
Handbook of 
Environmental Impact 
Assessment 



 



Handbook of 
Environmental Impact 
Assessment: 

Concepts and Practice 

Arjun Kumar A. Rathi 
 
 



Handbook of Environmental Impact Assessment: Concepts and Practice 
 
By Arjun Kumar A. Rathi 
 
This book first published 2021  
 
Cambridge Scholars Publishing 
 
Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK 
 
British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 
 
Copyright © 2021 by Arjun Kumar A. Rathi 
 
All rights for this book reserved. No part of this book may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, recording or otherwise, without 
the prior permission of the copyright owner. 
 
ISBN (10): 1-5275-6664-1 
ISBN (13): 978-1-5275-6664-4 



 
 
 
 
 
 
 
 
 
 
 
 

Dedicated to my significantly better half, Asha,  
and 

my professional fraternity. 
 

Also, to you, the reader  
in the hope that understanding of  

good-quality EIA report preparation will improve.  
 





CONTENTS 
 
 
 
List of Figures, Tables and Boxes.......................................................... xviii 
 
Preface ..................................................................................................... xxi 
 
Acknowledgments .................................................................................. xxiv 
 
Chapter 1 .................................................................................................... 1 
Environmental Management  

1.1. Environmental management .......................................................... 1 
1.1.1 Environmental management and corporates ........................... 2 
1.1.2 Audit and resource management ............................................ 3 
1.1.3 The scope of environmental management .............................. 4 
1.1.4 Approaches to environmental management ........................... 5 
1.1.5 The cost of environmental degradation .................................. 6 

1.2. Sustainability and sustainable development ................................... 7 
 1.2.1 Sustainability and sustainability principles ............................ 7 
 1.2.2 Sustainable development ........................................................ 8 
1.3. Environmental legislations ............................................................. 9 
1.4. Environmental management decision tools .................................. 12 
 1.4.1 Environmental management tools ........................................ 13 
 1.4.2 Classification of environmental management decision tools .... 14 
 1.4.3 Environmental management systems and business 

management .................................................................................. 15 
References ........................................................................................... 16 
 

Chapter 2 .................................................................................................. 18 
The Basics of Environmental Impact Assessment 

2.1 EIA: definition .............................................................................. 19 
2.2 Objectives of EIA ......................................................................... 20 
2.3 Principles of EIA........................................................................... 22 
2.4 Background to the evolution of EIA ............................................. 25 
2.5 Historical developments of EIA .................................................... 25 
2.6 Understanding E, I, and A of Environmental Impact Assessment ..... 29 
 2.6.1 Environmental ...................................................................... 29 
 2.6.2 Impact ................................................................................... 32 
 2.6.3 Assessment ........................................................................... 37 



Contents viii

2.7 Risk assessment ............................................................................ 38 
 2.7.1 Environmental risk assessment............................................. 39 
 2.7.2 Risk assessment methodology .............................................. 40 
2.8 Environmental management program ........................................... 41 
2.9 Integration of risk assessment into EIA ........................................ 43 
References ........................................................................................... 45 
 

Chapter 3 .................................................................................................. 51 
Environmental Impact Assessment: Process 

3.1 Screening ...................................................................................... 51 
 3.1.1 Who carries out the screening and when? ............................ 52 
 3.1.2 Screening methods ............................................................... 52 
 3.1.3 Application of screening methods ........................................ 61 
3.2 Scoping ......................................................................................... 61 
 3.2.1 What is scoping? .................................................................. 61 
 3.2.2 Key objectives of scoping .................................................... 63 
 3.2.3 Scoping process .................................................................... 64 
 3.2.4 Guiding principles ................................................................ 64 
 3.2.5 Scoping methods .................................................................. 65 
 3.2.6 Stakeholders’ involvement in scoping .................................. 71 
 3.2.7 Importance of scoping .......................................................... 72 
 3.2.8 Who carries out scoping and when? ..................................... 73 
 3.2.9 Application of scoping methods ........................................... 74 
3.3 Consideration of alternatives ........................................................ 74 
 3.3.1 What is the consideration of alternatives .............................. 75 
 3.3.2 Importance of the consideration of alternatives.................... 75 
 3.3.3 Scope of analysis of alternatives .......................................... 75 
 3.3.4 When to consider alternatives? ............................................. 76 
 3.3.5 Types of alternatives ............................................................ 78 
 3.3.6 Methodology of the consideration of alternatives ................ 81 
 3.3.7 Who undertakes the consideration of alternatives? .............. 84 
References ........................................................................................... 84 
 

Chapter 4 .................................................................................................. 87 
Environmental Impact Assessment: Methodologies and Techniques 

4.1 EIA methods and techniques ......................................................... 87 
4.2 Requirements of methodology ...................................................... 93 
 4.2.1 Impact identification............................................................. 93 
 4.2.2 Impact prediction .................................................................. 95 
 4.2.3 Impact assessment ................................................................ 95 
 



Handbook of Environmental Impact Assessment: Concepts and Practice ix 

4.3 Methodology selection .................................................................. 96 
4.4 Impact prediction and evaluation/assessment ............................... 97 
 4.4.1 Quantitative form ................................................................. 97 

Air dispersion modelling .......................................................... 98 
Classification of air pollution dispersion models .................. 106 
Characteristics of air pollution dispersion models ................ 109 

 4.4.2 Qualitative form ................................................................. 117 
Likert Scale ............................................................................ 117 
Battelle Environmental Evaluation System ............................ 118 
Leopold Matrix ...................................................................... 119 

References ......................................................................................... 120 
 

Chapter 5 ................................................................................................ 122 
Preparing for Environmental Impact Assessment 

5.1 Aims and objectives of EIA ........................................................ 122 
5.2 Project development and site selection ....................................... 125 
5.3 Terms of reference ...................................................................... 127 
5.4 An EIA team leader .................................................................... 138 
 5.4.1 Tasks of an EIA team leader .............................................. 140 
5.5 EIA functional professionals ....................................................... 142 
5.6 Quality management system ....................................................... 144 
5.7 Structure of the EIA report .......................................................... 149 
5.8 Executive summary ..................................................................... 155 
 5.8.1 What is an executive summary? ......................................... 155 
 5.8.2 Executive summary of EIA report ...................................... 156 
 5.8.3 Preparation of an executive summary of an EIA report ..... 156 
5.9 Description of the project ............................................................ 158 
5.10 Description of the environment ................................................. 161 
 5.10.1 The need for environmental baseline conditions .............. 161 
 5.10.2 Information for environmental baseline conditions .......... 161 
 5.10.3 Study area ......................................................................... 163 
 5.10.4 Terms of reference............................................................ 164 
 5.10.5 Environmental baseline monitoring.................................. 164 
 5.10.6 Representation of baseline data ........................................ 165 
 5.10.7 Concept of a moving baseline .......................................... 166 
 5.10.8 Establishing realistic baseline conditions ......................... 168 
5.11 EIA and mitigation measures .................................................... 168 
 5.11.1 Environmental impact assessment stages ......................... 170 
 5.11.2 A conceptual approach to EIA ......................................... 171 
 5.11.3 Technology and process design ........................................ 174 
 



Contents x 

 5.11.4 Impact assessment ............................................................ 175 
5.11.4.1 Involvement of the EIA team leader ......................... 191 
5.11.4.2 Realistic impact assessment ..................................... 192 
5.11.4.3 Impact assessment: air environment ........................ 193 
5.11.4.4 Noise environment ................................................... 197 
5.11.4.5 Water environment ................................................... 197 
5.11.4.6 Land environment .................................................... 198 

Soil ................................................................................... 198 
Land use/land cover, landscape ....................................... 200 

5.11.4.7 Ecological environment ........................................... 201 
5.11.4.8 Social environment .................................................. 202 
5.11.4.9 Risk assessment ........................................................ 203 

5.12 Establishing the significance of impacts ................................... 204 
 5.12.1 Significant impacts ........................................................... 204 
 5.12.2 Basis of determining the significance ............................... 205 
 5.12.3 Determination of significance .......................................... 208 
5.13 Mitigation measures .................................................................. 209 
 5.13.1 Why incorporate mitigation measures? ............................ 209 
 5.13.2 Objectives of mitigation measures ................................... 210 
 5.13.3 Hierarchy of mitigation .................................................... 211 
5.14 Residual environmental impacts ............................................... 214 
5.15 Consideration of alternatives .................................................... 217 
5.16 Environmental management program ....................................... 219 
 5.16.1 What is an environmental management program? ........... 219 
 5.16.2 Why is an environmental management program  

required? ...................................................................................... 220 
5.17 Other aspects ............................................................................. 221 
 5.17.1 Neglected impacts ............................................................ 221 
 5.17.2 Addressing uncertainty in impact predictions .................. 223 
5.18 Output of an EIA study ............................................................. 223 
References ......................................................................................... 224 
 

Chapter 6 ................................................................................................ 229 
Conducting an Environmental Impact Assessment 

6.1 The EIA team leader ................................................................... 229 
6.2 Functional professionals ............................................................. 232 
6.3 Kick-off meeting ......................................................................... 235 
6.4 Description of the project ............................................................ 237 
6.5 Establishing environmental baseline conditions ......................... 237 
 6.5.1 Baseline data ...................................................................... 238 
 6.5.2 Baseline monitoring of the environmental components ..... 241 



Handbook of Environmental Impact Assessment: Concepts and Practice xi 

6.5.2.1 Air environment ......................................................... 241 
Considerations for establishing air environmental  

baseline conditions ..................................................... 243 
6.5.2.2 Noise environment ..................................................... 247 

Output of the establishment of baseline conditions .......... 248 
6.5.2.3 Water environment ..................................................... 249 

Considerations for establishing water environmental 
baseline conditions ..................................................... 252 

6.5.2.4 Land environment ...................................................... 255 
Soil ................................................................................... 256 
Land use/land cover ......................................................... 256 
Landscape and visual environment .................................. 257 
Output of the baseline conditions ..................................... 258 

6.5.2.5 Ecological environment ............................................. 259 
Output of the baseline conditions ..................................... 263 

6.5.2.6 Social environment .................................................... 264 
Output of the baseline conditions ..................................... 267 

6.5.2.7 Risk assessment .......................................................... 268 
Output of the baseline conditions ..................................... 269                                             

6.6 EIA on different environmental components and mitigation 
measures ...................................................................................... 270  
6.6.1 Air impact assessment and mitigation measures ................ 270 

6.6.1.1 Impacts of air pollutants ............................................ 270 
6.6.1.2 Air pollution prediction modelling ............................. 272 
6.6.1.3 Source data-related information ................................ 274 
6.6.1.4 Selection of prediction models ................................... 275 
6.6.1.5 Fugitive emissions ..................................................... 275 
6.6.1.6 Output of air dispersion prediction models ............... 276 
6.6.1.7 Brownfield projects .................................................... 277 
6.6.1.8 Impact significance .................................................... 277 
6.6.1.9 Mitigation measures .................................................. 279 
6.6.1.10 Output of an air environmental impact assessment ... 281 
6.6.1.11 Odor nuisance .......................................................... 282 

6.6.2 Noise impact assessment and mitigation measures ............ 284 
6.6.2.1 Impacts of noise and vibration ................................... 284                                               
6.6.2.2 Identification of sources of noise and vibration  ........ 285                
6.6.2.3 Prediction of noise levels ........................................... 288                 
6.6.2.4 Noise impact assessment ............................................ 289                
6.6.2.5 Brownfield projects .................................................... 290                                
6.6.2.6 Impact significance .................................................... 290                
6.6.2.7 Mitigation measures  ................................................. 291 



Contents xii 

6.6.2.8 Output of the noise environmental impact  
assessment ........................................................................ 292 

6.6.3 Water impact assessment and mitigation measures ............ 293                            
6.6.3.1 Impacts of water ........................................................ 293                                                
6.6.3.2 Identification of water users and sources of  

wastewater ....................................................................... 294                
6.6.3.3 Impact assessment ..................................................... 295                 
6.6.3.4 Brownfield projects .................................................... 302                
6.6.3.5 Impact significance .................................................... 303                                
6.6.3.6 Mitigation measures .................................................. 304 
6.6.3.7 Output of the water environmental impact  

assessment ........................................................................ 306  
6.6.4 Land impact assessment and mitigation measures ............. 306 

6.6.4.1 Identification of land impact-causing activities  ........ 307                
6.6.4.2 Land and soil-related impacts ................................... 308                
6.6.4.3 Land use/land cover ................................................... 310                
6.6.4.4 Landscape and visual impacts ................................... 311 
6.6.4.5 Brownfield projects .................................................... 312 
6.6.4.6 Waste management .................................................... 313 
6.6.4.7 Mitigation measures .................................................. 314 
6.6.4.8 Output of the soil and land environmental impact              

assessment ........................................................................ 315 
6.6.5 Ecological impact assessment and mitigation measures..... 316                            

6.6.5.1 Identification of impact-causing attributes ................ 316                                            
6.6.5.2 Impact assessment ..................................................... 319 
6.6.5.3 Brownfield projects .................................................... 320 
6.6.5.4 Impact significance .................................................... 321                                
6.6.5.5 Mitigation measures .................................................. 321 
6.6.5.6 Output of the ecological environmental impact 

assessment ........................................................................ 323 
6.6.6 Ecological impact assessment and mitigation measures..... 324                            

6.6.6.1 Impacts identification ................................................ 324                                          
6.6.6.2 Impact assessment ..................................................... 325                 
6.6.6.3 Brownfield projects .................................................... 326                
6.6.6.4 Impact significance .................................................... 326                                
6.6.6.5 Impact mitigation ....................................................... 327 
6.6.6.6 Cultural impacts ........................................................ 328 
6.6.6.7 Mitigation of cultural impacts ................................... 329 
6.6.6.8 Social needs assessment ............................................. 329 
6.6.6.9 Output of the socio-economic impact assessment ...... 330     

6.6.7 Risk assessment .................................................................. 330                            



Handbook of Environmental Impact Assessment: Concepts and Practice xiii 

6.6.7.1 Identification of hazard potential ............................... 330                                               
6.6.7.2 Identification of typical sources of accidental  

releases ............................................................................ 331          
6.6.7.3 Risk assessment .......................................................... 333                 
6.6.7.4 Brownfield projects .................................................... 335  
6.6.7.5 Risk mitigation measures ........................................... 336 
6.6.7.6 Output of risk assessment .......................................... 337                            

6.7 Environmental impact evaluations using the Leopold matrix:  
an illustration ............................................................................... 337  

6.8 Additional studies ....................................................................... 341 
Risk assessment ........................................................................... 342 
Marine environmental assessment .............................................. 344 
Hydrogeological studies .............................................................. 347 

6.9 Summary of the environmental impacts ..................................... 348 
References ......................................................................................... 350 
 

Chapter 7 ................................................................................................ 354 
Environmental Management Program 

7.1 Objectives of an EMPg ............................................................... 356 
7.2 The scope of an EMPg ................................................................ 356  
7.3 The structure of an EMPg ........................................................... 357 
7.4 The coverage of an EMPg ........................................................... 359 
7.5 Components of an EMPg for greenfield projects ........................ 360 

7.5.1 Administrative framework ................................................. 361 
7.5.2 Environmental impact management ................................... 363 

7.5.2.1 Pre-construction phase .............................................. 366 
7.5.2.2 Construction phase .................................................... 366 

Labor camps management program ................................ 366 
Training program for the personnel of contractors  

and sub-contractors .................................................... 367 
Ecological management program .................................... 367 
Sediment management program ....................................... 368 
Air quality and noise management programs .................. 368 
Wastewater program ........................................................ 368 
Solid waste management .................................................. 368 
Construction materials management program................. 369 
Transport and traffic management program .................... 370                

7.5.2.3 Post-construction phase ............................................. 371 
7.5.2.4 Operation phase ......................................................... 371 

Air quality management ................................................... 372 
Solid waste management .................................................. 372 



Contents xiv 

Water and wastewater treatment, and disposal program 372 
Noise and vibration management program ...................... 373 
Transport and traffic management programs .................. 373 
Occupational health management program ..................... 374 
Risk management program .............................................. 375 
Emergency and consequences reduction program ........... 376 
Ongoing training program for project personnel ............ 376 

7.5.2.5 Post-operation phase ................................................. 377 
7.5.3 Environmental monitoring ................................................. 377 

7.5.3.1 Who carries out environmental monitoring? ............. 378 
7.5.3.2 Scope of environmental monitoring ........................... 378 
7.5.3.3 Compliance-related environmental monitoring ......... 379 
7.5.3.4 Performance evaluation-related environmental 

monitoring ........................................................................ 380 
7.5.3.5 Requirements for environmental monitoring ............. 381 
7.5.3.6 Importance of environmental monitoring .................. 387 
7.5.3.7 Importance of environmental monitoring information .. 388 

7.5.4 Environmental compliance management ............................ 389 
7.5.5 Environmental enhancement programs .............................. 389 

7.5.5.1 Topsoil management .................................................. 389 
7.5.5.2 Green belt development ............................................. 389 
7.5.5.3 Rainwater harvesting ................................................. 391 
7.5.5.4 Resource conservation ............................................... 392 
7.5.5.5 Proficiency improvement program ............................ 392 
7.5.5.6 Ecological enhancement program ............................. 393 
7.5.5.7 Rehabilitation and resettlement program .................. 393 
7.5.5.8 Social development .................................................... 394 
7.5.5.9 Public relations program ........................................... 394 

7.6 EMPg for brownfield projects ..................................................... 395 
7.7 Maintaining flexibility in an EMPg ............................................ 396 
7.8 The commitment of the project proponent .................................. 397 
7.9 EIA and the implementation of an EMPg ................................... 399 
References  ........................................................................................ 400 
 

Chapter 8 ................................................................................................ 405 
Drafting an Environmental Impact Assessment Report 

8.1 Steps involved in drafting an EIA report .................................... 405 
8.2 Steps involved from the draft EIA report to the review/  

appraisal ...................................................................................... 408 
8.3 The need for documentation ....................................................... 409 
8.4 Salient contents of a good-quality EIA report ............................. 411 



Handbook of Environmental Impact Assessment: Concepts and Practice xv 

 8.4.1 The need for a good-quality EIA report ............................. 411 
 8.4.2 A good-quality EIA report ................................................. 411 
 8.4.3 Greenfield projects ............................................................. 412 
 8.4.4 Brownfield projects ............................................................ 423 
8.5 Annexes and appendices ............................................................. 424 
 8.5.1 Public consultations-related documents ............................. 425 
 8.5.2 Other documentary evidence .............................................. 425 
8.6 Ongoing improvements in EIA quality ....................................... 428 
References ......................................................................................... 428 

 
Chapter 9 ................................................................................................ 430 
Environmental Impact Assessment: Case Studies 

9.1 Thermal power projects .............................................................. 431 
 9.1.1 Applicable regulations/guidelines in the Indian context..... 431 
 9.1.2 Sectoral brief     .................................................................. 433 
 9.1.3 Brief project details ............................................................ 434 
 9.1.4 Establishing environmental baseline conditions ................. 436 
 9.1.5 Impacts and mitigation measures ....................................... 436 
 9.1.6 Additional studies ............................................................... 454 
 9.1.7 Environmental monitoring program ................................... 454 
 9.1.8 Environmental management program ................................ 455 
9.2 Mining ......................................................................................... 457 
 9.2.1 Applicable regulations/guidelines in the Indian context..... 457 
 9.2.2 Sectoral brief     .................................................................. 459 
 9.2.3 Brief project details ............................................................ 463 
          9.2.3.1 Surface mining of minerals ..................................... 463 
          9.2.3.2 Underground mining of minerals ........................... 463 
          9.2.3.3 Oil and gas ............................................................. 464 
          9.2.3.4 Coal-bed methane ................................................... 465 
 9.2.4 Establishing environmental baseline conditions ................. 466 
 9.2.5 Impacts and mitigation measures ....................................... 466 
          9.2.5.1 Surface mining of minerals ..................................... 466 
               9.2.5.2 Underground mining .............................................. 469 
          9.2.5.3 Oil and gas ............................................................. 474 
          9.2.5.4 Coal-bed methane ................................................... 474 
 9.2.6 Additional studies ............................................................... 477 
 9.2.7 Environmental monitoring program ................................... 477 
 9.2.8 Environmental management program ................................ 477 
9.3 Ports and harbors......................................................................... 481 
 9.3.1 Applicable regulations/guidelines in the Indian context..... 481 
 9.3.2 Sectoral brief     .................................................................. 483 



Contents xvi 

 9.3.3 Brief project details ............................................................ 484 
 9.3.4 Establishing environmental baseline conditions ................. 485 
 9.3.5 Impacts and mitigation measures ....................................... 485 
 9.3.6 Additional studies ............................................................... 492 
 9.3.7 Environmental monitoring program ................................... 492 
 9.3.8 Environmental management program ................................ 493 
9.4 Area development and construction projects .............................. 494 
 9.4.1 Applicable regulations/guidelines in the Indian context..... 494 
 9.4.2 Sectoral brief     .................................................................. 496 
 9.4.3 Brief project details ............................................................ 497 
 9.4.4 Establishing environmental baseline conditions ................. 498 
 9.4.5 Impacts and mitigation measures ....................................... 498 
 9.4.6 Additional studies ............................................................... 499 
 9.4.7 Environmental monitoring program ................................... 500 
 9.4.8 Environmental management program ................................ 511 
9.5 Chemical and allied projects ....................................................... 511 
 9.5.1 Applicable regulations/guidelines in the Indian context..... 511 
 9.5.2 Sectoral brief     .................................................................. 513 
 9.5.3 Brief project details ............................................................ 515 
          9.5.3.1 Petrochemicals ....................................................... 515 
          9.5.3.2 Bulk drugs .............................................................. 516 
          9.5.3.3 Pesticides ................................................................ 517 
          9.5.3.4 Chlor-alkali ............................................................ 519 
 9.5.4 Establishing environmental baseline conditions ................. 519 
 9.5.5 Impacts and mitigation measures ....................................... 520 
          9.5.5.1 Petrochemicals ....................................................... 520 
          9.5.5.2 Bulk drugs .............................................................. 526 
          9.5.5.3 Pesticides ................................................................ 526 
          9.5.5.4 Chlor-alkali ............................................................ 526 
 9.5.6 Additional studies ............................................................... 530 
 9.5.7 Environmental monitoring program ................................... 530 
 9.5.8 Environmental management program ................................ 530 
          9.5.8.1 Petrochemicals ....................................................... 530 
          9.5.8.2 Bulk drugs .............................................................. 531 
          9.5.8.3 Pesticides ................................................................ 532 
          9.5.8.4 Chlor-alkali ............................................................ 532 
9.6 Cement ........................................................................................ 532 
 9.6.1 Applicable regulations/guidelines in the Indian context..... 532 
 9.6.2 Sectoral brief     .................................................................. 533 
 9.6.3 Brief project details ............................................................ 534 
 9.6.4 Establishing environmental baseline conditions ................. 535 



Handbook of Environmental Impact Assessment: Concepts and Practice xvii 

 9.6.5 Impacts and mitigation measures ....................................... 535 
 9.6.6 Additional studies ............................................................... 536 
 9.6.7 Environmental monitoring program ................................... 539 
 9.6.8 Environmental management program ................................ 539 
9.7 Cross-country pipelines for petroleum products ......................... 539 
 9.7.1 Applicable regulations/guidelines in the Indian context..... 539 
 9.7.2 Sectoral brief     .................................................................. 540 
 9.7.3 Brief project details ............................................................ 541 
 9.7.4 Establishing environmental baseline conditions ................. 542 
 9.7.5 Impacts and mitigation measures ....................................... 542 
 9.7.6 Additional studies ............................................................... 546 
 9.7.7 Environmental monitoring program ................................... 546 
 9.7.8 Environmental management program ................................ 546 
References ......................................................................................... 547 
 

Chapter 10 .............................................................................................. 548 
Reviewing Environmental Impact Assessment Reports 

10.1 Objectives of an EIA Review .................................................... 548 
10.2 Applications of an EIA review .................................................. 549 
10.3 Who reviews the EIA report? .................................................... 549 
10.4 EIA review steps ....................................................................... 550 
10.5 Criteria for EIA review ............................................................. 551 
10.6 Conducting an EIA review ........................................................ 551 
   10.6.1 Effectiveness of the EIA ................................................. 552 
   10.6.2 Methodology for conducting an EIA review .................. 552 
   10.6.3 Conducting a review of the EIA report .......................... 554 
References ......................................................................................... 563 
 

Chapter 11 .............................................................................................. 565 
Introduction to Strategic Environmental Assessment 

11.1 What is a SEA? ......................................................................... 566 
11.2 The evolution of SEA ............................................................... 568 
11.3 Concepts of SEA ....................................................................... 571 
11.4 SEA and EIA ............................................................................ 573 
11.5 Components of SEA ................................................................. 575 
11.6 The importance of SEA ............................................................ 577 
11.7 Characteristics of the SEA process ........................................... 578 
11.8 Tools for SEA ........................................................................... 581 
11.9 Putting SEA into practice .......................................................... 582 
11.10 SEA and developing countries ................................................ 587 
References ......................................................................................... 588 



LIST OF FIGURES AND TABLES 
 
 
 

Figures 
 

Fig. 2.1 Generalized flow chart of an EIA process ................................... 21 
Fig. 2.2 Environment-interaction of components ..................................... 31 
Fig. 2.3 Potential impacts – complex web ................................................ 33 
Fig. 2.4 Environment - source and sink .................................................... 42 
Fig. 3.1 Scoping (potential impacts) matrix for a thermal power project ... 67 
Fig. 3.2 Stages in the analysis of alternatives ........................................... 77 
Fig. 4.1 Vertical temperature profile ...................................................... 102 
Fig. 4.2 Vertical temperature and density profiles under different 

atmospheric conditions ..................................................................... 105 
Fig. 4.3 Applicability of typical dispersion models ................................ 109 
Fig. 5.1 Prediction of baseline conditions ............................................... 167 
Fig. 5.2 Impact causal chain ................................................................... 169 
Fig. 5.3 Conceptual approach for an EIA report preparation .................. 173 
Fig. 5.4 Addressing significant impacts systematically .......................... 206 
Fig. 5.5 Residual impacts - flow sheet for the significance .................... 215 
Fig. 6.1 Hydrological cycle .................................................................... 251 
Fig. 8.1 EIA report flow chart ................................................................ 407 
Fig. 10.1 EIA appraisal methodology ..................................................... 555 

Tables  

Table 1.1 Environmental regulations in India .......................................... 10 
Table 2.1 Typology of environmental impacts ......................................... 35 
Table 3.1 Questionnaire checklist for screening ....................................... 58 
Table 3.2 Information needed for scoping ................................................ 62 
Table 4.1 Pasquill stability categories .................................................... 100 
Table 5.1 Environmental impact prediction software in use .................. 190 
Table 5.2 Typical emission sources and associated major pollutants ..... 195 
Table 5.3 Soil salinity classification ....................................................... 200 
Table 5.4 Significance level of residual environmental impacts ............ 216 
Table 5.5 Summary of consideration of alternatives .............................. 218 
  



Handbook of Environmental Impact Assessment: Concepts and Practice xix 

Table 6.1 Noise levels from typical sources ........................................... 287 
Table 6.2 Addition required for estimating cumulative noise ................ 289 
Table 6.3 Use-based classification of surface waters in India ................ 305 
Table 6.4 Risk matrix ............................................................................. 334 
Table 6.5 Severity criteria for magnitude of impacts ............................. 339 
Table 6.6 Score ranges for beneficial and adverse impacts .................... 339 
Table 6.7 Impact evaluation matrix ........................................................ 340 
Table 6.8 Summary of impact assessment .............................................. 349 
Table 7.1 Transportation of materials in a typical cement plant ............. 374 
Table 7.2 Output of environmental monitoring program ........................ 383 
Table 9.1 Typical major environmental issues/impacts during the 

construction phase of thermal power projects and corresponding 
mitigation measures .......................................................................... 440 

Table 9.2 Typical major environmental issues/impacts during the 
operations phase of thermal power plants and corresponding  
mitigation measures .......................................................................... 448 

Table 9.3 Typical major environmental issues/impacts during the 
construction phase of surface mining projects and corresponding 
mitigation measures .......................................................................... 467 

Table 9.4 Typical major environmental issues/impacts during the 
operations phase of mining projects and corresponding mitigation 
measures ........................................................................................... 470 

Table 9.5 Typical major environmental issues/impacts during the 
operations phase of oil and gas exploration and production projects  
and corresponding mitigation measures ............................................ 475 

Table 9.6 Typical major environmental issues/impacts during the 
construction phase of port and harbor projects and corresponding 
mitigation measures .......................................................................... 486 

Table 9.7 Typical major environmental issues/impacts during the 
operations phase of ports, harbors and terminals and corresponding 
mitigation measures .......................................................................... 490 

Table 9.8 Typical major environmental issues/impacts during the pre-
construction and construction phase of major area developments  
and construction projects and corresponding mitigation measures ... 501 

Table 9.9 Typical major environmental issues/impacts during the 
operations phase of major area developments and construction  
projects and corresponding mitigation measures .............................. 507 

Table 9.10 Typical major environmental issues/impacts during the 
operations phase of petrochemical projects and corresponding 
mitigation measures .......................................................................... 521 



List of Figures, Tables and Boxes xx 

Table 9.11 Typical major environmental issues/impacts during the 
operations phase of chemical and allied projects and corresponding 
mitigation measures .......................................................................... 527 

Table 9.12 Typical major environmental issues/impacts during the 
operations phase of cement plants and corresponding mitigation 
measures ........................................................................................... 537 

Table 9.13 Typical major environmental issues/impacts for cross-country 
pipelines and corresponding mitigation measures ............................ 543 

Table 11.1 EIA and SEA – comparison in emphasis .............................. 574 
Table 11.2 EIA and SEA – fundamental differences .............................. 575 

Boxes 

Box 5.1 Standard terms of reference for conducting an environment 
impact assessment study for thermal power plants projects and 
information to be included in the EIA/EMP report ........................... 128 

Box 5.2 Guidance for assessment relevance and reliability of analytical 
methods and framework used for impact prediction ......................... 177 

Box 10.1 Checklist 1 .............................................................................. 556 
Box 10.2 Checklist 2 .............................................................................. 557 
 



PREFACE 
 
 
 
A huge amount of literature is available on the concepts and theory of 
environmental impact assessments (EIAs). EIAs have been performed for 
almost half a century now and in terms of the number and depth, there has 
been a phenomenal growth of EIA studies and EIA reports. 

The growing awareness of the environmental impact on the ecosystem 
highlighted in various reports and protocols issued by international agencies 
has prompted governments in different countries to continuously update 
their environmental laws. In India, EIAs were mandated for development 
projects in 1994, re-engineered in 2006, and are proposed to be revamped 
in 2020.  

For rapid economic growth and enhancing employment opportunities, the 
manufacturing sector, duly supported by the infrastructural sector, is 
considered to play a vital role in emerging economies. It is of utmost 
importance that good-quality EIA reports are prepared for development 
projects to facilitate decision-making with sustainability considerations. It 
is acknowledged that many professionals engaged in preparing as well as 
reviewing EIA reports in developing countries were not taught about EIAs 
while they were university students. Moreover, those who are being taught 
at universities may not be aware of the nitty-gritty of an EIA report. 

In consideration of the above, an attempt is made in the book to include 
basic aspects of EIA, impact assessments on different components of the 
environment, and practical guidance on the process of preparing EIA reports 
for greenfield as well as brownfield projects. Whereas what needs to be 
included in a typical EIA report is described at length, the expected output 
of the study is highlighted, and how it can be done is broadly described. 
However, the detail of the methodologies is not attempted, considering that 
a deep understanding is required on each environmental component and that 
enormous literature is available on the same. Further, the book is not 
intended to serve as an EIA manual per se though it will facilitate an EIA 
consulting organization a great deal in preparing one. It need not be 
emphasized that EIA is project-specific and site-specific. Accordingly, the 
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depth of coverage of environmental issues in an EIA report will vary from 
project to project and location to location.  

The book describes the basic principles and salient features of EIAs, based 
on the analysis of shortcomings observed in several EIA reports examined 
by the author, how the EIA for a project is conducted, and how a good-
quality EIA report is prepared. The presentation in the book is in the form 
of numbering and bullets rather than long descriptive text, making it easily 
readable. EIA case studies are included in mining, thermal power, ports and 
harbors, chemical and allied, cement, cross-country pipelines, and area 
development and construction project sectors. 

Even though the book focuses on the Indian context in its discussion of 
environmental regulations and the EIA framework, the concepts and 
techniques described are applicable universally. It should, therefore, be very 
useful to a wide range of stakeholders, viz. EIA professionals and consultants, 
project proponents, EIA review/appraisal authorities, and competent 
authorities, particularly in emerging economies where major developmental 
work is being undertaken and which is expected to continue in decades to 
come. Academics will also find the book useful for learning practical 
aspects. The book should also be useful for preparing EIA reports for the 
projects proposed to financial institutions and multilateral institutions for 
funding.  

The terminology environmental management program is proposed in this 
book in place of the environmental management plan, generally adopted in 
the EIA reports, basically because a program is expected to facilitate a 
project proponent in the implementation whereas a plan, consisting of a set 
of objectives to be achieved in a longer time frame and setting the context 
for programs, could be conceptual, philosophical, or abstract to some extent. 
An environmental management program is an implementable program for 
which the budget is committed by the project proponent. It is the most 
important output of the EIA process, especially for developing countries 
where priority is on economic development by way of development projects 
and the EIA process has inherent weaknesses. 

For continual improvement of EIA reports, EIA consultants may be assigned 
the task of implementing and operationalizing the suggested environmental 
management program for a certain number of years in addition to 
conducting an EIA study and preparing an EIA report. The system of peer 
review of EIA reports is also expected to improve EIA quality. 
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EIA will keep on transforming itself according to new knowledge acquired 
through research and worldwide experiences which will make this tool more 
and more versatile and dynamic. It is thus recognized that there will always 
be scope for improving the contents and expanding the coverage of the book 
to make it more useful to different users. 
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CHAPTER 1 

ENVIRONMENTAL MANAGEMENT  
 
 
 
Environmental management is a very broad and diverse subject that has 
been defined in a variety of ways. Environmental management is not about 
managing the environment per se but rather managing the interaction 
between people and their environment, especially the impacts of anthropogenic 
activities on their supporting environments (Ross et al. 2010). 

Environmental management offers the additional capacity to reduce waste, 
wastewater, and emissions in the production processes of goods and 
services, and emissions due to transportation, and thereby improve the 
health and well-being of the people. It may also help to minimize the 
environmental burden of development and growth by reuse and recycling. 
Hartmann and Vachon (2018) found that “environmental management 
relates positively to corporate environmental performance; and the positive 
relationship between environmental management and corporate environmental 
performance is moderated positively by industry munificence and 
negatively by industry dynamism.”  

1.1 Environmental management 

Environmental management is essentially internalizing the externalities 
arising from developmental activities, i.e. internalizing an informed concern 
of the environmental consequences of the actions of an enterprise in the 
policies and procedures of the management. An environmental management 
program is a tool for adhering to the compliance of regulations and 
standards, and also a course correction instrument when unanticipated 
issues crop up in the implementation and operation lifecycle phases of a 
project. 

Environmental management can be defined as a set of activities through 
which an organization maintains awareness of and control over its 
interactions with the environment. It is a systematic approach to short-term 
as well as long-term environmental responsibility throughout an organization. 
For good environmental management, fundamental types of supporting 
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activities such as the following must be effective:  

a. developing and maintaining awareness of the environmental 
performance of the environmental matters that are of importance 
to an organization  

b. monitoring and improving environmental performance 

Different organizations, depending upon their type of business and 
geographic location, may have specific environmental matters/issues which 
are more important to them. For example, the important environmental 
issues of more relevance to different projects may be as follows: 

a. thermal power plants based on coal—air emissions and fly ash 
management 

b. ceramic plants—air emissions and inert solid waste management 
c. chemical and petrochemical plants—toxic emissions, wastewater, 

hazardous waste, explosion, and fire 
d. ports—marine water quality, emissions and risks from material 

handling and storage  
e. highways—vehicular emissions, noise, and accidents 
f. mining—degradation of ecology, sediment transport, air emissions, 

and wastewater  

1.1.1 Environmental management and corporates 

Environmental management is considered to be an integral part of business 
management in an enterprise. Whereas disciplines like financial management, 
materials management, production management, marketing management, 
and human resource development form part of the curricula in business 
management schools and are a well-accepted agenda in business organizations 
for discussion at the Board of Directors level, environmental management 
is yet to receive the attention it deserves. A certificate confirming compliance 
with the applicable environmental regulations from the concerned executives 
often suffices for the agenda of most of the Board of Directors’ meetings and 
it formally gets noted in the minutes of the meeting without any discussion. 
Several organizations consider the requirements of environmental approvals 
for setting up manufacturing, energy, and infrastructural projects to be 
impediments in the faster economic growth of the country. The top 
management of corporations, especially in developing economies, appears 
to be more concerned about profitability, net worth, and return on 
investment rather than issues related to environmental sustainability in the 
long run (Rathi 2016, 2018a). 
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Further, even though sustainability is positively affected by technology 
(Nasrollahi et al. 2020), technology is yet to be recognized as a driving force 
for improvements in environmental management. Suitable financial systems 
have not yet evolved at the national level to promote environmentally 
sustainable development. Financial systems of a country including aligning 
the financial sector towards a green agenda, restricting investments in 
highly pollution-potential sectors, and incentivizing private investments in 
green projects could help in bringing the environmental management 
agenda to the board level of corporations.  

1.1.2 Audit and resource management 

Managers are generally entrusted with the responsibility of resource 
management in an organization. Under existing management practices, such 
resources generally include financial, machinery, materials, and human 
resources. However, the optimal utilization of natural resources to sustain 
production in the manufacturing and energy sectors does not get the 
consideration it deserves. Further, while financial audits and cost audits are 
well-accepted tools for financial management and are mandated to be 
employed for ensuring the protection of the interest of shareholders, 
environmental audits lack proper understanding and acceptability as a tool 
for improving resource management. Environmental audits and safety 
audits are still considered as a financial burden on an enterprise. There is 
abundant professional expertise available and the practices are fairly well 
established for conducting financial audits and quality management system 
audits but environmental audits are yet to be established in a true sense in 
developing economies.  

The scope of environmental audits is generally limited to environmental 
monitoring to verify compliance with the applicable regulations on the 
physical-chemical components of the environment. It is ignored that 
environmental audit reports, among other things, can highlight inefficiencies 
concerning the use of resources like raw materials, utilities, and energy, and 
hence offer the potential of cost reduction. If environmental auditors were 
encouraged to build their capacity to carry out audits religiously and suggest 
effective corrective measures and proactive actions, environmental audits 
would benefit the industrial as well as the service organizations, and society 
at large. Likewise, energy (electrical as well as thermal) audits are expected 
to reveal inefficiencies and hence offer the potential of saving power and 
fuel, and thereby help to improve the environmental quality. Environmental 
audits and energy audits could, therefore, be employed as management tools 
to improve resource management, ultimately leading to green productivity 
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as well as improving the bottom line of an organization. Such good 
management practices offer a win-win opportunity to the industry as well 
as the environment in the long run (Rathi 2001a).  

The experience of business in developed economies has revealed that going 
beyond compliance helps to accrue several benefits and enhances the 
bottom line of the business. For example, increased profitability through 
cost reduction by, say adopting cleaner production practices, improves the 
balance sheet of an enterprise, and also helps it to achieve a competitive 
advantage by creating a better image as an environmentally responsible 
business while contributing to environmental protection at the same time. 
The major benefits in the long run are the achievement of sustainability 
through resource conservation and the minimization of future risks of 
environmental liability to the business. It is thus expected that it is only a 
matter of time before the corporate world and the shareholders of business 
enterprises, even in developing countries, will realize that there is a synergy 
between good environmental management and good financial management. 

1.1.3 The scope of environmental management 

The scope of environmental management is not limited to environmental 
compliance management. It includes integrated environmental assessments 
as an interdisciplinary process of identification and analyzed appraisals of 
all the relevant natural and human processes and their interactions that 
determine both the current and future state of environmental quality and 
resources on appropriate spatial and temporal scales (EEA 1995). 
Environmental management facilitates the framing and implementation of 
suitable policies and strategies (Boersema and Reijnders 2009). 

Environmental management of operational manufacturing and fossil-fuel-
based energy projects needs to include a way of devising systems (NRC 
2003) to meet long-term challenges, like improving understanding of:  

a. structure-toxicity relationships 
b. biological and physical-chemical interactions in response to 

environmental stresses 
c. fate and transport of the emitted or discharged anthropogenic 

chemicals  
d. biogeochemical cycles 
e. gas-to-particle conversion in the atmosphere 
f. functional genomics and the chemical processes that govern 

organism-environment relationships 
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g. chemical-gene interactions in the real environment 
h. persistent organic products; etc. 

The new approaches of green chemistry and sustainable chemistry for new 
chemical processes require: 

i. increased understanding of biogeochemical processes and cycles 
ii. advances in industrial ecology—new attitudes about waste 

utilization 
iii. development of environmentally friendly materials, e.g. bio-

degradable packaging 
iv. new methods for pollution prevention and waste management  
v. green chemistry and biomass-based new chemical processes 

vi. uncovering of unknown environmental issues and identification of 
their underlying causes and mechanisms 

vii. development of improved modeling and simulation techniques for 
contributing to  
a) a fundamental understanding of the environment 
b) a remediation of the existing environmental problems 
c) prevention of environmental problems in the future 
d) protection of the environment 

Thus, a systems approach is needed for environmental management in 
several areas including 

a. actions that affect any of the three principal environmental sinks, 
viz. air, water, and soil media, and the biological systems with 
which they interact, with a clear understanding that managing each 
of them separately will invariably transfer environmental problems 
from one medium to the other rather than solving these; and 

b. management of environmental impacts, spatial as well as temporal, 
arising from processing, manufacturing, handling, transportation, 
etc. 

1.1.4 Approaches to environmental management 

It may be recalled that approaches to environmental management, even in 
developed economies, were essentially limited to reacting to an 
environmental, rather pollution-related, problem by adopting end-of-pipe 
control until the 1970s. Thereafter, environmental management gradually 
started widening its scope with an increased emphasis on  
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a. proactive measures like anticipation and prevention of 
environmental problems 

b. broadening of the aspirational horizon of the people from local to 
global  

c. shifting from immediate and short-term perspectives to the needs 
of the next generation  

d. environmental performance evaluations 

The shift in the approach to environmental management was triggered by 
some of the major disasters including the Seveso explosion in 1976, the 
Bhopal tragedy in 1984, the Exxon Valdez oil spill in 1989, etc.  

Environmental management, especially in projects of conventional sources 
of power generation and manufacturing sectors includes cleaner production 
(Rathi 2001a, 2003), waste minimization, green chemistry, development of 
cleaner technologies (Rathi and Bhanujan 2004), and the use of renewable 
energy and the enhancement of energy efficiency in addition to adopting 
key sustainability principles like anticipating and preventing the 
environmental consequences of an activity. It will, therefore, be in the 
interests of corporations to go beyond compliance with the applicable 
environmental regulations and focus on enhancing their environmental 
performance, which in turn will improve their financial performance as 
well.  

It is being observed that an ever-increasing number of enterprises are 
recognizing the need to make their operations more sustainable, and 
governments, stock exchanges, markets, investors, and society at large in 
developed economies are calling on enterprises to be transparent about their 
sustainability goals, environmental performance, and impacts. Several 
companies have started voluntarily reporting sustainability following the 
G4 sustainability reporting guidelines (GRI 2015), and many more continue 
to join. A survey conducted by MIT (2012) revealed that sustainability 
started appearing on the management agenda of several organizations in 
developed economies from 2000 and that several of these companies are 
profiting from sustainability activities.  

1.1.5 The cost of environmental degradation 

It has been found that there is a strong correlation between environmental 
degradation and chronic poverty in developing and under-developed 
economies (Rathi 2001b). As per the World Bank report (2013), the annual 
cost of environmental degradation in India amounted to about Rs. 3.75 


