.

mNewly Revised Edition
= Environmental Engineering (Vol. Il)

Sewage Disposal
and
Air Pollution
Engineering

SANTOSH KUMAR GARG

Investing in Lcﬂl‘ﬂiﬂg@




ENVIRONMENTAL ENGINEERING (Vol. II)

SEWAGE DISPOSAL
AND
AIR POLLUTION ENGINEERING



Other Publications by the Same Author

(1) “Water Resources Engineering (Vol. I)—Hydrology, Flood Control and
Ground Water Engineering” (26th Revised 2019 Edition)

(2) “Water Resources Engineering (Vol. II)—Irrigation Engineering and
Hydraulic Structures” (36th Revised 2020 Edition)

(3) “Environmental Engineering (Vol. )—Water Supply Engineering”
(34th Revised 2020 Edition)

(4) “Physical and Engineering Geology”
(7th Revised Edition—>5th Reprint 2018)

(5) “Geotech Engineering—Soil Mechanics and Foundation Engineering”
(13th Revised 2020 Edition)

(6) “Ecology and Environmental Studies” (4th Revised Edition, 2015)
(7) “Environmental Studies and Green Technologies” (3rd Reprint 2015)

(8) “Environmental Studies” for undergraduate courses, as per UGC
syllabus
(Brand New Rewritten Edition, 2020)

Notes :

(i) Orders for procuring all the above listed books may be sent to
M/s Khanna Publishers at B-35/9, G.T. Karnal Road Industrial Area,
(Near Telephone Exchange), Delhi-110033 Phones : 011-27224179
011-45033819 * Mob. 09811541460

(i7) The books in paper format as well as in e-format can also be purchased
on line through the website of the publishers i.e.,
www.contactus@khannapublishers.in



ENVIRONMENTAL ENGINEERING (Vol. II)

SEWAGE DISPOSAL
AND
AIR POLLUTION ENGINEERING

[For Civil, Environment, and Agriculture Engineering Degree & Post
Graduate Courses ; MSc (Environmental Science) Courses ; Engg. Services and
Civil Services Competitive Examinations of UPSC ; GATE examinations for
admissions to M. Tech. Courses ; AMIE (Section B) Examinations ; and for
Professional Field Engineers.]

By
SANTOSH KUMAR GARG
B.Sc. Engg. (Civil)
Topper (1969 Batch), Delhi University
Life Member—Indian Water Resources Society

Formerly
Superintending Engineer
Flood Control and Irrigation Department,
Gout. of NCT of Delhi

(Revised 415t Edition 2021)

KHANNA PUBLISHERS

Operational Office:
B-35/9, G.T. Karnal Road Industrial Area,
(Near Telephone Exchange), Delhi-110033
Phones : 011-27224179, 011-45033819 e Mob. 09811541460
email : contactus@khannapublishers.in



Published by :
Romesh Chander Khanna & Vineet Khanna
for KHANNA PUBLISHERS
2-B, Nath Market, Nai Sarak
Delhi- 110 006 (India)

[Visit us at: www.khannapublishers.in]

ﬁ@ 1979 and onward

This book or part thereof cannot be translated or reproduced in any form
without the written permission of the Authors and the Publishers. The right to
translation, however, is reserved with the author alone.

Copyright : Author and Publishers Jointly.

Hologram & Description

To all readers of our books: In order to prevent yourself from being
defrauded by pirated books, please make sure that there exists a Hologram on
the top cover of the book with the specifications indicated below. If you find
any book without Hologram of this description, please do not buy that pirated
copy, and inform us through e-mail at contactus@khannapublishers.in

Thanklng you 2 Channel Effect

“K” |, “p”

T ‘I"i! misqsf'
; E{h.mn.l

Kinetic Effect

Laser Numbering

Emboss Text— Y

" Publisher 5 Gradient Effect

-\... ] e -t ]
Guilloche Effect— 4%~ EENU'HE‘A Modulated Depth
gﬂ ; it

ISBN No. : 978-81-7409-230-4

First Edition : March, 1979
Forty First Edition : September, 2021 (Revised)

Price : % 699.00



Dedication

Dedicated to those,
who are continuing making efforts,

inspite of several odds,
for the upliftment of our beloved
and beautiful India.



PREFACE TO THE REVISED 41st EDITION

The first edition of this highly acclaimed book was published in March 1979,
and contained hardly 350 pages. During the intervening period exceeding
40 years, more than 3 lakh copies have been sold through its thirty nine
editions and their reprints. Additional 3300 copies are being printed for this
revised 40th edition.

Due to the continuous and progressive revision and updation of the book,
edition after edition, the size of the book has virtually tripled, since its first
edition. In order to reduce the number of pages and to control the continuously
increasing thickness of the book, we had, in its 24th edition, got the entire
book recomposed into a new size of 24 ecm x 16 cm, as against the previous
size of 20 cm x 13 cm. This has helped in reducing the thickness of the book by
about 20%, thereby making the book easier to handle and carry. All the
drawings were also redrawn on computer to make them of better quality.

The book has been further revised continuously edition after edition. Even
in the present 41st edition, large scale changes in the entire text have been
carried out by deleting certain olds obsolete matter and by updating several
data, particularly relating to Activated Sludge Process (ASP) in Chapter 9
and Noise Pollution (Ch. 20). The question banks of Engineering Services
and Civil Services Exams have also been updated up to the year 2020.

The author is delighted to find the growing popularity of the book, not only
among the average students but also among the toppers of the various
engineering colleges of the country and abroad. It is also a matter of great
pleasure to the author as well as to the students to find questions being
directly set from this book year after year, in the prestigious “Civil
Services” and “Engineering Services” Exams. The author expresses his
gratitudes to all such learned Professors, Examiners and Paper-
setters, who have valued this book worthy of such a high acclaim.

Acknowledgements. In going through the forty editions of this book, the
author has accumulated enormous amount of debt from students and teachers
over the years, who had written about their satisfaction with the book, and
extended suggestions for the improvement of its various editions. If the book
today is so strikingly popular, they all deserve much of the credit. The author
certainly wants them to know of his gratitudes and openness to further
suggestions, and is hence enlisting their names below :

Sh. Satish Kumar Aggarwal—a student of M.R. Engineering College
Jaipur, Rajasthan ; Sh. Rajesh Gupta and Sh. Ajay Gupta, students of
Jabalpur Engineering College ; Sh. Ashfaq Ahmed of Shri Ram Rayons Kota,
Mr. Biswaroop Ghosh—an ex student of Bengal Engineering College,
Calcutta (who handsomely contributed to the objective section) ; Sh. H.S.
Bhatia—Professor Delhi College of Engineering ; Sh. A. M. Malek—the then
Lecturer S.S. College of Engineering Sidsar, Bhavnagar, Gujarat ;
Sh. Pramod Kumar Tomar of Maharaja Surajmal Institute, New Delhi ;
Sh. A.P. Thankhavel—lecturer A.K. College of Engg. Krishnakovil,
Tamilnadu ; Sh. Shri Ram—Ilecturer Madan Mohan Malviya Engg. College
Gorakhpur, U.P. ; Sh. Pawan Goyal—a student of MBM Engineering College,
Jodhpur, Rajasthan ; Sh. Krishan Mohan Kansal—a student of Delhi College

(vii)



(viit )

of Engineering ; Mr. Ganesh Sawleshwarkar of victoria Jubilee Technical
Insutitute Bombay ; Mr. Pradeep Sharma—a student of I.I.T. Delhi ; Mr.
Azmal Kamal—a student of Jamia Millia Islamia, New Delhi ; Mr. Ashok
Kumar—a student of BIT Sindri Dhanbad ; Mr. R.D. Punia—Dy Director
Technical Education at Regional Engineering College, Kurukshetra,
Haryana. Dr. V.S. Prasad—Professor at Regional Engg. College, Calicut ;
Mr. AM. Malek—Asstt. Professor at L.D. College of Engg. Ahmedabad, Mr.
B.J. Bhaskar Reddy from Hyderabad ; Mr. Santhanam Krishnan—an M.
Tech. student of IIT Delhi, Mr. Bibek Bastola of Nepal ; etc., etc.

The author also wants to thank and acknowledge the receipt of numerous
sms’s, showering praises on the books of Env. Engg. Vol. I and II both, from
several students and teachers, like Ms Rumpa, Mr. Dilip G. Patil, Mr. Sandip
Kr. Das (Lecturer), Mr. Manish Kr., Mr. Noopur, etc. etc.

The author further desires to record his special gratitudes and thanks to
Prof. Kapil Gupta of IIT, Bombay, due to whose help, he was able to include
photographs of aerated grit chambers and aerated lagoons as existing in
Mumbai, along with giving details of the disposal of sewage into the Mumbai sea.

Thanks are also due to Prof. S.C. Prasad presently Principal & HOD Civil at
MIET Meerut (previously HOD at NIT Allahabad) for suggestions, based on
which changes have been affected in the chapter of BOD.

The author also records his thanks to the Publishers for promptly printing
this revised edition. The author also wants to record his unforgettable sincere
gratitudes towards one of his old teacher, Prof. R. Naryanan (the then HOD
Civil Engg. Deptt, Delhi College of Engg. Delhi), who infact provided the
inspiration to the author to start writing books, when he was highly depressed
in his life at its prime stage, due to having been rejected on medical grounds
for a Class I job through the Engg Services Competition, for having lost his
Left Lung in early childhood.

Since the book has continuously been revised edition after edition, some
typographical errors might still be existing in the book.

The author will certainly be grateful, if such misprints and ommissions if

any, are brought to his notice, for making amends in the future editions of the
book.

July 11, 2021 Santosh Kr. Garg
Res. : 3A/2 WEA, Sat Nagar

Karol Bagh, New Delhi-110005
Mobile for sms only : (+91) 9811125410



Contents

Interconversion of fps, cgs, MKS and S.I. Units (xvii)
CHAPTER
1. Introduction to the Subject 1
1.1  Systems of Sanitation 1
1.2  Types of Sewage and Types of Sewerage Systems 2
1.3 Components of a Sewerage System 4
1.4 Design and Planning of a Sewerage System 4
1.5 Financing the Sewerage Projects 5
1.6  Liability for Damages Caused by Insufficient or
Inefficient Sewerage Works 5
2. Estimating the Design Sewage Discharge 7
2.1 Estimating the Sewage Discharge 7
Design Periods and Future Forecasts
2.2 Design Periods for Different Components of a
Sewerage Scheme 8

2.3  Future Forecasts and Estimating Design Sewage Discharge ... 9
2.4  Variations in Sewage Flow and their Effects on the Design
on the Design of Various Components of a Sewerage

Scheme 10
3. Estimating the Peak Drainage Discharge 13
3.1 Introduction .. 13
3.2  The Runoff Process and Peak Runoff Rate 13
3.3 Estimating the Peak Runoff 14
4. Hydraulic Design of Sewers and S.W. Drain Sections 36

4.1  General Introduction 36
4.2  Difference in the Design of Water Supply Pipes and

Sewer Pipes 36
4.3  Provision of Free board in Sewers and S.W. Drains 37
4.4 Hydraulic Formulas for Determining Flow Velocities in

Sewers and Drains 38
4.5 Maximum and Minimum Velocities to be generated in

Sewers 41
4.6 Effect of Flow Variation on Velocity in a Sewer 46
4.7 Hydraulic Characteristics of Circular Sewer Sections

Running Full or Partially full 47
4.8 Use of Tables and Nomograms for Hydraulic Computations

for the Design of Sewers 57
4.9 Limitations on Depth of Flow due to Ventillation

Considerations 71
4.10 Egg-shaped Sewers and Hydraulically Equivalent Sections ... 71
4.11 Design of Storm Water (SW) Drains 71

(ix)



(x)

CHAPTERS PacEs

5. Sewers, Their Construction, Maintenance and

Required Appurtenances 85
5.1 Introduction v 85
5.2 Shapes of Sewer Pipes 85
5.3  Forces Acting on Sewer Pipes 85
5.4  Sewer Materials 92
5.5 Laying and Testing of Sewer Pipes 103
Sewer Appurtenances
5.6 Man holes 111
5.7  Drop Man holes 114
5.8 Lamp Holes 115
5.9 Clean Outs 116
5.10 Street Inlets, Called Gullies 116
5.11 Catch Basins or Catch Pits 117
5.12 Flushing Tanks 118
5.13 Grease and Oil Traps 119
5.14 Inverted Syphons 121
5.15 Storm Water Regulators or Storm Relief Works 125
Maintenance, Cleaning and Ventillation of Sewers
5.16 Maintenance of Sewers 127
5.17 Cleaning of Sewers 128
5.18 Ventillation of Sewers 130
6. Pumps For Lifting Sewage 134
6.1 Necessity of Pumping Sewage 134
6.2 Types of Pumps 135
6.3 Pumping Stations 141
7. Quality and Characteristics of Sewage 147
7.1 Importance of Study 147
7.2  Decay or Decomposition of Sewage 147
Characteristics of Sewage
7.3  Physical Characteristics of Sewage and their Testing 153
7.4  Chemical Characteristics of Sewage and their Testing 154
7.5  Population Equivalent 171
7.6  Relative Stability 172
7.7  Collection of Sewage Samples for Physical and
Chemical Testing 173
7.8  Bacteriological Characteristics and Testing 173
8. Disposing of the Sewage Effluents 188
Disposal by Dilution
8.1 Conditions Favouring Disposal by Dilution 188
8.2  Standards of Dilution for Discharge of Wastewaters into
Rivers 189

8.3  Disposal of Wastewaters in Rivers and Self Purification of
Natural Streams 193



CHAPTERS

8.4

8.5

8.6
8.7

8.8

8.9

8.10
8.11
8.12

(x2)

Disposal of Wastewaters in Lakes and Management of
Lake Waters
Disposal of Wastwaters in Sea

Disposal on Land
Disposal of Sewage Effluents on Land for Irrigation
Quality Standards for Wastewater Effluents to be
Discharged on Land for Irrigation
‘Effluent Irrigation’ and ‘Sewage Farming’—
Difference Thereof
Methods of Applying Sewage Effluents to Farms
Sewage Sickness
Crops grown in Sewage Farms and Their Hygienic Aspects
Dilution Method Vs Land Disposal Method for Disposal of
Sewage

9. Treatment of Sewage

9.1

9.2
9.3
9.4

9.5

9.6
9.7
9.8
9.9

9.10
9.11
9.12
9.13

9.14
9.15

9.16
9.17

Secondary Treatment through Biological Filtration of Sewage

9.18
9.19
9.20

9.21

Classification of Treatment Processes

Screening
Types of Screens, Their Designs and Cleaning
Comminutors
Disposal of Screenings

Grit Removal Basins
Settling of Discrete Particles (Type I Sedimentation)
in Waste Waters
Grit Chambers
Constant Velocity Horizontal Flow Grit Channels
Aerated Grit Channels
Detritus Tanks

Tanks for Removing Oils and Grease
Skimming Tanks
Vacuators
Disposal of Skimmings
Necessity and Use of Skimming Tanks in India

Sedimentation
Necessity of Sedimentation in Treatment of Waste Water
Sedimentation Tanks (Types and Designs)

Sedimentation Aided with Coagulation
Chemical Precipitation and Coagulation
Merits and Demerits of Coagulation Process in
Sewage Treatment

Introduction to Sewage Filtration

Contact Beds for Biological Filtration of Sewage
Intermittent Sand Filters for Biological Filtration
of Sewage

Trickling Filters for Biological Filtration of Sewage

Pacrs

212
217

219

222

224
224
225
226

226
230
230

235
241
242

243
249
250
260
263

264
265
265
266

266
266

275

276

278
279

281
283



CHAPTERS

9.22

9.23

9.24

9.25
9.26
9.27
9.28

9.29
9.30
9.31

9.32
9.33
9.34

9.35
9.36

9.37.

9.38
9.39
9.40
941
9.42
9.43

(xii)

Recirculation of Treated Sewage and its Use in High Rate
Trickling Filters
Other Miscellaneous Types of Filters

Secondary Sedimentation

Secondary Settling Tanks or Humus Tanks

Digestion and Disposal of Primary and Secondary Sludge

Sludge and its Moisture Content

Sludge Digestion Process

Stages in the Sludge Digestion Process
Factors affecting Sludge Digestion and
their Control

Sludge Digestion Tanks or Digestors
Disposal of Digested Sludge

Use of Lagoons for Disposal of Raw Sludge

Secondary Treatment through Activated Sludge Process
Definition of Activated Sludge Process
Various Operations and Units of an Activated Sludge Plant
Bulking and Foaming Sludge in an Activated Sludge
Treatment Plant

Design Considerations Involved in an Activated Sludge Plant
Aeration Tank Loadings

Sludge Volume Index (SVI)

Sludge Recycle and Rate of Return Sludge

Wasting of Excess Sludge

Modifications of the Basic Activated Sludge Process

Size and Volume of the Aeration Tank

Oxygen requirement of the Aeration Tank
Advantages and Disadvantages of an Activated Sludge Plant ...
Activated Sludge Process Vs Trickling Filter Process, and

the Choice of One

Secondary Treatment through Rotating Biological Contractors

9.44

9.45
9.46

9.47

9.48
9.49
9.50
9.51
9.52

9.563

Rotating Biological Contractors (RBC)

Oxidation Ponds and Aeration Lagoons
Oxidation Ponds and Stabilisation Ponds
Oxidation Ditches (Pasveer Type) or Extended
Aeration Lagoons
Mechanically Aeriated Lagoons

Anaerobic Stabilisation Units
Anaerobic and Facultative Stabilisation Ponds
Septic Tanks
Imhoff Tanks
Clarigesters
High Rate Anaerobic Systems

Chlorination of Sewage
Disinfection of Sewage by using Chlorine

Pacrs

299
313

314

316
318
319

320
322
333
345

346
347

3565

356
363
364
364
365
371
372
382

382

384

386

391
393

395
395
411
420
421

427



(xiii )

CHAPTERS

10.

11.

12.

13.

14.

Process Design of a Complete Sewage Treatment Plant
10.1 Hydraulic Design and Detailing of a Complete Sewage
Treatment Plant of 1.5 MLD (Av. Annual Flow) to be
constructed at Block I of Dalhausie Township
Treatment of Industrial Wastewaters

11.1 Introduction
11.2 Methods of Treating Industrial Wastewaters

Pollution Characteristics of Certain
Typical Indian Industries

11.3 Thermal Pollution
Excreta Disposal in Unsewered and Rural Areas

12.1 General Introduction
12.2 Privies of a Conservancy System of Sanitation

Sewage Collection from Houses and Buildings

13.1 General Introduction

13.2 General Principles Governing the Design of a Sanitary
Plumbing System

13.3 Functions and Types of Traps being used in Sanitary
Plumbing Systems

13.4 Systems of Plumbing

13.5 Sewerage Plans of Buildings and Design of Sewer Pipes

13.6 Testing of House Sewers

13.7 Sanitary Fittings and Other Accessories

13.8 Ventillation of House Drains

13.9 Waste Water Recycling in Buildings

Disposal of Municipal and Industrial Solid Wastes

14.1 Definition, Introduction, and Necessity of Safe
Disposal of Solid Wastes

Municipal Solid Waste (MSW)
14.2 Composition and Quantity of the Generated Municipal
Solid Waste (MSW) or Refuse
14.3 Collection and Transportation of Municipal Solid
Waste (MSW)

14.4 Separation for Recycling and Reuse of Plastics, Paper, and

Glass from the Municipal Solid Waste (MSW)
14.5 Disposal of Municipal Solid Waste (MSW)
14.6 Collection and Disposal of Solid Wastes from High Rise
Apartments Building
Industrial Solid Wastes
14.7 Classification of Industrial Solid Wastes, and Extent of
Generation of these Wastes in India

14.8 Storage, Transportation, and Disposal of Industrial
Solid Wastes

PacEs

433

433
442

442
442

447
462
463

463
464

472
472
472
473
4717
480
483
483

492
493

497

497

498

501

502
505

525

528

531



(xiv)

CHAPTERS

15.

16.

Existing Legislation to Manage Solid Wastes
14.9 Existing Laws to Regulate and Control the Disposal of
Municipal and Industrial Solid Wastes in India
International Treaty on Imports and
Exports of Hazardous Wastes
14.10 Basel Convention
Environmental Impacts of Solid Wastes
14.11 Impacts of Improper Disposal of Solid Wastes on Human
Health and Environment
Disposal of Environmentally Hazardous Biomedical,
Radioactive and E-Wastes

Biomedical Wastes

15.1 Biomedical Wastes and Their Impacts on Human Health
and Environment

15.2 Legislative Laws on Management of Biomedical Wastes
in India

15.3 Biomedical Wastes Management Rules, 2016

15.4 Colour Coding of Biomedical Wastes and Their
Collection in Different Coloured Coins or Begs

15.4A Collection of Sharp Wastes

15.5 Labelling and Identification of Biomedical Wastes

15.6 Storage of Biomedical Wastes

15.7 Transportation of Biomedical Wastes to the Treatment and
Disposal Sites

15.8 Treatment and Disposal of Biomedical Wastes

Radioactive Wastes

15.9 Radioactive Isotopes or Radionuclides

15.10 Nuclear Fission and Generation of Nuclear Power

15.11 Radioactive Disintegration and Radioactive Radiations
15.12 Impact of Radioactivity on Biological Environment
15.13 Sources of Radioactivity in the Environment

15.14 Classification of Radioactive Wastes and Their Disposal

E-Wastes

15.15 Definition of E-Waste

15.16 Classification of E-Waste

15.17 Adverse Health Environmental Impacts of E-Waste and
Its Improper Disposal

15.18 Menace of E-Waste in India

Ventilation of Buildings for Controlling Indoor Air Pollution ...

16.1 Sources, Effects and Status of Indoor Air Pollution
16.2 Definition of Ventilation
16.3 Effects of Occupancy of a Space

Pacrs

532

543

549

551

551

5561
552

563
564
565
565

566
566

575
578
579
581
588
593

600
600

600
602
607
607
608
608



(xv)

CHAPTERS

17.

18.

19.

20.

16.4 Purpose of Ventillation

16.5 Extent of Ventillation Required and Ventillation Standards
16.6 Systems of Ventillation

16.7 Room Air Purifiers

The Environment, its Pollution and Present Status

17.1 Biosphere and Environment

17.2 Physical and Biological Environment

17.3 Ecosystem and Ecological Balance of Nature

17.4 Impact of Man on Biosphere

17.5 Pollution and Conservation of Environment

17.6 Status of Administrative Control on Environment in India
17.7 Status of Water Pollution-Monitoring and Control in India
17.8 Status of Air Pollution-Monitoring and Control in India

Engineering of Air Pollution, Its Control, and Monitoring

18.1 Definition of Air Pollution

18.2 Natural and Man-made Air Pollution

18.3 History and Causes of Air Pollution

18.4 Various Pollutants Causing Pollution of Air
18.5 Effects of Air Pollution

Predicting Concentrations of Air Pollutants
18.6 Dispersion of Air Pollutants into the Atmosphere
18.7 Predicting Pollutant’s Concentrations Through Dispersion
Models and Equations

Air Pollution Control

18.8 The Natural Self-Cleansing Properties of the Environment
18.9 Dilution Method for Controlling Air Pollution from
Stationary Sources (Factories)
18.10 Controlling Air Pollution From Stationary Sources
by Installing Engineering Devices
18.11 Controlling Air Pollution from Automobiles

Global Environmental Issues

19.1 Acid Rain—A Regional Environmental Challenge
19.2 Ozone Depletion—The most dreaded aspect of air pollution
19.3 Global Warming and Climate Change—

A Global Environmental Challenge

Noise Pollution

20.1 Definition and Introduction

20.2 The Effects of Noise

20.3 Characteristics of Sound and its Measurement
20.4 Sound Pressure

20.5 Sound Power or Power of Sound

20.6 Sound Intensity

20.7 Sound Pressure Level

20.8 Frequency of Sound and Filtering Networks and Sound Metres

20.9 Noise Rating Systems

20.10 Noise Level Standards

20.11 Sources of Noise and their Noise Levels
20.12 Noise Abatement and Control

PacGEs

610
610
612
620
623
623
623
624
625
625
627
629
634

646

646
646
647
648
656

661

675

686

688

688
700

706

706
709

718

727
727
727
729
730
731
732
733
737
741
743
747
748



(xvi)

CHAPTERS

21.

22,

23.

24.

25.

26.

27.

Environmental Impacts of Thermal Power Plants, Mining
and Water Resources Projects

21.1 Environmental Impact Assessment

21.2 Environmental Impacts of Thermal Power Plants

21.3 Environmental Impacts of Mining

21.4 Environmental Impacts of River Valley Projects

Environmental Impacts of
Sardar Sarovar Dam Project—A Case Study

21.5 Salient Features of the Narmads Sagar and Sardar
Sarovar Dam Projects

21.6 Environmental Impacts of Sardar Sarovar Project

21.7 Assessment of Environmental Losses and Economic
Viability of Sardar Sarovar and Narmada Sagar Projects

Preparing Environmental Impact Assessments of

Polluting Industrial Projects

22.1 Environment Impact Assessment (EIA) of Polluting
Development Projects in India

22.2 India’s Environmental Impact Assessment Notification, 2006 ...

22.3 General Details Constituting an Environmental Impact
Assessment

22.4 Methodology for Preparing Environmental Impact
Assessment

22.5 Role of an Environmental Engineering/Consulting Firm
in Obtaining Environmental Clearance for a Project

22.6 Role of Regulatory Agencies and Control Boards in
Obtaining Environmental Clearnance for a Project

22.7 Role of General Public in Environmental Clearance

Chapterwise Objective Multichoice Questions

(For Chapter 1 to 22 ; 403 Questions, with Answers and Hints for
Solving Starred Questions)

Test Paper on Objective Questions

(Objective Questions with Answers and Hints for
Solving Starred Questions)

Objective Questions of the AMIE (Section B) Exams

(From Year 1993 to 2004-with Answers and Hints
for Solving Starred Questions)

Objective Questions of the Combined Engineering Services
Competitive Exams

(From Year 1993 to year 2015, with Answers and Hints
for Solving Starred Questions)

Conventional Questions of the Civil Services (IAS) Exams for
the Past Years

(From Year 1979 to 2020-with Solutions and Hints where required)

PacEs

751

751
751
753
757

759
761

771

772

772
772

784

788

790

791
793

795

841

849

866

938



(xvii)
CHAPTERS Pacrs

28. Conventional Questions of Engineering Services

Exams for the Past Years 971
(From Year 1979 to 2020-with Solutions and Hints where required)
APPENDIX TABLES 1026—1040

Table A-1. Density of Dry Air at Different Temperatures and

Different Pressures 1026
Table A-2. Viscosity of Dry Air at 100 kPa

(About 1 Atm. Pressure) 1030
Table A-3. Saturation Values of D.O. in Fresh Waters at

different Temperatures and 1 Atmospheric Pressure ... 1031

Table A-4. Saturation Values of D.O. for Different Types of
Waters—at different temperatures

and 1 Atmospheric pressure 1031
Table A-5. Properties of Air at Standard Conditions

(i.e. 1 Atm. Pressure and 298°K Temp.) 1032
Table A-6. Important Properties of Water 1032
Table A-7. Frequently used Constants 1033
Table A-8. Modern Periodic Table of the Elements 1034
Table A-9. Basic Units used in Radiation and Radioactivity 1035

Table A-10. Statement showing the Height, Live Storage,

Submergence and Benefits of Some Major Water

Resources Projects in India 1036
Table A-11. Useful Conversion Factors 1038
Table A-12. List of Top 19 Countries with their Emissions of

Green House Gases (as CO, equivalents) by 2012

Estimates 1040
Bibliography 1041-1049
Index 1050-1060

List of Colour Photoes and Chart Figs. Pasted in this book

1. Colour Photo Fig. 9.1 (@) @nd (D) ..eceeeeerieiieeeeeeeeereemme oo 393-394
Photoview of the two of the four Grit Channels at Ghatkopar Sewage
Treatment Plant, Mumbai

2. Colour Photo Fig. 9.2 ... e s 393-394
Photoview of one of the 4 aerated oxidation lagoons (ponds) at
Ghatkopar Sewage Treatment Plant, Mumbai

3. Chart Fig. 10.1 ..o at the end of the book

General Layout of Proposed Sewage Treatment Plant (Extended
Aeration Type of Activated Plant) for Example 10.1 for Dalhousie
town (H.P. State of India)

4. Chart Fig. 10.2.....cooiiiere e at the end of the book

Design Details of Sewage Treatment Plant (Extended Aeration
Activated Sludge Plant) for Example 10.1 to be adopted for treating
sewage of Dalhousie town (H.P. State of India)



10.

(xviii )
Colour Photo Fig. 17.1 (@) ..ccceerrrierireie i ssss s s
Proposed Air Quality Index (AQI) Chart in India. Categories in index
are based on concentrations of Eight Air Pollutants, and Associated
Health Impacts of each category
Colour Photo Fig. 17.1 (D) .ccccceiiiiieiiininee s s
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Photoview of a Helicopter dumping lime into Lake Bergsjon in
Swedon to neutralize Acidic nature of water which was destroying the
lake

(0 1o YU T o T s e P
Proposed Dams in Narmada Valley

Colour Photo Fig. 21.2 ... e s
Sardar Sarovar Dam

644-645

644-645

706-707

706-707

760-761

760-761



(xix )

Conversion of f.p.s., c.g.s., and S.I. Units into M.K.S. Units

Conversion of f.p.s. Units

Conversion of c.g.s. Units

Conversion of S.1. Units

into M.K.S. into M.K.S. into M.K.S.
For Length
1ft=0.3048 m 1cm=0.01lm S.I. unit is same i.e. m
1 mile = 1.609 km 1 micron (u) = 10® m
=1609 m

1inch =0.0254 m

1 ft2 = 0.093 m?
1 mile? = 2.59 km?
=259 hat
1 acre = 0.4347 ha

For Area
1 cm? = 104 m?

S.I. unit is same i.e. m2.

1 ft3 = 0.0283 m3
1 acre ft = 1233.6 m?
~0.123 ha. m

= % cusec. day

1 gallon (i.e. imp. gallon)
= 4.546 litres

1 U.S. gallon = 3.785 litres

1 ft3/sec (cusec)

= 0.0283 m?/sec (cumec)

1 cusec = 2.447 MLD

(Million litres per day)

1 cusec = 0.538 MGD

(Million gallon per day)

For Volume and
Discharge
1cm3 =10 m3

1 cm3/sec = 10% m3/sec

S.I. unit of volume is

also same i.e. m3.

S.I. unit of discharge
is also same i.e. m?%/s
(cumecs)

11b* = 0.454 kg*

1 poundal = 0.031 1b*
=0.0141 kg*

1 1b/in2 (psi)
— 703 kg*/m?
1 1b/ft? = 4.882 kg*/m?

For Force
1
- *
1 dyne 981 ™
=1.02 x 1076 kg*
For Pressure

1 kg*/em? = 10* kg*/m?
= 10 m of water head

1
— £
1 Newton (N) 9.81 kg

= 0.102 kg*
= 10% dynes

1 Pascal (P) = 1 N/m?
=0.102 kg*/m?
1 k.Pa=1000 Pa
= 102 kg*/m?
=0.102 m of water head
100 k.Pa = 10.2 m of
water head

1 ha stands for hectares ; 1 ha = 10* m?
*1b here is 1b wt., gm here is gm wt., and kg here is kg wt.
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Conversion of f.p.s. Units
into M.K.S.

Conversion of c.g.s. Units
into M.K.S.

Conversion of S.1. Units
into M.K.S.

1 1b/cft = 16.02 kg/m?

For Density (p)
1 gm/cm?® = 1000 kg/m?

S.I. unit of density is
same i.e. kg/m3.

1 Ib¥/cft = 16.02 kg*/m?

For unit wt.
or specific wt.
(yor w = p.g)
1 gm*/cm? = 1000 kg*/m?

1 N/m3 = 0.102 kg*/m3
1 kN/m?® = 102 kg*/m?

1 ft Ib* = 1.356 kg.m?%/sec?
= 1.356 Joule (J)

For Energy
1 Erg or 1 g-cm?/sec?
107 Ergs = 1 kg m?%/sec?
=1 Joule

S.I. unit is Joule where
1dJoule =1 N.m
= 1 kg-m?%/sec?

For Heat Energy

1 Btu or BTU 1 cal = 103 k.cal 1kJ = 0.239 k.cal

=0.252 k.cal

=1.055 kJ

For Power
1 ft Ib*/sec 1 gm* cm/sec S.I. unit is watt, where
= 0.138 kg* m/sec = 107®% kg* m/sec 1 Watt (W) =1J/s
1 H.P. (fps) 1 H.P. (metric) =1 Nm/s
= 550 ft* Ib/sec =75 kg m/sec = 0.102* kg* m/sec
1

=75.9 kg* m/sec =735 watts = 735 H.P. (metric)

= 746 watts

f.p.s unit is Ib* sec/ft2,
where

1 1b* sec/ft? = 4.887 kg*
sec/m? (mks)

For Dynamic Viscosity
(n or p)
(c.g.s. unit is dyne. sec/cm?
or Poise
1 Poise
= 0.0102 kg sec/m?
1 centi poise (cP) = 102 P

S.I. unit is N.s/m? or
Pa.s
1 N.s/m?
=1Pa.s = 10 Poise
= 0.102 kg* sec/m?

1 ft%/sec = 0.093 m?%/sec

For Kinematic Viscosity

(V:uorn]
P p

1 cm?/sec (Stoke)
=10~* m?/sec
1 centi stock = 10~2 Stock

S.1. unit is same as in
MK.S. :i.e. m?/s
1 m?%/s = 10* Stoke (St)

[Note. w for water = 1000 kg/m3 = 9.81 kN/m? = 9810 N/m?3.]
*kg here is kg wt., 1b here is lb wt., and gm here is gm wt.
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Introduction

1.1. Systems of Sanitation

The waste products of a society including the human excreta had been
collected, carried and disposed of manually to a safe point of disposal, by the
sweepers, since time immemorial. This primitive method of collecting and
disposing of the society’s wastes, has now been modernised and replaced by a
system, in which these wastes are mixed with sufficient quantity of water and
carried through closed conduits under the conditions of gravity flow. This
mixture of water and waste products, popularly called sewage, thus
automatically flows up to a place, from where it is disposed of, after giving it
suitable treatments ; thus avoiding the carriage of wastes on heads or carts.
The treated sewage effluents may be disposed of either in a running body of
water, such as a stream, or may be used for irrigating crops.

This modern water-carried sewerage* system has completely replaced the
old conservancy system of sanitation in the developed countries like U.S.A.
However, India being a developing country, still uses the old conservancy
system at various places, particularly in her villages and smaller towns. The
metropolitan cities and a few bigger towns of our country, no doubt, have
generally been equipped with the facilities of this modern water carriage
sewerage system ; and attempts are being made to equip the remaining cities
and towns with this system, as soon as funds become available.

The modern water-carried sewerage system is preferred to the old
conservancy system, because of its following advantages :

(i) The water carriage system is more hygienic, because in this system, the
society’s wastes have not to be collected and carried in buckets or carts, as is
required to be done in the conservancy system.

The free carriage of night soil in carts or as head load, which is required in
the conservancy system, may pose health hazards to sweepers and other
residents, because of the possibilities of flies and insects transmitting disease
germs from these accessible carts to the resident’s foods and eatables ;
whereas, in modern sewerage system, no such danger exists, because the
polluted sewage is carried in closed conduits, as soon as it is produced.

(i) In the conservancy system, the waste products are generally buried
underground, which may sometimes pollute the city’s water supplies, if the
water supply pipes happen to pass through such areas or the wells happen to
draw water through such areas.

*The term sewerage is applied to the art of collecting, treating and finally disposing of
the sewage.
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(i17) In the conservancy system of sanitation, the entire day’s human feces
are collected and then disposed of in the morning, once a day. Thus, from this
type of latrines, pungent smells may continue to pollute the surroundings for
the entire day. But since in the water carried system, the human excreta is
washed away as soon as it is produced, no such bad smells are produced.
Moreover, in the conservancy system of sanitation, the waste waters from
bath rooms, wash basins, kitchen sinks, etc. ; is carried through open road side
drains, as this is supposed to be not so foul, since it does not contain human
excreta. But these road side drains are generally abused by children or adults for
passing their stools, particularly at night hours, thus creating foul and more
unhygienic conditions. No such problems exist in the water carriage system.

(iv) In water carriage system, the sewage is carried through underground
pipes (popularly called sewers) which owing to their being underground, do
not occupy floor area on road sides or impair the beauty of the surroundings.
The road side drains carrying foul liquid in the conservancy system, will no
doubt pose such problems.

(v) The water-carried system may allow the construction of latrines and
bath-rooms together [popularly called water-closets (W.C.)], thus occupying
lesser space with their compact designs. This system is also very helpful for
multistoreyed buildings, where the toilets, one above the other, can be easily
constructed, and connected to a single vertical pipe.

Inspite of these advantages of the modern water-carried system, it has not
been possible to completely replace the old conservancy system, mainly
because huge capital funds (of the order of ¥ 10,000 to 15,000 per person) are
required for the construction of such a system. Besides the huge initial
investments, the RMO expenses are also high, which make it difficult to
replace the simpler and cheaper conservancy system. Moreover, for the
functioning of sewerage system, ample amount of water must be made
available to the people, and hence, reliable and assured water supply system
must, first, be installed, before installing the sewerage system.

1.2. Types of Sewage, and Types of Sewerage Systems

This modern water carriage sewerage system not only helps in removing the
domestic* and industrial** wastewaters, but also helps in removing storm
water drainage***. The run off resulting from the storms is also sometimes

*Domestic sewage consists of liquid wastes originating from urinals, latrines, bath-
rooms, kitchen sinks, wash basins, etc. of the residential, commercial or institutional
buildings. This sewage is generally extremely foul, because of the presence of human
excreta in it.

**Industrial sewage consists of liquid wastes originating from the industrial
processes of various industries, such as Dyeing, Paper making, Brewing, etc. The
quality of the industrial sewage depends largely upon the type of industry and the
chemicals used in their process waters. Sometimes, they may be very foul and may
require extensive treatment before being disposed of in public sewers.

The sum total of domestic and industrial sewage, may be termed as sanitary
sewage or simply sewage.

***The run-off resulting from the rain storms was used to be called storm sewage,
but the modern approach is to call it storm drainage or simply drainage, so as to
differentiate it from sewage, which is much more foul as compared to the drainage, and
requires treatment before disposal.
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carried through the sewers of the sewerage system, or more generally is
carried through separate set of drains (open or closed) directly discharging
their drainage waters into a body of water, such as a lake or a river. Since the
rain run-off is not so foul as the sewage is, no treatment is generally required
to be given to the drainage discharge. When the drainage is taken alongwith
sewage, it is called a combined system ; and when the drainage and sewage
are taken independently of each other through two different sets of conduits, it
is called a separate system. Sometimes, a part of drainage water, especially
that originating from the roofs or paved courtyards of buildings, is allowed to
be admitted into the sewers ; and similarly sometimes, the domestic sewage
coming out from the residences or institutions, etc., is allowed to be admitted
into the drains, the resulting system is called a partially separate system.

Strictly speaking, it is generally advantageous and economical to construct
a ‘separate system’ at least in the bigger cities and towns. But in practice, it is
generally not possible to attain a ‘truly separate system’ because some rain
water may always find its way into the sewers either through wrong house
sewer connections or through open manhole covers. Similarly, wherever the
authorities find insufficient sewer capacities, they divert part of the sewage
into the storm water drains, thus making most of our existing systems as
‘partially separate’ only.

In the modern days, a ‘separate system’ is generally preferred to a
‘combined system’, although each individual case should be decided separately
on merits, keeping the following points into consideration :

(i) A separate system will require laying two sets of conduits, whereas, a
combined system requires laying only one set of bigger sized conduits, thus
making the former system costlier. Moreover, the separate conduits cannot be
laid in congested streets and localities, making it physically unfeasible.

(it) The sewer pipes in the combined system are liable to frequent silting
during the non-monsoon season (when the flows in them are quite less™®)
unless they are laid at sufficiently steeper slopes, which, in turn, will make
them deeper, requiring more excavation and pumping, thereby making them
costlier.

(i1i) In a combined system, the less-foul drainage water gets mixed with the
highly foul sewage water, thus necessitating the treatment of the entire flow,
needing more capacity for the treatment plant, thereby making it costlier.
Whereas, in the separate system, only the sewage discharge is treated and the
drainage discharge is disposed of without any treatment.

(iv) In case, flooding and backing up of sewers or drains occur due to
excessive rains, more foul and insanitary conditions will prevail in the case of
combined sewage than in the case of storm drainage alone.

(v) Since the sewer lines are generally laid deep and at steeper slopes, as
compared to the storm water surface drains, pumping of sewage and often no

*Since heavy rain storms concentrated for a period of 3 months or so do occur, and
there are poor water supplies here in India, the ratio of the ‘drainage’ to ‘sewage’
works out to be as high as 20 to 30. Thus, during non-monsoon periods, only 1/20th to
1/30th of the designed discharge will be passing through the sewers, if the combined
system has been adopted.
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pumping of drainage is required in a separate system. Whereas, the entire
discharge will have to be pumped, if the sewage and drainage discharges are
mixed together ; thereby making the combined system more costly.

(vi) The economy of the two systems must be worked out for each individual
project, and the economical system be adopted, if physically feasible.

1.3. Components of a Sewerage System

A sewerage system consists of a network of sewer pipes laid in order to carry
the sewage from individual homes to the sewage treatment plant. This
network of sewers may consist of house sewers (or individual house
connections) ; lateral sewers ; branch sewers (or submains) ; main sewers
(generally called trunk sewers) ; outfall sewer (i.e. the sewer which transports
sewage to the point of treatment) ; etc. Manholes are provided in every sewer
pipe at suitable intervals, so as to facilitate their cleaning and inspection. In
the sewers, which carry the drainage discharge either solely or in combination
with sewage, inlets called catch basins are provided to permit entrance of
storm water from street gutters.

In order to avoid the large scale pollution of the water sources and to keep
them usable for the downstream people, the original contaminated sewage is
not allowed to be discharged directly into the water sources. A complete
treatment including screening, sedimentation, biological filtration (or
activated sludge treatment), sludge digestion, etc. is therefore, given to this
extremely foul sewage, so as to bring down its BOD and concentrations of
other constituents to safer values, before discharging it into a national river
resource. However, a recent use of sewage is being made for irrigating crops.
For this use also, the sewage has to be treated, so as to bring down its
constituents to permissible values, as per the requirements of I.S. 3307—1965.

All these aspects are explained in details in subsequent chapters.

1.4. Design and Planning of a Sewerage System

The sewerage system must be properly and skilfully planned and designed, so
as to remove the entire sewage effectively and efficiently from the houses, and
up to the point of disposal. The sewers must be of adequate size, so as to avoid
their overflow and subsequent damages to properties, and health hazards. In
order to provide economically adequate sized sewers, it is necessary that the
likely sewage discharge be estimated as correctly as possible. The sewer pipes
should then be designed to be laid on a slope that will permit reasonable
velocity of flow. The flow velocity should neither be so large, as to require
heavy excavation and high lift pumping ; nor should it be so small, as to cause
the deposition of solids in the sewer, bottoms.

The sewers are generally designed to carry the water from the basements,
and should therefore, be atleast 2 to 3 m deep. As far as possible, they should

be designed to flow under gravity with I or 2 th full. Owing to the

requirements of seeking gravity flow, the sewage treatment plant should
generally be located in a low lying area. The design of the treatment units also
requires good engineering skill. In order to provide adequate and economical
treatment, it is necessary to thoroughly study the constituents of the sewage
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produced in the particular project, and also the quality and other
characteristics of the body of water that will receive the sewage. The
permissible standards for effluents, and the possible uses of water
downstream, should also be studied. The legal bindings, if any, will also have
to be taken into consideration, while deciding upon the quantum of treatment
required to be given. No fixed standards can be laid for fixing this required
treatment, as everything depends upon the exigencies of a particular project.

Since the treatment plant will have to be located at low level ; the flood
protection devices both during construction and thereafter, should also have
to be taken care of, by the design engineers.

All these design requirements shall be thoroughly discussed in this volume.

1.5. Financing the Sewerage Projects

The full fledged development and functioning of a sewerage system requires
enormous capital investments and large amounts of recurring RMO expenses.

The initial money has, of course, to be provided by the Government, but the
interest on the capital investments and the depreciation charges as well as the
RMO (i.e. Running, Maintenance and Operation) expenses must be recovered
from the users of these facilities by properly taxing them. However, there
cannot be a very rational system of taxing the users of sewerage facilities,
because it is not feasible to estimate the quantity of sewage removed from an
individual house, and hence cannot be as rationally taxed as can be done for
water supplies, which can be measured and taxed according to the volume of
water consumed. Consequently, the sewerage services may be financed by
adding a certain surcharge, usually a percentage to the water bill. This is
somewhat rational in the sense that sewage produced by the house will be
directly proportional to the water consumed. Sometimes, charges for sewerage
facilities are added, as certain percentage of the annual valuation of the house
property, to the property/house tax bills. Nevertheless, the planning engineer
must also develop the suitable and logical financing programme, indicating
the sources of income and balancing them against depreciation, interest and
RMO charges.

1.6. Liability for Damages Caused by Insufficient or Inefficient
Sewerage Works

In case of certain damages, the process of claiming compensations through law
courts is largely adopted in developed countries like U.S.A. However, Indian
people, striving hard for their bread and butter, find it very difficult and
almost impossible to go to the long process of redressal through law courts.
Moreover, generally, when certain authorities or officials are sued in the court
for damages, normally a certain percentage of the claimed amount has to be
deposited, making it almost impossible for an ordinary Indian to go to the
courts for claiming damages. Nevertheless, we will state here, a few possible
chances, when compensations can be successfully claimed, in case certain
damages have been caused by insufficient or inefficient sewerage works:

No city governments or public municipalities can be held responsible for not
providing sewerage facilities ; but however, when once such facilities have
been provided, the officials and municipal bodies will become responsible to
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certain extent for any damages caused to the health or properties of the
citizens, due to its insufficient or inefficient provisions or operations.

If the sewerage system has been constructed, as designed by a competent
engineer, normally nothing can be claimed by the sufferers due to inadequate
size of sewers. Still, however, damages can always be claimed, if there is some
established negligence on the part of the authorities in the maintenance or
operation of sewerage works. For example, if the blockage of a sewer is
reported to the authorities, who do not take prompt action, then the
consequent damages caused by the backing up and overflowing of the sewers,
can always be claimed. Similarly, if the leaking sewers happen to pollute
water supplies, damages can be claimed for affecting public health, but only if
it can be established that the sewerage authorities had a preknowledge of the
situation, and they failed to remedy the same. Similarly, if certain manhole
cover is left open due to poor maintenance, and if a child happens to fall in it,
damages can always be claimed. But again negligence, will have to be
established. Even without any negligence, the damages can always be claimed
by the property owners for depreciation of their properties, if sewage
treatment plant has been established near their properties, which gives off
obnoxious smells. Similarly, throwing away of untreated or partially treated
sewage in a river resource, may pollute the river water, and pose health
hazards to the people utilising such waters, downstream. In such a case also,
the affected people can claim compensations.

PROBLEMS

1. Describe conservancy and water-carriage systems. What are the relative advantages
and disadvantages of the two system ?

2. Discuss briefly the necessity of replacing the conservancy system by the water carriage
system of sanitation.

3. Discuss the relative merits of the separate and the combined systems of sewage, and
give the conditions favourable for the adoption of each one of them.

4. Differentiate between :
() Domestic sewage, industrial sewage and sanitary sewage ;
(it) Combined and separate systems of sewage ; and
(iti) Sewage and drainage.
5. Write short notes on :
(i) Financing the sewage projects ;
(it) Liability for damages for insufficient or inefficient sewerage facilities ;
(iti) Types of sewages ; and
(iv) Systems of sewerage.

10-D\K-SEWAGE\CHP1-1.PMD
ALL NEW COMPOSE





