
 

 

 

Ref. No.            Date: 11.08.2024 



Published by 
NIYOGI BOOKS 
Block D, Building No. 77, 
Okhla Industrial Area, Phase-I, New Delhi-110 020, INDIA 
Tel: 91-11-26816301, 26818960 
Email: niyogibooks@gmail.com 
Website: www.niyogibooksindia.com 

Original Text 
Translation © Individual translators 

Individual authors/ legal heirs 

Introduction text © Dipankar Roy and Saurav Dasthakur 
Editor: Sucharita Ghosh 
Design: Nabanita Das 
Cover lllustration: Manjari Chakravarti 

ISBN: 978-93-86906-23-6 
Publication: 2018 

This is a work of ficion. The names, characters and incidents portrayed in it are the work of the authors' imagination. Any resemblance to actual persons, living or dead, events or localities, is entirely coincidental. 

All rights are reserved. No part of this publication may be reproduced or 
transmited in any form or by any means, electronic or mechanical, including 
photocopying, recording or by any information storage and retrieval system 
without prior writen permission and consent of the Publisher. 

rinted at: Niyogi Oiser Pv. Lrd., New Delhi, India 



Contents 

Preface 
Introduction 

Lalit and Labanyo 
Troilolkyanath Mukhopadhyay 

The Notebook 
Rabindranath Thakur 

Chanu the Expert Thief 
Upendrakishore Ray Chowdhury 

Otter Rex 
Gaganendranath Thakur 

Lalu 
Sarat Chandra Chattopadhyay 

The Greatest of Them All 
Dakshinaranjan Mitra Majumdar 

The Philosopher's Stone 
Parashuram (Rajshekhar Basu) 

The Detective 

Sukumar Ray 

The Twang of the Skeleton 
Manilal Gangopadhyay 

11 

29 

38 

47 

59 

81 

87 

98 

112 

117 

The Puni Trellis 
Bibhutibhshan Bandyopadhyay 

The Spell 
Bibhutibhushan Bandyopadhyay 

The Fundamentals of Poetics 

Bibhutibhushan Mukhopadhyay 

Manohar Dacoit's Story 
Khagendranath Mitra 

The Iron Biscuit 

Sharadindu Bandyopadhyay 

Syamantak 
Sharadindu Bandyopadhyay 

Two Beggars 

136 

Montu's Master 

Shibram Chakraborty 

156 

170 

185 

192 

209 

2,21 

Banaphul (Balaichand Mukhopadhyay) 

225 



Bourani of Jungle Villa 
Premendra Mitra 

The House at Ahiritola 
Lecla Majumdar 

The Non-Cooperative 
Manik Bandyopadhvay 

The Old Woman at 
the Metro Theatre 

Buddhadeva Bose 

Bishu Baauley 
Shibshankar Mitra 

The Prince of Peshawar 

Narayan Gangopadhyay 

Wednesday Morning at Seven 
Shachindranath Bandyopadhyay 

Math Sir, Golapibabu and Tipu 
Satyajit Ray 

Strange Noises and 
a Spell of Fever 

Samaresh Basu 

238 

249 

254 

261 

266 

280 

290 

312 

Nyadosh, Our Incredible Cow 
Mahasweta Devi 

Kalabati 

Moti Nandy 

Walkie-Talkie 

Sunil Gangopadhyay 

The Smell is 

Highly Suspicious 
Shirshendu Mukhopadhyay 

The Gecko of Echopur 
Indranil Chattopadhyay 

Habu's Distress 

Ajeya Roy 

That Book 
330 Ajeya Roy 

Tagar Bahadur 
Adhir Biswas 

Notes on Authors 
Notes on Translators 

Glossary 
Acknowledgements 

339 

347 

362 

375 

338 

414 

425 

433 

452 
465 

472 

476 



The Notebook 
Rablndranath Thakur 

Uma has been a nuisance ever since she learned to write. Every 

wall of the house is smeared with scribbling in charcoalain 

splutters, leaf sways. 
She discovered Haridaser Guptakatha," lying beneath her sist 

in-law's pillow, and scrawled with pencil across the pages-black 

water, red flower. 

The stars and planets in the almanac seem to be eclipsed by 

large alphabets. 
In the middle of her father's daily account of credit and debit. 

she has written-one who studies, rides carriages. 
Her literary efforts were so forth unhindered; finaly 

something terrible happened. 
Uma's elder brother Gobindalal looks extremely timid, but he 

regularly contributes to the newspapers. From his conversations 
his relations and neighbours have never suspected him to be a 
contemplative person. Actually, he could not be accused of thinking 
but he writes; and the majority of the reading public of Bengal agrees 
with his views. 

Gobindalal had composed an interesting article repudiating 
the fallacies of the European scientists regarding physiolog: 
had taken recourse to bombastic language rather than logicaly 
establishing his point. 

he 



The Notebook 

He came and sat on the bed. Then he ordered in a voice like 

thunder, 'Give mne the notebook.' Finding that his order had not 
yet been carried out, he ordered a bit softly, Give it to me. 

Holding the notebook tight the girl stared, with a look of 
earnest supplication, at the face ofher husband. But when she saw 
Pyarimohan proceeding to snatch the notebook, she dropped it 
and lay down on the ground covering her face with both her hands. 

Pyarimohan lifted the notebook and started to read the words 
aloud. At this Uma embraced the earth with all her strength and 
the listeners, the three little girls, burst out in laughter. 

Since then Uma did not get her notebook back. Pyarimohan 
also had a notebook full of his varied essays, infested with the 
thorns ofhis subtle theories. But there was no such philanthropist 
of calibre there, who would snatch it away and destroy it. 

Translated from the Bangla origtnal 'Khata' 
by Amlan Das Gupta, Btpasha Raha, 

Shuddhasattwa Banerjee and Anindtta Chongdar 

45 



The Prince of Peshawat 
Narayan Gangopadhyay 

of the Chatujje house, ,I was tryirng ts bring to size a ripe mango. But the effort did t last long. A couple 
of bites later I ( had to throw it away-it was terribly: sour. My teerh began to clatter-I was now in a foul mood. I had seen there 

mutton at :home for dinner tonightwho knows whether I would I 

Seated on the ledge in front of the 

be able to do justice to it and chew the bones! 

At that moment, Tenida, who stayed at Pataldanga, appeared 
out of nowhere. He boomed, 'Pyala! You threw away the mango? 

It's horribly sour. Can one eat it? 

'Sour? Tenida squatted down beside me and said, jast 
because it was sour it wasn't worth anything? If there wzs 
nothing sour in the world, where would you have got pickles Ii 
there was nothing sour, how would curd thicken? If there was 

nothing sour, how would we distinguish between ash gourds 
and star fruits? If there was nothing sour, then how would ants 

taste sour? If there was nothing sour 
If there was nothing sour in the world, many other disasters 

would have occurred -but I was not in the mood to hear a long 

list of such happenings. I stopped him saying, 'Does that meal 

civilised person can eat such a sour mango? 
The smell of the mango attracted a large bluebottle from 

somewhere, which tried to sit on Tenida's big hooked nose. 



The Prince of Peshcwar 

rhe entire household started wailing. You can well imagine .-bat was going on in my mind! But the next day, there was a 
irscle! Early in the morning the sahib's second orderly brought 
a letter for Gablumama. 

Gablumama got the job. A situation worth two hundred and 
ifty rupees. 

HOw did the wonder work? It is so simple. The sahib fell down 
from the fan and realised something phenomenal had taken 
place. A bite of the Prince of Peshawar had cured his ten-year-old 
rheumatism-he could not move his hands and feet earlier, but 
the day before he had played football all afternoon, in sheer delight 
made faces at everybody, back home he even had a tussle with his 
enormous memsahib. 

'And Gablumama's fever? Instant remission! He bathed in ten 

buckets of water, had his meal, put on coat-pants and hurried to 
greet the sahib. 

"So Pyala-as I was sayinga sour mango should not be 
scorned! Ifyou slipit to someone at the right moment, it can change 
your fortunes! 

Tenida paused, finishing the packet of dalmut. 
'Such a remedy for rheumatism!I wondered, The mango tree 
Tenida heaved a sigh, "That was a divine gift-could it last long in 

this world? The very next day, the tree was uprooted in a norwester. 

Translated from the Bangla ortgtnal 

'Peshwar ki Aamir' by Amlan Das Gupta, Bipasha Raha, 

Shuddhasattwa Banerjee and Anindtta Chongdar 

289 
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PREFACE 

The present volume contains some of the papers presented in the 

16th. Annual Conference of Bharata Vidya Charcha Kendra held on 

16th. February, 2018 in collaboration with Syamsundar College, 

Syamsundar, Purba Bardhaman. The theme of the conference was 

Indian Village through the Ages. Bharat Vidya Charcha Kendra (BVCK) 

is an inter-disciplinary research organisation of Burdwan. 

This book contains a set of the selected articles. Nine of them 

are in English while three are in Bengali. BVCK has decided to 

publish this volume as a part of its academic activities and to circulate 
the selected papers presented in the conference among the academic 

fraternities at large. We hope that this edited volume will help the 
students, teachers and researchers of the relevant area. The major 
contribution of these articles is available in a summarized fom from 
the Introduction which follows. 

We are thankful to the authorities of Syamsundar College where 
the 16th. Annual Con ference of BVCK was held. We are also thankful 
to the contributors without whose cooperation this volume could 
not be published. Last but not the least we thank Sri Biplab Bhowal 
of Book Syndicate (P) Ltd for his cooperation and help to publish 
this volume within a short period of time. We beg to be excused for 
any deficiency that remains present in the book. 

Jaydeb Sarkhel 
Rupendra Kumar Chattopadhyay 
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Introduction 

Villages occupy an important place in the economy. society and 

culture of India. Mahatma Gandhi is often quoted as having said. "Real 

India lives in its villages". In the early decades of the 20th century about 

90% of the population lived in the villages. The development of village, 

for Gandhiji, was the development of India. Iliteracy, ignorance and 

poverty characterized the vast population of rural India. Gandhiji 

organized mass movement to draw attention to the problems of the rural 

people and also to involve the peasants in the freedom movement. 

Indian villages have a prolonged history of their own. They existed 

in all the major stages of our socio-political history. As an important unit 

of the Indian social polity the village has played a prominent role. 

The Rig Veda denotes "grama" as an aggregate of several families 

sharing the same habitation. During the period of Rig Veda, village was 

a unit of social and political organization of India. Each village or grama 

was headed by a "gramani". 

The Ramayana makes a mention of villages. According to the 

Ramayana, gramani or the head of the village was appointed by the king. 

He was assigned the duty of looking after the village defence. It was 

also his duty to collect state dues and to maintain records relating to 

such collection. He was also vested with some judicial functions. 

The Mahabharata mentions several types of habitations and 

settlements. It refers to the village as the most fundamental unit of 

administration having "gramani" as its leader and chief spokesman. 

During the Buddhist period we have enough literature to speak of the 

position of the villages, towns and forts. Each gramna was organised as 

a socio-political unit under the authority of the headman. The most 

significant aspect of the village organisation during this period was that 

the village affairs were completely managed by the villagers themselves. 
It means in several respects each grama was independent and 

autonomous. 

"Arthashastra" of Kautilya provides us specific details about the 
village and its administration during the Mauryan period. Each village 
had a wonderful administrative system. Village administrative staff 
consisted of the headman, accountant, officials, veterinary doctor and 

















1 A 
Practical 
Guide 
To The 
Univers  
al 
Decimal 
Classific 
ation: 
IME 
2005 
Edition 

Mr.Partha 
Chattopad 
hyay; Prof. 
Arabinda 
Maity & 
Prof. Biplab 
Chakrabarti 

 

 
Rohini 
Nandan; 
Kolkata 

 

 





























SP 
CATY 



Darshoner Aloke Bawl-Boishnab-Rabindranath, Edited by Dr. Buddadeh 
Mondal & Dr. Sujit Kumar Kumar Mondal, Published by Biplab 

ISBN: 978-81-944113-1-4 

: 

: too D 

Bhattacharjee, Schoar Publications, Karimganj, Assam, 7887, 
January, 2021. 



ferat* , -00 

f\Aa AS, 80-89 

yatGT ARCOT, -o¢ 

aifgT, oy-0 



|14t 9, SY8-48 

A Study of Vaisnavisnm in Historical Perspective: Bengal Dr Srinwanti Mukhopadhyay, 203-214 
Rabindranath and the Baul Song: An Analysis 
Tapas Roy, 215-220 
Realization of Secular ideas through Baul Culture: A 
Reminiscence 
Prasanta Adhikari, 221-226 
The Baaul (At a Glance) 
Nabendu Kiran Debnath, 227-240 
Baul Song: A Philosophical Review 
Barun Mondal, 241-247 
The Philosophy of Tagore's Human Religion 
Lutful Haque, Md. Abdul Halim, 248-259 



HISTORY, HERITAGE 
AND RELIGION : 
PROBLEMS AND 
PERSPECTIVES 

Edited by 
Jaydeb Sarkhel 

Retired Professor, Burdwan University. 

Dr. Anirban Banerjee 
Professor, Department of Sociology, Burdwan University 

First Published 
2020 

BOOK SYNDICATE (P) LTD. 
www.booksyndicate.in 



Published by: 
Biplab Bhowal 
for Book Syndicate (P) Ltd. 
35 College Street, Kolkata 700 073 

S2257 0754/55 
A booksyndicate.35(agmail.com 

© Copyright reserved by Bharata Vidya Charcha Kendra an 
publication right reserved by Book Syndicate (P Ltd. 

First Published : February, 2020 

Price: Rupees five hundred fifty only 
S50 

ISBN 978-93-87706-43-9 

Printed by : 
Kalyan Bhaumik 
for Mudran Bharati 
26 M. B. Road 
Kolkata 700 049 



LIST OF CONTRIBUTORS 

1. Dr. Anirban Banerjee: Professor of Sociology. The Univers1ty 
of Burdwan. 

2. Dr. Rupendra Kumar Chattopadhyay : Vivekananda Chair 
Professor of Social Science, University of Calcutta. 

3. Swati Roy : Associate Professor and Head, Department of 
Ancient Indian History and Culture, University of Calcutta. 

4. Shubha Majumder : Superintending Archacologist, Archaeo 
logical Survey of India, Kolkata Circle. 

5. Dr. Rohidas Mondal : Assistant Professor of History. Dr. B. 
N. Dutta Smriti Mahavidyalaya, Hat Gobindapur., 

6. Dr. Susanta Mondal : Assistant Professor in Economics. 
Bolpur College, Bolpur. 

7. Bishnu Goswami: The University of Burdwan. 
8. Bhumika Ghosh : Guest Lecturer in History, Dr. Bhupendra 

Nath Dutta Smriti Mahavidyalaya. 
9. Sourav Ghosh: Part-time Teacher, Tarakeswar Degree College. 

10. Dr. Rangana Dey : Assistant Teacher, Burdwan Harisava Hindu 
Girls' High School (Day). 

11. Ranjan Paul: Assistant Professor in Botany, Gushkara 
Mahavidyalaya. 

12. Dr. Suddhasattwa Banerjee : Assistant Professor in English, 
Hiralal Bhakat College, Nalhati, Birbhum. 

13. Rakhi Chowdhury : Assistant Professor. Department of 
Political Science, T.D.B. College, Raniganj. 

14. Sudeshna Bandyopadhyay : President, TCWo, Tejganj. 
Burdwan. 

15. Dr. Surajit Rauth : Assistant Professor, Department of History. 
Gushkara Mahavidyalaya. 

16. Gourav Lama : Assistant Professor in History, Presidency 
University, Kolkata. 

17. 9ASotf is: qTt*, ba A, fD.f5.R. (AS, 



CONTENTS 

1. Dr. Anirban Banerjee 
History, Heritage and Religion : Problems and Perspectives 

2. Dr. Rupendra Kumar Chattopadhyay, Swati Roy and 
Shubha Majumder 

Recent Explorations in Search for 'Sacred Spaces' in the 
Burdwan District of West Bengal. 34-69 

3. Dr. Rohidas Mondal 

Rituals, Prejudice and Protest in Colonial Timnes : An 
Overview of the Namasudra Movement in Bengal 70-79 

4. Dr. Susanta Mondal 

Period 
Commercialization of Indian Agriculture in the Colonial 

80-86 

5. Bishnu Goswami 

1-33 

The Relevance of Some Ancient Dominant Texts in Modern 
Biodiversity Management 87-93 

6. Bhumika Ghosh 

History and Development of Science and Technology from 
Prehistoric TÉme to Gupta Age 94-106 

7. Sauray Ghosh and Anirban Banerjee 
Explaining Tribal Religion : A Study of Santal Religion 

8. Dr. Rangana Dey 

9. Ranjan Paul 

107-123 

Rubber Plantation in Tripura : An Alternative Way of Socio 
Economic Development of Tribal People 124-136 

Tea Cultivation in Plain Area Uproots the Traditional Plants: 
A Microstudy at Mekhliganj Block, Cooch Behar District 

137-143 



10. Dr. Suddhasattwa Banerjee 

Social Distinctions and Rise of Trende like 'Angy Young Man' and 'Dalit Panther': A Study in Social History through Films and Plays 
11. Rakhi Chowdhury 

Should Article 370 Be Removed from 
or Amended ? 

12. Sudeshna Bandyopadhyay 

(vii) 

13. Dr. Surajit Rauth 

17. Sra 

14. Gourav Lama 

The Concept of Streedhana ' under the Hindu Law: :A Review 

Type, and Motifs of Ornamentation 

15. 5NRtfa b 

the Indian 

16. fauta 5 TN 

144-139 

Brick Temples of Purba Bardhaman :A Study on Structure, 

Constitution 160-165 

166-169 

The Challenge to India s Heritage from Past to Present 

170-189 

190-196 

197-201 

202-204 

205-213 





��������

��������	���
�����	�
��	������
���
�������	����������������������������
���	�
����� ����	� ��� 
������ 
���������� ��	� ���� ���	�
����� ��� ���������	
���	�
����� ��� ������ ���
������� ���	����� ���� ���� ��� ����	� ��
���� 
��	���
��
������

�����
�������	����
����
��	����	�����
�����������������������
��
����������
�����������������������������������������������	����
��������
����� ��
���
��� ��� �����	�	� ��� �����������	� ��� ���
���� ��� ���	�
���� ��	
����	�
������������������������	�����	������������	�����������

�������
�������������
������


 ���������
!���� ���������
��������	�
������
"�	�� #����� $�	���� %����� &�	��� 
�
���� ��� ���� %
��'���
��
� '�(�&
 ��������������

�������(�����)*������+)����������,-.+/��(�
���������0��	����1���
�
 �����	��������������
����
�	
��
�����������������

��
�������2� ������ � �	
�
��
������� 2� -.--� "�	�� #����� $�	���� %����� &�	��� 
�
���� ��� ���
%
��'���
��
�'�(�&� ��������������






INTERFACE 
A NATIONAL RESEARCH ANTHOLOGY ON INDIGENOUS 

LANGUAGE, LITERATURE & CULTURE 

(Edited Volume) 



INTERFACE 
A NATIONAL RESEARCH ANTHOLOGY 

ON INDIGENOUS LANGUAGE, 
LITERATURE & CULTURE 

PATRONS 

Dr. Milorai Modi, Principal, J.N. College, Pasighat (A.P) 
Dr. Saktibrata Bhowmik, Principal, A.P.C. College, New 

Barrackpur (W.B.) 
Dr. Indrani Deb, Principal, Nistarini Colege, Purulia (W.B.) 

EDITORS 

Dr. Dipankar Patra, A.P.C. College, New Barrackpore (W.B.) 
Dr.Subhashis Banerjee, J.N.College, Pasighat (A.P.) 

Mr. Abani Doley, J.N, College, Pasighat (A.P.) 
Mr. Biswarup Chatterjee, Rampurhat College, Rampurhat (W.B.) 

Ms. Sharmistha Karmakar, Nistarini College, Purulia (W.B.) 
Ms. Zenny Kamsl, J.N. College, Pasighat (A.P.) 

BOOK RIVERS 



Chapter 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

CONTENTS 

TITAS EKTI NADIR NAAM: AN 
INDIGENOUS VOICE OF THE 
SUBALTERN 

Title 

-Ayantika Sarkar 
-Sambuddha Basu 

TUSU FESTIVAL: A FORM OF 
INDIGENOUS CULTURAL 

COUNTER-NARRATIVE 
-Ajay Kumar Gangopadhyay 
THE PASSION PLAY AND ITS 
INFLUENCE ON TAGORE'S 
DRAMA 
-Dr.Indrani Deb 

SLENCE OF THE SUBALTERNS: 

DISPLACEMENT, DENTITY, 
MARGINALISATION, 
MOVEMENTS, ECONOMY AND 
COOCH BEHAR 

-Dr. Surya Narayan Ray 
REFLECTION OF AGRICULTURAL 
ECONOMY AND ENVIRONMENT 
THROUGH BHAWAIYA SONGS 
-Dr. S. N. Ray 

-Nyaja Tesia 

ALIENATION THROUGH LOSS OF 
IDENTITY WITH REFERENCE TO 
MAMANG DAI'S 'AN OBSCURE 
PLACE' AND TARO SINDIK'S 
'ATITHI' 

[vil 

Pg. No. 

1-20 

21-29 

30-43 

44-68 

69-85 

86-92 



Springer Hydrogeology

Partha Pratim Adhikary ·
Pravat Kumar Shit · Priyabrata Santra ·
Gouri Sankar Bhunia ·
Ashwani Kumar Tiwari ·
B. S. Chaudhary   Editors

Geostatistics 
and Geospatial 
Technologies 
for Groundwater 
Resources in India



Springer Hydrogeology

Series Editor

Juan Carlos Santamarta Cerezal, San Cristóbal de la Laguna,
Sta. Cruz Tenerife, Spain



The Springer Hydrogeology series seeks to publish a broad portfolio of scientific
books, aiming at researchers, students, and everyone interested in hydrogeology.
The series includes peer-reviewed monographs, edited volumes, textbooks, and
conference proceedings. It covers the entire area of hydrogeology including, but not
limited to, isotope hydrology, groundwater models, water resources and systems,
and related subjects.

More information about this series at http://www.springer.com/series/10174

http://www.springer.com/series/10174


Partha Pratim Adhikary • Pravat Kumar Shit •

Priyabrata Santra • Gouri Sankar Bhunia •

Ashwani Kumar Tiwari • B. S. Chaudhary
Editors

Geostatistics and Geospatial
Technologies
for Groundwater Resources
in India

123



Editors
Partha Pratim Adhikary
Indian Institute of Water Management
Indian Council of Agricultural Research
Bhubaneswar, Odisha, India

Priyabrata Santra
Central Arid Zone Research Institute
(CAZRI)
Indian Council of Agricultural Research
Jodhpur, Rajasthan, India

Ashwani Kumar Tiwari
School of Environmental Sciences
Jawaharlal Nehru University
New Delhi, India

Pravat Kumar Shit
Raja N. L. Khan Women’s College
(Autonomous)
Vidyasagar University
Medinipur, West Bengal, India

Gouri Sankar Bhunia
Randstad India Pvt. Ltd.
New Delhi, India

B. S. Chaudhary
Department of Geophysics
Kurukshetra University
Kurukshetra, Haryana, India

ISSN 2364-6454 ISSN 2364-6462 (electronic)
Springer Hydrogeology
ISBN 978-3-030-62396-8 ISBN 978-3-030-62397-5 (eBook)
https://doi.org/10.1007/978-3-030-62397-5

© Springer Nature Switzerland AG 2021
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

Disclaimer: The authors of individual chapters are solely responsible for the ideas, views, data, figures,
and geographical boundaries presented in the respective chapters of this book, and these have not been
endorsed, in any form, by the publisher, the editor, and the authors of forewords, preambles, or other
chapters.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://orcid.org/0000-0001-5834-0495
https://doi.org/10.1007/978-3-030-62397-5


Contents

Fundamentals of Geostatistics for Assessing Spatial Variation
of Groundwater Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Priyabrata Santra and Partha Pratim Adhikary

Recent Trends in GIS and Geostatistical Approaches to Analyze
Groundwater Resource in India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Ch. Jyotiprava Dash and Partha Pratim Adhikary

Concept of Artificial Intelligence and Its Applications in Groundwater
Spatial Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Gouri Sankar Bhunia, Pravat Kumar Shit, and Partha Pratim Adhikary

Multi-criteria Decision-Making Approach Using Remote Sensing
and GIS for Assessment of Groundwater Resources . . . . . . . . . . . . . . . 59
Gour Dolui, Nirmalya Das, Santu Guchhait, and Sayan Roy

Hydrogeochemical Characterization of Groundwater Using
Conventional Graphical, Geospatial and Multivariate Statistical
Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Balaji Etikala, Veeraswamy Golla, Narsimha Adimalla,
Ramanaiah Surasura, and Subbarao Marapatla

Efficacy of Geospatial Technologies for Groundwater Prospect
Zonation in Lower Western Ghats Area of Maharashtra, India . . . . . . 97
Sandipan Das, Ajay Kumar Kadam, Bhavana N. Umrikar, R. N. Sankhua,
Abhay M. Varade, Mahesh Kalshetty, and A. P. Doad

Identifying Suitable Sites for Rainwater Harvesting Structures
Using Runoff Model (SCS-CN), Remote Sensing and GIS Techniques
in Upper Kangsabati Watershed, West Bengal, India . . . . . . . . . . . . . . 119
Asish Saha, Manoranjan Ghosh, and Subodh Chandra Pal

xix



Identification of Groundwater Potential Areas Using Geospatial
Technologies: A Case Study of Kolkata, India . . . . . . . . . . . . . . . . . . . . 151
Sushobhan Majumdar, Uday Chatterjee, Pravat Kumar Shit,
and Gouri Sankar Bhunia

Geospatial Assessment of Groundwater Potential Zone in Chennai
Region, Tamil Nadu, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
K. S. Vignesh, P. Thambidurai, and V. N. Indhiya Selvan

Identification of Groundwater Potential Zones Using Multi-
influencing Factors (MIF) Technique: A Geospatial Study on Purba
Bardhaman District of India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Niladri Das, Prolay Mondal, Subhasish Sutradhar, and Ranajit Ghosh

Delineating the Status of Groundwater in a Plateau Fringe Region
Using Multi-influencing Factor (MIF) and GIS: A Study of Bankura
District, West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Avijit Mahala

Aquifer Vulnerability Assessment of Chaka River Basin, Purulia,
India Using GIS-Based DRASTIC Model . . . . . . . . . . . . . . . . . . . . . . . 239
Amit Bera, Bhabani Prasad Mukhopadhyay, and Swagata Biswas

Assessment of Water Level Behaviour to Investigate the Hydrological
Conditions of Bokaro District, Jharkhand, India
Using GIS Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Poornima Verma, Prasoon Kumar Singh, and Ashwani Kumar Tiwari

Investigation of Lineaments for Identification of Deeper Aquifer
Zones in Hard Rock Terrain: A Case Study of WRWB-2 Watershed
from Nagpur District, Central India . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Abhay M. Varade, Y. D. Khare, Mukesh Sakhare, Sandipan Das,
Atul Doad, Uday Chatterjee, and Bhushan R. Lamsoge

Assessing Contamination of Groundwater with Fluoride and Human
Health Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Somnath Rudra

Primary Concept of Arsenic Toxicity: An Overview . . . . . . . . . . . . . . . 323
Surjyo Jyoti Biswas, Monoj Patra, Santosh Kumar Giri, Sanjib Gorain,
Dinesh Gope, Nimai Chandra Saha, and Bibhas Guha

Evaluation of Ground Water Quality by Use of Water Quality
Index in the Vicinity of the Rajaji National Park Haridwar,
Uttarakhand, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343
Gagan Matta, Avinash Kumar, Piyush Kumar, Anjali Nayak,
Pawan Kumar, Amit Kumar, and Ashwani K. Tiwari

xx Contents



Assessment of Groundwater Resource Pollution in Kangsabati River
Basin, Paschim Medinipur, West Bengal, India . . . . . . . . . . . . . . . . . . . 357
Avijit Kar, Deep Sankar Chini, Bidhan Chandra Patra,
and Manojit Bhattacharya

Effect of Conventional Sand Mining Along Heavy Mineral Beach
Placers and Its Environmental Impact . . . . . . . . . . . . . . . . . . . . . . . . . . 371
Samikshya Mohanty, Nimesh Kotadia, and Debashish Sengupta

Evaluation of Shallow Ground Water Quality: A Case Study
for a Coal Mining Environment (East Bokaro Coalfield) of Damodar
Valley, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Mukesh Kumar Mahato and Ashwani Kumar Tiwari

Spatial and Temporal Categorization of Groundwater Quality
for Domestic Use in Hisar District, Haryana, India . . . . . . . . . . . . . . . . 399
Reeta Rani and B. S. Chaudhary

Mapping Groundwater Level Fluctuation and Utilisation in Puruliya
District, West Bengal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413
Devarupa Gupta and Priyank Pravin Patel

Mapping Groundwater Recharge Potential Zones Using GIS
Approaches and Trend of Water Table Fluctuation in Birbhum
District, West Bengal, India . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 443
Raju Thapa, Srimanta Gupta, and Harjeet Kaur

Spatio-Temporal Dynamics of Groundwater Resources of National
Capital Region, Delhi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 473
Shakir Ali, Suman Kumar, and Shashank Shekhar

Groundwater Hydrology in Arid Rewari District of Haryana:
Assessment, Development and Management Options . . . . . . . . . . . . . . . 485
Omvir Singh and Rekha Sharma

Environmental Tracers and Isotopic Techniques:
Tools for Sustainable Water Management . . . . . . . . . . . . . . . . . . . . . . . 513
Pankaj Kumar Gupta and Manik Goel

Integrated Watershed Conservation and Management
of Koshalya-Jhajhara Watershed, North India . . . . . . . . . . . . . . . . . . . 531
Sanjeev Kumar and B. S. Chaudhary

Water Resources Management for Irrigated Agriculture
in Perspective of Geospatial Techniques . . . . . . . . . . . . . . . . . . . . . . . . . 551
Diva Bhatt, Arnab Kundu, Sangita Dey, R. K. Mall, and K. N. P. Raju

Contents xxi



Climate Change Impacts on Hydrology of a Small Watershed
in a River Valley Project Catchment of Southern India . . . . . . . . . . . . . 567
Uday Mandal, Dipaka R. Sena, Gopal Kumar, Sridhar Patra,
and Shamla Rasid

An Economic Analysis on Groundwater in India . . . . . . . . . . . . . . . . . . 585
Suman Chakraborty, Arpita Chaudhury, and Riddhima Panda

xxii Contents



Identification of Groundwater Potential
Zones Using Multi-influencing Factors
(MIF) Technique: A Geospatial Study
on Purba Bardhaman District of India

Niladri Das, Prolay Mondal, Subhasish Sutradhar, and Ranajit Ghosh

Abstract In the present era, the resource crisis and the deterioration of quality of
resources is the primary concern of the geographical study. Groundwater resource is
the primary depleted resource today due to massive population pressure and indis-
criminate use in agriculture. Hence, proper planning and strategies are needed to
facilitate groundwater recharge. Therefore, a study, like the delineation of poten-
tial groundwater zones, is one of the prime tasks of the geographer, the environ-
mentalist, and the scientist also. Present research involves the assessment of poten-
tial groundwater recharge zone by using a popular statistical method, i.e., multi-
influencing factors (MIF) along with the application of GIS. Based on the study, three
major potential zones have been identified viz. high potential zone, which comprises
20.65% area, moderate potential zone with 45.61% area, and low potential zone
covering 33.74% area out of the total geographical area of the Purba Bardhaman
district of West Bengal, India. High potential zones are predominantly observed in
the extreme west and east of the test area as well as along the river course. Moreover,
low potential zones are found in the middle and the southern part of this concerned
region. In the end, validation of these potential zones has been made by taking actual
yield from the field observation and comparing it with the prepared potential model.
Therefore, this kind of study for the delineation of potential groundwater zones is
very much relevant for the improvement of groundwater status in the era of the water
crisis. The validation of this model proves that this model is 73.17% accurate for the
identification of the potential groundwater zones.
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1 Introduction

With the march of time, various sectors like agriculture, industry, and urbaniza-
tion have seen rapid development in developing countries like India, increasing
the demand for water (Venkateswaran and Ayyandurai 2015). In the present world,
groundwater is one of the precious resources, which pulling the chariot of human
civilization (Magesh et al. 2012). It is also one of the largest sources of fresh water.
To meet the daily need, like drinking and other domestic activities, nearly 90% rural
population and 30% urban population of India depends on groundwater (Reddy et al.
1995; Bhunia et al. 2012)

The demand for groundwater is increasing day by day, leading to a groundwater
crisis. In this crisis phase, we must delineate groundwater potential zones to use
this precise resource sustainably. Now, with the advent of advance Remote Sensing
and GIS techniques, it has become cost-effective and time-saving work (Das and
Mukhopadhyay 2020; Thapa et al. 2017; Chaudhary and Kumar 2018; Adiat et al.
2012; Verma and Singh 2012). In the era of advanced science and technology, it has
become very much easy to access spatial, spectral, and temporal data of the entire
world within a few minutes (Sener et al. 2004; Gupta and Srivastava 2010; Panahi
et al. 2017). GIS techniques are useful tools to capture, manipulate, store, analyze,
manage, and represent various kind of spatial data (Chowdhury et al. 2008; Gupta and
Srivastava 2010). Although it cannot directly be identified, but integrating multiple
layers in a single frame such as geology, soil type, rainfall, lineament density, aquifer
thickness, drainage density, Land use and Land cover, slope, NDVI, etc., groundwater
potential zones can be demarcated (Dar et al. 2010; Agarwal et al. 2013; Thapa et al.
2017; Magesh et al. 2012; Das and Mukhopadhyay 2020; Bhunia et al. 2012; Panahi
et al. 2017).

To detect groundwater potential zones, different quantitative techniques have
been used by various researchers viz. Analytic hierarchy process (AHP) is one of
the standard quantitative methods (Ajay Kumar et al. 2020; Arulbalaji et al. 2019;
Mohammadi-Behzad et al. 2019; Murmu et al. 2019; Nithya et al. 2019; Siva et al.
2017; Phukon et al. 2004; Chowdhury et al. 2009; Murthy and Mamo 2009; Adiat
et al. 2012; Panahi et al. 2017; Das and Mukhopadhyay 2020), frequency ratio model
(Manap et al. 2014; Oh et al. 2011;Razandi et al. 2015) and multicriteria deci-
sion evaluation (Machiwal and Singh 2015; Murthy and Mamo 2009; Jothibasu and
Anbazhagan 2016). After consideration of the previous studies, recognition of poten-
tial groundwater zones, Multi-influencing factors (MIF) method is rather simple and
easy to apply (Magesh et al. 2012; Thapa et al. 2017; Das et al. 2017; Biswas et al.
2013).

Purba Bardhaman district is agriculturally endowed, and groundwater plays a
significant role in maintaining its status in agriculture. But over-exploitation of
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groundwater is bringing the region under threat. According to the report of The
Telegraph, April 2016, a joint survey was done by the Central Ground Water Board
and the State Water Investigation Directorate, which identified Katwa-I, Katwa-
II Kalna-I, Kalna-II, and Manteswar community development blocks under threat.
Before the survey, Purbasthali-I and II community development blocks were demar-
cated to be having toxic groundwater. Overexploitation of groundwater leads to a
very slow recharge. Water resources development ministry of West Bengal has said
that more than 1, 62,000 water bodies’ viz. canals, Ponds, and lakes have already
silted up. Although the region gets sufficient rainfall, the dead water bodies cannot
store water, and these water bodies cannot act as recharge potential as these are
silted up. Therefore, for optimum use of groundwater, it is essential to demarcate the
potential groundwater zones, so that policymakers, planners and local government
and local people can identify the suitable and unsuitable borehole locations (Thapa
et al. 2017; Das et al. 2017).

2 Materials and Methods

2.1 Study Area

Purba Bardhaman district is a newly formed district of West Bengal, divided from
the previous Bardhaman district. This district is extending from 22° 56′ 00′′ N to
23° 51′ 00′′ N latitude and 87° 26′ 00′′ E to 88° 25′ 00′′ E longitude, occupying
5416 km2 area and contains 23 C.D. blocks (Fig. 1).

This district is bounded by Paschim Bardhaman district (newly created) in the
west, Birbhum District in the north, separated by Ajoy river, Murshidabad in the
north, and the Bhagirathi river forms eastern boundary separating Nadia District
from Purba Bardhaman district. In the south-east direction, the Damodar River flows
dividing the Bankura district from it, and in the south-west side of this district,
Hugli district is located. Geographically Purba Bardhaman district is characterized
by Ganga-Brahmaputra alluvial plain both in the northern part and in the eastern
region.

2.2 Data Used

To prepare thematic layers, conventional data and satellite data have been utilized
from different sources. The administrative map of India and West Bengal has been
downloaded from the DIVA-GIS portal. The Community Development blocks of
the Purba Bardhaman district have been digitized from the map derived from the
official website of the Purba Bardhaman district (http://Purbabardhaman.gov.in/bur
dwan/for_citizen/maps.php). The geological variety of the Purba Bardhaman district

http://Purbabardhaman.gov.in/burdwan/for_citizen/maps.php
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Fig. 1 a India. b West Bengal. c Purba Bardhaman

has been collected from the district resource map of Burdwan. Rainfall map and soil
type map have been digitized from the district planning map of the NATMO. Aquifer
thickness map has been digitized and prepared as a thematic layer in Arc GIS 10.5
from India-WRIS Web map services. The map of lineament density has been collected
from BHUVAN Portal, and this map is made in ArcGIS 10.5 software using the line
density tool. Land use/Land cover (LULC) map has been prepared from LANDSAT
8 OLI images (Table 1) of USGS EarthExplorer (https://earthexplorer.usgs.gov/) and
supervised classification has been done in Arc GIS 10.5 using image analysis tool.

https://earthexplorer.usgs.gov/


Identification of Groundwater Potential Zones … 197

Table 1 LANDSAT 8 OLI images utilized in this study

Sl. no. Image ID Row/Path Acquisition date Spatial resolution (m)

1. LC81380442018139LGN00 138/044 2018/05/19 30

2. LC81390442018114LGN00 139/044 2018/04/24 30

Normalized difference vegetation index has been made using the above
LANDSAT 8 OLI images of band 4 and band 5. To prepare slope and drainage
map, SRTM DEM of 30 m resolution has been used and made in the Arc GIS 10.5
environment.

2.3 Multi-influencing Factors (MIF) for Weightage

To delineate potential groundwater zones, ranks were assigned to all the parameters
statistically, using the MIF technique based on a literature review (Fig. 2). Factors
which has dominant control on groundwater potentiality has been assigned as major
effect and on the other hand, factors having less control assigned as a minor effect.
A major factor has been assigned as weight 1, and minor factor has been assigned as
weight 0.5, which is plotted in Table 2 based on Fig. 3 (Magesh et al. 2012; Thapa
et al. 2017). Proposed Relative rates have been calculated by summing up the ranks
of minor and major effect (Table 3). Then the proposed score of each factor has been
calculated using this formula

Poposed Score =
[

(X1 + X2)∑
(X1 + X2)

]
× 100

where X1 is Major effect and X2 is minor effect.
With the help of the MIF, we can get weight for each parameter (Table 4). After

reclassification with weightage, we made an overlay of all these selected layers with
the help of Weighted overlay tool in spatial analyst in Arc GIS 10.5 software (evaluate
copy) to delineate the potential zones.

3 Result and Discussion

To delineate the potential zones of Purba Bardhaman district, nine influencing factors
of the groundwater recharge and storage have been considered viz. geology, linea-
ment density, rainfall, soil type, slope, drainage density, aquifer thickness, land
use/land cover and NDVI. All the factors have been studied individually concerning
groundwater production and storage (Das et al. 2017).
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Fig. 2 Flowchart of the methodology of delineation of groundwater potential zones

3.1 Influencing Factors of Groundwater Potentiality

3.1.1 Slope

The slope is another significant physiographic factor and one of the best indicators for
the identification of potential zones (Al Saud 2010; Ettazarini 2007). Slope controls
the runoff process and infiltration rate of the groundwater (Gouri et al. 2019). There-
fore, it strongly influences the groundwater recharge (Adiat et al. 2012; Bhunia et al.
2012; Kumar et al. 2014). Slope morphology explains that groundwater recharge is
adversely related to it (Rahmati et al. 2016). Hence, the higher the degree of slope,
the lower weightage has been assigned and vice versa. The slope map has been made
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Table 2 Major effect and minor effect, proposed relative rates and scores for influencing factors
(Magesh et al. 2012)

Factor Major effect (X1) Minor effect (X2) Proposed relative
rates (X1 + X2)

Proposed score of
each influencing
factor

Aquifer
thickness

1 0.5 1.5 6

Geology 1 + 1 + 1 + 1 0.5 4.5 19

Lineament
density

1 0.5 1.5 6

Rainfall 1 + 1 0.5 + 0.5 3 13

Drainage
density

0 0.5 0.5 2

Soil type 1 + 1 0 2 9

Slope 1 + 1 + 1 + 1 0.5 + 0.5 5 21

LULC 1 + 1 0.5 + 0.5 3 13

NDVI 1 + 1 0.5 2.5 11∑
23.5

∑
100

Fig. 3 Interrelationship and interdependence between influencing factors affecting the groundwater
potential zone
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Table 3 Factors assigning weightage concerning groundwater potential

Thematic map Weightage Groundwater potentiality

Geology Clay alternating with silt & sand Moderate

Clay with caliche concretion Very poor

Laterite High

Sand, silt and clay Poor

Rainfall High (>1400 mm) Good

Moderate (1200–1400 mm) Moderate

Low (<1200 mm) Poor

Soil Alfisoils older alluvium Poor

Entisoils younger alluvium Moderate

Lateritic utisoils Good

Slope High Poor

Moderate Moderate

Low High

Drainage density High Unsuitable for groundwater potential

Moderate Moderately suitable for groundwater
potential

Low Suitable for groundwater potential

Lineament density High Suitable for groundwater potential

Moderate Moderately suitable for groundwater
potential

Low Unsuitable for groundwater potential

Aquifer thickness High Good

Moderate Moderate

Low Poor

NDVI High Good

Moderate Moderate

Low Poor

from SRTM DEM of 30-m spatial resolution provided by USGS Earth Explorer, and
it has been processed in Arc GIS 10.5 software (Fig. 4a). This region comprises with
moderate category of the slope, which ranges between 1.27° and 2.97°.

3.1.2 Geology

Geology is the fundamental parameter that strongly influences groundwater recharge
and helps to determine the potentiality of the groundwater. So, the groundwater
storage initially depends upon the geological structure (Hachem et al. 2015). Geolog-
ical formations ascertain the recharge and storage capacity of groundwater (Ayazi
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Table 4 Thematic layers with its classes, ranks and weightage

Layers Classes Assigned ranking Weightage

Geology Clay alternating with silt & sand 14 19

Clay with callche concretion 4

Laterite 19

Sand, silt and clay 9

Rainfall High (>1400 mm) 13 13

Moderate (1200–1400 mm) 9

Low (<1200 mm) 5

Soil Type Alfisoils older alluvium 3 9

Entisoils younger alluvium 6

Lateritic utisoils 9

Slope High 21 21

Moderate 14

Low 7

Drainage density High 1 2

Moderate 1

Low 2

Lineament density High 6 6

Moderate 4

Low 2

Aquifer thickness High 6 6

Moderate 5

Low 4

Very Low 3

NDVI High 11 11

Moderate 7

Low 3

LULC Built up area 3 13

Sandy area 9

Current fallow 5

Vegetation 11

Cultivated land 7

Water bodies 13



202 N. Das et al.

Fig. 4 Thematic maps: a Slope. b Geology. c Rainfall. d Land use and land cover. e NDVI. f Soil
type. g Aquifer thickness. h Lineament density. i Drainage density

et al. 2010; Chowdhury et al. 2009; Jhariya et al. 2016). This region is character-
ized by four significant geological formations viz. sand, silt and clay formation, clay
with caliche concretion formation, clay alternation with silt and sand formation, and
laterite formation (Fig. 4b).

The concretion is a kind of hard and compact mass of materials formed by the
precipitation of minerals and cemented pore spaces of the soil. Therefore it discour-
ages the recharge of groundwater, and hence this formation leads to very low poten-
tiality to groundwater availability. Laterite supplies productive groundwater storage
because of good permeability (Das and Mukhopadhyay 2020). Thus it creates an
excellent potential zone of groundwater storage. Therefore, laterite is given more
weightage than other geological formation. Clay alternation with silt and sand also
moderately influences groundwater potentiality.
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Fig. 4 (continued)
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3.1.3 Rainfall

In the hydrological cycle, rainfall plays an important role in groundwater retention,
which ultimately determines the groundwater potentiality and fluctuation (Magesh
et al. 2012; Agarwal et al. 2013). The study region receives nearly 80% rainfall
from south-west monsoon from June to September. Rainfall map has been digitized
from the district planning map of NATMO, which has been categorized into three
subclasses viz. High (Above 1400 mm), medium (1200–1400 mm), and low (less
than 1200 mm). The southeastern portion of the region receives more than 1400 mm
rainfall, which carries out 22%. The western part receives below 1200 mm rainfall
with 10% areal coverage. The rest part of the study area has experienced a medium
category of rain, which ranges from 1200 to 1400 mm and covers 67% area (Fig. 4c).

3.1.4 Land Use and Land Cover

LULC is also an important parameter to identify the extension of the need and use
of groundwater (Jhariya et al. 2016). It helps to understand the variation of recharge
in different units of land use (Singh et al. 2011). The LULC map has been prepared
with Landsat-8 satellite images, which are downloaded from the USGS earth explorer
portal, and supervised classification has been done using the maximum likelihood
method in ArcGIS 10.5 software. Six types of classes have been extracted in this test
area viz. built up, sandy area, current fallow, vegetation, cultivated land, and water
bodies (Fig. 4d). As the Waterbody is the best-known source of the unit of ground-
water recharge, the highest weightage is assigned for this parameter. Vegetation also
acts as an important parameter as the recharger of the groundwater; hence it has
been given good weightage after water bodies. Low weightage has been assigned for
Built-up areas as this zone has a meager infiltration rate. In the study area, 23.33%
area is under the built-up area, 55.59% area is under cultivated land, only 3% is
underwater bodies, 2.85% is under the converge of vegetation. As this area belongs
to the riverine floodplain, hence major part of the district is under cultivable land.

3.1.5 NDVI

For the identification of vegetation quality, NDVI is an important index, and it has
been widely used in the present era of RS & GIS. To identify the potential groundwater
zones, NDVI has been considered an important parameter. The values obtained from
NDVI ranges from −1 to +1, and if the value is >0.4, it indicates as dense vegetation.
If the value is <0.1, there is no vegetation i.e., barren land. Moreover, if the value is 0
or less than it, it may be water bodies, wet areas. NDVI map has been prepared from
Landsat-8 satellite image in ArcGis 10.5 environment with the help of this formula

N DV I = N I R − RE D

N I R − RE D
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where NIR denotes Near-Infrared band, and RED denotes the band 4 of Landsat
image.

Figure 4e explains that the southeastern part of the test area is characterized by
higher NDVI value, which indicates vegetation covers over this part. Moreover, the
central and northwestern parts of this district are experienced medium to low NDVI
value that means this part has less or no vegetation cover.

3.1.6 Soil Type

Soil type is one of the necessary natural elements that significantly determine the
water infiltration rate. The study region is characterized by three types of soil viz.
Older Alluvium, Younger Alluvium, and Laterite (Fig. 4f). About 70% area of the
region is covered by younger alluvium due to high deposition by the rivers almost
every year. This soil is mainly found in the western part of this district. About 19
and 10% of the area are under older alluvium and laterite, respectively. Both the
soils are found in the western and northern parts of the district. Newer alluvium is
more influencing for groundwater recharge than older alluvium. Moreover, laterite
soil strongly accelerates the groundwater recharge due to its high porosity. Hence
laterite soil has been given more weightage followed by younger alluvium and older
alluvium.

3.1.7 Aquifer Thickness

An aquifer is a layer of unconsolidated porous rock that allows water to flow through
it. Aquifer thickness of any area plays a vital role in controlling the groundwater
potentiality. As aquifers contain water, therefore areas having higher aquifer thick-
ness will have more groundwater potential. In this area, the width of the aquifers varies
from 1.000221565 to 185.9817657 m. The region having lesser aquifer thickness is
found in the majority of this district. Some parts of the eastern and northern parts
have higher aquifer thickness (Fig. 4g). 51.23% has very little aquifer thickness of
1.000221565 to 20 m, 43% of the study area has 20.00000001–35 m aquifer thickness,
5.71% has 35.00000001–65 m, and only 0.06% has 65.00000001–185.9817657 m
aquifer thickness.

3.1.8 Lineament Density

Lineament is tectonically originated features of linear, rectilinear, curvilinear shape,
and can be extracted from the satellite image (Magesh et al. 2012; Jhariya et al.
2016). The number of lineaments influences the infiltration rate and hence sufficient
groundwater recharge. Spatial data of lineament has been collected from the Bhuvan
Geoportal (Das and Mukhopadhyay 2020). An area having higher lineament density
is more conducive for the potentiality of groundwater. Therefore, in this study, classes
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of higher lineament density have been assigned higher weightage and vice versa.
Figure 4h depicts that in the study region, the lineament density is very high only
along the Damodar river valley, and the rest of the area has experienced very little
lineament density.

3.1.9 Drainage Density

Drainage density means the length of stream per unit area (Horton 1932; Strahler
1952; Das and Mukhopadhyay 2020). Drainage density has a dominant influence on
the groundwater potentiality as it has an inverse relation with infiltration (Chowdhury
et al. 2009; Agarwal et al. 2013; Magesh et al. 2012; Das and Mukhopadhyay 2020).
Higher the drainage density value, the higher will be the surface runoff, and hence
lower will be the recharge of groundwater and vice versa. So, higher weightage has
been given to the lower drainage density and lower weightage for higher drainage
density. In this district, almost above 90% area is under low drainage density zone
(Fig. 4i).

3.2 Delineation of Groundwater Potential Zones

Based on Multi-Influencing Factors technique, and arrangement of the pixel of all
influencing factors like, rainfall, drainage density, soil type, slope, lineament density,
aquifer thickness, LULC and NDVI, the groundwater potential zones map has been
prepared (Fig. 5) and three potential zones have been identified which are high,
medium and low. Each potential zone has a certain area, i.e., low potential zone covers
1815.1 km2, moderate potential zone occupies 2453.18 km2 and high potential zone
covers 1110.83 km2. The percentage of area covered under potential zones is shown
in the following Table 5.

Based on the pixel arrangement of all the thematic layers, a final map has been
extracted which depicting groundwater potential zones. This map reveals that ground-
water potentiality has strongly been influenced by physical factors like geology, river,
slope, lineament, etc. (Das and Mukhopadhyay 2020). From Fig. 5, it is observed
that a high potential zone is a characteristic feature of laterite formation and clay
alternating with silt and clay because it allows a high rate of percolation of ground-
water and large storage of groundwater. Moreover, the high potential zone can also
be found along the riverside due to the continuous supply of surface water.

In this present context, identification of groundwater potential zone is very much
important because the potentiality of any resource provides a new dimension to
rethink for sustainable use of that resource to the planner. Therefore, the delineation
of these zones of Purba Bardhaman district will help to formulate a suitable regional
level plan (Das and Mukhopadhyay 2020).
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Fig. 5 Groundwater potential zones of Purba Bardhaman district

Table 5 Area under different
Groundwater potential zones

Groundwater potential zone Area (km2) Percentage of area

Low potential zone 1815.1 33.74

Moderate potential zone 2453.19 45.61

High potential zone 1110.83 20.65

3.3 Validation of the Groundwater Potential Zones

To validate the finally extracted groundwater potential zones map, 41 drilled bore-
holes have been selected from where boreholes yield data have been collected. Bore-
hole locations have been plotted in Fig. 6 and actual yield data have been tabled in
Table 6. Based on the field data, the yield ranges have been categorized into 3 groups
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Fig. 6 Receiver Operating
Characteristic (ROC) to
validate the potential zones

viz. less than 3 lps as low yield zone, 3–6 lps as medium yield zone, and more than 6
lps as high yield zone. The actual yield and expected yield that is predicted from the
groundwater potential zones map have been shown in Table 6 and agreement between
actual and expected yield have been tabled to explain the remark of agreeing and
disagreeing, which represents the consistency between actual yield and predicted
yield. For the accuracy assessment of the map following steps have been followed

i. Bore hole surveyed = 41
ii. Number of surveyed boreholes under agreement = 30
iii. Number of surveyed boreholes under disagreement = 11
iv. The accuracy prediction =

No. of boreholes under agreement of coherence

Total number of borehole surveryed
× 100

= 31

41
× 100

= 73.17%

The accuracy value 73.17% indicates that the Multi-Influencing Factors technique
with the help of remote sensing and GIS can be successfully applied to generate a
successful result.

To understand the level of accuracy graphically, Receiver Operating Characteristic
(ROC) curve is mostly used (Das and Mukhopadhyay 2020). The area under curve
has been drawn against the real and expected yield of groundwater, which represents
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Table 6 Accuracy assessment of groundwater potential zones by comparing of actual groundwater
yield with the obtained groundwater potential zones

Sl.
no.

Location Latitude Longitude Actual
yield
from
drilled
borehole
(lps)

Actual
yield
remark

Expected
yield
predicted
from the
map

Agreement
between
actual and
expected

1 Berugram 23° 46′ 48′′ 87° 58′ 40′′ 3.75 Medium Medium Agree

2 Basudha 23° 23′ 40′′ 87° 51′ 27′′ 6.87 High High Agree

3 Babubandh 23° 31′ 23′′ 87° 41′ 24′′ 0.33 Low High Disagree

4 Bamanpur 23° 14′ 38′′ 87° 51′ 22′′ 1.62 Low Low Agree

5 Aligram 23° 25′ 59′′ 87° 41′ 20′′ 1.6 Low Low Agree

6 Jaykrishnapur 23° 21′ 46′′ 87° 43′ 47′′ 5.28 Medium Medium Agree

7 Manikbazar 23° 22’ 59′′ 87° 57′ 9′′ 3.8 Medium Medium Agree

8 Mallikpur 23° 31′ 60′′ 87° 41′ 30′′ 1.38 Low High Disagree

9 Kandra 23° 43′ 45′′ 87° 58′ 13′′ 1.13 Low High Disagree

10 Bhatpara 23° 31′ 7′′ 87° 55′ 52′′ 6.57 High High Agree

11 Napara 23° 13′ 54′′ 87° 46′ 11′′ 4.02 Medium Medium Agree

12 Kanpur 23° 13′ 57′′ 88° 6′ 22′′ 3.92 Medium Medium Agree

13 Kashimpur 23° 16′ 35′′ 87° 48′ 26′′ 3.63 Medium Medium Agree

14 Kubijpur 23° 22′ 14′′ 87° 59′ 19′′ 7.2 High High Agree

15 Gobindapur 23° 32′ 8′′ 87° 44′ 40′′ 3.89 Medium Medium Agree

16 Kuldanga 23° 23′ 33′′ 87° 27′ 37′′ 3.52 Medium Medium Agree

17 Uttar
Mahanpur

23° 9′ 25′′ 87° 56′ 45′′ 6.7 High High Agree

18 Mahula 23° 48′ 15′′ 88° 0′ 14′′ 4.12 Medium Medium Agree

19 Beninagar 23° 43’ 52′′ 88° 0′ 38′′ 6.67 High High Agree

20 Natungram 23° 36′ 3′′ 88° 8′ 7′′ 7.88 High High Agree

21 Hamidpur 23° 33′ 40′′ 88° 14′ 9′′ 5.63 Medium Low Disagree

22 Balarampur 23° 32′ 45′′ 88° 2′ 37′′ 6.63 High High Agree

23 Goshumba 23° 33′ 54′′ 88° 4′ 41′′ 6.35 High High Agree

24 Gobardhanpur 23° 28′ 24′′ 88° 0′ 59′′ 1.92 Low Medium Disagree

25 Haldipara 23° 27′ 46′′ 88° 14′ 6′′ 9.35 High High Agree

26 Bishnupur 23° 34′ 12′′ 88° 11′ 12′′ 4.12 Medium Medium Agree

27 Shaligram 23° 16′ 43′′ 88° 1′ 24′′ 3.85 Medium Low Disagree

28 Bhojpur 23° 24’ 35′′ 88° 5′ 33′′ 4.02 Medium High Disagree

29 Masagram 23° 8′ 2′′ 88° 2′ 24′′ 7.53 High Medium Disagree

30 Debipur 23° 8′ 32′′ 88° 9′ 31′′ 5.13 Medium Low Disagree

31 Rudradanga 23° 36′ 8′′ 88° 15′ 56′′ 7.65 High High Agree

(continued)
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Table 6 (continued)

Sl.
no.

Location Latitude Longitude Actual
yield
from
drilled
borehole
(lps)

Actual
yield
remark

Expected
yield
predicted
from the
map

Agreement
between
actual and
expected

32 Kalitala 23° 14’ 36′′ 87° 52′ 20′′ 3.73 Medium Medium Agree

33 Chandipur 23° 24′ 46′′ 87° 53′ 30′′ 8.18 High High Agree

34 Noapara 23° 38′ 30′′ 87° 58′ 44′′ 7.72 High High Agree

35 Ramkrishtopur 23° 5′ 47′′ 87° 49′ 41′′ 7.62 High High Agree

36 Malatipur 23° 16′ 51′′ 88° 19′ 51′′ 4.52 Medium Medium Agree

37 Madhupur 23° 14′ 10′′ 88° 5′ 22” 3.37 Medium Medium Agree

38 Mirjapur 23° 16′ 56′′ 87° 52′ 55” 3.05 Medium Low Disagree

39 Bhatra 23° 14′ 41′′ 88° 15′ 12′′ 4.37 Medium Medium Agree

40 Suipara 23° 13′ 13′′ 88° 14′ 32′′ 4.45 Medium Medium Agree

41 Madhabpur 22° 59′ 34′′ 88° 1′ 32′′ 4.92 Medium Low Disagree

0.731 or it compared to 73.1% accuracy. So, it can be remarked that this method can
be used here to generate a precious result of the groundwater potential map.

4 Conclusion

The delineation of groundwater potential zones with the aid of advanced approach
of remote sensing and GIS using multi-influencing factors (MIF) technique in the
Purba Bardhaman district may be very much helpful for the sustainable development
planning of underground water resources. The result depicts that about 20.65% area
is in the category of the high potential zone, and with the help of the ROC curve, it has
been proved that this method is about 73% accurate for the assessment of groundwater
potential zones. Moreover, Purba Barddhaman is an agriculturally endowed region,
so for the better management of groundwater resources, especially for agricultural
purposes, this kind of study is very much relevant and justified. Common people can
also be benefited from the map because, with the help of this, they can easily identify
the proper drilling area to extract water for a long time.
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Chapter 12
Multi-criteria Analysis for Groundwater
Quality Assessment: A Study in Paschim
Barddhaman District of West Bengal, India

Payel Das and Niladri Das

Abstract Groundwater, one of the most valued natural hydrological resources,
plays an important character in various sectors, i.e. agriculture, industry, and house-
hold. With increasing population pressure, its quality and quantity are affected
enormously. Therefore, groundwater quality assessment is of prime necessity to
confirm the availability of safe water for consumption and utilization in agriculture
purpose. The present study was conducted on Paschim Barddhaman district of West
Bengal based on 14 physico-chemical parameters, i.e. pH, EC, TH, Ca, Mg, Na, K,
HCO3, Cl, SO4, PO4, F, Fe and SiO2 of 43 groundwater samples. Multi-criteria
analysis, such as factor analysis and cluster analysis, has been done to extract the
principal controlling factors of groundwater chemistry. Factor analysis shows that
four factors explain the total variance of 71.358%, and it implies that the hydro-
geochemistry of groundwater is influenced not only by the interaction of ground-
water and geology but also by contamination by the chemical fertilizer, industrial
effluent and urban sewage. From the hierarchical cluster analysis, three clusters are
identified from the region on the basis of homogenous groundwater chemistry.
Gibbs diagram indicates that groundwater hydrochemistry is mainly influenced by
the nature and composition of rocks. Water quality indices reveal that the ground-
water of the district is safe for drinking purposes except very few locations. Based on
irrigation suitability analysis, i.e. sodium percentage, sodium absorption ratio and
permeability index, majority of the sample villages show that groundwater is suitable
for irrigation purpose except a few villages.

Keywords Hydrochemistry · Hierarchical cluster analysis · Irrigation suitability ·
Principal component analysis · Water quality index
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12.1 Introduction

Groundwater plays a crucial part in human life, and it has a strong importance in
agriculture, industry and household sectors. With increasing population pressure, the
worldwide demand for groundwater resource is gradually escalating. The global
population was recorded as 7.6 billion in 2018 and is projected to reach 9.6 billion in
2050 (United Nations 2013). Therefore, in the future, there will be a safe drinking
water scarcity. In India, annually about 230 cubic kilometres of groundwater is
abstracted for different purposes, i.e. irrigation, drinking, industrial, etc., and greater
than 60% of agricultural irrigation and 85% of drinking water supply rely upon the
groundwater resource (World Bank 2012). Although groundwater is considered as a
replenishable resource, it is not renewed very quickly. The average time of subsur-
face water renewal is about 14000 years (World Water Balance 1978). So, monitor-
ing of groundwater chemistry and water quality assessment are required for better
planning. Jain et al. (2000), Meenakumari and Hosmani (2003), Jain (2004), Gupta
et al. (2008), Banoeng-Yakubo et al. (2009), Singh et al. (2010), Nosrati and
Eeckhaut (2012), Dhakate et al. (2013), Ghosh and Kanchan (2014), Pazand and
Javanshir (2014), Kumar et al. (2015), Adhikary et al. (2015), Bencer et al. (2016),
Boateng et al. (2016), Hassen et al. (2016), Longanathan and Ahamed (2017),
Kazakis et al. (2017) and some other distinguished persons have deeply studied
the groundwater hydro-geochemistry in different slices of the world and evaluated
the quality of groundwater for domestic and agricultural purposes.

Groundwater contamination is an urgent matter of concern because people largely
depend on the groundwater source for different purposes. Consumption of contam-
inated groundwater is dreadful for all the biota (Jain et al. 2000; Baba and Tayfur
2011). On a global scale, about three million people die in every year due to the
consumption of contaminated water (WHO 2004). Scientific management of
groundwater resource is poor in the developing countries. Groundwater quality
assessment is important in this context. Surface water quality is severely affected
by the intensive use of chemical fertilizer and pesticide in agriculture, industrial
wastage, domestic sewage, etc., but the groundwater quality is influenced not only
by the agricultural actions and industrial effluents but also geological formation,
groundwater level, flow pattern, degree of chemical weathering, etc. Knowledge of
subsurface water chemistry is inevitable to detect the source of chemical compounds
of groundwater like geogenic or anthropogenic (Srinivasamoorthy et al. 2008;
Chenini et al. 2010; Das et al. 2019).

Gupta et al. (2008) studied the hydro-chemical properties of groundwater of the
entire Burdwan district to assess the irrigation suitability. Singh et al. (2010) studied
about the groundwater quality of Raniganj coal mining area. Thapa et al. (2018a)
investigated the manganese-contaminated zones of Burdwan district using the fre-
quency ratio model, and they (2018b) also demarcated the iron-contaminated zone of
Burdwan district. For this investigation, Paschim Barddhaman is selected as the
study area. Paschim Barddhaman is a mining-based industrial and urbanized district.
Asansol and Durgapur Municipal Corporation and Raniganj, Jamuria and Kulti
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municipalities collectively generate about 696 tons per day of solid waste (Depart-
ment of Municipal Affairs 2013). Municipal solid wastes, hazardous wastes and
biomedical wastes are being openly dumped in the waste disposal sites (Kalipahari,
Asansol, Samdihi, Burnpur) and non-engineered municipal solid waste landfill site
(Durgapur) which causes infiltration of leachates in subsurface water (Adhikari and
Pal 2016). Urban sewage, untreated industrial effluents, solid wastes and mining
wastes are some major vectors of groundwater contamination in the industrial belt of
Paschim Barddhaman (Holt 2000; Tiwary 2001). Moreover, in the eastern share of
the test area mainly, Kanksa block has been endowed with massive agricultural
production. So, the application of chemical fertilizer to obtain more agriculture
production may cause the deterioration of groundwater quality. As consumption of
contaminated water is harmful for human health, groundwater quality assessment is
very urgent to this district. It will help to plan for supportable water resource
management. The main aims of this study are to assess the hydro-geochemistry
using multivariate statistical techniques like factor analysis and cluster analysis and
evaluate the groundwater quality for drinking and irrigation purposes using the
parameters sodium percentage (Na%), sodium absorption ratio (SAR), permeability
index (PI), magnesium ratio (MR), etc.

12.2 Test Area

Paschim Barddhaman district is located between 23�24010.2500N to 23�52040.1600N
latitude and 86�47046.4100E to 87�31033.8100E longitude, encompassing an area of
1603.17 km2, and it consists of 2 municipal corporations and 8 community devel-
opment (CD) blocks (Fig. 12.1). Administratively, the test area is surrounded by the
Jharkhand state in the west and north-west, Birbhum district in north, Purba
Barddhaman district in the east and Purulia and Bankura district in south. Damodar
marks the southern boundary; Barakar forms the western boundary and Ajay sepa-
rates the district from Birbhum district. Physically, this region is a part of the ‘Rarh’
Bengal.

In geological point of view, this district comprises many rock formations,
e.g. dissected plateau composed of granitic gneissic complex of Archaean age is
present in the north-western portion of the district, while the eastern part of the
district is made up of laterite of tertiary period and a few patches of the quaternary
alluvium, and in between these two, a large tract is covered by Gondwana deposition
(Fig. 12.2). Archaean granite gneiss and migmatite of Chota Nagpur granite gneissic
complex are bared in the north-western fringe of the test area constituting the oldest
basement rock. Gondwana supergroup sedimentary sequence is deposited within a
faulted, subsided semi-graben-type structural trough over the basement rock.
Talchair, Barakar, Barren Measure, Raniganj and Panchet formation constitutes
the lower Gondwana group composing sandstone, shale, conglomerate and siltstone
with coal seams. Raniganj formation is predominant in coal supplying in the district
(Table 12.1). Groundwater resource of the study area is largely guided by the

12 Multi-criteria Analysis for Groundwater Quality Assessment: A Study in Paschim. . . 261



geology and geomorphology of the district (Gupta et al. 2008). Except the east
margin, the entire study area is characterized by limited yield prospect (below 50 m2/
h). Tertiary and quaternary deposits of the eastern section of the test area have a large
yield potential (above 150 m2/h). In the westernmost section of the test area,
groundwater is restricted under phreatic condition in the weathered residuum and
secondary porosities like joints, faults, fractures, etc. (Thapa et al. 2018b). In the

Fig. 12.1 Location map of (a) India, (b) West Bengal and (c) Paschim Barddhaman district
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eastern section of the district, groundwater occurs under both confined and
unconfined aquifers in tertiary and quaternary deposits (Dutta 2016).

In general, the district is under subtropical monsoon-type climate and receives an
average annual rainfall of 1300 mm. Generally the temperature varies between 39�C

Fig. 12.2 Major geological units of Paschim Barddhaman district

Table 12.1 Major geological succession of Paschim Barddhaman district

Formation Geological time period Lithology

Panskura formation Middle to upper Holocene Clay alternating with silt and sand

Sijua formation Upper Pleistocene to mid-
dle Holocene

Clay with caliche concretion

Laterite Cainozoic Laterite

Durgapur bed Jurassic Very coarse sandstone

Panchet formation Triassic Red shale, sandstone

Raniganj formation Permian Fine-grained sandstone, siltstone
with coal seams

Barren Measure formation Permian Micaceous shale, sandstone

Barakar formation Permian Gritty pebbly sandstone with coal
seams

Talchair formation Carboniferous-Permian Sandstone, conglomerate

Chota Nagpur granite
gneissic complex

Archaean-Proterozoic Granite gneiss and migmatite

Source: Geological Survey of India
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in summer and 12�C in winter. But during summer time, the district suffers from
very high temperature due to penetration of hot westerly wind from central India.

12.3 Materials and Method

For the entire analysis, 14 parameters, viz. pH, EC, TH, Ca, Mg, Na, K, HCO3, Cl,
SO4, PO4, F, Fe and SiO2, have been taken as test parameters from the groundwater
year book of West Bengal and Andaman and Nicobar Islands for the year of
2015–2016, and it has been published by Central Groundwater Board, Government
of India. The data was collected for the month of April from 43 bore wells from the
entire district.

From the quantitative point of view, multivariate statistical technique has been
used for hydro-chemical analysis; principal component analysis (PCA) is one of the
important multivariate statistical techniques which help to deduct the dimensionality
of a data set consisting of a large number of interconnected variables (Zhang et al.
2009; Bencer et al. 2016; Kazakis et al. 2017). PCA has been calculated by using
IBM SPSS version 25 statistical software. This method helps to extract major
chemical components which affect groundwater of this region. Here, PCA has
been made through varimax rotation with Kaiser normalization. According to the
Guttman-Kaiser rule, the factors having the eigenvalue >1 have been taken as major
factors (Dhakate et al. 2013; Bencer et al. 2016; Noshadi and Ghafourian 2016).
PCA can be expressed through the following equation (Eq. 12.1):

Zij ¼ pci1x1j þ pci2x2jþ . . . . . . :pcimxmj ð12:1Þ

Hierarchical cluster analysis (HCA) helps to identify the grouping of associated
variables of groundwater chemistry (Dhakate et al. 2013; Hassen et al. 2016). The
Euclidean distance has been used here to measure the similarity level within the
sample sites. Ward’s method has been implied to generate dendrogram, which
graphically represents the clusters (Gibrilla et al. 2011). HCA has been computed
by using the following formula (Eq. 12.2):

d2mn ¼
Xx

k¼1
Zm,k � Zn,kð Þ ð12:2Þ

where dmn is the Euclidean distance, Zmk and Znk are the variable k for objects m and
n, respectively, and x is the number of variables.

Pearson’s correlation matrix has been prepared to identify the bivariate relation-
ship between various groundwater controlling factors (Chapman 1996; Hassen et al.
2016; Das and Nag 2017), and scatter plots have been constructed to represent the
trend of correlation between two variables. The co-relation value of >0.5 specifies a
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strong correlation between variables, <0.5 indicates a poor correlation between
variables, and the value of 0.5 means moderate co-relation between variables
(Vasantavigar et al. 2013). For the spatial analysis of the 14 groundwater chemical
parameters and the 4 significant factors and magnesium hazard, inverse distance
weighting (IDW) technique in spatial analysis tool of ArcGIS 10.5 software has been
used and here weighing factors are the chemical parameters, which have been
already mentioned Wilcox diagram, USSL diagram and Gibbs diagram have been
plotted using AquaChem v. 2011.1 software (evaluation copy) to identify the
groundwater suitability for irrigation.

12.4 Result and Discussion

12.4.1 Spatial Distribution of pH

Concentration of pH value in groundwater is varying from 7.4 to 8.1 that indicates
that the nature of groundwater is slightly alkaline. The very low standard deviation
value of 0.17 indicates that the pH value of all the sample wells is very close to the
average value of 7.5 of the test area, which shows negatively skewed distribution
(�0.35) and the kurtosis value (0.5) is moderately positive. About 97.67% of the
sample wells are within the safe limit as approved by the WHO (2004). Concentra-
tion of pH value is low in the eastern section (Kanksa) of the test area. Higher
concentration of pH is mainly observed in a few pockets of Kulti, Brabant, Andal
and Raniganj (Fig. 12.3a).

12.4.2 Electrical Conductivity (EC)

EC in groundwater indicates the ion concentration which comes from dissolved salts
and inorganic chemicals like chloride, calcium, sodium and magnesium (Prasanth
et al. 2012). The EC value is ranging from 115 μS to 2020 μS with an average of
781.42 and very high standard deviation of 387.61 (Table 12.2). Both the skewness
and kurtosis values are positive. Throughout the study area, distribution of EC value
is low except the sample well of Dakshin Khanda of Andal (Fig. 12.3b). As per
WHO’s guideline (2004), 97.67% of the sample well are within the safe limit and
only 2.32% under moderate electrical conductivity. As the pH value in groundwater
is slightly alkaline, it retards the solubility of chemical compounds. Presence of low
soluble materials causes low concentration of electrical conductivity (Prasanth et al.
2012). EC value becomes low due to the presence of insoluble rock types.

12 Multi-criteria Analysis for Groundwater Quality Assessment: A Study in Paschim. . . 265



Fig. 12.3 Spatial map of (a). pH (b). Electrical conductivity (c). Total dissolved solid (d). Total
hardness (e). Calcium (f). Magnesium (g). Sodium (h). Potassium (i). Calcium bicarbonate (j).
Chloride (k). Fluoride (l). Iron (m). Sulphate (n). Phosphate (o). Silicon oxide
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Fig. 12.3 (continued)
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Fig. 12.3 (continued)
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Fig. 12.3 (continued)
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Fig. 12.3 (continued)
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12.4.3 Total Dissolved Solid (TDS)

Total dissolved solid varies from 73.6 to 1292.8 mg/l with an average value of
523.14 mg/l. As per WHO’s guideline, all the sample wells are within the permis-
sible limit, but 44.18% of sample wells are beyond the maximum desirable limit
(500 mg/l). Concentration of TDS is high in Andal, Durgapur municipality, Kulti
and Barabani blocks (Fig. 12.3c).

12.4.4 Total Hardness (TH)

The presence of cations like magnesium and calcium and anions like carbonate,
bicarbonate, sulphate and chloride is the prime cause of total hardness in ground-
water (Ravikumar et al. 2010; Dhakate et al. 2013; Das and Nag 2017; Boateng et al.
2016). Total Hardness ranging from 40 to 510 mg/l with an average value of
216.82 mg/l and high standard deviation of 101.15, which shows a huge variation
in the concentration of TH in the study area. Both skewness (0.85) and kurtosis
(0.89) values are highly positive. According to Sawyer and McCarty’s classification
(1967), only 2.32% of sample wells are soft; 20.93% are moderately hard; 62.79%
are hard and 13.95% are very hard (Table 12.3). Throughout the study area, TH has
been concentrated in a few patches of Kanksa, Salanpur, Barabani and Asansol
(Fig. 12.3d).

12.4.5 Calcium and Magnesium (Ca and Mg)

Concentration of calcium is ranging from 8 to 122 mg/l with a mean value 46.59 mg/
l and standard deviation of 23.54. According to the WHO (2004), the permissible

Table 12.2 Classification of groundwater based on EC concentration

EC Type of water Percentage of sample well

<1500 Low enrichment of salt 97.67

1500–3000 Moderate enrichment of salt 2.32

>3000 High enrichment of salt 0

Table 12.3 Classification of groundwater based on TH concentration (Sawyer and McCarty 1967)

TH Type of water Percentage of sample well

<75 Soft 2.32

75–150 Moderately hard 20.93

150–300 Hard 62.79

>300 Very hard 13.95
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limit of calcium concentration in groundwater is 200 mg/l which indicates that all the
sample wells are within the safe limit. Magnesium concentration in groundwater is
observed between 5 and 60 mg/l with an average value of 24.48 mg/l. The permis-
sible limit of magnesium is 150 mg/l recommended by the WHO (2004). Therefore,
all the sample wells are under permissible limit of magnesium concentration. The
major source of calcium and magnesium is the leaching process of silicate minerals
(Srinivasamoorthy et al. 2008).

12.4.6 Sodium and Potassium (Na and K)

Sodium is a vital element for human life, but high sodium content in drinking water
causes numerous health complications like high blood pressure, hypertension, ner-
vous system disorder, etc. (Gupta et al. 2008). Higher amount of sodium causes
unsuitability for irrigation purpose also. Here, sodium concentration is ranging from
16 to 151 mg/l with a mean value of 64.45 mg/l and standard deviation of 32.97. All
the sample wells are within the permissible limit (200 mg/l) by the WHO (2004).
Na+ concentration is relatively higher in Barabani, Durgapur and Andal (Fig. 12.3g)
blocks. Sodium is formed here from both natural, i.e. presence of gneissic rocks like
feldspar, pyroxene, amphiboles, etc., and anthropogenic sources, i.e. industrial
waste, leaching from landfill and sewage, etc. (Gupta et al. 2008; Srinivasamoorthy
et al. 2008; Baba and Tayfur 2011).

Potassium, an important natural-occurring element, is formed due to the presence
of orthoclase, hornblende and microcline in igneous rock (Gupta et al. 2008). High
concentration of potassium causes several health hazards like heart disease, coronary
diseases, artery attack, hypertension, etc. (WHO 2009). Potassium concentration in
groundwater is found between 0.3 and 80 mg/l. The uppermost permissible limit of
potassium concentration in drinking water is 12 mg/l (WHO 2004). Two sample
wells, located in Andal and Faridpur Durgapur, are beyond the permissible limit of
the WHO (Fig. 12.3h).

12.4.7 Bicarbonate (HCO3)

Presence of high bicarbonate in groundwater reduces the irrigational suitability of
water. According to WHO (2003) recommended that the maximum permissible limit
of HCO3 is 180 mg/l. HCO3 concentration in groundwater is high in the north-
western section of the study area due to the presence of Chota Nagpur granite
gneissic complex made up of granite gneiss and migmatite. In the study area, the
value of HCO3 varies from 37 to 482 mg/l. About 61% of the sample well beats the
permissible limit of the WHO. Due to weathering of silicate minerals (quartz,
feldspar, etc.), HCO3 concentration is high (Boateng et al. 2016) in the study region.
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12.4.8 Chloride (Cl)

Higher concentration of chloride causes bad taste in drinking water and may result in
hypertension and osteoporosis (McCarthy 2004). Chloride, mixing with sodium
(Na), forms NaCl which makes the water saline. Chloride is coming from different
anthropogenic sources like industrial effluent and sewage and agricultural applica-
tion, i.e. inorganic fertilizer (Karanth 1987). The concentration of chloride ranges
from 14 to 312 mg/l with an average value of 98.18 mg/l and standard deviation of
72.02 which indicates that concentration of Cl varies throughout the region. Con-
centration is low to moderate except a few patches like Durgapur Municipality
Corporation, Andal and Kulti, where the amount is higher than the WHO’s permis-
sible limit (250 mg/l) (Fig. 12.3j). As the chloride ion is highly mobile, it can be
easily transported. There is a strong positive co-relation with the concentration of
chloride and EC (Prasanth et al. 2012).

12.4.9 Fluoride (F)

In drinking water, low level of fluoride concentration (below 1.5 mg/l) is good for
human health because it helps in bone development and prevents dental decay. High
level of fluoride concentration causes serious health problems like dental fluorosis,
skeletal fluorosis, hyperparathyroidism, etc. (Thapa and Reddy 2017). In the present
test area, concentration of fluoride varies from 0.08 to 1.5 mg/l. In all the sample
wells, fluoride concentration is within the permissible limit recommended by the
WHO (2004). Concentration of fluoride is relatively high near Kanksa, Barabani and
Salanpur (Fig. 12.3k). Natural sources like alkaline soil and presence of caliche
nodules in lateritic soil and the anthropogenic sources like application of phosphate
fertilizer in agro-field occur fluoride contamination in groundwater in this area.

12.4.10 Iron (Fe)

Iron is another major element in our human body, but concentration of high amount
of iron, i.e. >0.3 mg/l (WHO 2011), in drinking water results in serious health
problems, viz. haemochromatosis, digestion problem, diabetes, skin diseases, etc.
(WHO 2011). Iron concentration is relatively high in the lateritic terrain of the
eastern section of the study area due to presence of iron nodules (Thapa et al. 2018b).
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12.4.11 Sulphate (SO4) and Phosphate (PO4)

Sulphate does not create any health hazard, but the presence of higher concentration
of sulphate makes water bitter taste and bad odour. Concentration of sulphate varies
from 2 to 200 mg/l with standard deviation of 45.64 and a mean value of 59.84 mg/l.
All the sample wells are within the allowable limit (400 mg/l) of the WHO (2004).
Sulphate has been originated both naturally and anthropogenically. Although
sulphate-bearing minerals, i.e. gypsum, are absent in the test area, the concentration
of SO4 is high (Fig. 12.3m). Here, seepage of chemical fertilizer, organic material,
industrial effluent and sewage collectively influence the sulphate concentration
(Baruah et al. 2008; Jeevanandam et al. 2012).

Phosphate concentration is low to average throughout the area except a few
pockets near Durgapur, Pandabeswar, Asansol and Barabani. The concentration of
phosphate ranges between 0.01 and 0.7 mg/l with a mean value of 0.1. The rocks,
containing phosphate ion, apatite, amphibolite, biotite and garnet, all have a signif-
icant influence on the occurrence of PO4 in the present study area (Srinivasa Rao and
Rajendra Prasad 1997). Agricultural fertilizers, industrial effluents and sewage rich
with phosphate are other important sources of PO4 in groundwater (Akpabli and
Drah 2001; Sinha et al. 2000; Akoto et al. 2010). Figure 12.3n shows that high
concentration is mainly found in the industrial area.

12.4.12 Silica (SiO2)

Silica concentration varies from 16 to 30 mg/l with a standard deviation of 3.98.
Weathering of silicate minerals within rocks and agricultural activates are major
responsible factors for silica dissolved in subsurface water. In the study area,
maximum silica concentration is observed in the plateau fringe area (Fig. 12.3o),
where weathering of silicate minerals is predominant.

12.4.13 Co-relation Analysis

Table 12.4 shows the correlation matrix of the chemical parameters of groundwater
which depicts the linear relationship between two or more variables (Rawat and
Tripathi 2015). The result illustrates a strong positive association between TH and
EC (0.817), Ca (0.887) and Mg (0.848) and moderate correlation with HCO3 (0.557)
and SO4 (0.477). Those parameters are responsible for permanent hardness of
groundwater. The ions Cl, TH, Ca, Mg and Na all are positively associated with
EC, and there is a moderate positive association between EC and K (0.561) and SO4

(0.538) (Table 12.4). It confirms that the electrical conductivity is fully controlled by
the presence of soluble salt content. The correlation matrix shows the significant
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relationship between Cl, SO4, Na, Mg, Ca and K which indicates the subsurface
hydrology is largely controlled by the leaching process and dissolution of soluble
salts. Due to the presence of soluble substances, the nature of groundwater is mild
alkaline.

12.4.14 Factor Analysis

To extract the factors, here, principal component analysis was performed using
varimax rotation with Kaiser normalization. In this method, four significant factors
were extracted with eigenvalue of greater than one (Davis 1986) which explain total
variance of 71.358%. Factor 1 has 42.456% of total variance with positive loadings
on electrical conductivity (0.936), total hardness (0.890), calcium (0.794), magne-
sium (0.792), sodium (0.597), potassium (0.650), bicarbonate (0.663), chloride
(0.907) and sulphate (0.634) (Table 12.5). Factor 1 can be considered as salinity
factor. Those chemical components represent the contribution of both natural (dis-
solution of rocks and minerals) and anthropogenic sources (chemical fertilizer,
industrial effluent, sewage, etc.). Factor 2 explains 11.796% of total variance with
strong positive loadings on phosphate (0.728) and sodium (0.597), and the negative
loading is on SiO2 (�0.781), which implies that the geochemistry of groundwater is
controlled not only by the interaction with geology but also by contamination by the
chemical fertilizer, industrial effluent and urban sewage. Third and fourth factors
explain 9.099% and 8.007% of total variance, respectively. Factor 3 shows a very

Table 12.5 Rotated component matrix

Component

1 2 3 4

pH 0.082 �0.046 0.920 0.073

TDS 0.952 0.220 0.052 �0.045

EC 0.952 0.220 0.052 �0.045

TH 0.880 0.070 0.027 �0.199

Ca 0.782 0.035 0.113 �0.140

Mg 0.789 0.112 �0.008 �0.207

Na 0.625 0.538 �0.066 �0.049

K 0.645 �0.339 0.165 0.092

HCO3 0.685 0.448 0.253 0.045

Cl 0.916 0.198 �0.142 �0.004

F �0.088 0.089 0.208 0.841

Fe �0.228 �0.235 �0.442 0.638

SO4 0.625 �0.125 0.125 �0.071

PO4 0.097 0.724 �0.210 �0.022

SiO2 �0.017 �0.781 �0.205 �0.001

Extraction method: Principal component analysis
Rotation method: Varimax with Kaiser normalizationa
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strong positive value of pH (0.920), and factor 4 has a strong positive loading on
fluoride (0.850) and iron (0.636). pH is controlled by the presence of soluble ions
like Na+, Ca2+, Mg2+, Cl�, HCO3

� and SO4. Presence of clay minerals, i.e. kaolinite
and illite, also controls the pH level of groundwater. Fluoride and iron both are
originated due to dissolution of minerals and rocks.

12.4.15 Hierarchical Cluster Analysis

Cluster is also a multivariate statistical measure for the categorization of homoge-
neous groups of the variables. In statistics, there are various methods to prepare
clustering, viz. K-means cluster, step clustering, hierarchical cluster, etc. In this
study, hierarchical cluster has been applied to identify the homogeneous grouping as
it has been a widely accepted technique, and for grouping of homogeneous chemical
variables, it is the most applied method (Davis 1986).

With the help of Euclidean distance method, hierarchical cluster programming
has been done using the of 43 subsurface chemical water samples data, and the
dendrogram shows three clusters on the basis of homogeneous chemical composi-
tion. Within cluster 1, there are 13 villages with higher amount of TH (301.54), Ca
(60.31), Mg (36.77), Cl (175.85), SO4 (76.69) and PO4 (0.22). Cluster 2 is com-
prised of 67.44% of sample villages with higher concentration of F (0.58 mg/l) and
Fe (0.12 mg/l). Cluster 3 shows that only one sample falls under this group due to
high concentration of pH (8.00), TDS (794.88), EC (1242), Na (112), K (9.80),
HCO3 (323.0) and SiO2 (27.0) (Fig. 12.4)..

Fig. 12.4 Hierarchical cluster analysis
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12.4.16 Mechanism Regulating the Groundwater Chemistry

With the help of Gibbs diagram, one can easily assess the mechanism which
regulates the groundwater chemistry. In the year 1970, Gibb depicted three func-
tional sources, i.e. evaporation dominance, rock dominance and precipitation dom-
inance, which affect the groundwater chemistry as well as the quality (Loganathan
and Ahamed 2017). Gibbs ratio was represented in formulas 12.3 and 12.4:

Gibbs Ratio I for anionsð Þ ¼ cl�

Cl� þ HCO3
�ð Þ ð12:3Þ

Gibbs Ratio II for cationsð Þ ¼ Naþ þ Kþ

Naþ þ Kþ þ Ca2þ
� � ð12:4Þ

Figures 12.5 and 12.6 reveal that above 90% samples fit to the category of rock
dominance. So, this result designates that almost all samples of the study area are
influenced by the rock weathering.

12.4.17 Evaluation of Groundwater Quality

12.4.17.1 Water Quality Index

To extract the quality of groundwater for drinking propose, water quality index has
been widely used (Tiwari and Mishra 1985; Subba Rao 1997; Mishra and Patel
2001). Here, 12 chemical parameters (pH, EC, Ca, Mg, Na, K, HCO3, Cl, F, SO4,
PO4, TDS) of 43 sample villages from Paschim Barddhaman district have been used
to regulate the water quality of subsurface water. There are five steps to calculate the
WQI.

In the first step, weightage (wi) has been given to all the parameters in referenced
to their importance. Higher weight has been given to parameter which has a major
importance in water quality and vice versa.

In the second step, the relative weightage (Rwi) has been calculated using
equation no. 12.5:

Rwi ¼ wi=
X

wi ð12:5Þ

where wi is the weightage of the individual parameter and ∑wi is the summation of
individual parameter.
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In the third step, quality rating scale (Qi) has been calculated from the following
equation:

Qi ¼ Ai=Sið Þ � 100 ð12:6Þ

where Ai is the actual value of the parameter and Si is the drinking water quality
standard prescribed by the WHO (2011).

In the fourth step, Sub indices SIð Þ has been calculated by SI ¼ Rwi � Qi ð12:7Þ

Figs. 12.5 and
12.6 Mechanism
controlling the chemistry of
groundwater. (After Gibbs
1970)
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And finally WQI has been computed using the following formula:

WQI ¼
X

SIi ð12:8Þ

Groundwater quality indices are ranging from 30.60 to 136.05 value, and on the
basis of WQI value, 39.53% of the sample villages fall under excellent category, and
55.81% of samples fall into good category, and only 4.65% of samples are under
poor category (Fig. 12.7).

12.4.17.2 Irrigation Suitability

As Indian rainfall is irregular and seasonal, irrigation is a prime factor for the
agricultural development of a region and groundwater accounted as the secure
source of irrigation. The quality of groundwater largely affects the cropping yield.
Therefore, the evaluation of groundwater suitability is very much needed for the
irrigation potentiality analysis (Prasanth et al. 2012; Nagarajua et al. 2014; Singh
et al. 2015). The parameters like sodium percentage (Na%), sodium absorption ratio
(SAR) and permeability index (PI) have been applied to evaluate the groundwater
suitability for irrigation purpose.

Fig. 12.7 Drinking water quality map
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(i) Sodium Percentage

For irrigation purpose, the determination of sodium percentage of water is urgent
because excessive sodium content affects the soil structure which has a negative
impact on agriculture (Gupta et al. 2008). Sodium percentage is calculated as

Na% ¼ Naþ þ Kþð Þ � 100
Caþ þMgþNaþ þ Kþð Þ ð12:9Þ

According to sodium percentage, the groundwater can be categorized into five
groups, i.e. excellent (<20%), good (20–40%), permissible (40–60%), doubtful
(60–80%) and unsuitable (>80%) (Wilcox 1955). Here sodium percentage ranges
from 21.21 to 72.06%. About 67.44% of samples fit to the good category, 27.90% in
permissible category, and only 4.65% in doubtful category (Fig. 12.8). Single one
sample falls neither in the excellent nor unsuitable category. Here, the Wilcox
diagram has been taken up to classify the groundwater for irrigation purpose. It
shows that groundwater samples occupy the field of excellent to good (76.74%),
good to permissible (16.28%), permissible to doubtful (4.65%) and doubtful to
unsuitable (2.33%) for irrigation.

(ii) Salinity and Alkalinity Hazard

Highest concentration of salinity content in irrigation water stunts the plants’
growth because of the osmotic pressure in soil and specific ion toxicities (Läuchli
and Epstein 1990). High amount of sodium in groundwater decreases the soil
permeability which reduces the soil infiltration capacity and leads to water
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stagnation. High sodium content also affects the soil structure because it displaces
calcium and magnesium ion in soil which diminishes the soil aggregation capability
(Arveti et al. 2011). To determine the sodium hazard, sodium absorption ratio (SAR)
is one of the most significant criteria (Todd and Mays 2005). The sodium absorption
ratio has been computed using the following equation:

SAR ¼ Naþ

Ca2þ þMg2
� �

=2
� �0:5 ð12:10Þ

In the study area, SAR value ranges between 0.89 and 5.72 which indicates that
most of the samples belong to excellent category (Richards 1954). The US Salinity
Laboratory Diagram (US Salinity Laboratory Staff 1954) has been employed to
classify the groundwater based on salinity and alkalinity or sodium hazard, and it
shows that the ion part of the samples (95.34%) falls within the group of C3S1 (high
salinity and low alkalinity) and C2S1 (medium salinity and low alkalinity). Only two
samples, i.e. Raghunathpur and Gourandhi, belong to the group of C1S1 (low
salinity and low alkalinity) and C3S2 (high salinity and medium alkalinity), respec-
tively. Salt-tolerant crops should be cultivated in those areas where groundwater falls
in the group of C3S2 and C3S1. Land with a good drainage status is needed for that
category of water (Fig. 12.9). The samples belonging to the C1S1 and C2S1
categories are favourable for irrigation purpose in all types of soil.

Fig. 12.9 US salinity diagram indicating the groundwater quality for irrigation
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(iii) Permeability Index

Based on PI, irrigation water can be classified into three categories good, mod-
erate and poor (Donnen 1964). Permeability index has been calculated using the
following formula:

PI ¼
NAþ HCO3ð Þ0:5

n o
� 100

Naþ CaþMgð Þ ð12:11Þ

In the study area, PI value ranges from 22.78 to 74.69, which reveals that all the
samples are under the good category.

(iv) Magnesium Hazard

Calcium and magnesium collectively conserve the equilibriumity of water.
Excess amount of magnesium in irrigational water causes low agricultural produc-
tion (Nagarajua et al. 2014). To calculate the magnesium ratio, the following formula
has been computed (Paliwal 1972):

Magnesium ratio ¼ Mg2þ � 100
Ca2þ þMg2þ
� � ð12:12Þ

In the present study area, MH varies from 16.11 to 72.22. About 34.88% of
samples belong to the unsuitable category, and 65.12% are suitable for irrigation.
Irrigational water is unsuitable for agriculture in Jamuria I and II.

12.5 Conclusion

Groundwater hydro-geochemistry of Paschim Barddhaman district has been evalu-
ated to identify groundwater quality for domestic and agricultural purposes and also
to identify the major determinants of groundwater quality. Hydro-chemical data of
sample villages reveal that the nature of subsurface water is slightly alkaline and
most of the parameters are within the allowable limit recommended by the WHO for
drinking water purpose. But the concentration of bicarbonate, chloride and potas-
sium is beyond the permissible limit of the WHO in a few sample villages. The PCA
results determine that the physico-chemical character of groundwater is not only
controlled by the dissolution of rocks and minerals but also the leaching process
from chemical fertilizers, industrial effluents, sewage, etc. due to anthropogenic
activities. Gibbs plot shows that the hydrochemistry of the groundwater is influenced
by rock weathering as the major part of the test area belongs to plateau fringe of
Chota Nagpur. Water quality index informs that about 93% of the sample villages
have excellent to good category of water. Majority of the sample villages show that
groundwater is suitable for irrigation purpose except a few villages. Therefore, this
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kind of study not only help to assess the present quality of groundwater, but also it
may help the decision makers to take appropriate policy design in management of
subsurface water quality in such kind of problematic region.
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BSTRACT 

siring at a dinner table having a plate full of boiled rice, have we ever thought of those peasants who are 

ualy responsible for providing our plate with such foods. Many of us have a tendency to keep leftovers or 

mast of the time our much more foods are lett on Our plate. While doing so have we ever thought how much 

Iabour is given to produce the crops from which we get our food or do we have any idea of the dilapidated 

condition of the life of a peasant. No...the answer will be no. I, having been born and brought up at a village 

SuTTOunded with paddy fields, my rural eyes and my rural mind are very much familiar with the green fields as 

well as the lives of those peasants, their clay smitten feet, their sun burnt appearance. They never care for beauty 

creams like fair & lovely or fair and handsome. What they do care is how to produce 

fair amount of crops in their fields. And for that they make the land, the soil their second abode. However, 

once there had been a time when a peasant did not have the right over the complete production they made in 

their land. After giving untiring toil as well as bearing the whole expenditure to produce their crops there had 

been a group of people like jamindars, jotedars who claimed their share over the half of the production and thus 

took almost a huge part of the whole one. We know the history. The tradition of giving agrarian tax( khajna) to 

jamindars, to jotedars is very much well-known to us. But the situation became worse after East India company 

won the civil benefits in 1765 and the permanent settlement headed by Lord Cormwallis was brought into effect 

in 1793 to fix the tax over production. Retrospecting the pictures of the peasants being exploited under that 

situation really makes goose bumps. In my present paper , 
a thorough light is, therefore, being given on the 

pathetic situation undergone by those unfortunate peasants as well as the fact that how they once got organised 

to bring a revolutionary change into this society through the so-called movement called Tebhaga' as depicted in 

some pieces of literature. Ill, therefore, here discuss the movement in brief and then will throw light on the 

horrific history of the time as depicted in Abu Ishak's short story 'Jonk 

hansome quality and a 

Keywords: Tebhaga, jotedars, bargadars, movement, agrerian, reveneu, upsirge, sharecropper, adhiar, khalan. 

INTRODUCTION 

It is the story of the sharecroppers, the adhiars, the peasants, their untiring toil and of the question who should 

actually be the owner of the whole green field. They did never long for the decadent life of a zamindar lying half 

on cushioned bed piping on a hukka. Rather what they just want is the the 'tebhaga'- the two third share of the 

whole production of crops they made on their land out of their own untiring physical and mental labour. That 

little amount of produce, though, is not much for anyone. 
However they are seen to be satisfied with that little 

amount. They are the Charudutta of human society. They only know to give, to contribute in a society. They 

never long for anything high in their life, never care for themselves. They are the real hero. They are the one 

providing food for us remaining fast most of the days of a year. The kings, the zamindars, the jotedars of every 

ages, the british colonizers have been taking advantages to this simple nature of these people. These leeches like 

people have been sucking their blood, squizing their lives only for their game of profit and loss. This was the 

year of 1946, just a year before 

Sabha of peasant 
front of the Communist Party of India there was upsurged 

the All India Krishak 

ged a significant peasant agitation in India got independence in 1947 that with the initiative of the 

on is well known in the history of Bengal as Tebhaga Movement. 

Bengal. 
This peasant 

agitation 
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Introduction: 

The stories of pandemic, plague and epidemic fill the pages of 

history only with thrilling stories. It tells the stories of panic, of 

suffering and death. Sometimes this panic emerges as the panic of 

plague, sometimes of cholera, sometimes of influenza, or sometimes 

of Tuberculosis or again sometimes as Covid -19. The comings and 

goings of these diseases often seem arbitrary and simply 
inexplicable. The more we delve deep into the history of disease, 
the more will these stories of human sufferings, stories of throwing 
off the corpses incongruously into the deep long burial pits, whispers 

into our ears. The study of disease, therefore, is not a very pleasant 

subject to contemplate. Human beings have frequently been 
confronting the emergence and spread of contagious diseases with 
the potentiality of pandemic throughout the history. The Major 

pandemics and epidemies that afflicted humanity throughout the 
history are plague, cholera, flu, severe acute respiratory syndrome 
coronavirus (SARS-CoV) and Middle East respiratory syndrome 
coronavirus (MERS-CoV). Besides, the present generation of people 
have just had an experience of Covid-19 as a pandemic. The term 

pandemic refers to a. Infectious disease that spreads globally whereas 
an epidemic spread to a wider geographic area. 

In 1665 England was struck by the great plague. The disease 

Pandemic-5 



HISTORY 
OF DARJEELING 

A Study on Society, Economy, 
Politics and Environment 

Editors 
Dr. Kartik Chandra Sutradhar 

Arun Ghosh " Manojit Das 



Editorial 

List of the Contributors 

1. Subhas Chandra Bose and the Freedom Movement of 
Darjeeling 

Partha Sen 

2. Environmental Issues and Economic Development in Sub 
Himalayan Darjeeling: A Historical Study 

Rajib Sarkar 
3. Environmental Justice and Urban Development: A Study of 

Ramghat Burial Ground Conflict in Siliguri from the 
Environmental Perspective 

Shubhajeet Shome 

Contents 

4. Society in Indo-Nepal Frontier in Northern Part of West 
Bengal: A Village Level Study 

Dr. Ranjit Roy 
5. Land Revenue and Agrarian Relation in Darjeeling District 

in the Colonial and Post-colonial Period: A Historical Study 
Dr. Kartik Chandra Sutradhar 

6. Darjeeling - and the Story of Tea 
Dr. Supam Biswas 

7. The Imperial Forest Department and the Utilization of 
Forest of Hill-Terai Region of Darjeeling District (1864 to 1947) 

Krishna Barman 

8. Problem of Tea Industry in North Bengal: A Study of 
Darjeeling and Jalpaiguri 

Soumendra Prosad Saha & John Biswas 
9. Land Revenue and Agricultural System in Darjeeling-Terai 

Region during Colonial Period: A Historical Study 
Rudrani Bhattacharya 

District 

xiii 

Dr. Chandan Adhikary 

15 

18 

29 

36 

48 

74 

88 

97 

10. Disease and the Public Health System of Colonial Darjeeling 116 

106 



11. Tourism Impacts on 
District on and from 1920 to 2020: A Historical Perception 

Manojit Das & Kritiman Biswas 

History 
12. Genesis of Movements in Darjeeling: Through the Lens of 

Dr. Surya Narayan Ray 

Ratna Paul 

Environment an Analysis of 

13. The Dawn of Modern Education in Kalimpong and Bhutan: 
The Co-relation 

(x) 

14. Handmade Paper Industry of a Former Darjeeling District 
Surya Narayan Ray 

15. Gorkhaland Movement: A Study on History and Its 
Evaluation in the Present Context 

Ramendra Nath Bhowmick 

Kalikrishna Sutradhar 

16. The Spread of Nationalism and the Freedom Movement in 
Darjeeling: A Historical Review 

Arun Ghosh 

Darjeeling 128 

17. Post-independence Administrative Reorganisation and 
Changes in the Jurisdictions: A Glance to Darjeeling District 
of West Bengal (1947 to 1997) 

Roshni Pradhan 

18. New Look on the Naxalite Movement in Respect of Gender 
Disparity: A Post Independence Historical Study 

Ramendra Nath Bhowmick 
19. A Reminiscent Study on Putlimaya Devi Poddar (Tamang) (1920-1984): A Political Activist of the Hills 

Avijit Roy 

Sudha Lama 

21. An Untold Saga of an Intrepid Nepali Woman - Helen Lepcha (1902-1980) 

Sushanta Mitra 

22. Unheeded Historical Site on the Darjeeling Foothills: Chandmuni Temple and Its Fair and Obscure Place for Pilgrimage (c. 1719 -1966 A.D.) 

Dr. Sapan Tamang 

23. Inclusion of Darjeeling Hills in the North East Council (NEC): An Analytical Discourse 

134 

20. Feminism : A Study on Social Background and the Impact of 214 Education on the Primitive Women in Terai Region 

24. Changing Religious Identity of the Dhimals: a Historical Study on Primitive Frontier Tribe of Darjeeling District Krishna Barman 

140 

148 

157 

171 

179 

191 

208 

218 

224 

234 

244 



(xi) 

25. Darjeeling Tourism Industry and It's Ups - Down in 
Pandemic Lockdown 

Mitra Ghosh 

26. Lepcha: The Ancient Tribal People in Darjeeling District 
Dr. Poulami Bhowal 

27. A Study of the Caste Structure in the Darjeeling Hills: 
With Reference to the Nepali Community 

Sudash Lama & Suraj Rai 
28. The Limbu People of Darjeeling District: A Rethinking to 

their Social, Cultural and Domestic Life 
Sudipta Singha 

250 

259 

266 

275 



Social Research Foundation 
A Non-Government Organization 

Home 

Books 

S.No 

3 

4 

Objective Executive Board 

6 

Social Research Foundation 

Curent Books 

Editorial Board & Editorial 

Contact No. 0512-2600745 

Experts 

9335332333 

Research Journals 

Polyphonic Expression of Literature and Language 
ISBN: 978-93-93166-42-5 

Latest (Books)| Content List of Published Books 

Complete List 

Books 

The Role of Namdeo Dhasal and Daya 
Pawar in the Development of Dalit 

1 Poetry. 
Dr. Navratan Singh,,Varanasi, U,p., India 

Navigating Identity: Unraveling the 
Cultural Dynamics in a Post-Colonial 

World 
Dr. Laxmi Pandey.,. Kanpur, U.p., India, 
Ecocritical Development for Long: 

term Sustainability 
Rituparna Moharana,,Cuttack, Odisha, 

India, 

lcndinto oinha 

Jagues As The Spokesperson of 
William Shakespeare on the Various 

Stages of Man's Life 
Banwari Lal Menawat,Gangapur City 

,Rajasthan, India, Priyanka Meena 
Research Scholar Uot Jaipur, Rajasthan, 

India 
The Effects of the Stream of 
Consciousness Narrative Techniques 

to Reflection the Thoughts of the 
Characters with Reference to the 

s Fiction of James Joyce 

News 

Sanjana Kumari Gajraula ,Uttar Pradesh, 
India, Zia Ul Hag Research Scholar Shri 
Venkateshwara University, Gajraula 
Uttar Pradesh, India 
A Reflection of Child Exploitation and 

Juvenile Crimes in the 19th Century 
England of Queen Victoria through the 
Light of Charles Dickens's novel 

'oliver Twist ' 
Nolbnti AToot Donol 

go 

Contact 



S.No 

2 

3 

6 

7 

8 

CuremBooks 

Polyphonic Expression of Literature and Language 
ISBN: 978-93-93166-42-5 

Complete List 

The Role of Namdeo Dhasal and Daya 
Pawar in the Development of Dalit 

1 Poetry. 
Dr. Navratan Singh,,Varanasi, U.p., India 

Navigating Identity: Unraveling the 
Cultural Dynamics in a Post-Colonial 

World 
Dr. Laxmi Pandey.,. Kanpur, U.p., India, 
Ecocritical Development for Long: 
term Sustainability 
Rituparna Moharana.,.�Cuttack, Odisha, 

India, 
Jaques As The Spokespersonof 
William Shakespeare on the Various 

Stages of Man's Life 
Banwari Lal Menawat,Gangapur City. 
Rajasthan, India., Priyanka Meena 
Research Scholar Uot Jaipur, Rajasthan, 

India 
The Effects of the Stream of 
Consciousness Narrative Techniques 

to Reflection the Thoughts of the 
Characters with Reference to the 
Fiction of JamesJoyce 
Sanjana Kumari,Gajraula,Uttar Pradesh, 
India, Zia Ul Hag Research Scholar Shri 
Venkateshwara University, Gajraula 
Uttar Pradesh, India 
A Reflection of Child Exploitation and 

Juvenile Crimes in the 19th Century 
England of Queen Victoria through the 
Light of Charles Dickens's novel 

Oliver Twist' 
Sudipta Singha. , Nalhati, West Bengal, 

India, 
Social Realism in Mulk Raj Anand's 
Story- "The Barber's Trade Union" 
Dr. AshaArora Sri Ganga 

John Galsworthy :Realism and 
Naturalism in Drama 
Dr. Chhaya Singh,., Jaunpur Uttar 

Pradesh, India., 

Nagar 
Rajasthan, India., 



COMPILE 
Multidisciplinary 
Edited Book 

Editor 

Dr. Fer0z Ahmad 



" Analyse the different aspects of the Indian culture 
on the basis of global environment 
Dr. Chandra Mallika Pramanik 

Contents 

" ICT in Education Systems and 21st Century 
Dr. Ajay Kumar Thakur 

Science & Technology 
Dr. Anupama Gangrade 

" Green Chemistry: Sustainable Approaches for a 
Cleaner Future 

Dr. G. S. Chauhan 

" Cross Disability: An Empowerment of People with 
Disabilities-Movement of dis-labled 
Dr. Rupali Bahl 

" Professional Ethics & Corporate social 
Responsibility in the scenario of moonlighting 
Dr. Smita Tiwary Ojha 
Fractured Identities and Ouest for Self in 
Suresh Chakravarty's Short Stories 
Subhajit Bhadra 

Socio-Jurisprudential Discourse towards Social 
Transfornmation of the Tribal, Indigenous and 
Backward Class of People in India: An Analysis 

Dr. Tamal Gupta 
Cell Differentiation 
Dr. Dipa Kumari 

22 

28 

40 

48 

59 

" A Re-reading of Waiting for Godot as an Absurd Drama 89 
Sudipta Singha 

75 

98 

122 

130 



ROLE OF 
ACADEMIC LIBRARIES 

IN THE 

MODERN ICT ENVIRONMENT 

n1100 

Editors 
Partha Chattopadhyay 

Indranil Mondal 
AL 

HIRA 

ALHATL BIRBHUN 

EHAKA 



Pulak Ranjan Naskar 

Sourav Chatterjee 

Ali Ahammad Taher Hasan 

Md. Alamgir Khan 

Animesh Bhattacharyya 

Abhijit Pramanik 

Krishnendu Pramanik 

Anindita Basu 

Sangram Haldar 

Partha Mukherjee, 
Uttam Kumar Samanta 

Sanjib Singha 

Niladri Shit, 
Partha Chattopadhyay 

Content 

Application of ICT in Academic Libraries: 
An Overview 

Importance and Trends of Research on 

ICT Application in Academic Libraries: 
A Study 

Information and Communication Technology 

(ICT) Application in Libraries for the 
Preservation of Cultural Heritage 

Relevance of Information Communication 
Technology in Academic Libraries: 
An Overview from Librarianship 

Role of Open Access Educational Resources 
in Enhancement of Value Added Services in 

Academic Libraries 

Integrating TQM in College Library 

Alternative to Subject Heading List in Bengali 
Cataloguing Used in Dr. Bhupendra Nath 
Dutta Smriti Mahavidyalaya Library 

Chat-GPT in Library Services: Advantages and 
Challenges 

Organization and Access of Information 
Resources through Library Discovery 
Software with Special Reference to VuFind 

A Study on Relevance of Rural Libraries 
in Community Development: An Overview 

Green Library: An Approach to Environmental 
Sustainability 

Improving Library Services with E-Resource 
Mobilization at Calcutta University Library 

(vi) 

01 

11 

23 

35 

45 

55 

63 

70 

76 

84 

101 

107 



Partha Chattopadhyay 

Bikash Kumar Halder 

Amrita Biswas 

Niladri Das, 
Bibha Mal, 
Priyanka Halder 

Sudipta Singha 

Srirupa Ray 

Kritiman Biswas 

Sajal Ghosh 

Md. Kazem Mondal 

Usage ofE-resources of N-LIST Consortium 

by the User Communities of Hiralal Bhakat 

College, Nalhati, Birbhum: A Study 

Use of E-resources of N-LST Consortium 

by the User Communities of Rabindra 
Mahavidyalaya, Champadanga, Hooghly: 
A Study 

An Evaluation of the Role of Digital Archives 
in the Field of 21st Century Social Science 
Research 

Effective Use of ICT for the Application of 
Geographical Knowledge in the Higher 
Education 

The Role of Digital Library in the Development 
of Underprivileged Students Studying 
English Literature 

An Introspection into the Dynamic Role of 
Library in 21* Century 

Role of Libraries in Teaching, Learning 
and Research: Case Study on Indian Context 

Digital Initiative of Higher Education in 
India in 21, Century 

Preserving Knowledge: A Look into the History of Books & Libraries 

(vii) 

122 

131 

139 

145 

155 

172 

179 

186 

194 

202 

216 





poo-900 o99
e-mail : progressivepubl@ yahoo.co.in

Mobile :9830305810 Whatsapp: 9038296630



8b

So8



The higher order of realists should rather call themselves
illusionists.

afoas1 q GATGDIA SUICGA RT Disintegration of the
human psyche -gQN fAAI

111jCA enlightened scepticism outmoded belief-4 g*7

8b



NETAJISUBHASOPEN UNIVERSITY

SELF
LEARNING
MATERIAL

NTAN

OPN

UNDER GRADUATE DEGREE PROGRAMME

CC-BG-10

HBG 10
HONOURS IN BENGALI

CHOICE BASED CREDIT SYSTEM



fafbfs

Co�a(88 CC-BG-10

fyT 3 S,,9,8 Module : 1,2,3,4

: fR fafs:

Core Course: 10 Course writer Course Editor

Module:1

Module :2

Module:3

Module :4



125 – 134

-135 -141

145- 152

153 -158

159 -163

164 – 168




	Contents
	 Identification of Groundwater Potential Zones Using Multi-influencing Factors (MIF) Technique: A Geospatial Study on Purba Bardhaman District of India
	1 Introduction
	2 Materials and Methods
	2.1 Study Area
	2.2 Data Used
	2.3 Multi-influencing Factors (MIF) for Weightage

	3 Result and Discussion
	3.1 Influencing Factors of Groundwater Potentiality
	3.2 Delineation of Groundwater Potential Zones
	3.3 Validation of the Groundwater Potential Zones

	4 Conclusion
	References


