ6FD[ ;LPV[GPHLP 
Sda;GGF SFZ6[ SL0GLGF ZMUM HMJF D?IF  K[ 
VG[ VF ;D:IF DF8[ UFDGF ,MSMV[ 0FIF,L;L; 
DF8[ J0MNZF VYJF VgI DM8F XC[ZMDF\ HJ]\ 50[ 
K[P  S\5GLV[ GHLSGL UFDDF\ 0FIF,L;L; 
DXLGGL ;UJ0 D/L ZC[ T[ DF8[ O\0 ZLhJ" 

• VD[ VF5GF ;}RGG[ 
VFJSFZLV[ KLV[P 



ZFBJ]\ HM.V[ VYJF J[<O[Z ;M;FI8L q 8=:8G[ 
NFG SZJ]\ HM.V[ S[ H[YL T[VMV[ ;FZJFZ DF8[ 
J0MNZF VYJF VgI DM8F XC[ZMDF\ HJ]\ 50[ 
GlCP 

• S\5GLV[  XF/FVM4 VF\TlZS Z:TFVM4 ZMHUFZL 
VG[ VgI  ;]lJWFVM 5}ZL 5F0JL HM.V[P  

4. zL .`JZEF. 
GZl;\CEF. UMlC, 
UFD ,BL UFD4 
TFP JFUZF4  
lHP E~R 

• T[D6[ S\5GLG[ H6FjI]\ S[4 lXl1FT VG[ S]X/ 
jIlSTVM S[ H[VM V[gHLGLI;" VG[ 
VF.P8LPVF.P U|[HI]V[8 K[ T[DG[ ZMHUFZL 
VF5[P  
 

• VD[ VF5GF ;}RGG[ 
VFJSFZLV[ KLV[P 

5. zL 5|NL5 9FSZ4  
DFGJ S<IF6 ;lDTL  
UFD V\S,[`JZ4 
TFP V\S,[`JZ4 
lHP E~R 
 

• T[D6[ H6FjI]\ S[4 lN<CLDF\ JFCGMDF\ G[RZ, 
U[;GF p5IMUYL4 VF XC[ZDF\ 5|N}QF6GL DF+F 
VMKL Y. K[P  T[JL H ZLT[ VF S\5GLGF 
VFJJFYL VDFZF lJ:TFZDF\ 56 VMKL YX[P 
T[YL VD[ 5|MH[S8G[ VFJSFZLV[ KLV[P 

• S\5GLV[ VF lJ:TFZDF\ ;LPALPV[;P.P XF/F 
:YF5JL  HM.V[P 

• T[D6[ SCI]\ S[4 GD"NF lSGFZ[ 5___ J0GF 
J'1FMGM pK[Z SIM" K[ VG[ S\5GLV[ VFU/ VFJJ]\ 
HM.V[ VG[ ElJQIDF\ U|LGA[<8GF lJSF; DF8[ 
;CSFZ VF5JM HM.V[P 

• VF S\5GLG[ ,LW[ VFH]AFH]GF UFDMGM lJSF; 
YIM K[P  H[G[ VFJSFZLV[ KLV[ VG[ S\5GL VF 
5|SFZGL ;LPV[;PVFZP 5|J'ltTVM RF,] ZFB[P 

• VD[ VF5GF ;}RGG[ 
VFJSFZLV[ KLV[P  
 

&P zL CGLIFEF. 
NC[H .g0:8=LI, 
V[;M;LV[XGGF 5|D]B4   
UFD NC[H4  
TFP JFUZF4  
lHP E~R 

• T[D6[ H6FjI]\ S[  VF lJ:TFZGF ,MSM 
,MS;]GFJ6L NZdIFG CSFZFtDS CMI K[P  

• T[D6[ pD[I]"\ S[ VF lJ:TFZDF\ 0FIF,L;L; DF8[  
D[0LS,  ;]lJWFVM B}A H DM\3L VG[ ;LlDT K[P  
S\5GLV[ NC[H .g0:8=LI, V[;M;LV[XG 
s0LPVF.PV[Pf ;FY[ D/L VFU/ VFJJ]\ 
HM.V[P  VF ;]lJWF DF8[  0LPVF.PV[P 5F\RYL 
N; ,FBGM OF/M VF5X[P 

• 5[8=MG[8 l,P B}A ;FZL OFIZ OF.8L\U ;L:8D 
WZFJ[ K[P  S\5GL T[DGF OFIZ VG[ ;[O8L 
lJEFUGL S]X/TF DF8[ OF/M VF5[ VG[ T[DGF 
;}lRT OFIZ VG[ ;[O8L lJEFUG[  TF,LD VF5[P   

• VD[ VF5GF ;}RGG[ 
VFJSFZLV[ KLV[P  
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AnnexureどC2 











Annexureど C3 











Annexure – C4 



Annexureど D4













Annexure – C5 
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