Preface

Groundwater is an important resource, and its exploration, planning, and
management play a significant role in the effective utilization of it for domes-
tic, irrigation, industrial, and other purposes. Groundwater hydrology deals
with quality and quantity aspects of groundwater, and it is a broad field with
many ramifications. There is an ever-increasing demand for information on
groundwater hydrology by students and professionals in several fields. In this
book, an attempt has been made to present the basic principles of ground-
water movement in aquifers and management of groundwater. The principles
of groundwater flow are presented through elaborate derivation of governing
differential equations and their analytical solutions for simple boundary condi-
tions. At the same time, the book incorporates sufficient theoretical material
to grasp the concepts even by bypassing the clutter of mathematical equations.
It has an appropriate focus on both aspects of groundwater: resource devel-
opment as well as contamination transport and quality management. There
is a separate chapter on groundwater flow solution by complex analysis, and
the book contains substantial original material on solutions by the author
to seepage from canals using conformal mapping, stream-depletion problem,
flowing-well problem, and some case studies. The book has a broader scope
due to comprehensive coverage on most aspects of groundwater, and it enables
the readers to acquire a basic understanding of the groundwater hydrology for
addressing groundwater issues. The book has been written to serve the needs
of undergraduate and graduate students and professionals in hydrogeology,
groundwater engineering, water resources engineering, agricultural engineer-
ing, earth sciences, water resources management, geotechnical engineering, and
environmental sciences.

- Salient Features of the Book

e Comprehensive coverage on most of the aspects of groundwater to suit
undergraduate and postgraduate syllabi of different programs of various
universities

e Principles of groundwater flow presented through elaborate derivation of
governing differential equations and their analytical solutions for simple
boundary conditions

e Incorporates sufficient theoretical material to grasp the concepts even by
bypassing the clutter of mathematical equations

e Appropriate focus on both aspects of groundwater: resource development
and contamination transport and quality management

e Contains substantial original material on solutions by author to seepage
from canals using conformal mapping, stream-depletion problem, flowing-
well problem, and some case studies
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e Separate chapters on groundwater flow solution by complex analysis, and
flow through unsaturated media

e Large number of solved examples and variety of numerical problems
designed on semester and competitive examination patterns

e Rich pedagogy including illustrations, solved examples, numerical prob-
lems, and theory questions

- Chapter Organization

The book contains 19 chapters, which are clubbed into four parts. Part I includes
Chapters 1-4, which are related to groundwater occurrence, distribution, and
exploration along with well construction and logging. Part II deals with theo-
retical aspects of groundwater flow comprising Chapters 5-9; whereas Part I11 is
devoted to well hydraulics consisting Chapters 10-14. The groundwater manage-
ment issues are incorporated in Part IV through Chapters 15-19. The follow-
ing are the highlights of the individual chapters. Chapter 1 defines groundwater
and its occurrence and distribution in porous media as well as properties of the
porous media. Chapter 2 deals with aquifers in detail and groundwater scenario
in India. Chapter 3 describes various techniques elaborately to investigate, target,
and map the distribution and availability of groundwater in adequate quantity
of good quality. Site selection for wells, different methods of well logging, well-
construction techniques, and well-completion steps are discussed elaborately in
Chapter 4, whereas Chapter 5 introduces principles of groundwater movement
in porous media in a generalized way including Darcy’s law and transformation
of medium. Chapter 6 covers theory of groundwater flow which incorporates
derivation of governing equations and analytical solutions for simple ground-
water-flow problems. Chapter 7 presents contaminant transport in groundwa-
ter with emphasis on the origin and sources of contaminants in groundwater,
classification of groundwater contamination, transport mechanism, and govern-
ing equations for contaminant transport in saturated porous media. Chapter
8 deals with functions of complex variables, different types of mappings and
their application in solving groundwater-flow problems. Properties of unsatu-
rated medium, water-retention characteristics, hydraulic conductivity relations,
derivation of flow equations in unsaturated porous medium, and infiltration
of surface water are incorporated in Chapter 9. Chapter 10 describes govern-
ing equations in radial coordinates and steady-state solutions to flow problems
for cases of single wells, multiple wells and wells in uniform flow field; whereas
Chapter 11 addresses solutions to problems for unsteady-state flow in confined
aquifers toward fully penetrating wells such as single wells, multiple wells, and
wells near different boundaries. Chapter 12 incorporates in detail the unsteady-
state solutions to flow problems for special cases, namely wells in unconfined
aquifers, wells in leaky aquifer, partially penetrating wells in confined aquifers,
large diameter wells, flowing wells, wells in multiple-layer aquifers, and well
losses. Estimation of aquifer parameters is one of the most important aspects of
well hydraulics, and Chapter 13 explains pumping test and slug test techniques
for estimating aquifer parameters for confined, unconfined, and leaky aquifers.
Detailed description of aspects related to design, development, and maintenance
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of water wells is included in Chapter 14. The key issues and various methods of
artificial recharge of groundwater are presented in Chapter 15; whereas Chapter
16 deals with the different concerns of saline-water intrusion in aquifers. Intro-
duction and importance of groundwater modeling, classification and description
of groundwater models, and finite difference method for groundwater modeling
are covered in Chapter 17. Finally, the salient features of management of ground-
water quantity and quality are incorporated in Chapters 18 and 19, respectively.

- Online Learning Center

The text 1is accompanied by an exhaustive website accessible at
http:llwww.mhhe.comlchahar/ghl which contains the following material.

For Instructors

e Solutions Manual
e Jecture PPTs

For Students

e Chapter-wise MCQs
e Exhaustive Bibliography

- Acknowledgments

The approach in this textbook reflects the influence of my mentors combined
with my own experiences in teaching and practicing groundwater hydrology. I am
particularly grateful to Professor G C Mishra, who was the first to stimulate my
interest in the area of seepage and groundwater during my PhD work; Professor
P K Swamee, who instilled in me the gist for quality research and publica-
tion; and Professor Shashi Mathur, who mentored me in teaching groundwater
hydrology after joining IIT Delhi. The current book evolved from my lecture
notes built up over 20 years’ experience in teaching groundwater hydrology
mainly at the master’s level. My students kept on requesting me to convert the
lecture notes into a textbook. A good part of my lecture notes came from Todd
and Mays (2005), Harr (1962), DeWiest (1965), Misstear et al. (2006), Bouwer
(1978), Bear (1979), Swartz and Zang (2004), and Karamouz et al. (2011). I am
indebted to these authors and their publishers and the relevant excerpts used
have been duly acknowledged. Several problems and solutions have resulted
from assignments and term papers submitted by students. I appreciate the stu-
dents who provided feedback on my lecture notes and with whom I discussed
much of the material and its presentation in this text for improving its clarity
and focus. I am indebted to Devender, who prepared the solutions to several
problems and assisted in preparing the manuscript. My hearty gratitude is due to
Dr S K Sharma who provided material on case studies. I also acknowledge my
advisees: Mahender, Ghanshyam, Shishir, Sridebi, Anand, and Boini, as their
contributions find place in different forms in the book. I am thankful to my
career in academia at IIT Delhi, which offered me the opportunity to write this
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book. Special thanks go to my school and college teachers, particularly Professor
C R S Pillai, Professor Alam Singh, Sanwar Sharma, and Shivaji Singh, who
nurtured me in choosing the academic career. The preparation of this manu-
script diverted my attention from many other important activities, including
spending time with my family. Special thanks are due to Dr Dhanya as she was
always ready to share responsibilities in the department that made it possible to
complete the book without taking sabbatical. Gratitude is also due to Professors
V P Singh, R S Nirjar, O P Sharma, Santosh Satya, A K Gosain, etc., who
inspired me in writing this book.

I also acknowledge the reviewers who took out time to go through the script
and gave valuable suggestions. Their names are given below.
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Ramalinga Reddy Reva Institute of Technology and Management,
Bangalore, Karnataka
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Dr.K.Krishne Gowda University BDT College of Engineering, Davangere,
Karnataka

Alok Sinha Indian School of Mines, Dhanbad, Jharkhand

Dr. Deba Prakash Satapathy College of Engineering and Technology, Bhubaneswar,
Odisha

Sindhu Gomathy College of Engineering, Trivandrum,
Thiruvananthapuram

Many people contributed directly or indirectly to the completion of this book,
which is thankfully acknowledged. I could not have completed this book with-
out the blessings of my teachers and the unwavering support of my students;
therefore, I dedicate this work to my teachers and students.

- Feedback

I realize that the first edition is bound to have defects. I will appreciate sugges-
tions directed toward the improvement of this book.

July 2014, New Delhi
Bhagu R Chahar

- Publisher’s Note

McGraw-Hill Education (India) invites suggestions and comments from you, all
of which can be sent to info.india@mheducation.com (Kindly mention the title
and author name in the subject line.)

Piracy-related issues may also be reported.



