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PREFACE 

Water is among the most basic necessities that nature has provided to 

sustain life on earth. Most of us are conscious nearly every time of the 

importane of water in our life but truly our idea regarding this is very meager. 

Now a day, normally water outstresses all geoenvironmental factors to enter more 

confidently into considerations of human and economic development and quality 

of environment. At present, we have to realise that rapid measure of demand for 

water, degradation of water due to pollution, chronic water shortages in Cities, 

increasing incidence of water borne diseases etc. are becoming order of the day. 

As we exercise more growing complex problems c_>f economic development, 

environmental quality, population dynamics, resource management and disaster 

mitigation, less emphasis is being placed on the study of groundwater potential, its 

quality and utilization across the country. Hence, a sound understanding of the 

water resource potential, quality, demand and supply is becoming increasingly 

essential especially in the geoenvironmental sciences. It is important to appreciate 

the fact that only 3 percent of the world's water are fresh and roughly one-third of 

it is inaccessible. The rest is very unevenly distributed. On one hand, water is used 

with abandon; on the other hand, sufficient supplies of water have become 

increasingly contaminated with wastes and pollution from industry, agriculture 

and households. 

Over the years, rising population, growing industrialization and expanding 

agriculture have pushed up the demand for water. Fortunately, India is blessed 

with a comparatively large potential of groundwater resources of the earth. The 

groundwater reservoir contains the largest storage of fresh water in the country

far more than the capacity of all surface reservoirs. A total groundwater potential 

stands at 453.42 km3 per year in India. Whereas, the annual per capita availability 

of renewable fresh water in the country fell from around 5277 m3 in 1955 to 2464 

m3 in 1990 (Engman&Gumey, 1991). Per capita water availability in 1947 is 

estimated to have been 6008 m3 a year, which has fallen to 2266 m3 in 1997. This 

gives a broad indication of the growing scarcity in the country in the fifty years 
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smce independence. The figure for net draft of groundwater considering the 

present level of utilization indicates that substantial portion of it, 70 percent 

remains to be tapped (CWC, 1995). 

A well marked special in equality occurs in the infrastructure set up and 

-development in India. To remove this inequality backward regions are developed 

on a priority basis, which calls for an assessment of their resources and drawing 

up of plans for the optimum utilization of the resources. The present research 

analysis is a humble attempt in that particular direction for launching the 'Terai' 

region (covering an area of Mechi-Mahananda interfluve) of Darjiling district in 

the 21st Century. Practically, development of water resources should form an 

integral part of the regional development plan since water is intimately associated 

with urbanization, industrialization and agricultural development. 

India is the most extensively irrigated country in the world and irrigation 

from wells, tanks & ponds, canals, rivers & jhoras etc. dates back to time 

immemorial. This irrigation is highly independent on' account of uncertain 

monsoon rainfall regime of the country. Since, the attainment of independence in 

194 7, the Govt. of India has paid special attention towards the development of 

irrigation to make the country self-sufficient in food. The financial positions for 

the same has been increasing from one five-year plan to the next. Though water is 

essential for survival, but today about 200 million people in India do not have 

access to safe drinking water. Most of our water sources are polluted with 

untreated or partially treated wastes from industry; domestic sewage and fertilizer 

or pesticide runs off from agricultural fields. It could be assumed that at t~e time 

of independence, piped and treated drinking water was available only in cities and 

only to 48 percent of those who lived in them. At the end of 1991, the figure was 

86 percent. And by 1994-95, as much as 82 percent of the rural population was 

covered (CWC, 1996). Currently, about 81 percent of the countries of total 

population have accessed to safe water (CSE, 1997). As the country has a long 

tradition of managing water, but increasing demands due to population and 

industrial growth and agricultural development pose new challenges. The quantity 

and quality of available water is decreasing, aggravating the already serious 

position. A multi-layered approacl;t, which involves implementation of legislatio~ 
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introduction of new and traditional technologies for water conservation, recycling 

and reuse, economic incentives for users and the involvement of people who have 

a stake in the use of the resource are required. 

The present research work has grown out of the author's Ph.D. Thesis. 

Every attempt has been made here to incorporate all the relevant material that 

became available since then with respect to the area under study or even from 

outside. Though, the limitations were many regarding the geographical and 

administrative; lack of equipment for individual aquifer testing proved a serious 

handicap in the assessment of the aquifer potentialities while the restriction on the 

number of boreholes did not permit the drilling here and there, hence, only that 

has been included which was found to contribute materially towards a better . 

understanding of the hydrogeology of the study area through the air photographs 

and landsat imageries and previous wells done by PHED and CGWB respectively. 

For instance, the new field and laboratory data obtained in the course of a recent 

study by the researchers has also been taken into account hereby managing all 

shorts of problems. A brief review of the work done in other parts of the world, in 

particular aspects of the research, has also been given to make the present work 

more comprehensive. 

The study and · systematic investigations of groundwater potentiality; 

quality and management of the 'Terai' region of Darjiling district located at the 

Mechi-Mahananda interfluve have been included under the present research work. 

The factors, significantly affecting the occurrence, distribution, movement, 

quality, proper assessment, utility and development of groundwater are studied in 

details and the discussions of the results are put under different heads. A detailed 

work of this nature had not so far been undertaken in the district. 

The area is suited for a study of this nature as it presents a combination of 

almost all the conditions likely to affect the occurrence, distribution, movement, 

recharge to, discharge from, aspects related to water quality evaluation, 

perspective planning for development and management of aquifers in this region. 

For instance, the effect of influent seepage from surface water bodies, including 

streams and canals and of intensive pumping from a large number of tubewells, 

can be studied here in details. The data in sufficient amount are available as 
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regards rainfall, evaporation and transpiration, soil moistur.e, surface rur1-off etc. 

Whereas, data as regards hydrogeologic properties of water-bearing materials, 

water table depths, well logs, groundwater flow etc. is very meager. Further more, 

the available data are almost all in an unpublished form scattered over a large 

number of offices and their collection, becomes very impedimenta! and time 

consuming. 

Under the present investigation, an intensive fieldwork has been 

undertaken in the area for studying the topographical, geological and 

hydrogeological features. In this connection, the measurement of water table 

depths, canal and wells discharges, physical and chemical test for water quality 

was undertaken. Further core-samples of deep tube wells borings were collected 

. for studying their mechanical analysis as well as their hydrogeologic properties. 

The total research work has been divided into ten chapters. The 

Introduction deals with the history and development of groundwater potentiality in 

study area. The names of the authors who are the main contributors of the subject 

have also· been mentioned therein. It also includes the location and extent, the 

previous investigations, the -period covered, the scope and the methods of 

investigation. 

Chapter-I is related to the physical setting of the area including drainage, 
' 

climate and climatological water balance, soil, vegetation types, forests, 

agriculture, natural resources, occupation of the people and landuse. Chapter-IT 

entitled geology, which deals with the surface, and sub-surface geology of the 

terai region of Darjiling district. The major part of the study area lies in the 

foothills of Darjiling Himalayan range, whereas, only a small part in the southern 

portion of the study area lies in the Gangetic plain, hence the geology of the area 

is very complex. Chapter-III is related to a study of the sources, distribution, 

means of supply and assessment of·water resources. It reveals the techniques of 

analyses have been discussed for the measurement of magnitude of area and 

shape, relief, linear properties and hydrological characteristics in relation to the 

morphological parameters. Chapter-IV gives the results of the mechanical 

analyses of deep tubewell samples, collected in the course ofdrilling from 12 

tubewells situated in the study area. With the help of this analysis, the 
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hydrogeologic properties of soils and water-bearing materials in the area have· 

been determined. Chapter-V deals with the wa,ter t~ble and its fluctuations, which 

covers the significance of water table, the location of observation wells and their 

water level records, the depth of water table below the ground, the form of water 

table and the fluctuations of the water table. Chapter-VI is concerned to a study of 

the recharge and discharge of groundwater, and the safe yield of the groundwater 

reservoir. The study is based both on the 'water table' and the 'general inventory' 

methods, the later also involving a study of the water balance. Chapter-VII deals 

with the groundwater quality, a topic as important as groundwater quantity, with 

emphasis on measures of water quality and interpretation of water analyses. 

Chapter-VIII is concerned with the study of groundwater uses and requirements in 

different sectors and also discussed the groundwater related problems. Chapter-IX 

presents the relative importance, scheme and suggestions for future development 

of groundwater resources. A conjunctive use of the surface and groundwater 

resources management and various conservation practices, suited to the area, in 

context of problems met within the area have been recommended. Water 

consumption and requirements in 2011 AD, in the different sectors of the 

economy have been estimated for planning the future development of water 

resources in the area of investigation. The last Chapter i.e., Chapter-X deals with 

the summary and conclusions derived from the entire present investigations. A 

bibliography of the works referred to in the thesis just after the concluding chapter 

that followed by appendix lists. 

Date : 19th March, 2001 
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INTROD!JCTION 

Water is one of the most important natural resource on which the survival 

and progress of mankind depend to a great extent. It is a renewable 

resource and gets replenished immediately. In view of its wide distribution, low 

level of contamination, constant temperature and availability in the reach of the 

consumers in all seasons, ground water development gets first preference for 

meeting the ever growing demand of water for domestic, agricultural and 

industrial purposes. The distribution of this resource is highly uneven, of which 

97.41 percent of the water on the Earth is contained in the oceans as saline water. 

The balance of 2.59 percent as fresh water is contained in ice caps and glaciers 

(1.953%), groundwater (0.614%), lakes (0.008%), soil moisture. (0.005%), and in 

rivers, atmosphere and biota (0.0005%). Thus, only a tiny fraction of 0.014 

percent of the Earth's total water in lakes. and rivers, and contained in soil 

moisture, atmosphere and biota is available easily to human beings and other 

organism (Maurits, 1989). 

Surface water is generally easy and economical to harness, but its 

availability varies with the seasons and its use for irrigation frequently in its wake 

problems like water logging. On the other hand groundwater is obtainable all the 

year round and its use in conjunction with surface water holds the sub-soil water 

level within reasonable limits and the reservoir can be used to store water in times 

of surplus availability. In the recent years, it is estimated that the principal source 

of groundwater-rainfall, in the investigated area has decreased considerably due 

to deforestation and modernisation. The hydraulic relationship between the 

channel form and related processes is also greatly modified because of ignorantly . 

built embankments, dikes, etc. on rivers, extraction of gravel and sands from river 

beds, dumping of wastes, etc. made these rivers more erratic in their behaviour 

especially during the season of peak discharges which results the siltation, 

flooding, bank erosion, shifting of channels and deteriorating water quality in the 

study area. Moreover, when a severe drought gripped the area it became 

imperative to search for the only alternative resource, the groundwater for 
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household and agricultural use from time to time. Under the circumstances the 

studies have been taken up to solve the groundwater problems on the investigated 

area as a whole its availability in round the year, its quality for different uses and 

the proper management of the valuable resources is the need of the day. 

HISTORICAL REVIEW 

The literature on historical development of origin of artesian wells, springs 

and groundwater is available in many famous treatises, written by famous 

workers-Meinzer, Baker, Freeze, Horton, Tolman, Todd etc. (Banerjee, 1980). 

The importance of groundwater supplies to the tribes of Israel is illustrated in the 

pages of Bible. Tolman (1937) described the large underground water tunnels or 

Kanats, in Persia arid Egypt dating from 800 BC. Thus from very early times 

philosophers and earth scientists tried to develop and recognise the source of 

springs and groundwater. 

Though groundwater was exploited from the earliest times there was a lot 

of misunderstanding regarding its origin, occurrence and movement. The Greek 

and Roman philosophers put forth several theories about this from time to time. 

Early Greek philosophers like Homer, Thales and Plato believed that the sea water 

traveled bellow the mountains and was purified and raised to the surface to appear 

as springs. Aristotle suggested that air condensed into water inside the mountains 

and emerged as springs. The German astronomer John Kepler suggested as late as 

in the 17th century that the earth took in the water of the Ocean like a huge animal 

digested it and discharged the end products as groundwater and springs. A clear 

understanding of the hydrologic cycle was achieved by the laterpart of the 17th 

century. An English astronomer-Edmond Halley, showed that evaporation was 

sufficient to produce enough water to feed all the springs. The advancement of 

knowledge to the subject of groundwater mainly took place after the fundamental 

principles of geology has been established near the end of the 18th century. In 

fact, the occurrence, movement and distribution of groundwater are all controlled 

by the geology of the formations through which groundwater moves. 

Groundwater hydrology evolved as a definite science in the 19th century. 
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• 
The French hydraulician Henry Darcy who can be said to the father of 

g~ohydrology discovered the laws ofgroundwater movement. Jules Dupuit and A. 

Theim developed formulae for flow towards wells. Towards the end of this 

century Phillip Forchheimer, W. Whittaker, W. Badon Ghyben, C. S. Slitcher, 

P .Otozky, Alexander Lebedeff applied the potential theory and the Laplace 

equation to flow water through porous media. Detailed Groundwater 

investigations in America by U.S. hydrologists began in the last decade of the 

19th century. Among them mention may be made of Robert T. Hill, N.H. Darton, 

T. C. Chamberlin, Allen Hazen and f .. H. King and many others initiated the 

scientific study of groundwater . 

. The 20th century has been painstaking refinements in the methods of field 

investigation and interpretation of data collected, laboratory methods of 

investigation of hydrologic characteristics of water-bearing materials and the 

developments of methods of making groundwater inventory. Due to an increase in 

the activity in hydrologic investigations in recent years in different countries of 

the. world, several national and international organisations have been established 

to coordinate the research regarding this and related subjects. The International 

Association of Scientific Hydrology has been conducting significant work in this 

direction. The U. S. Geological Survey and Groundwater Hydrology Section and 

American Geophysical Union have been active in developing and investigating 

groundwater. At present various hydraulic and hydrologic laboratories in different 

countries of the world, adopted groundwater studies as one of the most important 

branches of research. Many Europeans have participated with publications of 

either specialized or comprehensive works. 

The development of water resources seems to have started first in India by 

means of open wells for irrigation and drinking water were in common use as 

early as in the Mahabharata period about 6,000 years ago. In the ruins of Mohan

jo-daro and Harappa dating back some 5,000 years, public and private baths have 

been discovered with ceramic pipes for water supply and brick conduits under the 

streets for drainage. Several ancient tanks are still in use of irrigation in India. 

Recent researches have shown that Punjab was the first in India to have any 

human habitation. The first civilization to rise in India was the Indus Valley 
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Civilization of which Punjab constituted a major territorial unit. In this context, 

Russian Scientists-have demonstrated that bread wheat originated from Punjab 

between Hindu Kush and Himalayas. Irrigation was practiced during this time by 

various means like dug wells, tanks and canals in different periods of the history

which was before 2000 BC prior to even the Aryan Culture and the dug wells 

were experienced of a large diameter having a depth not exceed 50 meters. In 

India, the first tubewells were sunk in 1935 in Uttar Pradesh and since then 

groundwater has progressed by leaps and bounds. 

The first attempt to obtain artesian water in West Bengal was made in 

Calcutta in 1904 and the first deep boring was approximately 147 m located at 

Fort William, Calcutta in 1938. Medlicott (1881) expressed the probability of 

existence of artesian conditions in the plains of Upper India by assuming the 

presence of continuous "Bhabar" like deposits of coarse sand, gravel and shingle 

under the alluvial clay overlying immediately the bed rocks beneath the 

sediments. But Oldham (1884) was not convinced and differed this argument and 

bo.red two artesian wells at Port Canning (79m) and Chandemagore (73m) on 

experimental basis. With the establishment of the Geological Survey of India 

(GSI) in 1851, investigation on groundwater problems became a part of its various 

activities. During the early part of its existence, the investigations were primarily 

directed at local specific water supply problems of which tempo was rather slow 

before forties of this centuries: But the systematic geohydrological survey of the 

country was perhaps most actively felt during the 2n~ World War because of its 

important strategic position in the world. With the attainment of Independence in 

194 7, the national Government laid importance on the assessment of water 

resources of the country. Concurrently with the large scale river valley 

development programmes, the need for assessing groundwater resources was also 

acutely felt in different parts of this state (Chatterjee, 1967). But the intensive 

geohydrological investigations started since 1953 when the Government of India, 

in collaboration with Technical cooperation Mission of U. S. A., undertook 

extensive test drilling for exploring groundwater resources of the country and to 

delineate the area suitable for groundwater development for agriculture and other 

uses (Banerjee, 1969). 
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The status of the study area underwent drastic changes with the discovery 

of Darjeeling around 1829 (Ban~rjee, 1980) whose bracing climate and strategic 

location drew strong fascination from the Britishers. The hardrocks of the are~ 

were not considered at all suitable for groundwater exploration till the year 1975. 

Because the highly pervious nature of deposits in the "Terai" area, the recharging 

water percolates down rapidly and the water table, therefore occurs comparatively 

lower down rangirig from 2.5 to 4.0 m b.g.L Intensive geohydrological investigations 

were started from 1959 in the study area (Banerjee, 1967) by G.S.I. and later the 

efforts for exploring groundwater resources through exploratory drilling were 

taken up by the West Bengal Public Health Engineering Department (PHED) of 

Siliguri Sub-division since 1978, which was followed by a number of Central & 

State Government Organisations and installation of tubewells were taken up on a 

growing scale since early nineties at a depth ranges from 78 m to 310 rh below 

ground level (b.g.l). 

In Asiatic countries, as far as groundwater study is concerned, India 

became too prominent. The recent increase in the study of developing 

groundwater resources in different parts of the country is due to the increasing 

emphasis being laid on the agricultural development of the country. At present in 

India, a number of hydraulic and hydrologic laboratories and research centers 

have taken groundwater investigation as one of the most important branches of 

study. Among these, the names may be mentioned of Central Water and Power 

Research Station (CWPRS), ;poona; Central Ground Water Board (CGWB), 

Haryana; Geological Survey of India (GSI), Calcutta; Centre for Study of Man & 

Environment (CSMEC), Calcutta; and Groundwater Division, Irrigation Research 

Institute, Roorkee, reputed and well recognised one by all. 

STUDY AREA 

The Terai area of Darjeeling district, area under investigation is situated in 

the northern part of West Bengal, India. According to recent census, the 

Darjeeling is better spelled as Darjiling (Census, 1981 ). It covers mostly the thick 

alluvium and partly the piedmont plain of Mechi-Mahananda interfluive which is 
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referred to as chicken neck (Fig.-1). It lies between 26°26'N and 26°50'N latitude 

and 88°05'E and 88°27'E longitude and is represented by parts of the Survey of 

India (SOl) toposheet No. 78B/1, 78B/2, 78B/3, 78B/5, 78B/6 and 78B/9 on the 

scale of 1: 50,000. On its north and north-eastern side lie respectively, the state of 

Sikkim and the territories of Bhutanese Kingdom. On its western side lies the 

territory of Nepal. On its east and south-eastern side lie, respectively, the district 

of Jalpaiguri and Bangladesh territories. On its southern side lies partly the district 

ofNorth Dinajpur and partly the state of Bihar. The study area on average 35 kms 

in length (north-south) and 24 kms in breadth (east-west). It is approximately 

"rhomboid" in shape, enclosing an area of about 833 km2
. The area of 

investigation is divided into four administrative blocks-Matigara, Naxalbari, 

Kharibari and Phansidewa and Siliguri Municipal Corporation (SMC) of which 

covers 379 villages all over the area (Fig.-2). The locality index is given in the 

Appendix-!. The areas under review are well connected by roads and railways. 

Most of the interior villages are connected either by metalled or unmetalled 

motorable roads. 

PURPOSE AND SCOPE OF THE STUDY 

The study attempts an inter-disciplinary approach falling within the field 

of Hydrogeology, Geomorphology and Environmental geology. A comprehensive 

investigation was taken up with a view to repressing the occurrence of 

groundwater, depth and forms of water level, seasonal fluctuations in water levels, 

the quality of water available from shallow and deeper aquifer zones and to study 

the feasibility of further exploitation in the area. 

Besides these, long term studies on the surface water resources, their 

nature and stability, precipitation spread, frequency and intensity, surface 

evaporation, run-off and discharge, together with studies on infiltration, 

percolation and groundwater recharge on a regional scale must also be 

coordinated with the data available from drilling and testing records to facilitate a 

complete interpretation of the same for forming the basis of the regional 

groundwater potential evaluation. Attempts also have been made to speak about 
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statistical optimization for cost effective drilling depth for shallow bore wells in 

the study area. This may also be beneficial to the planning, development and 

management of watersheds and interfluves and above all, provide man with a 

better place to live in. 

PREVIOUS WORK 

Geological investigation in Darjiling and the adjoining areas began in the 

middle of the last century. Hooker (1854) traced the regional domal picture of the 

geniuses and observed the overlying sedimentary bedding. The region has, 

however, attracted the attention of earlier famous geologists from time to time but 

a very few published records on the groundwater geology of the study area are 

available. The first systematic groundwater investigations in this area was 

undertaken by Banerjee (1969) of the GS1 in 1958-59 four exploratory bore holes 

were drilled at Salbari and Padajole under the India-USA Operational Agreement 

for the assessment of groundwater potentialities and qualify for irrigation and 

related purposes. A geophysical survey was carried out by Stanvoc Oil Company 

in 1982 located at Male of the district employing earth resistivity and refraction 

seismic method but no comprehensive report has been published so far. 

A number of short-term investigations have been carried out during the 

last three decades for tackling the problem of water supply at different sectors in 

the study area. Among them Roy, A. K. (1974), Jana & Dutta (1996), Jana & 

Haque (1999) are recognisable. In the recent years, Public Health Engineering 

Department and Central Water Commission (CWC) and other research institutions 

of the district have drilled more than 20 nos. of exploratory bore holes in the study 

area upto 20m depth from b.g.l under the iron elimination plant programme and 

most of the deep tubewells are working very good without any teclmical problem 

arises and the quality of water is standard for all types of uses. 

OBJECTIVES 

The field work for the groundwater investigations was made continuously 
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for two consecutive seasons-1997 and 1998. Best efforts were made to approach 

all the possible spots to visualise the geological setup and record the important 

hydrological parameters of the area into two phases. In the first phase the nature 

of the shallow groundwater body was studied by inventorying more than 1209 

open dug wells and the second phase of the investigation commenced with the 

drilling of the exploratory bore holes. The major objectives of the research work 

will be as follows: -

~ To observe the physical features of the study area for better understanding of 

the sub-surface water resources. 

~ To collect the lithological logs and geological information to determine the 

thickness, extent and the behaviour of the principal aquifers of the area. 

~· To study the fluvial dynamics of the major rivers with respect to their channel 

forms and related processes. 

~ To make assessment of groundwater potentialities by conducting proper 

hydraulic characteristics of aquifers. 

~ To identify the water table fluctuations and their implications for equity and 

sustainability. 

~ 

~ 

To identify the detailed inventory of existing tubewells and dug wells for the 

determination of the extent to which ground water in the area could be used 

for different purposes and their proper balance. 

To collect the water samples from different sites in the area for proper geo

chemical assessment. 

~ To make assessment of the existing quantum of annual utilization of 

groundwater for irrigation, domestic, livestock and industrial uses-their 

related problems and remedial measures. 

~ To suggest developmental, conservational and inanagemtfnt strategies for the 

restoration of the gee-ecological stability of this strategically important tract of 

the country. 
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METHODOLOGY 

-For an appraisal ofthe groundwater resources of the study area depending 

upon the above mentioned objectives the following types of hydrological and 

geological information, methods and appliances are needed: 

a) Basic Data Collection : 

i) Different types of maps from SOl, GSI, ewe, PHED & eGWB 

were used for the preparation of the base map of the study area. 

ii) Data has been collected from satellite imagery geocoded (IRS-Ie 

LISS III ofbands 2, 3 & 4 of scale 1:50,000) date Jan 26, 1999. 

iii) Review of literature from different libraries in India & Bangladesh. 

iv) Data has been collected regarding physical aspect, climatological, 

population an.d ecological data from secondary sources. 

b) Field Observations : 

i) · Study sites in the piedmont and alluvial plains of the study area 

based on geological, hydrological and remote sensing techniques 

had been identified and data had been collected for analysis. 

ii) Flow of groundwater and level were measured by seasonal 

observations from the field and for the consecutive years. 

iii) Soils and water samples from the different sites were collected 

from the field at different seasons. 

c) Laboratory Works: 

i) Different chemical and physical properties of the soil and water 

samples were measured from a number of research laboratories. 

d) Table Works: 

i) Different types of maps and diagrams were prepared based on field 

data, result from analysis of the soil and water samples and other 

information from the different sources. 
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LIMITATIONS OF THE STUDY 

Needless to say those limitations had been many and handicaps numerous. 

Drilling and testing methods left much to be desired and naturally lacunae crept 

into the panel of data that baffled the scholars while processing and interpretation 

of the same were taken up. Lack of equipment for individual aquifer testing 

proved' a serious handicap in the assessment of the aquifer potentialities while the 

restriction on the number of brothels did not permit the drilling of the maximum 

of observation wells to find out the extent and continuity of the hydrogeological 

characters of the aquifers penetrated boreholes. 

Moreover, the entire programme for the present work involves intensive 

fieldwork near the border areas of Nepal and Bangladesh territories. The two 

countries are separated from study area, respectively by the Mechi River in the 

West and Mahananda River in the east. Surveying the rivers at these border points 

will not be easy, as it is difficult to procure the permission for survey at these 

reaches. Along with the fluvial processes, other geomorphic processes also have 

molded the landforms. Major parts of the landforms in the area are fluvial origin. 

Hence, more emphasis has been given to such landforms. Moreover, the major 

rivers have their origins in the hills, which ext~nd beyond the study area. Thus, the 

channel behaviour depends, to some extent, upon the conditions prevailing in the 

upper part of the respective basin. Whatever the reasons, the study area is under 

the threat of deteriorating hydrogeological conditions of the rivers. Since no 

detailed and intensive work of this kind has been done in this area, the review and 

references work will become difficult. However, the researcher has to take 

endeavor for all possible measures to procure relevant information during the 

course of such fieldwork. 

DATA COLLECTION AND COMPILATION 

The data on each well include formation log, depth drilled and depth of a 

finished well, granular zones tested individually or cumulatively, cumulative 

discharge, drawdown, static water level, coefficient of different parameters, 

quality of water from each individual zone and its utility for several uses. The 
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distances at which the wells do not interfere when operated simultaneously are 

known as optimum dis_tances and th~s~ are determined for dug, dug-cum-bore or 

tubewells. The wells are therefore, to be tested for discharge and drawdown. It 

may be mentioned that data on the existing tubewells in the State's different 

organisations have rarely been kept or maintained accurately .. Complete data, 

when compiled accurately for individual area and basin facilitate in compiling 

individual or cumulative piezometric and quality maps for the confined aquifers. 

The information will help both the groundwater geologists and stratigraphers to 

arrive at a more satisfactory basis of geologic correlation. 

DESIGN OF THE THESIS 

The thesis has been designed in the following format : 

CHAPTER-I 

CHAPTER-II 

CHAPTER-III 

CHAPTER-IV 

CHAPTER-V 

CHAPTER-VI 

CHAPTER-VII 

CHAPTER-VIII 

CHAPTER-IX 

CHAPTER-X 

INTRODUCTION 

BACKGROUND OF THE STUDY AREA. 

,GEOLOGICAL SETTING OF THE STUDY 

AREA. 

HYDROLOGICAL NATURE AND THEIR 

RELATION WITH DRAINAGE VARIABLES. 

PROPERTIES OF AQUIFER MATERIALS. 

WATER TABLE AND ITS FLUCTUATIONS. 

GROUNDWATER CONDITIONS. 

WATER QUALITY AND ITS GEOCHEMICAL 

ASSESSMENT. 

UTILIZATION OF GROUNDWATER AND ITS 

RELATED PROBLEMS. 

CONSERVATION, MANAGEMENT AND PLANNING 

FOR GROUNDWATER DEVELOPMENT. 

SUMMARY AND CONCLUSIONS. 
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INTRODUCTION 

CHAPTER-I 

BACKGROUNDOFTHESTUDYAREA 

Geomorphology plays a significant role to understand the relationsh~p 

between exogenic and endogenic forces that have shaped the landforms. 

The topography reflects the magnitude, intensity, frequency and duration of 

endogenic acting on them. Landforms are the end products of endogenic and 

exogenic forces. The consequent effect of vertical and horizontal movements are 

seen in the form of joints, faults, folds, thrusts, ruptures and lineaments in regional 

as well as local level, along which energy is releasing. So landforms are the 

topographic expression on the earth's surface and their evolution is associated 

with such forces and the lithology. As a preliminary to the investigation of the 

stratigraphical or the geological history of the area concern, it is more or less 

imperative to take note of the background of the study area esp~cially, in respect 

of physiography, drainage, climate, soil, vegetation and other features, as these are 

usually an expression of its subsurface structures or the structures that lie 

concealed beneath the soil (Mehdirath, 1967). 

1.1 PHYSIOGRAPHY 

The study area about 35kms in length and 24kms in width is a monoclinal 

structure. more or less parallel to the foothill of the Lesser Himalayas in the no1ih. 

As the area guided by the high hills of the Lesser Himalayas in the north and 

gentle alluvium in the south, so the major parts ofthe study area is composed of 

unconsolidated material, derived from the Himalayas and brought down by the 

rivers originated from these hills. The average surface elevations along the N-S 

direction are respectively 350m and 30m above mean sea level (Fig.-1.1). The 

general slope of the area (0°54' to 22°58') is north-east to south-west directions. 

Studying the cross-sections, it is visualised that there are a number of 

break-in-slopes and variation in slopes at different heights indicate the area under 
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tectonic activities. On the basis of slopes, contours and cross-sections, nature of 

erosion, composition of materials and drainage characteristics, the study area is 

divided into three micro-divisions (Fig.-1.1 ). 

a) Structural Hills : 

A small northern portion of the study area which is a part of Siwaliks 

formation are forming hogbacks and cuestas having high relief of rugged profile 

with some structurally controlled drainage. The general height of the Siwaliks is 

more than 260 m above mean sea level. Headward erosion by the rivers in the 

Siwalik, scarp face and moderately steep slope in the higher part of the hills are 

significant features in the study area. The dip direction is toward the south-west 

and parallel to the topographical slope. As a result, flat topography has been 

formed in the lower part of the hill and the higher part is highly dissected by the 

streams and rivers. The structural hills is highly forested. The ravenous part of this 

hill comprises of grit stone, gritly·sandstone, conglomerates, boulders, sandstones, 

clays cemented by arenaceous materials which are more or less compact and 

coherent. 

b) Piedmont Plains : 

Long sloppy lands· from the hills to the plain which is known as piedmont 

plains are originated from materials of the Siwalik as well as the Lesser 

Himalayas. On the basis of contour height, slope and composition of constituent 

materials, the piedmont plain has been divided into two parts - (i) lower piedmont 

plain and (ii) upper piedmont plain. It shares a very large part of the study area. 

i) Upper piedmont plain : This plain is a depression part of the Lesser Himalayas 

and is filled with unassorted boulders, cobbles, pebbles, gravels, sands, silts and 

clays. Its general height ranges from 200 - 260 m from north to south facing. 

ii) Lower piedmont plain : This plain is filled with unconsolidated materials like 

loose sands, gravels, silts and clays. The average height of this plain ranges from 

120-200 m and having a moderate to gentle slope toward the southward direction. 
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c) Terai Plains : 

It is located south of the piedmont plain with a gentle southerly slope. The 

junction of the Terai plain and the piedmont plain is well marked by the presence 

of a spring line from where originate a number of springs. This plain covers a 

large part of the study area. The general height ranges from 40 m to 120m above 

mean sea level. The entire plain is highly cultivated with irrigated water. It is 

composed of sands, silts, clays and somewhat alteration of gravels & pebble beds. 

This micro-division has been further classified into two categories. 

i) Plains : The plain is composed of the alluvium brought down by the 

Mahananda, Balason and the Mechi rivers and their confluence. The alluvium 

consists of river borne materials viz. sands, silts and clays with lenticular 

intercalation of gravels. It also contains some impure beds of peat the product of 

drifted vegetation. This zone consists of a few conspicuous topographical features. 

The general slope is from north to south. A number of shallow local depressions 

forming swamps and lakes are scattered in the plain. Physiographically, the area 

could be divided into-(a) the upland plains of older alluvium and (b) the low 

land plains of newer alluvium. 

(a) Upland plain : -The upland plains of older alluvium, occupying a major part 

do not get inundated during the floods. It contains lumps, nodules and concretions 

all irregular in shape, composed of impure calcareous matter segregated through 

the agency of underground water. It is mainly composed of sands, silts and clays 

and is intensively cultivated. 

(b) Low land plain : -It is located adjacent to the drainage lines and is subject to 

flooding during the rainy season in each year, when fresh silt and loam are 

deposited having light in colour. After the floods, the soil becomes moistures and 

winter cultivation do not require any irrigation. 

ii) Terraces : The terraces are divided on the basis of levels and origins. Vertical 

bluff is seen distinctly at various places separating fan cut terraces from river -

terraces. The general height varies from 35 m to 60 m and the slope is very gentle 

and having southerly face. The entire plain is highly cultivated with the help of 

irrigation. Terraces may be further classified into two groups- (a) River terraces 
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and (b) Alluvial fan terraces. 

(a) River terraces : -River terraces are indicating different levels of older flood 

or low land plains that have undergone repeated upliftment due to changes in long 

physical, climatic and tectonic conditions. Terraces at different levels are quite 

prominent in the Mahananda, Balason and Mechi rivers (Fig.-1.1). It is composed 

of pebbles, cobbles, sands, silts and clays is almost common. The vertical bluff 

between the terraces in the upper level is higher than that of the lower level. Due 

to high fertility, the river terraces are intensively cultivated with different types of 

crops and the multiple cropping is a possibility as most of the river terraces have 

high irrigation facility by channelising the river water. Wide terraces are found in 

both Mechi and Mahananda Rivers. The river terraces are horizontal and these are 

different from sub-recent fan terraces. The river terraces indicate non-cyclic 

deposition. High level river terraces of the Mechi river is composed of rounded 

and sub-angular boulders mixed in coarse matrix embeded in red clay. 

(b) Alluvial fan terraces : - Geomorphologically, these were under intensive 

fluvial action. As a number of fluvial forms were developed. Alluvial fan terraces 

on both sides of the rivers have played an important role in formation and 

modification of landforms. Alluvial fan terraces are composed mainly by boulders 

and pebbles embedded by sand, silt and clay. The colour of fan materials on river 

cuttings are generally black and yellow which are clay materials. 

1.2 DRAINAGE 

The study area is drained by a number of rivers and rivulets (Fig.-1.2). 

The course of these rivers is generally from north to south conforming to the slope 

of the land surface and across the area from west to east. The area has two types of 

drainage system-one has its origin in the hills beyond the study area and the other 

originating in piedmont plains through seepage and whose prominence is 

· generally determined by the water table fluctuations. All the rivers have large 

catchment area in the hills with their tributaries originating from the higher Sub~ 

Himalayan Mountains in the north. After cutting down the ridges and mountain 

ranges, they debauch into the plains of terai carrying huge load of sediments in 

14615!7 

1 a MAR 2ffi2 
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suspensiOn and traction (Jana, 1996). The rivers are convergent in the hills 

whereas they are divergent in the piedmont plains. Most of the bed-loads in the 

form of clastic are deposited in the foothills as fan deposits. Coalescence of such 

fan deposits of various rivers gave rise to the vast piedmont plains of terai 

(Banerjee, 1980). Overall drainage pattern of the rivers is braided type due to 

heavy load of sediments on the river beds. As the river passes through high 

gradient in upper catchment, so runoff during rainy season in the upper reaches of 

the rivers is rapid and violent. Soil erosion and landslide problems are quite 

serious in the hill slopes due to high velocity of accumulated water. The riverbed 

siltation and consequent rise of the bed level in the lower reaches pose a real 

threat to the inhabitants of the flood plains of the southern part of the study area. 

On the contrary, the rivers and rivulets become dry during winter season resulting 

in scarcity ~f water in the southern part of the principal river basins. Three major 

rivers are Mahananda, Balason and Mechi. 

a) Mahananda : The eastern boundary of the study area known as the 

Mahananda River, finally which flows into the Ganges. The source of the 

Mahananda River is the mountain of Mahaldiram, to the east of Kurseong. Its 

catchment area receives a high amount of rainfall in monsoon. After debouching 

the hills, the Mahananda flows south as far as Siliguri, where it changes its 

direction to south-west and forms the boundary between the study area and 

Jalpaiguri district and finally it enters into Bangladesh through Chapai Nawabganj 

District. 

b) Balason : The Balason originates near Ghoom-Simana ridge and its valley of 

west Kurseong is larger than that of the Mahananda, although it does not receive 

heavy rainfall. After entering into the Terai, it divides into two streams - old and 

new Balason of which new Balasonjoins the Mahanandajust below Siliguri. 

c) Mechi : On the extre,_me west of the study area is the Mechi river, part of 

district boundary with Nepal; whose chief tribut~ry comes from Nepal and brings 

down much detritus into the Mechi. 

The drainage system of the study area have a profound effect on forming 

of lithologic status. But the climate of the region controls drainage. So it is very 
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important to study of climate in the area. 

1.3 CLIMATE 

The climate is pronounced the continental characters i.e., extreme summer 

heat alternate with extreme winter and it plays an important role in deformation of 

rocks and underlying strata. It is noted that rainfall controls the drainage pattern 

and density in an area. The study area enjoys a humid sub-tropical monsoon 

climate which indicates the seasonal rhythms. Three distinct seasons viz. winter or 

post-monsoon, summer or pre-monsoon and rainy or monsoon are well identified 

in the area. The winter which is severe lasts from November to February. 

Succeeding the winter, the dry hot spell continues till the onset of monsoon i.e., in 

the first week of June. During the summer hot winds are common in the area. The 

rainy season which begins from first week of June when the monsoon sets in 

extends upto October. Rainfall, temperature, humidity and evaporation are most 

important elements of climate and these are very much prominent in the study 

area giving micro-climatic variations. Some of the parameters of the special 

weather phenomena of the study area, as recorded in Terai Meteorological 

Observatory located at Gangaram Tea Estate Compound in Phansidewa Police 

Station (P. S.) is shown in Table 1.1. 

a) Temperature : 

The hottest month in the year 1998 was May and the coldest month was 

January (Table-1.1). But generally hottest months are May and June. During these 

months, temperature occasionally rises up to 3 9°C. The coldest months are 

normally December and January. Lowest temperature in some years touches 

below 7°C. So high variation between the highest and lowest temperature is 

observed (Fig- 1.3.a). Mean daily maximum temperature rises continuously from 

January and attains a peak value in May. Then the temperature begins to fall and 

continues upto the month of July after which again a slight rise of temperature is 

noticed from July to August and September after which temperature decreases 

continuously till the minimum is reached in January. Increase of temperature 
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No. of Average daily Average 

Month Rainy 
Rainfall temperature° C relative Evaporation 

days 
inmm humidity in total in mm 

Max Min Mean % 

Jan - - 21.1 8.4 14.75 70.0 1.1 

Feb 02 15.1 25.1 11.9 18.50 69.5 1.5 

Mar 04 156.9 30.6 16.9 23.75 68.0 2.2 

Apr 10 174.3 32.6 21.7 27.15 71.0 2.6 

May 09 197.4 34.4 24.6 29.50 73.0 3.2 

Jun 23 782.4 32.6 24.7 28.65 80.5 2.3 

Jul 31 1284.2 29.4 24.5 26.95 82.5 1.0 
c 

Aug 28 1289.1 31.4 24.5 27.95 82.0 1.5 

Sep 17 447.8 32.9 24.8 28.85 80.0 2.2 

Oct 07 144.4 33.0 23.0 26.50 72.5 2.0 

Nov 02 28.8 32.1 19.1 25.60 71.5 2.3 

Dec - - 28.1 12.5 20.30 68.5 2.1 

Source: Terai Meteorological Sub-station, Gangaram T. E., Phansidewa P.S., Siliguri, Darjiling . 

Vapour Sunshine 
pressure in Brightness 
mm (Avg.) per day hr. 
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(daily) from January to May is attributed to the increase and rapid isolation of 

solar radiation, in summer season. The fall of temperature from May to June and 

July is obviously due to the break of general rains which decreases the 

temperature, so to make idea of solar radiation in June by seeing the temperature 

level will not be correct because the decrease of temperature from May to June is 

not due to decrease of solar radiation but due to break of general rains. This fact 

will more clear when a slight increase in temperature from July to August will be 

noticed (Fig-1.3.a). This increase is obviously due to the retreat of monsoon rains. 

The rapid decrease of temperature from October onward is due to the approach of 

cold season that is due to rapid decrease in isolation of solar radiation. 

b) Rainfall: 

The terai region r~ceives most of its rainfall from the south-west monsoon 

during June to September. Except for the winter both summer and rainy seasons 

are quite oppressive. From the rainfall data which is sui111Ilarised in Table-1.1, 1.2 

and 1.3, show that the area receives fairly high annual rainfall. From the analysis 

of four meteorological stations within the study area from 1977-1998 reveals that 

the precipitation is adequate for the study area. The mean annual rainfall varies 

from 3339mm at Gangaram T.E. to 5508mm at Lohargarh (Table-1.2) indicating 

that the rainfall gradually increases in the area from south to north and shows a 

fluctuation of annual rainfall within the period (Fig.-1.4). The maximum rainfall 

in the area ranges from 5091 to 8048mm and minimum recorded rainfall ranges 

from 2143mm to 2757mtn: The number of surplus and deficit years are equal, 

hence they balance each other. There is neither a number of excessive years with . 

rainfall exceeding twice the mean and nor a number of years of rainfall less than 

half of the meim, hence no need to compensate for the balance of water. The 

annual rainfall in the 22 years span indicates that the area lies in highly 

recha.rgeable zone . 

Inspite of the high annual rate of evaporation, the area is not dry because 
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Table- 1.2 : The salient features of the average rainfall records of the four rain gauge stations (mm). 

STATIONS 

Gangaram T. E. Lohagarh T. E. Mohurgong T. E. Simulbari T. E. 
DETAILS 

Meteorological Meteorological Meteorological Meteorological 

sub-station. sub-station. sub-station. sub-station. 

Year of Records 1977-1998 1977-1998 1977-1998 1977-1998 

Average annual 
3339.36 5508.32 3489.74 4997.31 

rainfall 

Max annual 6095.50 8047.90 5091.10 7115.30 

rainfall & Year 1982 1998 1984 1984 

Excess over 
2756.14 3736.00 1594.92 2393.54 

mean rainfall 

Min annual 2142.60 2703.30 2450.20 2757.30 
~·· 

rainfall & Year 1978 1977 1982 1981 

Deficit from 
1196.76 160.8.60 1045.98 1964.46 

mean rainfall 

No. ofyears with 

rainfall 

exceeding over 10 13 12 12 

mean annual 

rainfall 

No. ofyears with 

rainfall less than 
12 . 09 10 10 

mean annual 

rainfall 

No. ofyears with 

rainfall 
Nil Nil Nil Nil 

exceeding twice 

the mean 

No. ofyears with 

rainfall less than Nil Nil Nil Nil 

halfthe mean 
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of the nature of precipitation during the four month period between June and 

S_eptember (Table -1.3). July is generally the wettest month. The rains start late in 

June and stop by the end of September or early October (Fig.-1.5). Number of 

rainy days is more in a month during June to September and there is a little 

rainfall in winter season also. But these winter rains are of great importance for 

agriculture and of less importance for ground water recharge and surface storage. 

During the high rains in the monsoon period, all the rivers are in spate and 

overflow occur frequently in the neighbouring areas and sometimes in the other 

countries of the rivers causing great damage to the lands and crops. 

c) Humidity: 

The Figs.l.3 .b & c show that March is the month of least relative humidity 

and July is the month of maximum relative humidity. The rapid decrease of 

relative humidity from January to March is obviously due to rapid increase of air 

temperature, after which the relative humidity increases and reaches its maximum 

in July. This increase must be clearly attributed to the break ·of monsoon rains, 

which increases the moisture content of the air of study area. The decrease of the 

amount of relative humidity from August to December is due to retreat of general 

rains. After December the relative humidity again increases and in the post

monsoon season, it reaches to its maximum value in January. The increase of 

relative humidity in post-monsoon season is partly due to rapid decrease of 

temperature and partly due to the winter rainfalis associated with western 

disturbances. 

d) Evaporation : 

It has been observed that the evaporation is very high during April-June 

and maximum in the month of May i.e., immediately after the winter season. The 

relationship between the relative humidity in percent and evaporation in mm 

reveals (Fig.-1.3d) that there is a inverse correlation between them. During low 

humidity, evaporation is high and vice-versa. Evaporation is also high during 

high temperature so there is a positive relationship between them. Maximum 
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Table- 1.3 : Normal monthly and annual rain fail in mm of four rain gauge station (1977-98) 

Meteorologi 
Ganga ram Lohagarh Mohurgong Simulbari Average -cal Station 

rainfall of 
----+ Tea Estate Tea Estate Tea Estate Tea Estate the four 

Months. stations 

January 13.10 24.30 15.30 23.21 18.98 

February 13.49 46.59 '24.31 37.80 30.55 

March 32.73 53.65 40.05 58.15 46.15 

April 59.74 148.73 98.72 140.31 111.88 

May 227.23 422.93 274.73 376.44 325.33 

June 585.33 1067.31 645.28 971.14 817.27 

- ---

July 974.36 1546.77 945.91 1324.50 1197.89 

August 768.85 948.14 658.62 884.21 814.96 

September 510.17 923.45 624.66 903.00 704.32 

October 123.93 263.68 188.02 224.08 199.93 

November 15.10 48.79 24.56 41.97 32.61 

December 15.31 13.87 13.74 12.54 13.87 

Annual 3339.34 5508.21 3553.90 4997.35 4353.17 

evaporation is in the month of highest temperature i.e., in May. But there is a poor 

relationship between rainfall and evaporation as well as relative humidity in the 

study area. High excess runoff (total rainfall- evaporation) is noticed during rainy 
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season and draught condition IS occurred immediately before and after ramy 

season. 

1.4 SOILS 

Climate directly or indirectly controls the formation of soils which is the 

end product of parent rocks. Structure, texture and other properties of soil depend 

on the parent materials, vegetation cover and presence of humus. Soils usually 

have quite good correlation with the physiographic condition of an area. The 

northern part of the study area is dominated by soils originated from the Siwalik 

formation. On the contrary, the northern part of the area is controlled by the soil 

originated from the piedmont s.urface materials. Soils are erodible and well 

developed in the lower reaches i.e., terraces are generally associated with soils of 

fluvial origin depo~ited through braided channel and are usually very flat and 

cultivated, whereas, the upper terraces have deep soils of fine loamy textures. 

The soils of the study area are divided into two broad groups : (a) Forest 

soils and (b) Terai soils. The forest soils in the hills are brown while those in the 

terai are deep black and grey black. The colour becomes lighter down the profiles 

with decreasing organic content. The fertility of the smaller portion of the hilly 

area is very high but the yield of crops is very low due to their small depth which 

at places may be only a few centimeters. This type of soil is mainly siliceous and 

aluminous with free quartz and sand. It is usually poor in lime, iron oxide and 

nitrogen but fairly rich in potash. Some areas being quite rich in potassium 

derived from muscovite and feldspar present in the gneiss. The pedozolic soil in 

the hilly areas are suitable for cultivation of tea. 

The yields of crops in terai soil are high because of high presence of· 

nitrogen and phosphate. Due to severe leaching by rain water and present of good 

amounts of organic matter, these soils are acidic and pH ranges between 5.0 and 

6.2 and are poor in bases and available plant nutrients. The reserve of nitrogen, 

potash and phosphate are sufficient, but none of these is available to plant as they 

occur in an acid medium. The problem is, therefore, to neutralize the acidity 

without depleting the soil nutrients. Another problerri of the terai soil is the water-
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logging which leads to stagnation of excessive moisture at the root-zone of the 

crop reducing their yield. On the other hand, the drainage of this surplus water is 

likely to deplete the soils of their nutrients. A balanced system of conservation of 

.. soil fertility should, therefore, be evolved, so that along with the removal of the 

detrimental factors of acidity and water-logging, which displaces oxygen from the 

root surface, the present fertility may be kept intact. 

1.5 VEGETATION 

Vegetation depends on climate and soils, hence, there is a good 

relationship between soil and vegetation in an area. In the study area, the 

vegetation is very high and is highly associated with the nature of slopes. The area 

of steep slopes in the north and north-west side i.e., in Sukna, Panighata etc. 

places are thickly vegetated by Simul, mixed Sal-Khair, Siris, Sissoo and large 

and healthy bamboo forest. The area of moderate to gentle slope are more 

conspicuous smaller trees, the wild banana is the most abundant, its crown of very 

beautiful foliage contrasting with the smaller-leaved plants amongst which it 

nestles; next comes a screw-pine with a straight stem and a tuft of leaves, each 3 

or 3.5m long, waving on all sides. In the southern part of the study area having 

gentle slope where soils can easily be rooted compare to the area of steep slopes. 

Gentle slope and high fertility are the major factors for dense vegetation in the low 

land of terai area. Most of the area are vegetated by the abundant bamboo bushes, 

its dense tufts of culms, 30m and upwards high. Twenty or thirty species of fern 

are luxuriant and handsome. Handsome number ofNeem tree are also observed in 

the lower terraces as well as upper telTaces. Weeds and grasses are thickly 

vegetated in the plains of the terai area. 

1.6 LAND RESOURCES 

The important land resources of the study area are as follows : 

a) Land Utilization : The total geographical area of the study area covers 

206,388 hectare (ha) out of which net area sown in 1992-93 was 47,761 ha. The 
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areas under forests and current fallow record gradually decrease, where as net 

sown area ~d area not available for cultivation register marginal increase upto 

1990-91. Prior to independence, when population problem was not acute as it is at 

present, agricultural production was not a problematic dimension. However, with 

the famine of 194 3 and independence 194 7, the agricultural sector was given first 

priority resulting in the extension of cultivable lands through depletion of forests 

and marginal wastelands. Owing to adverse physical conditions obtaining the area 

of investigation namely steep slope, heavy rainfall and landslide etc., cultivation is 

carried on under the great difficulties and a considerable input of labour, chiefly 

manual. 

b) Agriculture : Agricultural conditions of the study area are extremely 

diverse only because of its physical configurations. Agriculture is centre to the 

economy of the study area and represents the basic sector from which a major part 

of the economic growth must originate. So any perspective agricultural planning 

of the district necessarily involves an identification of the major issues and 

subsequently the constraints confronting them. The accelerating growth of 

population has had serious repercussions on her ecological balance. 

In general, the study area is endowed with fertile soil, abundance of water 

resources and a very high ratio of cultivators to land. Inspite of these favourable 

attributes agricultural productivity is still very low with respect to other districts of 

the state. However, significant progress has been made in recent years. But only a 

fraction of the production potential in agriculture has been achieved, leaving scope 

for substantial increase in agricultural production. This is apparent from the fact, 

that at present, only a negligible area is under cultivable wastelands and about 30 

percent under forests. Net sown area amounts 51 percent of the total study area of 

43,202.49 ha (1995) and 20 percent of the total area occupies the tea gardens. So it 

is thus obvious that Intensive agriculture is the only alternative, in which irrigation 

act as a catalyst. Moreover, drought and floods are recurrent phenomena. Hence, 

irrigation is an integral part of water management, appears to be a fundamental 

pre-requisite in an agricultural economy that operates in consonance with 

monsoonic weather. It is also acts as a restorative measure in case of upland 

utilization of water resources by irrigations through the different methods-(a) 
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Canal & stream irrigation, (b) River-lift irrigation, (c) Shallow tubewell irrigation, 

(d) Deep tubewell irrigation, (e) Tanks & ponds irrigation, (f) Jhora & river 

irrigation and (g) Dugwell irrigation. 

c) Cropping Pattern : The crop of the study area broadly fall into two 

groups - (a) the plantation crops like tea and cinchona and (b) non-plantation 

crop like rice, maize, potato, wheat, jute, vegetables, fruits etc. Rice is grown 

extensively in the plains, while maize, potatoes, fruits and some vegetables are 

grown in the upper reaches. Soils are fertile for the cultivation of a variety of 

crops and availability of good quality of water is sufficient except in the months of 

dry season. Raising of one crop a year is commonly practiced under rainfed 

condition. There are two main harvests in a year- (a) the Kharif and (b) the 

Rabi. The Kharif are sown in June to August and reaped from September to

November. Whereas, the Rabi crops are sown in the month of October to 

November and reaped from February to April. In the study area, the rice, amongst 

the other crop, covers the major parts of the cultivated as well as irrigated area. 

Block-wise crop pattern and their geographical distribution are shown in the 

following Table-1.4. 

d) Fertilizer and Pesticides : Due to rapid increase of population and 

continuous decreases of cultivable land and problems of different natural 

calamities, the farmers are trying to produce more crops for the fulfillment of the 

rising demands for the present requirements of the study area through a number of 

popular chemical fertilizers as well as pesticides. The more familiar and common 

chemical fertilizers among the farmers of the terai area are ammonium sulphate, 

Urea, calcium ammonium and ammonium phosphate. For the production of high 

yielding varieties of crops and the fillup of the present situation, there are more 

than 150 fertilizer depot-holders in the study area who handled more than 500-

650 metric tons of fertilizers per year. In recent years, crop production measures 

have been introduced in the study area and the farmers are becoming familiar with 

the use of prophylactic materials like D.D.T. 60%, B.H.C. 12%, Aldrin 8%, Lime

sulphur solution, Folidole, Parathion, Endrin 20 E. C., etc. In 1992-93, 42626 ha of 

arable land was brought under plant production measures and about 275 metric 

tons of pesticides were spent on them. Besides this, in the tea plantation, for high 

yielding production, a huge amount of fertilizers as well as the pesticides are used. 
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1.7 POPULATION AND CULTURE 

A study of population of an area is of great significance since it has a 

direct bearing on the utilization of water resources in the area. The distribution of 

population of the study area is maximum with respect to the surrounding region, 

which was due to the fertility of its soil as also the widespread industrial and 

commercial activities in and around the Siliguri town. Keeping in view the 

supreme role of population in shaping the regional economy and its inevitable 

relationship with the water resources, it becomes necessary to study the various 

demographic elements in a spatio-temporal framework. In such a perspective, the 

important attributes of population distribution, growth or decadal variation and 

·density per km2 are shown in Table-1.5. 

a) Population Distribution : The rural population of the study area is 62 

percent of the total population of 1991 Census and this high percentage is due to 

the dominantly agricultural economy of the area. There are a total of three urban 

centres, with a city corporation under class-I town 

b) Population Growth: The increase in population of different blocks of the 

study area is shown in Table-1.5 during the last one decade. The nature of the 

gr<?wth rate is continuously increasing. The causes of this growth rate of 

population are mainly due to high death rates, owing to epidemics and diseases 

only because of the Bangladesh-Pakistan and later India-Pakistan wars. But the 

rest of the periods record substantial growth of population, which may be the 

result of declining death rates due to improved medical facilities and improved 

standard of living due to increase in irrigation facilities and rural electrification, 

increase in agricultural production, educational development etc. 

c) Population Density : The overall density of population in the study area 

comes to 735 persons I km2 as against 446 in 1991 of Kharibari P.S. (Table- 1.5). 

The rural and urban population densities are 446 and 12713 respectively at 

Kharibari and Matigara block. The spatial patterning of density can be divided 

into three groups-(a) low density : less than 500 persons/ km2 and is recorded in 

Naxalbari, Kharibari & Phansidewa blocks, (b) moderate density : 500-700 

persons/ km2 and is recorded in Newly formed Police Station-Matigara block, 
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Table- 1.5 : Block-wise population distribution, growth and density per km2 of the study area. 

-
POPULATION Percentage of 

"',......_ 
~:::-
00\ 

Name of Area decadal variation ~0\ 
0 .--< 

Police 1981 1991 (1981-1991) 0. '-" 
In >...('.,_ 

Station Km2 ·~ 12 
1::: ... 

Total Rural Urban Total Rural Urban Total Rural Urban 0 0 

0 0. 

V) co t- 0 "<:t N <'1 
Siliguri on "<:t t- t- "<:t t- on ~ c: on 12713 'D "<:t 'D r'1 t- 0\ 0\ t-

r-...: on 0 -.;to r'1 t- 'D r'1 r'1 0 
...-< on ...... on N 'D ...... -.;to on -.;to 

...... .--< N N + + + 

Matigara 
'D V) on 0 t- "<:t on 539 ~ r'1 'D 'D 'D on 0 00 t--: ...... ...... ...... I t- 0 I 

on t- t- -.;to 0 t- 0\ r'1 
...... t- t- 00 00 '<I" + + 

0 on t- t- r'1 '<I" N on '<I" 
Naxalbari t- t- 'D co r'1 t- 'D <""! 00 on 496 

\C) 0 V) ...... -.;to t- N -.;to 0 'D '<I" 00 
0 ...-< N co 0 C> N N N <'1" 
N 00 t- ...... 0\ ...... + + + 

Kharibari 
0 'D 'D N N '<I" '<I" 446 v: '<I" "<:t ...-< .--< ~ ~ 
r'1 'D 'D I 0 0 I r'1 r'1 I 

-.;to ...... ...... -.;to '<I" N N 
...-< on on 'D 'D + + 

0 -.;to -.;to on on N N Phansidewa ~ 'D 'D '<I" '<I" <'"! <""! 448 
-.;to '<I" 0 C> 

N t- t- I 
0 0 I 0 0 I 

...-< C> 0 '<I" -.;to r'1 r'1 
r'1 ...-< .--< ...-< ...... + + 

...... on 0\ 'D .--< -.;to t- ~ ~ t-
Total ...... 0\ C> 00 0 00 ...... 0 -

C'i 00 00 0 ...... r'1 t- '<I" 0\ 
N 0\ r'1 on .--< r'1 M ...... 0\ 

("'") t- 0 'D ...-< 00 ("'") ...... 'D t-
00 "<:t r'1 ...... 'D r'1 N + + + 

Source : District Census Handbook, Darjiling district, Cen~us of India, 1991, Series-26, Par/ XII- B, West Bengal. 

(c) very high density : more than 1000 persons/ km2
, which is recorded in SMC, 

only because of Sub-divisional head quarters belonging block and all types of 

facilities are available here, according to census 1991. 

The vernacular current in the study area is the dialect of Bengali and 

Hindi. Most of the area is controlled by the Bengali language people, except some 

location of the northern part of the study area. In the hills, the upper portion is 

covered by Nepales-e language. The percentage of literacy is rather poor except in 

the Siliguri Municipal Corporation. 



-*---1 

Background of tlte study area 30 

1.8 NATURAL RESOURCES AND INDUSTRIES 

The study area and its surroundings contains a valuable mineral deposits 

mainly consist of coal, copper, iron, graphite, lime and construction materials. 

Except the construction materials, the exploration of which does not appear to be a 

very profitable proposition. Most of the hilly areas, lack of modern means of 

transport, because of which the mineral resources of the area have not yet been 

properly developed. Collieries in the study area raise coal by open cast quarries on 

outcrops of large and small lenticular seams occurring on the hill slopes or river 

valleys. The entire production is consumed by local brick manufacturers. Another 

interesting feature of the coal-fields of the area is the occurrence of natural coke, 

all these features are seen on the banks of the river Balason. 

Iron ores are found within Siwalik sandstones at Lohargarh village having 

a band of a maximum thickness of about 40 m and iron content is as low as 30% 

and only because of this mine, the groundwater contains a huge percentage of iron 

ion. The study area does not possess high class building or ornamental stone but 

the ordinary varieties used for construction purposes by the public works 

departments and the forest departments in local as well as the whole country. The 

hilly parts in the area are moderately forested and the larger timbers have bamboo 

in plenty mixed with a fair amount of Khair, Ebony Sal and Neem. Wild lifes

Elephants, Rhinoceros, Yak, etc. in the wooded parts of the area are significant 

livestock as a natural resources. 

Owing to the vantage location of Siliguri town in relation to the North 

Bengal districts as well as Bihar, Assam, Sikkim, Nepal, Bhutan and Bangladesh, 

its industrial and commercial growth since the partition of India in 194 7 has been 

phenomenal and this trend is likely to be maintained in the future. Tea industry 

was firmly established in the area as a commercial enterprises in 1856 and now it 

is the 2nd largest area of India for tea exporting in the world. Due to its 

topographical behaviour, no remarkably large industries have been established in 

the area. But a number of moderate industries-Distillery factory, Cattle feed plant 

etc. are established in the area. The area is flourished by a number of registered 
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and unregistered small scale industries - like rice, oil, flour, saw-mills, bakeries, 

plywood, furniture, cement clinker, cottage and other industries and some milk 

produced factory. 

CONCLUSION 

From the study of the foregoing chapter it can be concluded that the study 

area is mostly uneven in nature and physiographically it has been divided into 

three units-(a) Terai plains, (b) Piedmont plains and (c) Structural hills which are 

mainly drained by three perennial rivers viz. Mahananda, Balason and Mechi 

having different pattern and texture and the general tendency of migration of the 

drainage channels is eastward. The study area enjoys a humid subtropical 

monsoon climate which indicates a seasonal rhythms. The average annual rainfall 

is 4334 mm with 134 rainy days, which indicates that the area lies in highly 

rechargeable zone. The soils of the study area vary from sandy loam to podzol. 

The water retaining capacity of this soil is very poor. The study is partly covered 

by the dense forest and tea gardens and rest of the part covered by seasonal crops 

and vegetables. The irrigation practices in the area involve both from surface and 

groundwater sources for variable crop production. The artificial irrigation is done 

commonly by deep and shallow tube wells as well as the dug well methods. By 

proper use of chemical fertilizers and pesticides as also enhanced irrigation 

facilities the farmers are able to increase the yield rate of the agricultural products. 

The growth of population is one of the striking developments in the history of 

mankind but this growth in itself is greatly influenced by geomorphic changes. 

The density of population of study area ranges from 446 to 539 persons per km2 

(block wise) and Siliguri Municipal Corporation is about 12713 persons per km2
, 

according to Census 1991. The historical development of the study area of the 

Terai belt and its different phases of growth will help in better understanding of its 

geological setting which has been discussed in the next Chapter. 



CHAPTER-II 

GEOLOGICAL SETTING OF THE STUDY AREA 

INTRODUCTION 

Geology plays a vital role for groundwater identification and its potentiality. 

The groundwater movement is generally related with structure, lithology 

and their control. The present configuration and geomorphology of the study area 

and its environs of the Darjiling district reveals its geological antiquity. "The 

present is the key to the past" lies mainly in the folded structure which was out 

lined during the Tertiary period, on the site of an ancient sea or geosyncline 

stretching between the Tibetan highland and the south Indian massif and termed 

the Great Tethys, that has accumulated sediments from both sides in different 

geological ages. The mountains are made up of folded rocks piled one over 

another by a series of north-south horizontal compressions and tangential thrusts 

which folded the strata on the sea floor and caused their vertical upheaval by 

stages. Rocks of Peninsular India which extended up to the Tethys have also been 

folded and metamorphosed. Around the middle of the Eocene, an era of emih 

movements set in which not only altered the old physiography of the area but also 

that of the entire Indian Peninsula. Two great events of geodynamics stand out 

prominently in these readjustments-(i) the final breaking up of the old 

Gondwana by submergence of large segments of its underneath the sea which 

resulted in the separation and drifting away of Australia and Malay Archipelago 

from eastern India and (ii) the uplift of the Tethyan geosynclinal tract of sea 

deposits to the north into the lofty chain of the Himalayas. The Pre-Cambrian or 

the crystalline basement of the Himalayas belong entirely to what was originally 

the northern border of India built up by the metamorphosed rocks of the Aravallis. 

In Darjiling, they are called the Darjiling gneiss and Dailing series. Thus the 

geological history of the study area and its adjoining areas can be traced back to 

the latest Pre-Cambrian and earliest Cambrian. 

The pile of marine sediments that was accumulating on the border of the 

Himalayas and the Tibet since the Permian period began to upheave by slow 
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secular rise of the Oceanfloor. From Mid-Eocene to the end of the Tertiary, this 

upheaval continued, in several intermittent phases, each separated by long periods 

till on the site of the Mesozoic sea was reared the greatest and the loftiest chain of 

mountains in the world, the building of which was initiated by tangential 

compression of the crust while the sial layer was sharply down buckled into a 

syncline into which ultrabasic rocks were intruded due to a vertical pressure. 

The tightening of the limbs resulted in the intense crumpling and 

squeezing out of the sedimentary materials, which was then thrust over on either 

side. The sediments of the synclines on both sides of the downbuckle were also 

stripped and they came up against the over thrusting sediments in consequence of 

the crust moving inwards and downwards to form the downbuckle. In the 

Himalayas the period of downfolding of the crust may be dated as Upper 

Cretaceous. As compression increased in geosyncline, uplift of the sediments 

ensued. The lower portion of the downfolded sial began to melt at a depth and was 

so squeezed out as to form intrusive masses of granite along the axis of the newly 

formed mountain during Mid-Miocene. The succession of mighty ranges one 

behind the other, the magnitude of the thrust sheets and the violent disarray of the 

rocks, all point to a tremendous shortening of the crust in a direction at right 

angles to the Himalayas are for hundreds of kilometers. 

The upheaval of the Tethys sediments commenced on five epochs in which 

the main upheaval started after Lower Miocene, as suggested by Pilgrim (1906), 

after the deposition of Murees in the "fore-deep" by the rivers draining from the 

Peninsula rather than from, the Embryo Himalayas. After this, during the 

beginning of Siwalik Period (Upper Miocene) the Eocene gulf was completely 

driven out and this gave the birth of a great river called "Siwalik river" by Pilgrim 

and the "Indo-Brahrn" by Pascoe (1912), flowing in north-west direction from 

Assam into the Punjab and deposited a huge pile of sediments, which were eroded 

by this river form the Himalaya, above the Murees in the "fore-deep". These are 

known as Siwalik deposits. During the Pliestocene and Subrecent periods, 

numerous rivers, which all seems to be the part of the great Siwalik river, emerged 

from the great Himalayan range, after its final uphe.aval and deposited the 

sediments over the Siwalik deposits and filled the "fore-deep". These deposits are 
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also brought by the rivers from the Himalayas by erosion and are known as 

Alluvium. The past geological records of the Indo-Gangetic plain lie underneath 

the thick mantle of Alluvium, the geology of this region is thus completely 

unknown (Wadia, 1957). 

2.1 STRUCTURES AND TECTONICS 

The mountains to the north of the Mechi-Mahananda interfluvial piedmont 

plain covers important parts of the study area, Darjiling district, West Bengal of 

the Eastern Himalayas. The Sub-Himalayan range, consisting of folded Tertiary 

rocks form an autochthonous zone. The Tertiaries or Siwaliks form an anticline 

with its fold axis trending E-W and has overridden by older rocks like the 

Gondwanas along a thrust plane known as the "Main Boundary Fault" (Sinha, 

1975). Structures of three major deformational phases are recorded in these rocks 

(Sinha, Roy, 1977). The principal thrusting deformation in this region is 

considered to be a Post- Siwalik event (Gansser, 1964). The morphogenic uplift 

had been episodic, and major phases seen to be Late Pliestocene (Sinha Roy, 

1973). The various structural features present in the area are as follows : 

a) Primary Structure : The Tertiary sandstones show well developed 

bedding whereas the Damuda sandstones show incipient bedding. Some of the 

phyllites in the Dalings exhibite crude foliation corresponding to the original 

bedding. Rocks of the Darjeeling gneiss are highly metamorphosed exhibiting 

characteristic schistosity. The Tertiaries show well developed current bedding. A 

few torrential current bedding has also been encountered but most of the current 

bedding are normal. 

b) Diastrophic Structures : Diastrophic Structures in any consolidated 

formation play a great role on occurrence and movement of groundwater. 

Slickenslide etc. are found in quartzite and quartz veins in the metamorphites and 
I 

limestones near the contact with the Main Boundary Fault. They show strongly 

striated polished surface of slip. The trend of striations more or less parallel to the 

share zones and thrusts. 

The Damudas, the Dalings and the Darjeeling gneiss are highly jointed 
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with multidirectional plains. A few joints are developed in shally sandstones of 

the Tertiaries. While strike joints are common, the oblique joints too are not 

uncommon. The Dalings and the Darjeeling gneiss have been folded intricately to 

impart complex geometry. The folds within these rockS are generally non

cylindrical. They are non-plunging to very low north-westerly plunging. These 

folds though generally upright, are sometimes overturned or even recumbent. The 

Damudas being overridden by the metamorphites have been complexly folded 

giving rise to low to moderate northernly plunging non-cylindrical folds. The 

Tertiaries are relatively undeformed. The Damudas are delimited to the north by 

the Daling Thrust from the metamorphites and to the south by the Main Boundary 

Fault from the Tertiaries. The abrupt termination of the Siwalik range to the south 

against the Terai along a linear zone may be suggestive of a frontal fault (Sinha 

Roy, 1976a). 

The entire area has been subjected to severe tectonic movement in 

different orogenic period during the Himalayan mountain· building process, the 

degr'ee, intensity and magnitude of which are diverse and complex in nature. Four 

major tectonic belts comprise several tectonostratigraphic units that are separated 
--

from one another by the regional thrusts (Sinha Roy, 1976a). From south to north 

the tectonic belts are - (i) the Foothill Belt with Siwaliks, Lower Gondwana 

sequences and Buxa Formation; (ii) the Inner Belt with essentially Dailing 

Formation and Darjeeling gneisses, and their equivalent rocks; (iii) the Axial Belt 

with high grade gneisses, migmatites and tourmaline-biotite granite massifs; (iv) 

the Trans-Axial Belt with the Tethyan sequences. The major dislocations, from 

south to north are the Main Boundary Thrust that separates the Siwalik rocks from 

Pre-Tertiary rocks, the Main Central Thrust that separates the
1 

inner Belt from 

those of the Axial Belt, and the Trans-Axial Thrust, situated at the sole of the 

Tethyan sequences. The Inner and the Foothill Belts are dissected by a network of 

meandering streams that contain sets of terraces and aluvial cones (Sinha Roy, 

1976b). The major streams contain several knick-points that are located. at 

dislocation traces. The first order streams are controlled by the regional antiformal 

flexures and the tributary network, mainly by the regional foliation. 
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Table- 2.1 :The Geological Sequences ofDarjiling District, accordance to Mallet and Audcn. 

Age Formations Lithology 

Recent Sub-aerial Sand, silt and clay. 
formations or 

Recent Alluvia 

Pleistocene Alluvial deposits Older alluvium, boulder beds and other sands and gravels 

and Sub- or Drift formation 

Recent 
Unconformity. 

Miocene to Siwalik Upper Tertiary sandstones, mudstones, shales and pebble 

Pliocene beds within bands of limestone and lignite. 

Main Boundary Fault 

Permo- Lower Gondwana Fine to medium grained quartzitic sandstones interbedded 

Carboniferous (Damuda?) with thin slate beds, carbonaceous shales and thin seams of 

flaky coal. 

THRUST FAULT 

Buxa Series Slates, schists, quartzites and dolomites as a narrow band 

THRUST FAULT 

Daling Series Slates, phylllte, mrca schists ot drtterent grade of 

Pre-Cambrian 
metamorphism, quartzite, greywacke, epidiorite 

THRUST FAULT(?) 

Darjiling Series Fine grained augen and banded gneiss often granetiferous 

with extensive intrusions of biotite, hornblende and 

tourmaline granites 

2.2 REGIONAL STRATIGRAPHY 

The regional geology of Darjiling district of West Bengal and the 

adjoining areas form the Sub-Himalayan . and Lesser Himq.layan zones. 

Morphologically the area is well defined by a number of geologist and 

mineralogist during their field investigation and F.R. Mallet (1874) was the 

pioneer to describe the area geologically and divided into four tracts, which are, 

from north to south- (a) the hard rock area, (b) the Bhabar belt, (c) the Terai belt, 
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and (d) the alluvial plains. The hard rock region divides two portion- the southern 

portion is covered with sedimentary rocks while the northern part is composed of 

metamorphic rocks. The Bhabar belt comprises "rock-fragments, big boulders and 

fine grained clastic derived from the hardrock area and is characterized by rather 

steep slopes, boulder surfaces and forests oftall trees. The Terai belt is the zone of 

rejected recharge and as such, has developed swampy condition and is composed 

mostly of coarse granular materials alternating with finer clastics. The alluvium 

consists of a succession of layers of sand, silt and clay with occasional gravel beds 

and lenses of peaty-organic matter. The thickness of the alluvium is variable, but 

it is supposed to increase towards the south. 

The superposition of the stratigraphical units found in the district Darjiling 

is the result of overfolding or over thrust of the mountains. The generalised 

sequence of the various geological formations (after Mallet, 1874) of the whole 

area is given in Table- 2.1 in their chronological order. 

But except for the Lesser Himalayan zone of Siwalik deposits of the 

Tertiary age in the northern fringe, the main geological formation encountered in 

the area is the alluvial deposits or drift formation of the Terai belt and sub-aerial 

formations or alluvial plains of pliestocene to Recent age. Based on the 

relationship among the topography, lithology and drainage, the overall study area 

which is situated in a part of the interfluvial region of the Mechi-Mahananda 

rivers and has been divided into the following geological sequences or units in the 

area is shown in Table-2.2 in an order of increasing antiquity. The geographical 

extent of these groups of rocks based largely on Mallet is shown in Fig. 2.1. 

2.3 DESCRIPTION OF GEOLOGICAL SUCCESSION 

a) Siwaliks : 

The Himalayan mountain was formed with the rise of the Tethys sea. In 

the lower realm of the Himalayas, a foredeep region was formed where 

sedimentation was going on. Since the Himalayas was rising, fan materials were 

also accumulated nearby. These materials in the foredeep region folded to form 
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Table - 2.2 : Microstratiographic units of the Investigated area [After modification of Mallet 

(1874), Auden(1946) and Jana _(1996)1 

Age Stratigraphic units Lithology 

..... "" Alluvial plain or Sand, silt clay and small boulder, cobbles and pebbles :::: ·;;: 
Recent 

<!) ;:::s (.) 
<!) ~ flood plain p::: 

"' 
High level Rounded and sub-angular boulders mixed in coarse 

<!) 
. I .... Terraces matrix embedded in red clay. <!) (.) 

"" Sub-Recent > I:: i:2 <!) 

f:-< Low level Sand, silt and clay with alternating layer of gravels. 
Terraces 

Upper Unassorted boulders, cobbles, pebbles, gravels, sand, 
:::: Piedmont plain silt and clay 
·~ 

0.. 
Middle Unconsolidated layers of moderately compact sand, ..... 

Pliestocene :::: 
0 Piedmont pjain _gravels, silt and clay s 
'0 
<!) 

p:: Lower Unconsolidated layers of loose sand, granules, gravels 

Piedmont plain silt and clay. 

Unconformity 

Siwalik Arkosic sandstone containing lignite, micaceous 
Pliocene- sandstone, conglomerate, pebble beds, blue and green 
Miocene (Undifferentiated Middle 

silt stones 
& Lower) 

Main Boundary Fault 

the Siwalik formation, which is the oldest exposed rock type of the investigated 

area and is separated from the Damuda formation by the plane known as the Main 

Boundary Fault. From the point of regional considerations, the Upper Tertiary 

deposits, the Siwaliks have been reported to be missing over certain stretches of 

the Sub-Himalayas, good exposures of the Siwallks occur in the Darjiling foothills 

with well preserved sections along the Hill Cart Road and the Upper Siwaliks are 

exposed from one kilometre north of Sukna Forest Rest house to Rangtong 

railway station. Similarly, this formation is exposed in Phanighata village located 

at north-western comer of the study area and continuing down to south upto 

northern boundary of the Trihanna Tea Estate and in the middle, this deposits are 

only crops out on the ·banks of the Dudia River and no extension have been 

observed. By connecting the locations of this deposit along the E-W direction and 
' . I 

following parallel to the 200 m contour line, which form a zig-z'ag line as well as 

the boundary line of Siwalik and Terai Formation and covers approximately 5 
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percent of the total investigated area. 

Rocks of the upper Siwalik group in this region include micaceous and 

arkosic sandstone, bluish and greyish siltstone, conglomerates and pebble beds. 

The general strike of this rock formations is NNE-SSW to NW-SE with dips 

varying between 30° and 60° in a northerly direction. Pockets of lignitic coal are 

observed in the sandstone. There is a strong ferruginous band included in the 

sandstone near Lohargarh where out crop run along the south brow of the hill for a 

length of about 1.6 km from east to west. . Due to steep gradient and less 

impervious formation, the groundwater potentiality is very low. But the less 

demand of water of this area due to the presence of scattered population, minor 

irrigated area, and limited tea estate, is mitigated by dugwells and gravity springs 

having anisotropic aquifers. 

b) Piedmont Plains 

The piedmont plains of North India that is the lower part of the Terai 

formation is an extensive geomorphic .belt that separates the Himalayas in the 

north from the Ganga-Brahmaputra floodplain in· the south (Roy, 1981). This 

region comprises a number of terraces that consist of thick sedimentary sequences 

with beds of boulder, gravel and sand in which the boulder beds dominate. The 

result of morphological and sedimentological studies of a part of the piedmont 

plain in the Darjiling foothills is presented here and this is used as an example to 

suggest that vertical and lateral accretion of alluvial fans is a possible mechanism 

for the development of the Himalayan piedmont plain. The study area is situated 

in the interfluvial region ofthe Mechi (Nepal) and Mahananda (India) rivers. 

Within the mountains the rivers are confined in narrow!
1 

valley-walls but 

their valleys broaden, and they flow in braided channels in th~ piedmont plain. 

From the sharply defined mountain front, the piedmont plains extend toward 

south. The terraces in the piedmont plain are due to breaks in the general 

southward ground-slope of the plain. Primarily on the basis of these breaks, 

several terrace surfaces are recognised. The criteria for identifying these surfaces 

are-a) degree of weathering and development of latosolic profiles, and. (b) 
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relative elevation of the surfaces from the recent floodplain. Based on these 

criteria and on the relative antiquity of the region, three piedmont plains have been 

identified and designated in the stratigraphic order as Lower, Middle and Upper 

piedmont plains, which cover approximately 30% area of the total study area. But 

the extent and the configuration of piedmont plains are variable. 

i) Lower Piedmont Plain : The width and the level of this plain (220-180 m 

above m.s.l.) decreases from Mahananda to Mechi river. At the debauching site of 

the Mahananda river, this plain is truncated at the Siwalik as well as the mountain 

belt. This surface characterised by latosolic weathering profiles and variable 

thickness and it has an average southward slope of 4%. The profile may be 

complicated at the northern flank of the Lesser Himalayas by the material derived 

through slope wash and soil-creep. The crestal parts of up-arched of this surface, 

located to the NE of Balason river are trenched by gully-erosion. 

This plain is characterised by the dominance of boulder beds and gravel 

beds. Silt and clay beds are in frequent. The boulder beds have generally clay 

matrix. The lower boulder bed shows upward tinning size-gradations and pa$ses 

into a gravel bed which has thin ironstone layers. The upper gravel bed is 

underlain by a buff coloured coarse-grained sand bed. The boulders and gravels 

are composed mainly of gneisses. These rocks are crops out at Kalabari, Sisabari 

and Champasari of Matigara Police Station in the east; Tarabari, Dehmal and 

Triahana Tea Garden in the middle; and Nipania, Lohargarh Forest and Bara 

Chenga ofNaxalbari Police Station in the west of the investigated area. 

ii). Middle Piedmont Plain : This plain has the maximum width in the west 

located at Bhelu of Naxalbari Police Station but the width decreases in the east. 

The average surface slope of this plain is 1.8%. Latasolic profiles are rare, black 

to pale brown humic soil of chernozemic character has developed instead. Some 

erosional remnants of this plain are present to the NW of Siubar. 

This plain comprises thickly laminated sand beds with minor gravel beds. 

In the Balason river section, the lower boulder bed, containing sand wadges, has a 

sand matrix and gneisses as the dominant boulder component. This boulder bed is 

overlain by a coarse-grained sand bed with trough cross laminations. The upper 
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boulder bed and the gravel bed have clay matrix, and the Daling quartzites and 

phyllites, as the dominant boulder-gravel components. The boulders and gravels 

often have elongate discoid shapes and show south-plunging overlapping. In the 

study area, these rocks are cropped out at Siubar, Bara Maniram in the west; 

Dalkjhar Forest, Bara Bhita in the middle and Damdama, Min Ghara and Sat 

Bhaia in the east. 

iii) Upper Piedmont Plain : The Upper Piedmont Plain is an extensive surface 

that has the minimum surface-slope having an average value of 0.5%. It flattens 

toward the alluvial flood plain. Sometime it is difficult to differentiate the Upper 

Piedmont plain from the aggradational alluvial flood plain, because the break in 

the gradient from one surface to the other is generally invisible. 

This layer is essentially composed of bouldery with gravel beds and sand 

beds at the top. To the east of Nimai, the lower boulder bed with sand matrix 

supports a thick-medium grained sand bed with wedges of gravel. The sand size 

coarsen upward, so that the lower sand bed passes into a grit bed with thin 

ironstone layers and dispersed gravels. The boulders and gravels are composed 

dominantly of gneisses and mostly the materials are unassorted. This rock types 

are well exposed at Dhakna and Nehal in the west; Belgachi and Lohasing in the 

middle and Lachka and Pelkue in the east. 

c) River Terraces : 

River terraces are indicating different levels of older flood plains that have 

undergone repeated upliftment due to changes in long physical, climatic and 

tectonic conditions. Terraces at different levels are quite prominent in the study 

area. In the terrace, alluvium which is composed of pebbles, cobbles, sand, silt and 

clay are most common. Sometimes, pair of terraces are also found in the major 

rivers. Generally, the bluff between the terraces are distinct and the terrace levels 

are easily be identified in the field. The vertical bluff between the terraces, in the 

upper level is higher than that of lower level terraces. The terraces are generally 

gravelly overlain by sand, silt and_ clay and they show a vertical repeatation of 

alternation of boulders to platy materials. Wide terraces are found in the 
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Mahananda and the Mechi river. Shifting of river coarse and bank erosion are due 

to tectonic and fluvial activities. The river terraces indicate non-cyclic deposition. 

i) High Level Terrace : Rivers during their younger stages deposited the 

sediments and gave the formation of high level lands and or the rivers became 

older and older with time, and the river beds sank down. The high level terraces 

have been observed at height varying from 80 to 100m from the river bed having 

steep slope and rugged topography. The out line of the terraces is of various types 

- lobate, tabular, etc. The lithic components of this formation are poorly sorted 

and contains large size of boulders, cobbles, pebbles in a matrix of coarse sand. 

The coarse components of the terrace-forming material are rounded to sub

rounded. Genetically they are of depositional type. This terrace generally acts as 

run-off zone hence this zone has a little prospects of groundwater. Terraces are 

found at Muni Tea Garden, Dhupi Bhitta, Jor Pakari, Purba and Paschim Madati. 

ii) Low Level Terraces : After the formation of the high level terrac_es, 

generally the river beds sank down and the rivers then again deposited the 

younger deposits in low level which gave rise to the .formation of low level 

terraces, which obviously lie in the vicinity of the channels of the present streams. 

The low level terraces are present at heights varying from 1 to 25 m from the river 

bed having gentle slope and flat surface .. The outline of the terraces are various 

types- angular, tabular, rectangular ~tc. This formation is composed ofunassorted 

gravels associated with clay, silt and fine sand but genetically they are of 

depositional character. For coarse and crushed aggregate, the gneisses, schists and 

phyllites are to be discarded because of their soft nature. This zone has high 

potentialities of groundwater targeting and covers an area of about 25% of the 

total study area. The rock type of this formation are well exposed on either side of 

the major river basin-Mahananda, Balason, Chenga, Mechi rivers etc. 

d) Recent Alluvial/Flood Plains : 

The recent alluvia or alluvium plains are the youngest landforms of fluvial 

processes and are composed of unconsolidated materials like small boulders, 

cobbles, pebbles, sand, silt and clay. All these are well stratified in the horizon. 
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The alluvial materials have been derived from the washing of hill slopes through 

the agencies of numerous streams and water courses emerging from the hills. The 

lithic components are made of different types of gneisses, granites, quartzites and 

granulites. The matrix is made up of medium to coarse sand, generally rich in 

mica and garnets. These constituents are ill sorted and mainly depends on the rock 

types in the catchment area. Alluvial plains has high potentialities of groundwater 

targeting and covers a vast area i.e. 3 5% - 40% area of the total investigated area. 

A number of palaeochannels, valley fill and abandoned channels are utilised for 

groundwater exploitation, which are easily be identified by aerial photographs and 

satellite imagery. The thickness of the alluvium is variable. During the recent 

exploratory boring programme the thickness was found to range upto 219m in 

Naxalbari P.S. The constituents and nature of the alluvium vary locally depending 

upon the source materials from which it is derived. The rocks are well exposed on 

both the banks of major rivers and streams flowing within the study area. 

2.4 SUB-SURFACE GEOLOGY 

The help of either artificial excavations like railroad cuts, mine shafts, well 

logs or natural excavations like gorges cut by streams is necessary for the study of 

subsurface geology of a region. In the investigated area, the well logs are the only 

media for such type of study. But the great distance between the boreholes prevent 

the possibilities of any regional correlation and of any generalisations therefrom. 

These holes only indicate the possibilities of encountering saturated granular 

zones in different parts of the area. Testing of wells furnished information 

regarding the potentialities of the yield of the groundwater zones, and this isolated 

nature of the wells tested make some problems for accurate estimations of 

potentialities of the existing water reservoirs. 

Hence, it is imperious at this stage to emphasize upon the fact that the 

present investigation was directed entirely towards the unravelling of water

yielding porous granular horizons of the alluvial and detrital covers of the plains 

lying to the south and south-west of the hard rock areas, the geology of which has 

been briefly summarised in Tables- 2.1 & 2.2. The sub-surface lithological 
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characteristics in the unconsolidated sediments of the piedmont plains has been 

deciphered from the bore hole data of few tubewells constructed in the area. The 

maximum depth for which sub-surface information is available is of the order of 

219.15 m b.g.l. On the basis of the lithological logs of the tubewells it can be 

deciphered that the sediments consisting of alterations of clay, sand, gravel, 

pebble, boulder etc. were deposited cyclothemically. Each cyclothen is 

represented by gravel to coarse sand at the bottom and clay at the top. Two to 

three of such cyclothems have been recognised. The thickness of the sediments 

decreases towards the hills where boulders, pebbles and gravels are predominant. 

During the present investigation the geological information obtained from the 12 

boreholes in this area were studied and interpreted. For drilling the Terai region 

direct circulation rotary rigs were employed and during drilling period the wash

samples were collected to keep a check on the formations penetrated by which the 

nature and configurq.tion of the basement beneath the plains are 'to be obtained in 

Fig.-2.2. The exploratory boreholes at Siliguri Municipal Corporation, Matigara,

Naxalbari, Kharibari and Phansidewa Block of the study area which were drilled 

down to a depth of about 219.15 m by PHED, Siliguri, each penetrated through 

the piedmont plains and the older alluvium formations. The detaied lithological 

logs of each exploratory borehole is given in Appendix-H. 

Depending upon the domestic requirement and municipal necessities, more 

than 15% of the total borehole drilling have been installed in the Siliguri 

Municipal Corporation area. From the study of the lithological log of the 

boreholes drilled at different locations of SMC, reveales that the total drilling 

depth ranges from 87.75 m (Pradhannagar) to 106.71 m (Ashrampara) and water 

table depth ranges from 6 m b.g.l. (Pradhannagar) to 6.5 m b.g.l. (Ashrampara). 

The water bearing zones of different borehole log have been determined at 

variable depth, which are -(a) Ashrampara: 31.71 - 71.34 m and 75.30- 88.11 m, 

and (b) Pradhannagar : 34.00- 44.02 m, 45.00- 61.00 m and 62.00 - 85.03 m 

respectively. 

On the basis of agricultural, domestic and industrial requirements of 

water,nearly 60% of the total bore hole drilling have been constructed in the 

Matigara Block. The study of the lithological log of the boreholes drilled at 
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different places in the study area, shows that the highest depth (155.80 m) of drill 

hole have been occurred in this block and located at Matigara hat and depth of 

drilling ranges from 79.20 m (New Chamta T. G.) to 155.80 m (Matigara hat), and 

the water table depth ranges from 4. 27m (New Chamta T. G.) to 16 m (ERS, 

Sukna) b.g.l. The water-bearing formation of different bore hole log have been 

determined at variable depth, which are- (a) Matigara hat and adjoining areas : 

112.95 m- 155.80 m, (b) Matigara hat area: 90.60 m- 119.60 m only, (c) North 

Bengal University: 73.00 m- 88.00 m and 88.02 m- 93.00 m b.g.l. successively, 

(d) Bengdubi: 89.70 m- 120.18 m b.g.l. only, (e) New Chamta T. G. : 33.50 m-

39.50 m, 42.50 m- 61.50 m and 64.50 m -72.50 m successively, (f) Salbari bazar 

: 39.65 m - 87.80 m only, (g) ERS, Sukna : 80.78 m- 96.01 m, 106.68 m -

124.67 m b.g.l respectively. 

Except the Siliguri Municipal area and Matigara Block area, the other 

three block area have only one borehole drilling of each of the block upto 1998, 

because the domestic and agricultural demand is fulfilled by the. shallow tube 

wells and dug wells and their industrial requirements are very negligible. But in 

the recent time, PHED has drilled the deep tube wells in each of the block for the 

drinking purpose mainly. The study of the lithological log of the borehole at 

Naxalbari block, it is seen that the sand strata is penetrated at the depth of 175.56 

m- 199.34 m and 206.64 m- 216.71 m b.g.l respectively and the static water 

level is 8.53 m b.g.l. From the lithological log of the borehole at Kharibari Block, 

it is observed that the water-bearing zone in the borehole is at the depth of 38.41 

m -70.12 m and 87.20 m- 99.70 m b.g.l and the static water level is 8.47 m b.g.l. 

In Phansidewa block, the borehole lithological log shows that the water-bearing 

formation zone is located at the depth of 70.43 m - 107.32 m b.g.l and the static 

water level is 4.57 m b.g.l. 

CONCLUSION . 

. The present study has provided a unique opportunity to understand b~oad 

hydrogeological characters ofthe study area. The area.mainly comprises piedmont 

and flood plain regimes at the foothills of the Darjeeling Himalayas of Tertiary 
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age and a little part of the Gangetic alluvium of Quaternary age. On the basis of 

the lithological logs it is revealed that the sediments consisting of alternations of 

clay, sand, gravel, pebble, boulder etc. have been depo_sited cyclothemically of 

which gravel to coarse sand at the bottom and clay at the top. Groundwater in the 

area occurs under both water table and semi-confined condition. The formation 

materials are being highly heterogenous and permeable which acts as a good 

recharge area for groundwater but can hardly store them. This valuable and 

renewable resources i.e., groundwater in the study area is profoundly influenced 

by the intensity and frequency of rainfall, drainage density, relief and slope of the 

land forms, which have been discussed in the next Chapter. 
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CHAPTER- III 

HYDROLOGICAL NATURE AND 
THEIR RELATION WITH DRAINAGE VARIABLES 

INTRODUCTION 

The purpose of studying the hydrological characteristics of the drainge basin 

in this study is to focus mainly the basic mechanism of surface run off in the 

channels as related to the catchment and climatic especially precipetation 
' 

characteristic of the basins and to estabilish the emperical relations between the 

hydrological and morphological variables. The hydrological characteristics in a 

basin though primarily controlled by the hydrological cycle, the - actual 

hydrological behaviour of the surface and sub-surface run off influence the 

dynamic activities of running water, erosion, deposition and transportation of load 

etc. Hence, the fluvial geomorphic forms and the channel morphology are closely 

inter related with the behaviour of the run off. 

Without any detailed discussion of the hydraulic laws and mathematical 

derivations, the present subject matter of hydrological characteristics of the 

drainge basins provide and introduction to the hydrological and surface runoff 

cycles characteristics of a basin, the hydrographs, rainfall characteristics, stream 

flow conditions, linear properties i.e., its frequncy and density and also to the 

attributes of relief and slopes of morphological features and techniques and 

measurment of discharges of drainge basins. 

3.1 CONCEPT OF HYDROLOGIC CYCLE 

The endless circulation of water between atmosphere, hydrosphere and 

lithosphere is called the hydrologic cycle. The evaporated moisture is lifted in the 

atmosphere until it precipetates to earth, either on land or in the oceans. The 

precipetated water may be intercepted or transpired by plants may run over the 
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ground surface and into the streams to oceans, or may infiltrate into ground. Much 

of water return to the air through evaporation and transpiration from surface run 

off. The infiltrated water percolate downwards ' to be temporarily stored as . 

groundwater which later flows out of rocks as springs or steps into streams or 

runoff to ocean or evaporates into the atmosphere to complete the cycle. Thus, the 

hydrologic cycle undergoes various complicated process of evaporation, 

precipetation, interception, transpiration, infiltration, storage and runoff. The 

activities of water extends through their three parts of the earth system from an 

everage depth of about 1 km in the lithosphere to a height of about 16 km in the 

atmosphere. They creat a gigantic system of great complexity and intricacy. 

In the global hydrological cycle, the oceans provide the bulk of the water 

supply of atmospheric moisture of which about 90% is derived from the 

evaporation of water bodies whereas the remaining amount through the processes 

of evaporation and transpiration from the land surface. But the total precipetation 

of land, 61% goes back to the atmosphere by the combin~d processes of 

evaporation and transpiration, 1% flows as groundwater and the remaining 38% 

flows as surface runoff. It is quite interesting to note that of the total quantity of 

moisture supply in the ~tmosphere on the land surface, 39% comes from the 

oceanic surface experiences a huge movement of water to . the atmosphere, the 

huge bulk of it return back to the ocean in the form of precipetation.( Sen, 1993) 

A watershed must be a combination of both the surface drainge area and 

the parcel of sub-surface soil and geologic formation that underlies it, the sub

surface hydrologic processes are just as important as the surface processes. In fact 

it can be argued that they are more important, for it is the nature of the sub-surface 

materials that controls infiltration rates, and infiltration rates influence the timing 

and partial distribution of surface runoff. The process of hydrologic cycle is also 

characterised by short-circuits such as, a part of water may evaporate directly 

from the vegetation, or percolation of water is the sub-surface and its evaporation 

through capillary action .and evaporation. Simultaneously with the hydrologic 

cycle, a number of dissolved minerals like carbon also takes part in the 

geochemical cycles where water flow is the main process. 

The importance of groundwater is relative to other components of 



-~-

-~ 

\ --,--

Hydrological Nature 49 

hydrologic cycle. In recent years, much interest has been paid to the concept of the 

World Water Balance ( Nace, 1971) and most recent estimate of these data 

emphasize the ubiquitous nature of groundwater in the hydrosphere. With 

reference to Table 3.1 if it is removed from consideration the 94% of the earth's 

water which rests in the oceans and seas at high level of salinity, then groundwater 

acounts for about two thirds of the fresh water resources of the world. If the limit 

of consideration to the utilisable fresh water resources, groundwater accounts for 

almost the total volume. If it is considered that the only the most 'active' 

groundwater regime, which estimates 4x106 km3 (rather than 60x106 km3 of 

Table 3.1), the fresh water breakdown comes to be; groundwater 95%, lakes, 

swamps, reservoirs and river channels 3.5% and soil moisture 1.5% 

Table-3.1 :Estimated World Water Balance. 

Sl. 
Parameter 

Surface area Volume Volume Equivalent Residual 
No. (km2

) x 106 (km3
) x 106 in% depth (m) time 

L Oceans and seas 361 1,370 94 . 2;000 4,000 years 
2. Lakes and 

1.55 0.13 0.01 0.25 10 years 
Reservoirs 

3 Swamps 0.1 0.01 0.01 0.007 1-10 years 

4. River channels 0.1 0.01 0.01 0.003 2 weeks 

5. 
Soil moisture 130 0.07 0.01 0.13 

2 weeks-
1 year 

6. 2 weeks-
Groundwater 130 60 4 120 

10000 years 

7. Icecaps and 10-1000 
17.8 30 2 60 glaciers years 

8. Atmospheric 504 0.01 0.01 0.025 lOdays 

9. Biospheric water 0.1 0.01 0.01 0.001 lweek 

Source: Nace, R.L., 1971 

3.2 PRECIPITATION 

In order to study the groundwater resources of the Terai area of Darjiling 

district, it is necessary to analyse the climatic factors, namely - precipitation, 

relative humidity and temperature among which precipitation has been universally 
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accepted that it is the main and ultimate source of all the surface and and the 

groundwater recharge of a region. The recharge of groundwater due to inflow of 

groundwater is compensated by the discharge of groundwater by groundwater 

outflow. Other factors-relative humidity and temperature are also significant for 

the estimation of the loss of groundwater by evapo-transpiration. In the study area 

all the precipitation occurs as rainfall. Therefore for studying groundwater 

resources of a region, the study of the quantity, intensity, areal distribution and the 

variations in different months, seasons and years of rainfall will be of utmost 

importance. Before discussing the present analysis, it is worthwhile to describe in 

brief the different reasons in a year of the area of Darjiling district which, as that 

of Indian Subcontinent, is termed as 'land of monsoon' as monsoons constitute the 

most important rain yielding winds. In relation to the monsoons which indicate the 

reasonal rhythm of weather, the year is popularly divided into three seasons : (a) 

the hot or pre monsoon season (March to Mid June), (b) The rainy or monsoon 

season (Mid June to September) and (c) The cold or post monsoon season 

(October to February). 

3.3 PRECIPITATION ANALYSING PROCEDURES 

On the basis of the seasonal variations, groundwater resources as well as 

the surface water resources of the study area, the study of the quantity, intensity, 

areal distribution and the variations in different months, seasons and years of 

rainfall will be of utmost importance and are described systematically: 

Rainfall measurements : 

There are a good number of rain gauges installed in the Terai region of the 

Darjiling district because the area is covered by a large number of tea gardens, but 

most of them are controlled by tea garden authority individually and only two or 

three are under controlled of Meteorological Department, Govt. of India. Out of 

these large number of rain gauges, regular records of rainfall for a large number of 

years are only available in the private tea garden records and three principal tea 

garden of the terai area have been selected- Lohagarh, Mohurgong and Simulbari 
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tea estates and only one rain gauge station controlled by the India Metreorological 

Department, situated in the Gangaram tea estate have been considered for 

meteorological data analysis. For a detailed study rational delineation of rainfall, 

these four rain gauges records have been incorporated due to their greater 

reliability and availability of continuity for a long term. Approximately there is a 

well marked uniformity in the mode of rainfall distribution throughout the whole 

region. These four rain gauges are situated at different police stations of the 

district, so that they cover the whole study area and hence it is believed that, the 

analysis of only these four rain gauges records for detailed studies will not affect 

the accuracy of inferences and conclusions derived therefrom. 

Period of Records : 

For the present study rainfall data for twenty two years i.e. 1977-1998 

have been selected and analysed. But the record of rainfall data collected from the 

Lohagarh, Mohurgong and Simulbari Tea Estates are of 76 years, 43years and 

49years respectively and the only India meteorological Department's controlled 

rain gauge station records is· only 22years. For the betterment of the comparison 

and the accuracy of the analysis of the data, all the four rain gauges rainfall 

records of years have been equalized. Here it should be mentioned that the 

accuracy of the analysis increases with the number of data available. Hence, it is 

to be considered that the analysis of rainfall for 22years period of record will be 

a]?le to draw fairly accurate conclusions. 

a) Variation of Rainfall with Time: 

The long- term normal annual rainfall for the T erai area of the District as a 

whole amounts to 4350mm. The variation in rainfall with respect to time is low: 

The variability is obviously low, the annual rainfall deviating but little from the 
I 

corresponding long term means. The departures from the anriual means rarely 

exceed 50 percent. Thus, during the 22years period of rainfall record (1977-1998}, 

station Terai Meteorological Substation recorded an annual rainfall excess 
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Tnblc -3.2: Deviation values ofnnnual rainfall in percentage (1977-199R). 

Stations 
_____. Gangaram tea Lohargarh tea Mohurgong tea Simulbari tea 

Year ... estate estate estate estate 

(1) (2) (3) (4) (5) 

1977 -8 -9 +5 +2 

1978 -36 -12 -25 -16 

1979 -12 +2 +4 +9 

1980 -16 -12 -1 +9 

1981 -0.08 +6 -6 +4 

·1982 +83 -37 -31 -25 

1983 +3 +9 +18 +16 

1984 +5 -10 -0.1 +4 

1985' +18 +7 +2 -9 

1986 -19 +4 -28 -10 

1987 -2 +8 +14 +10 

1988 +8 +8 +6 +10 

1989 +20 +9 +28 +9 

1990 +1 +3 +10 -5 

1991 +23 +15 +19 -3 

1992 -36 -16 -21 : -30 

1993 -12 -4 ' -3 -24 

1994 -32 -40 -29 -11 

1995 +17 +20 +25 +34 

1996 -16 -2 -0.3 +2 

1997 -23 +4 -15 -8 

1998 +35 +46 +20 +38 

Average R.F 3339.34 5508.21 3553.90 4997.35 

inmm 

of above 50% of mean on only one occasion and annual deficit of 50% of mean not 

on any occasion. During the same period, other three stations - Lohagarh, 

Mohurgong and Simulbari recorded no annual excess or deficit of 50 percent of 

mean on any occasion. But departures of 25-30percent of the mean have generally 

been quite frequent over the study area of four rain gauge stations. It will also be 

seen that in the Terai area of Darjiling district during 22 years period of records, 

heavy or low rainfall years do not occur in groups or in a definite cycle. 
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TabJe:...3.3:Monthly and cumulative amounts of rainfall in mm. and their percentage to total (1977- I 998). 

STATION Cumul M 0 N T H s 
ative 

Jan Feb Mar Apr May Jun Jul Aug Sep 

A 13.10 13.49 32.73 59.74 227.30 585.33 974.36 768.85 510.17 

Gangaram LA 13.10 26.59 59.32 119.06 346.29 931.62 1905.98 2674.83 3185.00 
tea estate 

%LA 0.40 1.00 2.00 4.00 10.00 28.00 57.00 80.00 95.00 

A 24.30 46~59 53.65 148.73 422.93 1067.31 1546.77 948.14 923.45 

Lohagarh 
LA 24.30 70.89 124.54 273.27 696.20 1763.51 3310.28 4258.42 5181.87 

tea estate 

%LA 0.40 1.00 2.00 5.00 13.00 32.00 60.00 77.00 94.00 

A 15.30 24.31 40.05 98.72 274.73 645.28 945.91 "658.62 624.66 

Mohurgong 
LA 15.30 39.61 79.66 178.38 453.11 1098.39 2044.30 2702.92 3327.58 tea estate 

%LA 0.40 1.00 2.00 5.00 12.00 31.00 58.00 .. 76.00 93.00 

A 23.21 37.80 58.15 140.31 376.44 971.14 1324.50 88421 903.00 

Simulbari LA 23.21 61.01 119.16 259.47 635.91 1607.05 2931.55 3815.76 4718.76 
I tea estate 

%LA 0.50 1.00 2.00 5.00 13.00 32.00 59.00 76.00 94.00 

- ·--

Oct Nov 

123.93 15.10 

3308.93 3324.03 

99.00 99.50 

263.68 48.79 

5445.55 5494.34 

99.00 99.50 

188.02 24.56 

3515.60 3540.16 

99.00 99.50 

224.08 41.97 

4942.84 4984.81 

99.00 99.50 

+-

Dec 

15.31 ' 

3339.34 

100.00 

13.87 

5508.21 

100.00 

13.74 

3553.90 

100.00 

12.54 

4997.35 

100.00 

~ 
:} 
c::. 
1::) 

I)Q 
;::;· 
~ -
~ ;: 
~ 

~ 
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Fig. 3·1: DEVIATIONS OF ANNUAL RAINFALL 
FROM MEAN ( 1977-98) 
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There has, however, been no marked tendency towards a long term rise or 

fall in accumulated percentage deviation (Table-3.2). In fact an annual rise or fall 

occurs in quick succession. For instance, in the period 1977-1998, Statiori Terai 

recorded an annual rainfall deficit of 25 percent or more on three occasions 

(1978,1992and 1994) and during the same period, an annual excess of25 percent 

or more on three occasions (1982,1990and 1998). Similarly during 22year period 

of record (1977 -1998) Stations Lohagarh, Mohurgong and Simulbari recorded an 

annual rainfall deficit of same magnitude on two (1988 & 1994), four 

(1978,1982,1986 and 1994) and two (1982 &1992) occasions respectively and the 

annual rainfall excess of25 percent or more on one (1998), two (1988&1994) and 

two (1994& 1998) occasions respectively, (Fig.-3 .1 ). Fig.-3 .1 shows that only a 

small number of heavy or low rainfall periods occur during 22 years period of 

record (1977-98) and they do not show any periodicity. The well marked heavy 

rainfall periods in Terai meteorological sub-station at Gangaram tea· estate are 

1982, 1984,1987-88,1990,1994and 1998 and well marked low rainfall periods are 

1978-1980, 1986, 1991-93, and 1996-97. These clearly exhibit that there is no 

definite periodicity of heavy or low rainfall periods and the same will be occur for 

other three rain gauge stations of the Terai region of the Darjiling district. 

It is also clear that during a heavy rainfall period, all the four rain gauge 

stations show more or less similar tendencies and in the case of low rainfall 

period, all the stati.ons record low rainfall amounts. These similar tendencies of 

all the rain gauge stations confirm the uniformity in mode of rainfall distribution 

throughout the whole Terai region ofDarjiling district. 

b) Cumulative Monthly Rainfall Amounts : 

This method is perhaps too rarely used. In Table-3.3, the monthly 

individuals and cumulated amounts of rainfall are given in mm. and in percentage 

of annual total. It is seen that the cumulated percentages are more or less same for 

each stations, the characteristics of annual variation has been represented in Fig.-

3.2 for all the four stations. In this context, the actual monthly amounts are not 

suitable for this method because of the differing annual totals of rainfall at four 
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Table-3 .4 : The annual rainfall in descending order (1977-1998) 

Gangaram T.E. Lohagarh T.E. Mohurgong T.E. Simulbari T.E. 

'? 
..... 

'? 
..... 

'? 
..... 

'? 
..... 

0 0 0 0 

a 5 ~~ a 5 ~- ~ 5 ~- a 5 ~· 
=~ "' =~ =~ .., .., .., .., 

>- t.t.: a c.=: >- t.t.: a c.=: >- t.t.: a c.=: >- t.t.: a c.=: 
0::: = 0::: = 0::: = 0::: = u u u u 

1982 6096 0.00 1998 8048 0.00 1989 4556 0.00 1998 6911 0.00 

1998 4520 1995 6587 1995 4459 1995 6688 

1991 4118 13.64 1991 6330 13.64 1998 4269 13.64 1983 5779 13.64 

1989 4007 1983 6011 1991 4239 1988 5494 

1985 3926 1989 6008 1983 4176 1979 5460 

1995 3908 27.27 1987 5961 27.27 1987 . 4037 27.27 1980 5454 27.27 

1988 3621 1988 5948 1990 3897 1989 5424 

1984 3489 1985 5912 1988 3781 1987 5347 

1983 3430 40.91 1981 5809 40.91 1977 3745 40.91 1984 5178 40.91 

1990 3358 1986 5750 1979 3679 1981 5172 

1981 3337 1997 5750 1985 3626 1977 5073 

1987 3258 54.55 1990 5685 54.55 1984 3557 54.55 1996 5068 54.55 

1977 3061 1979 5590 1996 3542 1991 4843 

1993 2936 1996 5377 1980 3513 1990 4746 

1979 2926 68.18 1993 5283 68.18 1993 3435 68.18 1997 4615 68.18 

1996 2817 1977 5022 1981 3342 1985 4527 

1980 2815 1984 4960 1997 3017 1986 4489 

1986 2702 81.82 1978 4872 81.82 1992 2819 81.82 1994 4430 81.82 

1997 2586 1980 4825 1978 2675 1978 4176 

1994 2267 1992 4633 1986 2563 1993 3822 

1992 2148 95.45 1982 3490 95.45 1994 2518 95.45 1982 3738 95.45 

1978 2143 100.00 1994 3332 100.00 1982 2450 100.00 1992 3506 100.00 

Ave 3339 100.00 Ave 5508 100.00 Ave 3554 100.00 Ave 4997 100.00 
R.F. R.F. R.F. R.F. 

stations of the study area hence, the values are only comparable when the mean 

monthly amounts are converted into percentage of the mean annual totals. 
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This g1ves more than a uniform representation and also offers the 

advantage of showing directly some numerical characteristics if horizontal 

parallels are drawn at 0,25,50,75,and 100 percents. It is seen that at Terai, one

fourth of the annual amounts falls between January 1st and June 24th; one-half of 

the annual amounts falls between January 1st and July 24 and three-fourth of the 

annual amounts falls between January 1st and August 24th, and in the beginning 

of the month September, 95 percent of the annual amount is surpassed. The same 

picture is true for each of the four rain gauge stations. So, major ·portion of the 

annual amount of rainfall falls in four months (June to September) during south

west monsoon season. Similarly cumulated amounts at four stations of the Terai 

region (Table-3.3), once again confirm the uniform mode of rainfall distribution 

throughout the study area of the district. 

c) Frequency of Occurrence of Annual Rainfall: 

The study of the frequency of occurrence of annual rainfall amounts of 

different magnitudes at the different stations shows that with an increase in 

magnitude there is a decrease in its frequency of occurrence and vice versa. 
! 

Hence, there is an increase proportionality between frequency of occurrences and 

amounts of annual rainfall. Thus, the frequency curve in the present study is an 

undulatory line except for an abrupt change near the two ends where the rainfall 

amounts approach the maximum or minimum figures which, in fact, are the 

maximum departures or the abnormal occurrences recorded during the period 

under consideration of all the four rain gauge stations of the Terai region. By 

arranging the annual rainfall of all the rain gauge stations of the 22years records in 

a descending order and by taking the cumulative percentage of every three years 

gap ofthe total period of records (1977-1998) in Table-3.4 and the Fig.-3.3 shows 

that with the change of cumulative percentage of rainfall interval, the frequency 

curves do not show any appreciable change in shape and thus it can be concluded 

that the frequency curves for the four stations which have been represented in the 

figure are much more accurate and only the frequency curves show an abrupt 

change when annual amount reaches its maximum or minimum value. The abrupt 

change is less prominent for minimum rainfall than that for maximum rainfall. 
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This is obviously due to the fact that these annual rainfall figures represent the 

maximum departure or the abQ.ormal occurrences that have been recorded during 

the twenty two years period of record (1977-1998). Moreover, in Terai region of 

Darjiling district , the abnormality of minimum annual rainfall occurrence is less 

than that of maximum annual rainfall occurrence or in other words minimum 

annual rainfall amounts occur more frequently than maximum annual rainfall 

amounts. 

From Fig. -3.3 it is further observed that t~e frequency of heavy rainfall is 

higher at stations where the average or long term mean annual rainfall is higher 

with respect to other stations in the study area. Table-3.4 shows the maximum, 

median and minimum rainfall in mm. at four stations for the period of 1977-1998. 

Considering the records of these four stations the corresponding ranges of 

variation in each of the maximum, median and minimum amoun~s are respectively 

349lmm, 2253mm, and 1364mm. Thus the range of variation in either of three 

cases does not exceed 3500mm. Over terai region during the period of record 

(1977 -1998) which once again indicates truthfulness of uniform mode of rainfall 

distribution over the study area. Besides this point of view, the similarity of 

frequency curves at four stations of Terai region of Darjiling district again 

supports the uniform mode of rainfall distribution throughout the study area of the 

district 

d) Monthly and Seasonal Distribution of Rainfall : 

It has been observed that about 80 percent of the annual rainfall of ·the 

study area occurs in the monsoon season i.e. from June to September (Table-3.5). 

For irrigation and drinking purposes of the area, monthly and seasonal distribution 

of rainfall are of main importance rather than the total amount of annual rainfall. 

Sometimes due to the late arrival of monsoon the monthly and seasonal 

distribution of rainfall varies giving- rise to an adverse effect to the agricultural 

economy. Variability also increases in September-October when the monsoon is 

retreating. A premature cessation of rain may involve both failure ,of standing 

Kharif crops and very unfavourable showing conditions for Rabi crops. From Fig. 
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-3.4 it is clear that out of all, only the July receives more than onefourth of the 
' 

normal annual amounts while in dry seasonal rainfall amounts, averaging fifteen 

to twenty percent of the normal annual rainfall and more than one-fifth of this 

percentage is recorded during January and February and these rainfall amounts are 

mainly associated with the western disturbances. The monthly and seasonal 

·distribution of rainfall varies considerably in a heavy or low rainfall year from its 

general trend in an average rainfall year. In the terai region of the Darjiling district 

it is especially found that this variation of wet seasonal amounts (June to 

September) of rainfall clearly reflects the variation of annual amounts of rainfall. 

This is certainly due to the fact that the percentage distribution of wet monsoon 

seasonal amount of rainfall to the annual rainfall amounts is large. The impmiant 

characteristic of monsoon rainfall is its variation in annual amount which is 

clearly exhibited by the variation of rainfall amount during the season of a heavy 

or low rainfall year. 

Table- 3.5 : Percentage of rainfall distribution of selected Tea Estate Meteorological Stations 
(1977 -1998). 

Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov· Dec 

Gangaram 0.39 0.40 0.98 1.79 6.80 17.53 29.18 23.02 15.28 3.71 0.45 0.46 

Lohagarh 0.44 0.85 0.97 2.70 7.68 19.38 28.08 17.21 16.76 4.79 0.86 0.25 

Mohurgong 0.43 0.68 1.13 2.78 7.73 18.16 26.62 18.53 17.58 5.29 0.69 0.39 

Simulbari 0.46 0.76 1.16 2.81 7.53 19.43 26.50 17.69 18.07 4.48 0.84 0.25 

Fig.-3.5 represents the mass diagrams of rainfall at four stations of the terai 

region of Darjiling district for the year of heavy rainfall year, mean rainfall year 

and. low rainfall year of the respective stations (Table-3.4). From these mass 

diagrams seasonal character of rainfall can be very easily seen either in a heavy, 

low or an average rainfall year. The similarity of four mass diagrams, their similar 

pattern and trends once again establish the general character of rainfall to be 

uniform throughout the study area. 
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Tabler-3.6~Cumulative amounts of rainfall of maximum, median and minimum (mm) of selected meteorological stations (1977-98). 

Mass R.F. mm & 
M 0 N T H s 

STATION 
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov 

MaxR.F A - - 51.30 I48.20 289.20 720.90 1568.80 2957.40 242.60 68.70 48.40 

1982 f. A - - 51.30 I99.50 488.70 I209.60 2778.40 5735.80 5978.40 6047.10 6095.50 

Gangaram Median A 25.70 3.70 27.70 58.30 292.60 524.90 1226.70 699.60 470.30 6.30 -
tea estate 

R.F. 1981 f. A 25.70 29.40 57.10 I 15.40 408.00 932.90 2159.60 2859.20 3329.50 3335.80 3335.80 

MinR.F A 2.80 4.90 10.50 I9.20 317.50 343.50 518.30 574.50 327.70 21.30 2.40 

1978 f. A 2.80 7.70 18.20 37.40 354.90 698.40 1216.70 1791.20 21I8.90 2140.20 2142.60 

MaxR.F A - 132.50 126.50 353.90 330.00 1900.00 2100.00 1182.50 1202.50 537.50 182.50 

1998 f. A - 132.50 259.00 612.90 942.90 2842.90 4942.90 6125.40 7327.90 7865.40 8047.90 

Lohagarh Median A 1.00 63.30 3.80 93.10 251.70 720.20 2062.80 955.50 848.00 304.90 239.20 

tea estate 
R.F. 1979 1.00 64.30 68.10 161.20 412.90 1133.10 3195.90 4151.40 4999.40 5304.30 5543.50 r.A 

MinR.F A 114.80 29.90 - 81.50 168.40 8I4.50 712.20 807.70 553.70 46.40 2.70 

1994 f. A 114.80 144.70 144.70 226.20 394.60 1209.10 1921.30 2729.00 3282.70 3329.10 3331.80 

MaxR.F A 30.00 35.20 6.00 15.40 523.70 1094.90 921.00 620.80 967.20 243.50 84.80 

1989 f. A 30.00 65.20 71.20 86.60 610.30 1705.20 2626.20 3247.00 4214.20 4457.70 4542.50 

Mohurgong Median A 47.40 13.80 14.20 79.60 284.50 792.80 1000.00 472.20 666.30 186.00 -
tea estate 

R.F. 1984 47.40 61.20 75.40 155.00 439.50 1232.30 2232.30 2704.50 3370.80 3556.80 3556.80 f. A 

MinR.F A - 6.40 43.60 138.00 167.60 359.80 759.10 236.40 650.00 58.90 22.20 

1982 f. A - 6.40 50.00 188.00 355.60 715.40 1474.50 1710.90 2360.90 2419.80 2442.00 

MaxR.F A - 11.50 164.80 198.00 392.90 1512.30 1900.10 1257.50 1108.60 352.50 12.50 

1998 f. A - 11.50 176.30 374.30 767.20 2279.50 4179.50 5437.00 6545.60 6898.10 6910.60 

Simulbari Median A 43.50 22.50 32.50 102.00 481.00 982.50 1102.90 1023.20 850.50 427.50 -
tea estate R.F: 1996 f. A 43.50 66.00 98.50 200.50 681.50 1664.00 2766.90 3790.10 4640.60 5067.60 5067.60 

Min R.F A 45.70 8.70 - 64.20 205.20 386.00 1349.00 626.00 601.50 191.50 28.20 

1992 L:A 45.70 54.40 54.40 118.60 323.80 709.80 2058.80 2684.80 3286.30 3477.80 3506.00 
- -
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In these mass diagrams wet season at each station is marked by steep 

C1frves that completely flatten out over the dry season . This clearly indicates the 

greatest contribution of wet seasonal rainfall to the annual amounts either in a 

heavy, average or low rainfall year. The annual amounts in mm recorded at four 

stations and their corresponding wet seasonal amounts expressed as percentage 

and normally concluded that the wet seasonal amounts of rainfall contribute more 
' . 

than 80 percent of the annual amounts and dry seasonal amounts are too 

insignificant in either a heavy, low or average rainfall year (Table-3.5). In any 

year~ the wet seasonal variability in rainfall clearly reflects the annual variability 

on account of the predominantly summer-rainfall maxima. 

e) Dispersion of Rainfall : 

Most of dry seasonal rainfall is due to the western disturbance or in other 

words is associated with western depressions and wet seasonal rainfall is due to 

the south-west monsoon, in the Terai area of Darjiling district. Thus it goes 

without saying that meteorological conditions in these two seasons are completely 

different. The rainfall dispersion diagrams (Fig . .,--3.6) are useful in an analysis of 

the rainfall distribution (Table-3.6). The median and quartile values have been 

marked in these diagrams and of the upper and lower quartile ranges have been 

shaded. 

A major discontinuity between any two months at a station exists if the 

lower quartile of one month lies above the upper quartile of the other. And a 

minor discontinuity is indicated when the median· and the lower quartile of one 

month lie above the upper quartile and median respectively of the other. These 

discontinuities, from one month to the other are an indication of the existence of a 

difference in meteorological conditions causing the rainfall in these months and 

indicate sudden appearance or departure of some rain producing conditions. 

From Fig.- 3.6 revealed that from January to April, there is not any marked 

discontinuity and the rainfall receiving amounts are gradually increase from 

January to April. But a well defined charge is observed in the month of May since 

its lower quartile lies above the upper quartile of April which indicate the 
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' 
beginning of the change in meteorological conditions from April to May and also 

an indication of the start of the break of monsoon, which in fact commence in the 

mid June. ·These discontinuities may often represent differences between the two 

months in at least some of their meteorological conditions. For instance, a major 

discontinuity between May and June is indicative of the break of monsoon in the 

later month, whereas a similar break between June and July is indicative of the 

firm establishment of the monsoon in the latter month. The declining vigour of the 

monsoon in September is marked by another discontinuity between August and 

Table-3.7 : Elementary characteristics (annual) of rainfall of selected Meteorological stations 

(1977-1998). 
Meteorological Absolute Lower Median Upper Absolute 

stations minimum quartile (mm) quartile maximum 
(mm) (mm) (mm) (mm) 

Gangaram T. E. 2142 2750 3250 3750 6096 

Lohagarh T. E. 3332 4925 5675 5950 8048 

Mohurgong T.E 2450 2925 3550 3950 4556 

Simulbari T. E. 3506 4470 5075 5450 6911 

September, and a major break between September and Octob~r in all the four 

stations indicates the final retreat of the monsoon in the later month. 

The Fig.-3.7 is depicting that there is a great discontinuity of rainfall 

distribution (Table-3.7) as it goes from one rain gauge station to the other and thus 

the meteorological conditions over four stations are more or less unequal for the 

22years period of record (1977-98)which again ordains the statement that the 

rainfall distribution over the Terai region of Darjiling district is not uniform 

because of its physiographic conditions. 

3.4 SURFACE AND SUB-SURFACE RUNOFF CYCLE 

Sub-surface runoff experiences some specific behaviour of flow either on 

the landsurface and in the sub-surface. When there is an input of precipitation on a 
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catchment, a part of it returns back to the atmosphere in the process of evaporation 

and transpiration, whereas a part of the residual portion experiences a flow in the 

underground through infiltration depending upon the nature of, the porosity and 
' 

permeability of the ground surface which increases the grounawater table and 

maintains a sub-surface runoff. The amount of precipitation which can not escape 

the sub-surface partly returns back to the atmosphere or moves on the land surface 

as overland flow which may be collected in shallow depressions depending upon 

the slope and topographic forms, whereas a part of it ultimately flows into the 

channels from the lower order streams to the higher orders. The amounts of 

discharge, its flow pattern and fluctuations constitute the specific streamflow 

conditions of the channels at selected sites. The process of overland flow and the 

channel flow vary considerably from one catchment to the other and their 

hydrological behaviour constitutes an important aspect of the study area. 

The surface and sub-surface runoff experience a cyclic phenomenon 

expressed as the respective runoff cycles, as like as the hydrological cycle. The 

nature of the runoff cycle can be assessed either for the whole catchment or sub

catchment or for any specific period or for the whole year which plays an 

important part of their system or sub-systems. During the dry season the cyclic 

trend of the water movement is characterised by no input of rainfall, though the 

sub-surface water table may maintain a very lean flow down the slope and is the 

only source of water supply to the drainage channels. Simultaneously with this 

flow there is a continuous evaporation from the ground surface through the 

capillary action and the reserve of the soil moisture coupled with transpiration 

from the vegetational surface. This process continues without any input and thus 

carpets the path of continuous depletion of sub-surface water reserves. Thus this 

cyclic process is rather an one way movement with no input till the occurrence of 

precipitation when at the initial stage much of the water may be evaporated, or 

percolate to the underground as infiltration. Overland flow may be smaller 

magnitude ana the occurs in the channel runoff or sub-surface runoff. However 

the entire nature of hydrological behaviour and the surface and subsurface cycles 

will depend upon the quantity and duration of rainfall as influenced by nature of 

catchments. On the other hand, the wet monsoon period will be characterised with 
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rapid inflow of water to the groundwater table and thus will cause recharging in 

the initial period followed by greater amount of overhead flow and channel flow. 

Simultaneously with the input, there will be evaporation and transpiration from 

the ground surface to the atmosphere. Thus a cycle of surface runoff will be set 

up. Similarly groundwater table will have sub-surface flow and will increases the 

channels. Therefore, the channel flow inspite of predominant influence of surface 

runoff will further experience augmentation due to sub-surface flow. Water table 

will rise up closer to the ground surface from its position during the dry season. 

3.5 CATCHMENT AREA AND THEIR CHARACTERISTICS 

The area from which a river collects surface runoff is known as catchment 

area. The hydrological behaviour of catchments which varies both under temporal 

and spatial conditions shows large amount of varieties, grouped under the climatic 

and catchment characteristics as follows : 

Climatic Characteristics - (a) Precipitation, (b) Insolation, (c) Wind 

direction and velocity, (d) Evaporation, (e) Transpiration. 

Catchment characteristics - (a) Size, (b) Shape, (c) Relief and slope, 

(d) Geographical structure, (e) Lithology and (f) Vegetation. 

The basic input in the hydrologic cycle of the nature of precipitation, 

insolation, wind direction and velocity are received on the catchment surface and 

play important roles as the basic determinants of the hydrological behaviour of the 

catchment as influenced by the catchment characteristics. 

The criterion of size obviously has varying cumulative effect in the surface 

runoff. The shape has a remarkably influences the relative time taken for the 

attainment of peak discharge and rate of travel of the floods. In comparison with 

funnel shaped and narrow funnel shaped to oval. shaped or circular shaped basins, 

the later generally is characterised by a quicker flow and attainment of the peak 

discharge within a shorter time span and a gradual falling limb of the hydro graph. 

Relief with slope, geological structure, lithology and land use patterns are also the 

influential parameters for the nature of overland flow, rate of travel of the surface 
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runoff and attairunent of peak discharges. 

In the hilly areas with conspicuous slope, the overland flow and channel 

flow are much quicker with greater amount of turbulent flow, whereas in gently 

sloping land it is more slower. The consideration of geological features, specially 

the lithology has the most dominant influence on the surface runoff, some being 

highly impervious which does not allow considerable amount of infiltration and 

thus facilitates a greater amount of overland flow and channel flow. The most 

important influences on the surface an.d sub-surface runoff cycles are the amount 

of infiltration and evaporation. While the rocky surfaces such as granite or gneiss 

will not allow adequate infiltration, the sandy and alluvium soils on the other hand 

will allow the process adequately. 

The rate of infiltration of the study area vary with time for a few hours till 

the attairunent of a steady rate on. different types of ground surfaces. On barren 

land the infiltration rate will be very rapid within the first hour of the precipitation 

followed by little amount of it in the subsequent hours. On good grassland also, 

the infiltration of a substantial amount will take place rapidly within the first hour 

followed by little amount of it in the subsequent hours. In forest lands the rate will 

be slower and persists for a longer period. 

3.6 

a) 

HYDROLOGIC ATTRIBUTES OF RELIEF AND SLOPE 

Relief: 

The relief is the study of the vertical elevation of the landscape of an area. 

Some of the concepts relating to relief pertain to the range in altitude (Smith, 

1935), depth of dissection (Dury, 1966), difference in altitude between a 'Stream 

Surface' and 'Summit Surface' (Evans, 1972) and some such measures. The most 

important source of the relief assessment is the contour map, the closer the 

contour interval the greater the micro-details of relief. The contour form is the 

most significant clue to understanding of the relief. The measures of the relief 

properties in quantitative terms require some sophisticated methods of grid mesh 

analysis so that some of the areal attributes of relief in special dimensions are 

revealed which can also be subsequently studied for their distribution pattern, 
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detection of erosional surfaces and interrelationships of the different parameters 

and finally divisions into morphometric regions. In reality some of the attributes 

of relief are closely correlated with the slope and a gainful exercise of the slope of 

the study area is explained here. 

b) Slope: 

In modem geological sciences, slope is considered not only as an 

important object of landform but at the same time the basic features of landform 

analysis, an ecological site where the operation of the geomorphic, climatic and 

other physical forces maintain the slope in a stage of equilibrium. The entire 

processes operative through time, either unicyclic. or polycyclic development, 

simultaneously with the structural featlires have in fact a very significant imprint 

on the forms of the slope. The study includes many aspects such as gradient, 

alignment, aspects and composite features. The techniques of slope measurements 

constitute rather the most cardinal aspect of the analysis. A slope is not only 

measured by the gradient over distance but also in areal studies, on its profile 
; 

characteristics, composite characters and aspects. 

In an areal study of slope analysis, the slope aspect is of crucial importance 

as some of the interesting phenomena of slope evolution are controlled by it, such 

as the insolation, rainfall, wind and other climatic elements, ecological conditions 

and alignment of drainage network. The slope profile shows the nature of gradient 

of ground surface along a particular line depicting the nature of slope of the 

surface. In the study of the drainage basins, there are two cardinal directions of 

slope, one along the river valley from source to mouth, conventionally known as 

the longitudinal profile of the river and the other along the lateral expanse of the 

valley generally at the right angles to the main direction of flow of the stream. 

To determinate the average slope, the area can be divided into a network of 

grids. The smaller is the grid the greater is the precision confirming the actual 

distribution of the slope pattern (Wentworth, 1930). On the basis of the above 

mentioned method, a slope zone map of the Terai area of Mechi-Mahananda 

interfluve (Fig.-3.8) shows that the area can be broadly sub-divided into 6 zones 
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having 5° intervals of which the minimum slope is 0° and maximum slope is 

recorded 23 ° at Panighata . 

Slope-zone I: Very steep slope (above 20°) found in north-western corner 

of the Mechi-Mahananda and are at Belgachi, Udiarip, Kadma, Panighata and 

M.M.Terai tea garden. 

Slope-zone II : Steep slope (15° - 20°) found in the northern and north

eastern part of the study area and at Bara Chenga, Nipania, Mir Jangla, Bir Sing 

and Dhemal of Naxalbari P.S. and Sukna Forest and Mohurgong Tea Garden of 

Matigara P. S. 

Slope-zone III : Moderate slope (1 0° - 15°) have been identified along the 

northern part of the Mahananda river at Omi and Bara Bhita of Naxalbari P.S. 

and Patan, Chamta and Panchanai ofMatigara P.S 

Slope-zone IV : Low steep slope (5° - 10°) have been observed along the 

northern part of the study area and at Maha sing, Atal, Deomani ofNaxalbari P.S. 

and Kalabari, Dhakuria a~d Nimai ofMatigara P.S. 

Slope-zone V : Very low steep slope (1 o - 5°) have been identified in the 

middle part of the study area and at Bhim Ram, Mudir Jangal, Sat Bhaia and 

Dhakna of Naxalbari P.S., Matigara Hat, Dhakni Kata, Ujanu of Matigara P.S., 

Jiban Sing, Shyam Dhan and Bhulka of Kharibari P.S. and Ambari, Molani and 

Liusi Pukuri ofPhansidewa P.S. 

Slope-zone VI : Flat to gentle slopes (less than 1 °) most extensive slope 

zone have been identified along the middle part and most of the southern part of 

the study area. 

Thus it has been found that most of the northern part of the study area is 

characterised by steep to moderately steep slopes which is the indicator of the 

youthful stage and the middle and the southern part of the investigated area are 

characterised by low to flat slopes, which is·the indicator of the mature stage. 

3.7 DRAINAGE FEATURE AND THEIR VARIABLES 

In the morphometric analysis of drainage basins, besides the areal and 
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relief properties, the spacing, branching and lineaments of drainage network are of 

fundamental importance and no morphometric analysis can be complete without 

the morphometric analysis of the interrelated growth pattern of the drainage 

network. The pattern of the drainage network may be of infinite varieties 

representing the nature of structural and lithological adjustments of the running 

water and other geomorphological processes. The measure of spacing of drainage 

network is of fundamental importance for the assessment of closeness of the 

drainage network as it gives the measure of overland flow besides fluvial 

processes and forms developing of the catchment. Besides the immense academic 

interest of such studies, it is rather an initial step for the evaluation of the drainage 

basin. 

The value of the drainage density, drainage texture and drainage frequency 

are the most common measures, each of them being distinctive and interrelated. 

Furthermore, some correlative idea can be gathered by finding out. the mean 

spacing of the channels of different orders. 

a) Drainage Density: 

Drainage density is a function of the geologic structure and climatic 

characteristics (Ward, 1978) of the basin area:. Therefore, in areas of identical 

relief, structure and climatic condition the variations of density is primarily 

inflaenced by the lithological variations. In the hard and re~istant rocks, the 
' density will be low where as in soft and easily erodible type of .rocks, it will be 

high. The drainage density could be assessed for the entire basin or can also be 

assessed for a specified stream order where it will represent length of all channels 

above the specified stream order, per unit of drainage area (Langbein, 194 7). High 

drainage density affects runoff pattern i.e., a high drainage density moves surface 

water rapidly decreasing the lag time and increasing the peak ofhydrograph. The 

drainage density exhibits a wide range of volumes in nature and varies from 3 to 4 

to as high as 1300 (Chorley, 1971). In areas having comparable rainfall pattern it 

is a function of permeability of the soil mantle. The sandy soils show the least 

volumes and the impermeable clays the highest. 
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It is apparent from the Fig.-3.9 that drainage density of the region varies 

from 0 km to >4 km/ km2 and for a better understanding of the geographical 

distribution it has been classified into 5 (five) categories having 1 km/ km2 

interval of each type and have been put forward. 

Zone I : Very high drainage density (more than 4 km/ km2
) are found in 

the N-E, N-W corner, middle of the eastern portion of the study area and at 

Lohagar Forest, Panighata and M.M. Terai Tea Garden of Naxalbari P.S., 

Mahananda Forest, Sukna Forest and Paharu ofMatigara P.S., Budh sing, Rangali 

and Dhulia of Kharibari P.S. and Mahideb, Chaupukuria and Krishnapur Tea 

Garden ofPhansidewa P.S. 

Zone II : High drainage density (3 to 4 km/ km2
), are covered the 

northern part both on the east and west side, middle part of the 'study area and at 

Nipania, Belgachi and Kadma of Naxalbari P.S.; Khoklong, Chamta and 

Panchanai of Matigara P.S.; Katia, Bagha and Dohaguri of Kharibari P.S. and 

Jabarali, Singi Jhor and Halal ofPhansidewa P.S. 

Zone III : Moderate drainage density (2 to 3 km/ km2
) are observed on 

the extreme N-W and N-E corner as well as middle portion of the study area and 

at Kila Ram, Fakna and Naksal Bari ofNaxalbari P .S; Dhakuria, Gouri and Ujanu 

ofMatigara P.S.; Bhanjapur, Jagir and Munjaya ofKharibari P.S. 

Zone IV : Low drainage density (1 to 2 km/ km2
) are found intensively on the 

middle part of the study area and at Chhota Ganja, Siubar and Suraj Bar ofNaxalbari 

P.S.; Bairatisal, Gaurcharan ofMatigara P.S.; Bhog Bhita, Sing Bhita and Badal Bhita 

ofKharibari P.S. and Barai Gachh, Antu Gachh and Rupan Dighi ofPhansidewa P.S. 

Zone V : Very low drainage density (less than 1 km/ km2
) are found most 

of the gentle slope area and are extensively observed all over the study area of the 

Terai region. 

Finally the drainage density of the study area exposed a higher degree of 

consistency with the spread of other morphometric attributes and reflects the 

nature of variation in relief, soil, rock, vegetation etc. along with the changes of 

infiltration rate of different segments. It concerns mainly with the general extent, 

alignment and the frequency of streams. 
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b) Drainage Texture : 

Drainage texture is a measure of the spacing of the drainage net work 

which is devised after Smith (1950). The drainage texture of the study area can be 

classified into four grades according to Smith, 1950. 

Grades Texture Ratio I Unit area 

1. Super fine >25. 

2. Fine 10-25 
.., 

Medium 4-10 ,:). 

4. Coarse <4 

Drainage density and drainage texture are obviously positively closely 

correlated with each other, the higher the density, the higher is the texture. 

c) Drainage Frequency: 

Drainage frequency is also another simple but useful measure of the 

drainage network. Equal drainage of two basins do not imply equal stream 

frequency and also vice-versa. Both of them are highly correlated with each other 

with high values of coefficient of correlation. A drainage frequency map has been 

drawn. (Fig.-3.10). The dni.inage frequency of the region varies from 0 to 8 per 

km2 and for a better understanding of geographical distribution, it has been 

·classified into 6 zones having 1 per km2 interval of each type have been put 

forward. 

Zone I : Very high drainage frequency (more than 5/ km2
) are found in 

the north-west and north-east comer of the study area and at Bara Chenga, Mara 

Pur and Panighata of Naxalbari P.S. and Champasari Forest, Maha Nadi Forest 

and Mohurgong Tea Garden ofMatigara P.S. 

Zone II : High drainage frequency (4 -5 I km2
) are also observed in N-:W 

and N-E comer of the investigated area and at Manjha Tea Garden, Chhota 

Chenga and Kadma of Naxalbari P.S. and Paharu, Raj Pairi and Sisa bari of 

Matigara P .S. 
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Zone III : Moderately high drainage frequency (3-4 I km2
) are found in 

N-W and N-E corner as well as middle portion of the study area and at Mechi 

fo.rest, Nipania, Bhelu, Min Ghara, Damdama, Atal and Lakshman of Naxalbari 

P.S. and Fulbari, Khopalashi, and Dhukuria ofMatigaraP.S. 

Zone IV : Moderately low drainage frequency (2-3 I km2
) are found in 

N-W and N-E corner, middle part especially in east and west portion of the study 

area and at Amar Sing, Nimu, Sebdela, Jamindarguri arid Panta Pari forest of 

Naxalbari P.S.; Sivok hill forest, Sivok forest, Sitong forest and Malahar of 

Matigara P.S. and Tar Bandha, Radha and Nirmmal ofPhansidewa P.S 

Zone V : Low drainage frequency (1-2 I km2
) are observed extensively 

all over the study area, especially at N-E, N-W, eastern, western, and south

western portion of the interfluvial region. 

Zone VI : Very low drainage frequency (less than 1 I km2
) are observed 

in western, south-eastern and north-eastern comer of the investigated area and at 

Naxalbari, Bhim Ram and Sat Bhaia ofNaxalbari P.S.; Tomba, Matigara Hat and 

Dakni Kata ofMatigar~ P.S.; Tari, Gadhira and Jagir ofKharibari P.S. and Rupan 

Dighi, Bansgaon Paschim and Paschim Madati ofPhansidewa P.S. 

CONCLUSION 

The foregoing analysis in this chapter reveals that the groundwater 

hydrology in the terai region is principally governed by the precipitation and its 

characteristic features, magnitude of relief and slope of the morphological 

parameters and drainage features and their variables.· The statistical analysis of 22 

years of rainfall data has shown that the rainfall is of monsoon type and is 

concentrated within the four month period of June to September in the year, which 

accounts for about 80% of the total annual rainfall. The long term average rumual 

rainfall is recorded about 3968 mrn which is adequate and the. second highest 

rainfall in India. 

The recharge to groundwater body is chiefly through rainwater by the 

return seepage of irrigation water and downward percolation of stream runoff are 
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also the sources of groundwater supply, tapped through a number of different 

types of wells. This percolation system of water mainly depends upon a number of 

hydrogeologic properties of rock formations which have been discussed in the 

following Chapter. 
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CHAPTER-IV 

PROPERTIES OF AQUIFER MATERIALS 

INTRODUCTION 

The amount of water to be soaked by the earth depends upon the nature of 

rocks or sediments. On the basis of rocks or sediments bear to the 

percolation of water, these may be divided into two types-pervious and 

impervious rocks. The pervious structure has no connection with porous nature of 

rock. Many rocks that are massive and crystalline, have so many joints that may 

become pervious. On the other hand, many porous rocks have their pore spaces so 

small that water cannot pass through them freely. For the purposes of 

groundwater, the rocks or sediments that can hold, transit and yield water are 

called aquifers and accumulation of groundwater in a particular region will 

depend upon the presence of aquifers materials. 

The most common aquifer materials are unconsolidated sands and gravel, 

which occur in alluvial valleys, old streambeds covered by fine deposits, coastal 

plains, dunes and glaciers deposits. Sandstones are also good aquifers. Cavernous 

limestone with solution channels, caves, undergroUnd streams and other karst 

development can also be high yielding aquifers. Other sedimentary rocks-shale, 

solid limestone etc., normally do not make good aquifers. Small yield may be 

possible where these rocks are highly fractured. Same is true for granite, gneiss, 

and other crystalline or metamorphic rocks. Basalt, lava, and other materials of 

volcanic origin can make excellent aquifers if they are sufficient porous (Mahajan, 

1989). Four types of aquifers based on the permeability of the covering layers 

have been considered-(a) unconfined aquifer, (b) confined aquifer, (c) semi

unconfined aquifer and (d) semi-confined aquifer. The permeability and water 

quality of individual aquifer may differ considerably. It is worth mentioning that a 

particular aquifer at one place may be a confined aquifer while at another place it 

may behave as an unconfined aquifer where the water level falls below the base of 
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the overlying confining layer. Similarly, at one particular place an aquifer may 

change from confined to unconfined character with time. 

Most of the aquifers in the study area are unconfined aquifers of which the 

water table serves as the upper surface of saturation and also known as free 

phreatic or non-artesian aquifer. There is no clay or other restricting material at 

the top of the groundwater, so the groundwater levels are free to rise or fall. The 

top of a phreatic aquifer is the water table, which is the place where groundwater 

pressure is equal to atmospheric pressure. The water table height corresponds to 

equilibrium of water level in a well. They may extent from a few metres or less to 

hundreds of metres or more. The principal source of groundwater in unconfined 

aquifers is precipitation that has infiltrated into the soil above the aquifers, either 

directly as it fall on the ground or indirectly via surface runoff and seepage from 

. stream and lakes. Some of the places of the study area, the wells tapped from the 

confined or artesian aquifer which may be flowing or non-flowing wells. The well 

known examples of flowing wells are in terai plains at a sha116w depth, but the 

non-flowing wells are mainly observed at a greater depth of explor.atory wells. 

4.1 TYPE OF AQUIFER PROPERTIES 

The yield of the well is probably the most important single item of 

ultimate interest. Particularly in most cases; the yield will determine whether or 

not the well is a success or failure in the eyes of the investigation drilling staff, 

well owner and every one etc. The individual factors that effect the yield of 

screened wells may be grouped as-( a) natural' characteristics of the water bearing 

sand, (b) elements of well design -and (c) the water methods used in the 

construction and the development ofthe well. But in this chapter, the only, natural 

characteristics of the water bearing sand or the fundamental properties of aquifer 

materials are discussed here in details. 

An aquifer performs two important functions-( a) storage funQtion and (b) 

conduit function. It stores water serving as reservoir and transmits water like a 

pipeline. The openings or pores in a water bearing formation serve both as storage 
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spaces and as a network of conduits. The openmg in sub-surface geologic 

formations are of three categories-:{ a) opening between individual particles as in 

sand and gravel, (b) crevices, joints or fractures in weathered rocks and (c) 

solution channels and cavern limestone and openings in basalt due to evolution of 

gases in lava. Porosity and specific yield are related to its storage function and 

conduit function is dealt with only permeability. 

In the course of well-boring in Siliguri Subdivision of Darjiling district, 

the sediments that are penetrated, consist of incoherent materials for example clay, 

sand, shingle and mixture of these three. Sometimes the beds are well assorted 

gravels and sands are also struck by well which are treated as "good aquifers" but 

in most cases the sediments, that are penetrated, are unassorted which clearly 

show the dishevelled nature of the streams, which were active during the time of 

deposition of these sediments. Rock formations and the openings are the result of 

primary geologic processes which form the rocks and secondary processes that 

modify them either increasing or decreasing their porosity and permeability. 

Geologic processes acting on rocks may change or induce entirely new 

hydrogeological properties which control the movement of underground water. 

The hydrogeologic characteristics of sedimentary and alluvial deposits may be 

inherited from the parent formation. For example, weathering of sandstone may 
' 

produce abundant sands which, under classifying process of nature, may be 

redeposited as aquifers. 

In the present investigation, the hydrological processes of the aquifer 

materials of the alluvial tract as well as the piedmont deposits of the Terai region 

of Darjiling district have been determined vyith the help of grain size distribution. 
, 

For. this purpose, the core samples from 12 exploratory tubewells have been 

collected from different places at different depth which are shown in Fig.-4.1. A 

brief description of the mechanical analysis of grain size d~stribution of collected 

tube-well samples are as follows. 

4.2 GRAIN SIZE DISTRIBUTION 

Grain size distribution is an inherent characteristic of the soil material that 
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Table~4.1: Results of mechanical analysis of sand samples from the selected exploratory boreholes. 

Sl Depth Cumulative weight percent, retained (mm). 
No Location ranges in 

m. 16 4 2 0.84 0.59 0.42 0.21 0.149 0.125 

Ashram para, 
31.71 to 

01 
71.34 

8.01 13.10 19.83 32.71 51.53 80.46 89.08 95.49 100.00 

SMC 

02 
Pradhannagar, 62.00 to 

6.41 13.53 21.46 35.12 53.15 82.59 89.91 96.63 100.00 
SMC 85.03 

Bengdubi, 
89.70 to 

03 
120.18 

8.72 19.43 32.27 57.31 72.64 85.08 91.54 97.51 100.00 
Matigra 

04 
Matigara hat-!, 112.95 to 

10.35 33.12 51.54 67.03 72.68 77.22 89.54 95.82 100.00 
Matigara 155.80 

05 
Matigara hat-II, 90.60 to 

7.70 23.50 34.00 46.69 50.26 56.89 82.07 93.95 100.00 
Matigara 119.60 

06 NBU, Matigara 
73.00 to 

6.45 18.64 39.08 52.79 56.23 60.83 81.12 94.48 100.00 
93.40 

07 
New Chamta T. 42.50 to 

8.24 18.61 34.64 55.53 68.12 83.09 93.27 97.87 100.00 
E., Matigara 72.50 

08 
Salbari Bazar, 39.65 to 

10.76 26.27 33.04 55.51 74.45 85.11 92.23 96.72 100.00 
Matigara 87.80 

09 
ERS, Sukna, 106.68 to 

6.58 21.82 32.10 53.21 74.73 83.84 91.18 96.91 100.00 Matigara 124.67 

10 Naxalbari Hos., 175.56 to 
7.98 18.44 32.84 54.42 67.71 83.63 92.98 97.02 100.00 Naxalbari 199.34 

11 
Kharibari 3rd 38.41 to 

3.71 8.95 17.35 35.79 51.72 84.33 93.64 97.81 100.00 Site, Kharibari 70.12 

12 
Bidhannagar, 70.43 to 

5.05 12.37 24.64 43.32 59.58 83.10 93.70 99.00 100.00 
Phansidewa 107.32 

distinguishes different types of soils and plays an important role in shaping their 

behaviour for groundwater studies. The graphical representation of the grain size 

analysis of soil based upon the concept that the grain size distribution curve is 

continuous function of grain size which is determined by the geological processes 

of operating to form a soil. In order to determine its gradation the soil is sieved 

through a stack of sieves of progressively smaller mesh sizes. Many countries 

have developed standards ·about such sieves. In this experiment, soil classification 
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according to Indian Standards Institution (ISI) and Massachusetts Institute of 

Technology (MIT) have been considered. To carry out a sieve analysis, a 

representative sample of aquifer material is drawn. 

Table-4.1 give the results of mechanical analysis of the tube-wells bore log 

sample taken only from the aquifer tapped zones or layers. The results have also 

been graphically exhibited in Fig.-4.2, which is important for the study and 

comparison of the results. The height of any curve, in these figures, at any point is 

the percent of material finer than the sizes indicated at the bottom of the diagram. 

The lines representing the diameters are spaced according to the logarithms of the 

diameters of the particles, thus greatly facilitating a comparison of different 

materials. On the basis of mechanical analysis of hydrological properties of the 

aquifer materials of different depths of bore logs of the tube wells from the ground 

surface in the Terai region of Darjiling District have been determined. Ill-sorted 

sediinents are indicated by rectangular blocks of nearly equal size in the histogram 

and by a flat line in the simple frequency curve and in the cumulative frequency 
' . 

curve. Well-sorted materials are indicated by one or two adjacent over sized 

blocks in the histogram by a single well defined peak in the simple frequency 

curve, and by nearly vertical curve in the cumulative frequency curve. Cumulative 

curves are useful for obtaining the effective size of the granular materials, degree 

of sorting and uniformity of grain-size distribution. Some statistical values useful 

in groundwater hydrology is shown in Tables -4.2 to 4.4. 

Table-4.2 shows the different values of different statistical parameters. 

First of all, the standard deviation ( cr1) measures the sorting or ,uniformity of the 
I 

particle size distribution. In the analysed samples, the value of standard deviation 

ranges from 1.37 q> to 2.46 q> which indicate the nature of sorting, that is poorly to 

very poorly sorted grains are dominated in the study area. Skewness (Sk1) value of 

the analysed samples indicates that more than 90 percent samples are coarsely to 

very coarsely skewed which ranges from -0.15 to 0.48, but only two sample sites 

located at Matigara Hat and adjoining areas are nearly symmetrical arrangement 

of the grains which are ranges from +0.07 to -0.09. The values of Kurtosis are 

normally show that more than 50 percent of the,analysed samples belonged to 

Leptokartic which ranges from 1.16 to 2.09. The samples only located at Matigara 
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Hat and its surrounding areas have the characteristics of platy Kurtic. The 

analytical values of sphericity of pebbles of aquifers tapped formation of the 

analysed samples have· been recognised by using the Sneed & Folk's (1958) 

sphericity formula as 

Spher.ic:i:cy = ~ /LI 

where, L, I and S are the long, intermediate and short axes respectively of a grain. 

The average value of sphericity of the study area ranges from 0.61 to 0.71 

which normally indicate that the grains are mostly discoidal in shape having the 

characteristics of matured depositions. From the discussion, it is to be concluded 

that the analysed formation's sample are the admixture of gravels and sands and 

the presence of minimum percentage of clay and normally the formations are of 

matured in deposition, which over all indicate that the study area is very· rich in 

groundwater yXploitation from both in shallow and greater depth. 

4.3 POROSITY 

The porosity of a rock is its property of containing interstices. It is 

quantitatively expressed as the percentage of the total volum¢ of the material 

occupied by·open spaces, or that which is not occupied by solid rock material. In 

other words, the porosity may be designated by the formula -

w 
P = lOOx

V 

where1P is the porosity by volume, W is the total volume of the pore spaces and V 

is the total volume of rock (Todd, 1959). 

The porosity of a rock formation depends chiefly on the shape and 

arrangement of its constituent particles, the degree of assortment of its particles, 

the cementation and compacting to which it has been subjected since its 

deposition, the removal of mineral matter through solution by percolating water 

and the fracturing of rock, resulting in joints and other openings. Porosity does not 

depend on size of grains provided the grains are of equal in size. 
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The chief control over the porosity of a deposit is of variety in size grains, 

or the degree of assortment. A deposit of large grains of uniform size has a high 

porosity and a deposit of small grains of uniform size has equally high porosity 

but a deposit composed of mixture of grains of these two sizes has much lower 

porosity. Therefore, if it is possible to determine the degree of assortment or 

uniformity in size of grains, constituting a deposit, the porosity of it can be 

determined because of the fact that porosity depends on the deg~ee of assortment 

of the grains. An arbitrary quantity of the 'Uniformity coefficient' is used for a 

simple quantitative expression of the degree of uniformity in size and is defined as 

the ratio of the diameter of grain that has 60 percent (by weight) of the sample 

finer than itself to the diameter of a grain that has 10 percent finer than itself 

(Meinzer, 1959). If all the grains of the sample were absolutely of the same .size, 

the uniformity coefficient is to be 1; with most comparatively even-grained 

sample, the coefficient ranges from 2 to 3. 

According to Hazen (1893) in' regards to the relation of the uniformity 

coefficient to the porosity, the amount of open spaces depends on the shape and 

uniformity in size of the particles and is independent upon their absolut~ size. The 

materials which have the sharpest rise (Fig.- 4.2) indicates the greatest uniformity 

in size, have the greatest open space, while the sands having a more gradual rise 

pack more closely, the finer particles occupy the spaces between the larger ones or 

vice-versa thus greatly reducing the open spaces. It is therefore obvious that 

uniformity coefficient is an index to the porosity. The larger the coefficient the 

smaller the porosity. The arrangement of grains is also important. With all other 

factors remaining the same, the square packing gives the highest porosity to about 

48 percent and the rhombic packing gives the lowest porosity of about 26 percent. 

The porosity can be anything between these two extremes depending upon the 

type of arrangement of the grains. Porosity is the same irrespective of the size 

with all other factors remaining the same. Regarding the shape of grains it is seen 

that the angularity tends to increase the porosity. 

Hazen (1893) also determined. the relation between uniformity coefficient 
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Table-4.2 

Grain sizes 
& 

parameters 

<p5 

<p 10 

<pl6 

<p25 

<p50 

<p60 

<p75 

cp84 

cp90 

<p95 

1st quartile 
(d?s) 

3rd quartile 
(d2s) 

Median 
(dso) 

Std. Dev. 

(cr,) 
Skewness 

(Sk1) 

Kurtosis 
(Kg), 

Different analytical values of grain size distribution in <p and some statistical 
parameters of the tested samples. 

Tested samples ·number 

01 02 03 04 05 06 07 08 09 10 11 12 

-4.71 -4.29 -4.19 -4.48 -4.23 -4.00 -4.58 -4.81 -4.19 -4.44 -2.99 -4.06 

-4.00 -3.76 -3.33 -3.43 -2.90 -2.53 -3.03 -4.12 -2.83 -3.47 -1.73 -2.50 

-3.40 -2.90 -2.20 -2.37 -1.50 -1.70 -2.27 -3.03 -2.43 -2.33 -1.00 -1.63 

-2.67 -1.90 -1.53 -1.53 -0.34 -0.56 -1.43 -2.00 -1.63 -1.43 -0.31 -0.88 

-1.06 0.66 0.03 -0.06 0.75 0.72 0.00 0.13 0.22 0.00 0.75 0.44 

-0.31 1.44 1.25 0.41 0.91 0.84 0.47 0.41 0.53 0.50 0.97 0,75 

1.00 1.94 2.03 0.88 1.03 1.13 1.00 0.78 0.81 1.00 1.22 1.06 

1.94 2.36 2.39 1.25 1.53 1.44 1.34 1.19 1.44 1.28 1.25 1.38 

2.39 2.61 2.61 1.75 2.36 2.36 2.00 1.50 2.12 1.78 1.56 1.98 

' 
2.69 2.86 2.81 2.58 2.75 2.75 2.58 2.20 2.69 2.42 2.31 2.50 

1.00 1.94 2.03 0.88 1.03 1.13 1.00 0.78 0.81 1.00 1.22 1.06 

-2.67 -1.90 -1.53 -1.53 -0.34 -0.56 -1.43 -2.00 . -1.63 -1.43 -0.31 -0.88 

-1.06 0.66 0.03 -0.06 0.75 0.72 0.00 0.13 0.22 0.00 0.75 0.44 

2.46 2.40 2.21 1.97 1.81 1.80 1.99 2.16 2.00 1.94 1.37 1.75 

Q.07 -0.37 -0.09 -0.26 -0.46 -0.47 -0.27 -0.42 -0.15 -0.29 -0.48 -0.37 

0.83 0.76 0.81 . 1.20 2.09 1.64 1.21 1.09 1.16 1.16 1.42 1.39 

and the porosity for a large number of samples on the basis of which the porosity 

of soils and water bearing 11?-aterials has been determined in the present 

investigation. The porosity of soils of the alluvial tract of the study area is 3 8 

percent (Tables- 4.2 to 4.4). But the porosity of good aquifer material from where 

the water is taped on, both in piedmont as well as the alluvial deposits, whose 

specific yields is much higher than its specific retention and which can freely 

yield to well, is about 39 and 41 percent respectively. 

The determination of porosity of the taped aquifer materials of the Terai · 
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belt comprises of a number of terraces and piedmont deposits have been sanguine 

when the .explorations for groundwater were carried out in the terai area under 

Indo-U.S. Technical co-operation mission programme guided by Banerjee (1969) 

in 1959-61 and also by the Geologists of GSI and Hydrogeologists of CGWB of 

Eastern Region, who determine the value of it to be about 39 to 41 percent which 

fairly agree well with the value found above for the water-bearing materials. 

Therefore, finally, it can be said that a good water-bearing formation in the terai 

area ofDarjiling district has a high porosity. 

Table-4.3 : Hydrological properties of soils of the selected explo~atory wells at an average depth 
of 1 meter from the ground surface. 

Properties 
Tested samples number 

01 02 03 04 05 06 07 08 09 10 11 12 

Effective grain 
.005 .007 .008 .007 .003 .008 .005 .005 .009' .026 .009 .039 

sizemm 
'. 

Uniformity 
6.5 4.5 3.5 3.4 62 3.8 7.2 4.3 6.8 8.5 5.5 6.6 

coefficient 

Specific gravity 2.6 2.5 2.7 2.5 2.4 2.6 2.7 2.6 2.6 2.7 2.6 2.5 

Porosity 38.0 ' 43.0 42.0 39.0 43.0 39.0 42.0 40.0 41.0 43.0 42.0 43.0 

Specific yield 
16.0 18.5 17.3 15.8 16.6 18.0 19.2 18.2 18.5 17.9 18.3 19.0 

(Sy) (% by vol) 

Sp. retention 
22.0 24.5 24.7 23.2 26.4 21.0 22.8 21.8 22.5 25.1 23.7 24.0 (S,) (% by vol) 

Moisture 
holding capacity 59.5 62.2 58.8 61.4 60.6 53.7 57.4 55.3 56.8 63.1 54.4 59.8 

(%by wt.) 

Wilting coef. 
15.2 14.5 13.8 15.8 13.2 12.6. 14.1 12.9 14.3 13.2 12.7 12.9 (% bywt.) 

Hygroscopic 
10.2 8.5 8.2 9.5 8.6 7.9 8.3 8.5 10.1 9.1 8.2 7.9 coef. (%by wt.) 

Water available 
for growth (% 44.3 47.7 45.0 45.6 47.4 41.1 43.3 42.4 42.5 49.9 41.7 46.9 

by wt.) 

4.4 SPECIFIC YIELD AND SPECIFIC RETENTION 

Below the water table or the zone of saturation, where the rock interstices 

are completely filled with water, all these water can not be drained by gravity or 
I . 
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by pumping. from wells, as a portion of the water is held in the void spaces by 

molecular and surface tension forces. The volume ·of water, expressed as a 

percentage of the total volume of the saturated aquifer, that can be drained by 

gravity is called Specific Yield · (Sy) and the volume of water retained by 

molecular and surface tension forces, against the force of gravity, expressed as a 

percentage of the total volume of the saturated aquifer, is called the Specific 

retention (Sr) and correspond to field capacity. The specific yield and specific 

retention of a soil when added together are equal to its porosity (P) i.e., P= Sy + Sr. 

The quantity of water yielded to wells from a body of saturated soil 

depends upon its specific yield and not on its porosity. Some of the aquifer 

materials such as clay, silt etc. have higl;l porosity and are capable of holding large 

quantities of water, but yield only a small part of it in a reasonable length of time, 

consequently these materials usually are unproductive and insignificant for water 

Table-4.4 : Hydrogeological properties of the tapped aquifer materials collected from the selected 
exploratory wells at different depth from b.g.l. 

Properties 
Tested samples number 

01 02 03 04 05 06 . 07 08 09 10 11 12 

Effective grain 16.0 14.0 10.0 11.5 7.5 6.0 10.0 17.5 8.5 11.0 3.2 5.6 
size (d10) mm mm mm mm mm mm mm mm mm mm mm mm 

Effective screen 1.37 0.37 0.44 0.77 0.52 0.55 0.74 0.76 0.69 0.62 0.53 0.59 
size (d6o) mm mm mm mm mm mm mm mm mm mm mm mm 

Sorting coef. 
0.28 0.26 0.29 0.44 0.58 0.56 0.43 0.38 0.44 0.43 0.59 0.50 

..J(d,dd2s) 

Uniformity 
0.09 0.03 0.04 0.06 0.07 0.09 0.07 0.04 0.08 0.05 0.16 0.11 

coef. (d6old10) 

Specific gravity 2.6 2.6 2.5 2.6 2.4 2.5 2.7 2.5 2.5 2.7 2.6 2.7 

Porosity 41.0 42.0 40.0 42.0 39.0 40.0 41.0 39.0 40.0 41.0 40.0 42.0 

Specific yield 
31.0 32.5 31.3 31.6 32.0 30.7 31.5 30.0 32.0 30.0 29.8 31.2 

(Sy) (%by vol.) 

Sp. Retention 
10.0 9.5 8.7 10.4 7.0 9.3 9.5 9.0 7.0 11.0 10.2 10.8 (S,) (%by vol.) 
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supply, whereas a compact and fractured rock may contain much less water and 

yet yield abundantly. Unlike porosity, specific yield and specific retention of a 

rock formation is dependent on variables such as time of drainage, temperature, 

mineral composition of the water and various soil physical characteristics such as 

texture. Specific yield decreases and specific retention increases as. the size of the 

grains decreases. Briggs and Shantz (1912) have given the following statements 

regarding the relationship between the moisture-holding capacity and texture of 

aquifer materials. 

"Soil texture has been used for the quantitative description of soils more 

extensively than any other physical property, and unfortunately it has been one of 

the most difficult to interpret from the standpoint of moisture retentiveness. 

Texture is quantitatively expressed by means of mechanical analysis, which shows 

the composition of soils when the particles are separated into groups according to 

size. The accuracy. with which the texture of the soil can be expressed by this 

means is dependent on the number of groups into which the particles are 

separated. The use of mechanical analysis as a basis for determining the moisture 

retentiveness of a soil is further complicated by the fact that the soils having a 

high clay content will show great differences in the amount of colloidal material, 

which greatly affects the moisture retentiveness". 

Soils of the investigated area of Darjiling· district do not contain an 

appreciable amount of clay and hence the determination of texture of soils with 

the help of mechanical analysis can be successfully achieved. The problem does 

not arise at all for aquifer materials due to the presence of very less amount of clay 

mixed with them. For interpreting mechanical. analysis of aquifer materials with 

respect to their water-retaining capacities, the following equation has been 

developed by Briggs and Shantz (1912) based on the study of a large number of 

samples. 

Moisture-Holding Capacity= (0.03 Sand+ 1.35 Silt+ 1.65 Clay)+ 21. 

In this equation, 'moisture-holding capacity' is the 'specific retention'. Actually 

'moisture-holding capacity' in the following case has been determined by using 

low columns of material and hence is greater than the true specific retention. The 
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porosit~ minus this quantity would give the value of the specific yield which 

therefore, will be slight less than the true specific yield of the material. In the 

above equation, the term 'Sand' refers to the percentage by weight of dry sample 

of particles between 2 and 0.05 mm in diameter; 'Silt' refers to the percentage by 

weight of dry sample ofparticles between 0.05 and 0.005 mm and 'Clay' refers to 
' . 

the percentage by weight ofdry· sample of particles smaller than 0.005 mmin dia. 

The formation,. whose specific yield is much higher than the specific 

retention can be designated as a good water-bearing formation which can freely 

yield to wells. Fine textured materials not only yield less water than coarse 

textured materials, but they also yield it more slowly. For most water-bearing 

materials, the water drained out by rapid lowering of the water table in the 

immediate vicinity of a heavily pumped well is doubtless considerable less than 

the total that would be yielded by long term draining, but the draining that 

accompanies the annual fluctuation of the water in virtually complete. 

A large number of field and laboratory methods have been devised for the 

measurement of specific yield. Although most field methods determine specific 

yield directly, most laboratory methods determine specific retention and specific 

yield is found indirectly by subtracting the retention from the porosity. But all 

these' methods have limitations. Thus, laboratory samples inay be disturbed, in 

field test it is difficult to control and measure variables and estimates lack of 

accuracy. Out of the seven methods proposed by Meinzer (1932), the most 

effective Recharge method and Mechanical analysis method have been used in the 

present case for determining the specific yield. 

a) 'Recharge Method : It consists of observing the seepage losses from 

·streams or canals and observing the corresponding rise in the water table. 

Converse to the pumping method the rise in the water table can be observed 

during injection of water into a recharge well. The specific. yield (Sy) is obtained 

as a ratio of the volume of water recharged to the volume of the material by the 

formula: 

RP 
S = lOOx-

y r 
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Where, Rp is tl~c rainfall recharge to the water table and •· the corresponding water 

table rise. Moreover, Rp is calculated by Rao (Rao, K., 1970); 

Rp = 0.35 (R- 600) 

where, Rp is the net recharge to the groundwater and R is the rainfall in mm. 

By taking a normal rainfall year (wet season only) and the amount of 

rainfall is substituting in the formula, the value of Rp will be determined and rise 

of water table in the study area in an average is 3 to 4 metres. In this case Rp is 

958 mm and the corresponding value ofr is 3 metres. The specific yield is: 

b) 

958 
S Y = lOOx-- = 31.92pe:r:cent 

3000 

Mechanical Analysis method : Making mechanical analysis and 

determination of property and estimating there from the specific retention by 

using the Briggs and Shantz equation for Moisture-holding capacity, and finally 

·subtracting the value of Specific retention from the porosity, the value of specific 

yield is determined. By using this formula , the specific yield value for good water 

bearing material for ground water supply is ranges between 30-~2 percent, which 

is equal to value determined by the Recharge method. The soils of the study area 

of the Darjiling district have an average specific yield of 18 percent and an 

average specific retention of 21 percent revealing thereby most of the water in the 

soil zone is retained by the soils and is used for crop growth. But the specific yield 

of good water-bearing formation of the terai plain collected from the only taped 

aquifer area is approximately to 32 percent and the specific retention is 8 percent 

(Tables- 4.2 to 4.4). 

The specific yield (Sy) of water bearing materials, determined for the 

north-eastern part of the West Bengal by the Geologists of GSI, Hydro geologist of 

CGWB of Eastern region and Geologists and Engineers of SWID of Darjiling 

district by using pumping method, is about 30 percent which seems to be slight 

lower than the value of calculated by the said methods. 

The specific yield values reported are, in general, representatives of the 

ultimate amount of time for drainage. From the values, it observes that the highest 
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specific yields tend to be around the medium and coarse texture which is due to 

the fact that these sands are normally more uniform in grain size distribution. In 

the ultimate analysis one should recognise that the specific yield and specific 

reten~ion are essentially dependent on the size, shape and distribution of the voids 

which in tum are governed by textural characteristics. 

4.5 PERMEABILITY 

The property of water bearing formation which is related to its pipe line or 

conduit function is called permeability. It is also a measure of the capacity of the 

porous medium to transmit water under pressure. Rocks that lack porosity do not 

transmit water and are said to be imperm:eable; But clay having maximum pores 

and some vesicular lavas lacking interconnected pores may be treated as 

impermeable. Hence, porosity is therefore not a measure of permeability. But 
! . 

coarse sand and gravels, which are as porous as silts, are many times more 

permeable by virtue of possessing larger pore· spaces which allow water to move 

freely through them. Rocks that transmit water uniformly in all directions are said 

to be isotropic. But the rocks which transmit water more freely in one direction 

are called anisotropic. In general, the permeability in the horizontal direction 

parallel to the bedding plane of sedimentary rocks is more uniform than in the 

perpendicular direction. The movement of water from one point to another in the 

material takes place whenever a difference in pressure of head occurs between two 
I 

points. The rate of movement of groundwater depends on the permeability of rock 

through which it is flowing and on the hydraulic gradient which provides force to 

move. 

The basic law for flow of fluids through porous media was established by 

Darcy. (1856), who states that the velocity of water flowing through a porous 

medium is directly proportional to the hydraulic gradient, and is expressed as : 

h 
v = px- ................... (1) 

1 

where, v = velocity of water through a column of permeable material, 
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p =Constant of proportionality, 

h =difference in head at the ends of the column, 

1 = length of the column. 

The constant p in the equation (1) is commonly known as the coefficient of 

permeability. Its value varies with materials. Thus, under similar hydraulic 

gradients, the quantity of ground water flowing in a unit time through cross 

sectional area will be greater in the more permeable materials as compared with 

the less permeable ones. Darcy's law may then be expressed as 

Where, 

Q =PI A ................. (2) 

Q =quantity ofwater discharged in a unit of time 

P = coefficient of permeability 

I= hydraulic gradient (the difference in head h divided by length of flow 1) 

A = c.ross- sectional area through which water percolates. 

Thus, coefficient of permeability can also be expressed in terms of the rate 

of flow of ground water in a unit of time through a unit cross-sectional area of the 

material at a hydraulic gradient of 1 00 percent. In Meinzer's definition 

(Stearns, 1928), the coefficient of permeability (P m) is expressed as "the rate of 

flow of groundwater in gallons per day through a cross-sectional area of one 

square foot under a hydraulic gradient of 1 00 percent and a temperature of 60° F." 

Generally, in groundwater investigations, permeability is expressed in 

terms of 'Field Coefficient of Permeability' which is abbreviated as Pr and is 

defined as "the number of gallons of water a d,ay that percolates under prevailing 

conditions through each km. of water- bearing bed under investigation (measured 

at right angle to the direction of flow) for each meter of thickness of bed and for 

each foot per mile of-hydraulic gradient". The permeability value depends in 

general upon the degree of sorting and upon arrangement of size of the particles, it 

is u~ually low for clay and other fine-textured or tightly cemented materials and 

high for co~se, clean gravel. Most productive water bearing materials have 

coefficient of permeability of 100 or above and usually above 1000. A large 

number of laboratory and field methods have been devised for the measurement of 
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permeability of a taped aquifer materials. The different methods may be grouped 

as: (a) direct lab?ni.tory methods, (b) indirect laboratory methods, (c) field 

velocity methods an~. £d) field discharge methods. However, none of these 

methods could be used here due to lack of sufficient facilities. Instead, the 

permeability of the study area has been tried to find out and computed by adopting 

the "grain size distribution analysis method" as well as the following procedure 

applied by the different hydrogeologist and groundwater engineers. 

The velocity of groundwater percolation can be determined from Hazen's 

formula (1893): 

h 2 
V = Cx-xd ( 0 . 7 0 + 0 . 0 3 t) .............. ( 3 ) 

1 

Where, V = velocity in meters per day in a solid column of same area as that of 

the sand. 

C =constant which varies with the compactness and uniformity of sand. 

h =head loss (measured in any unit) 

1 = distance of percolation (measured in same unit as head) 

d = effective size of sand grains in mm. 

t = temperature of water in degrees centigrade. 

The equation (3) clearly indicates the rate of flow of ground water and 

therefore, the quantity of water transmitted by a sand column depends not only 

upon its length and head as explained earlier by Darcy (1856), but varies greatly 

with the effective size of the sand grains. Temperature 'also counts because 

viscocity of water and hence its percolatiqn rate change with temperature 

variations. The above formula indicates that, provided the other conditions are 

same, the velocity of percolation of groundwater in a region will be greater in 

summer season than in winter season. Further, the velocity V in the equation (3) is 

not the actual rate of percolation. In fact, the effective or actual velocity V by the 

ratio V /P e, where P e is the effective porosity or specific yield of sand. Hazen 

(1893) at first stated that the constant C in equation (3) approximates 1000 and 

that his formula is applicable to sands of uniformity coefficient below 5 and 

effective size ranging from 0.10 to 3.0 mm. Subsequently, Hazen (1893) found 
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that the value of C varies with uniformity coefficient, shape, degree of assortment 

and compactness of sand, and hence it may be as high as 1200 for very uniform 

and perfectly clean sand and as low as 400 for closely packed and dirty sand. The 

value of C will thus decrease with increase in uniformity coefficient. 

The next attempt to find the quantity of groundwater percolation from the 

equation as -

Q = PeXVe··· ..................................... (4) 

where, Q = quantity of groundwater percolating through the medium in a unit 

time. 

P e = effective porosity or specific yield. 

Ve = v/ Pe, then equation no. (4) may be expressed as 

Q = v ........ : ........................... (5) 

The value of coefficient of permeability(P m (in Meinzer'-s units) is 

obtained by substituting the value of Q, computed from the equation ( 4), and of 

hydraulic gradient I in 

Q 
pm =r .................................... (6) 

The following values are obtained for the water-bearing materials in terai 

region ofDarjiling district: 

C = 4500, h/1 = 1/2000, d = 2.8, t = 22°C, P e = 32% 

Substituting the values in equation (3), we have-

Ve = 4500 X (1/2000) X (2.8)2 (0._70 + 0.03 X 22) 

Ve = 23.9904 m I day. 

Q = Pex Ve = 23.9904 X 32/100 = 7.676928 m3
/ day. 

Pm = Q/ (h/1) = 7.676928 x 2000 = 15353.856 m3
/ day. 

Taylor (1936), by using Thiem's equilibrium formula (discharging well 

method) conducted three experiments out of which equilibrium condition is 

obtained in one of them. From these experiment, Taylor estimated the value of 

coefficient of permeability to be 4 x 1 o-3 cubic meter per second which seems to 

be much lower than the value calculated (Eqn-6). Further more, Singh et. al 
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(1939), determined the value of coefficient of permeability for Punjab sands to be 

4 x 10-4 cubic meter per second which seems to be much smaller than the value 

calculated above. Characteristics of some common formation materials are given 

in Table- 4.5. 

Table : 4.5 : Characteristics of some common formation materials. 

Formation materials Porosity percent Specific yield Permea'bility lpd/m2 

percent 

Clay 45-55 1-10 0.05-100 (For Silt also) 

Sand 
' 

35-40 10-30 5~103 - 15xl04 

Gravel 30-40 15-30 5x104 -7.5x105 

Sand and gravel 20-35 15-25 103 
- 2.5x 105 

Sandstone 10-20 5-15 5- 2.5x1 03 

Shale 1-10 0.5-5 10-5 -0.1 

Limestone 1-10 0.5-5 -

Source: Raghunath, H. M. (1987). 

4.6 MOISTURE CONTENT OF SOIL 

When water is added to uniform soil and allowed to seep downward, a 

condition of distribution is reached at which the moisture content at all depth is 

approximately the same (Shaw, 1927). Moisture content of soil is also known as 

'field capacity' and may be defined as the percentage of volume of water retained 

against gravity to total volume of material (Shaw, 1927), or as defined by the soil 

scientist, the percentage by weight of water retained against gravity to the weight 

of the sample when dry. Water content in the soils may be chiefly of three types: 

a) Available Moisture : A portion of soil moisture is available for plant 

growth and hence it is subdivided by the agricultural scientists into 'available 

moisture' which is available to plant and 'unavailable moisture', that is 

unavailable to plants. The available moisture is also termed 'moisture available for 

growth' and equals field capacity less the amount of water held .in the soil at the 
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wilting point. Therefore to estimate the available moisture, a term 'wilting 

coefficient' (Briggs & Shantz, 1912) is defined which is the ratio of the weight of 

water in the soil when the leaves of the plants undergo permanent wilting to the 

weight of the soil when dry. The following equation has been developed by Briggs 

& Shantz (1912) for determining the wilting coefficient-

Wilting coefficient =(moisture-holding capacity- 21)/ 2.90 

= 0.01 Sand+ 0.12 Silt+ 0.57 Clay 

' In this equation, moisture-holding capacity, sand, silt, and clay have the same 

meaning as explained before at the time of determining the specific yield and 

specific retention. In the study area of the terai region, the soils are having an 

average wilting coefficient of 12 percent by weight. 

b) Hygroscopic water : After permanent wilting has taken place, the soil 

still contains some water. This remaining water is so firmly held that it is 

unavailable for plant growth. A part of the water that plants are unable to utilize 

for growth can be removed by evaporation, but some water remains in soil even 

after it has been fully exposed to evaporation. This last remnant is called 

'hygroscopic water' (Meinzer, 1959). The term 'hygroscopic coefficient' is used 

to express quantitatively the capacity of a soil for holding hygroscopic water and 

is defined as the percentage of water in soil which in a dry condition, has been 

brought into a saturated atmosphere and kept in that atmosphere at a constant 

temperature until it has absorbed all the atmospheric water vapour that is capable 

of absorbing. Briggs & Shantz (1912) developed the following equation to 

determine the 'Hygroscopic coefficient'. 

Hygroscopic coefficient =Wilting coefficient x 0.68 

=(moisture-holding capacity-21)/ 2.90 

= 0.007 Sand+ 0.082 Silt+ 0.39 Clay. 

In this formula, Sand, Silt, and Clay have the same meaning as explained earlier at 

the time of determining the specific yield and specific retention. The 'hygroscopic 

coefficient' of the soils of the investigated area is approximate to 10 percent by 
' ' 

weight. 
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It is observed that 'moisture-holding capacity' mmus the 'wilting 

coefficient' gives measure of the 'water available for growth' ~hich for the soils 

of the study area of the terai plain ofDarjiling district is approximate to 46 percent 

by weight (Table-4.3) Therefore it can be inferred, on the basis of the 

hydrogeologic properties of soils in the terai area that the soils are of rich quality 

and fertile in nature because of the fact that most of the water retained in the soil 

is available to plant growth. From the 'mechanical analysis' of the samples, it is 

seen that the depth from the ground surface of a good water-bearing layer in the 

terai region of Darjiling district varies from place to place. From the bore hole log 

of the study area, it is seen that a good water yielding strata is met at a depth of 

118.90 meters. From the well logs it is observed that the depth and thickness of 

tapped aquifer materials are variable from area to area. Thus it can be said, in the 

study area, a good water yielding strata is expected to meet at an average depth 

between 73.16-100.33 m from the ground surface and having an average 

thickness of the aquifer is 27 meters. 

c) Unavailable Water : Water is retained in the soil against the force of 

surface evaporation and against the absorptive power of plant roots. Unavailable 

water probably includes water held by complex physical and physico-chemical 

forces. 

4.7 STORAGE CAPACITY 

The 'storage capacity of groundwater reservoir, which can freely yield 

water, in the terai region ofDarjiling district is _estimated. As stated above, a good 

water yielding strata has an average thickness of 27 m and an average porosity of 

about 41 percent. Hence, the storage capacity of the good groundwater reservoir 

IS-

Storage Capacity = 

= 

(41x27xl000x1000)/100 m3
/ km2 

1,10,70,000 m3
/ km2 

This calculated value of storage capacity simply indicates that in the terai 

region of the Darjiling district, the groundwater reserv~ir is having an enormous 

storage capacity. 
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CONCLUSION 

The foregoing discussion in this chapter gives the results of mechanical 

analyses of the deep tubewell samples which show an uniformity condition all 

over the study area. It has been observed that the porosity of soils and water

bearing materials are respectively 41.0% and 40.5%. The specific yield, specific 

retention and coefficient of permeability of good water-bearing formations ip the 

area are successively 31%, 9.5% and 0.005 m3
/ minute. The soils in the alluvial 

tract of the study area are very rich in agricultural development and its wilting 

coefficient is 12% by weight and hygroscopic coefficient is 10% by weight and 

45% by weight of water availability for growth of plants have been determined. 

The good water-bearing formation in the piedmont as well as alluvial plains of the 

investigated area is expected to meet an economic depth that is between 79.20 m 

and 124.53 m below the ground surface and is having an average thickness of 105 

meters. The storage capacity of the aquifers, which can freely yield water in the 

study area is about 1,10,70,000 m3
/ km2

, which shows an enormous storage 

capacity of groundwater. 

But these enormous groundwater reservoir is unconfined and occurs under 

water table conditions, at least upto the depths reached by the deepest well that is 

219.15 m in the study area. For the better understanding of this groundwater 

position before the drilling, water table ·is the only indicator of the hydraulic 

conditions prevailing in the zone of saturation, which have been discussed 

elaborately in the subsequent Chapter. 



CHAPTER- V 

WATER TABLE AND ITS FLUCTUATIONS 

INTRODUCTION 

The saturated zone is obtained at the top by either a limiting surface of 

saturation or overlying impermeable strata, and extends down to underlying 

impermeable strata. In the absence of overlying impermeable strata, the upper 

surface of the zone of saturation is the "water table" or "phreatic surface" 

(Todd,1959). The water table separates the two zones sub-surface water in which 

the resulting forces and motions of sub-surface water are different. The interaction 

of molecular and colloidal forces with the gravitational forces gives rise to 

complex motions of sub-surface water above the water table and below it, the 

resulting movement or percolation of groundwater is mainly due to force of 

gravity which is generally not influenced by other force's except where the local 

heat is important. The water table outcrop delimits the surface areas subject to 

influent and effluent seepage. Influent seepage by streams takes place where the 

water table is below the stream beds. Effluenf seepage starts at the intersection of 

the water table with ground surface. In an area, cut by stream erosion, the water 

table first outcrops where the stream changes from influent to effluent. The 

outcrop normally continues downstream near or at the margins of the low lands 

bordering the stream and may include large areas of bottom lands. 

Topography is important in controlling the depth of the water table below 

the surface, as well as its shape. Under the ground surface, the water table is just a 

'subdued replica' of the surface topography. Contour maps of the water table· are 

graphic representations of the hydraulic slopes of the water table and are the basis 

for the studies of the direction and rate of motion of free water, recharge of 

gro-undwater from all sources and indicate changes in velocity of percolation or 

permeability of formations or both. The slope or profile of the water table is a 

graphic representation of the rate of percolation and permeability of water-bearing 
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materials. The fundamental law governing the interpretation of water table is that 

'the slope varies directly as the velocity and inversely as the permeability'. 

Obviously if permeability is constant, the fastest motion of groundwater is 

towards the direction of maximum slope (Tolman, 1937). From the geological 

viewpoint, the water table separates the belt of weathering, oxidation, rock 

decomposition and solution from the underlying belt of mineral precipitation and 

rock cementation (Darcy, 1856). 

I 
5.1 LOCATIONS AND MEASUREMENTS OF STUDY WELLS 

There are in all 251 study wells in the study area (Fig.-5.1). They are all 

open shallow masonary wells and are mostly situated along the roads and thus 

gives rise to different lines of wells. Each of the well is named after the block 

which it is situated. Study wells are more or less equally distributed all the block 

of the study area. A number of government organisations-SWID, CGWB, PHED 

etc. have measured a numbers of well's water level twice, thrice and four times 

respectively in a year. But the present researcher has measured the water level in 

each of the well twice a year, that is in April, preceding the break of monsoon 

rains, and again in November, following the end of the rainy season. The water 

table in the wells is measured by graduat~d steel tapes to the nearest thousandth of 

a meter from a predetermined measuring point marked on the concrete curb of a 

well. The water table depth data for the wells are available for the period 1997 to 

1998 during the time of research work. 

5.2 DEPTH TO WATER TABLE 

The aerial variations in water table depths has been considered first of all. 

The factors controlling these variations would, obviously, be those which, at any 

place, do not themselves change so rapidly with time, for instance, climate, 

SlP"face relief, geological structure and hydrogeological properties of the water 

bearing formation ofthe terai region. Water level measurements were taken in 251 
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dugwells distributed all over the study area. The depth to the water table map 

prepared on the basis of hydrological data collected during the survey which 

shows water level conditions and its changes in different part of the study area 

(Figs.-5.2, 5.3 & 5.4). The range ofthe depth to water level in respect of251 open 

dugwells is shown in Table- 5.1. 

Table- 5.1 : Seasonwise range chart of average depth to waterlevel in open dugwells 

Depth to No. of measured well in Total percentage Cumulative percentage 

water level range 

in m b.g.l Pre- Post- Pre- Post- Pre- Post-

monsoon monsoon monsoon monsoon monsoon monsoon 

0.01-1.00 00 01 0.00 0.40 0.00 0.40 

1.01-2.00 01 13 0.40. 5.18 0.40 5.58 

2.01-3.00 07 70 2.79 27.89 3.19 33.47 

3.01-4.00 44 91 17.53 36.25 20.72 69.72 

4.01-5.00 73 38 29.08 15.14 49.80 84.86 

5.01-6.00 62 25 24.70 9.96 74.50 94.82 

6.01-7.00 23 08 9.16 3.19 83.66 98.01 

7.01-8.00 13 04 5.18 1.59 88.84 99.60 

8.01-9.00 17 01 6.78 0.40 95.62 100.00 

9.01-10.00 05 00 1.99 0.00 97.61 100.00 

10.01-11.00 05 00 1.99 0.00 99.60 100.00 

11.01-12.00 01 00 0.40 0.00 100.00 100.00 

Analysing the Table-5.1, it is found that the depth of water in pre

monsoon covering 88% of wells lies within 8 m _b.g.l indicating depth to water in 

general ranges between 2 m and 8 m b.g.l Whereas in the same depth is covering 

99% of wells during the post-monsoon period and indicating depth to water in 

general ranges between 0 m and 8 m b.g.l Moreover, only 53.78% of wells of the 

total lies within 4 m to 6 m b.g.l during pre-monsoon period but during the post

monsoon period, only 64.14% of wells of the total lies within 2m to 4 m b.g.l The 

deepest water level in pre-monsoon 11.5 m b.g.l was recorded in the well (M26) 

located at Sukna Environmental Research Station of Matigara P.S. and the 

shallowest level in the same season is 1.42 m b.g.l was recorded in the well (K12) 
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located at Chunilal village ofKharibari P.S. On the other hand, the deepest water 

level in post-monsoon season 8.39 m b.g.l was recorded in the well (K05) located 

at Antaram village ofKharibari P.S. and the shallowest level in the same season is 

0.98 m b.g.l was recorded in the well (N 11 ) located at Mi1jangaler Chhat of 

Naxalbari P.S. The diameter of the wells ranges from 0.61 m to 2.44 m and the 

depth of the wells varies between 1.95 m and 13m. It is observed that the depth of 

water in general is found to be high (>8 m) in the vicinity of the hilly tract. The 

groundwater table's depth ranges from 0 m to 4 m at eastern, western and the 

extreme southern portion in the vicinity of the three rivers-Mahananda, Mechi and 

Balason respectively. But the deeper water levels ranges from 4m to 8m at the 

middle of the study area and located on both. the sides of the bank of river 

Balason. The water level in general varies from place to place i.e., increasing 

towards the hilly tract and decreasing towards the streams and rivers. These 

features have been brought out even more clearly by the comparison of the surface 

contour map (Fig.-3.8) and water table contour map (Figs.-5.5 & 5.6). However, 

the effects of the other three factors, that is, climate, geological structure and 

hyd~ogeological properties of the water bearing formations, are hardly noticeable 

as they themselves exhibit but little aerial variations~ 

5.3 FORMS AND GRADIENT OF WATER TABLE 

The water table is nearly a level surface. In fact, it exhibits distinct relief 

features. As has already been ascribed, the aerial variations in the depth of the 

water table reflect the form of surface relief. Thus, the water table is a subdued 

replica of the ground surface. To study the behaviour and movement of the 

groundwater in the area, a water table contour map has been prepared (Figs.-5.5 

& 5.6) with reference to mean sea level as datum taking into consideration ofthe 

depth of water level data measured during May, 1998 and Noyember, 1998, for 

determining the elevation of measuring points, the leveling work was carried out 
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and all these measunng points were connected with the Survey of India 

benchmark available in the area. 
I 

Water table contour map reflects the effect, on the water table, of 

geological, topographical and hydrologic properties of the water-bearing 

formations of a region and represents graphically the equilibrium relations 

between velocity, hydrologic properties of water-bearing materials and water table 

slopes of free groundwater. The water table depth of 251 open dugwells, situated 

in the study area, have been incorporated for the present study. Contour maps of 

water table or the piezometric surfaces together with the flow lines, are useful data 

for locating the new wells. 

The phreatic surface generally follows the topography. of an area. The 

groundwater movement and direction which is normal to the contour and 

corresponding water table contour maps of pre-monsoon and post-monsoon of 

1998 reveal that groundwater flows south-easterly in Siliguri-S~a tract while in 

Trihana-Ambari tract it is in southerly direction. It is also analyzed that the water 

table contours are flexed towards down streams which clearly reveal the fact that 

all the streams and rivers .flowing in the study area are effluent in nature. For 

stream losing (influent) water, the contour lines bend down stream and for streams 

gaining (effluent) water they bend upstream 

Hydraulic gradient is expressed as the change in the head per unit distance 

and is denoted by dh/dt. A water table contour map or a contour map of the 

pot~ntiometric surface of a semi-confined aquifer is a graphic representation of 

the hydraulic gradient of water table or potentiometric surfa~e. The hydraulic 
i 

gradients, which can be directly derived from.the contour maps, are the basis for 

calculating the rate of groundwater flow through cross sections of the study area 

boundaries. The hydraulic gradient is maximum in the direction of the flow line. 

The gradients are generally comparatively high in groundwater recharge areas, 

close to influent streams over deep water tables, along the banks of deeply incised 

effluent streams and in heavily pumped areas. The gradients are low in 

groundwater discharge areas, valley bottoms and extensive plains. On steeper 



Water Table and its Fluctuations 98 

slopes the potential gradient and velocity of groundwater are relatively high and 

the flow path is comparatively shorter than under uplands and valleys. In relation 

to land surface slope, hydraulic gradients in recharge areas are generally steeper 

than those in discharge areas. Hydraulic gradient in the area of investigations 

varies widely due to its undulating nature. A steeper hydraulic gradient of 4 m per 

km is observed in Naxalbari-Kharibari section whereas it is about 1 m per km in 

Sevok-Siliguri tract In Trihana-Bagdogra tract the steepest hydraulic gradient of 

10m per km is observed. However, interfluve area of the Mahananda-Manjha has 

a more flat hydraulic gradient of less than a meter per km and groundwater flow is 

towards south to south-west (Saha, 1998). 

5.4 FLUCTUATION OF WATER TABLE 

The water table stage fluctuates almost continually under the combined 
' 

influence of a set of forces-causing recharge to or discharges from the 

groundwater reservoirs. Thus, a water table rise is registered when groundwater 

recharge exceeds discharge, whereas a decline occurs when discharge exceeds 

recharge. The rate of magnitude of water table fluctuations in any period, 

obviously depend upon the net effect ofthe recharge and discharge during that 

period. The water table also fluctuations. It is higher in the rainy season and lower 

in dry and hot weather. The water table that fluctuates from time to time is called 

the temporary water table. But there is a limit below which it never falls and this 

is known as permanent water table. It is commonly observed that recharge results 

from- factors like influent seepage from ra~nfall and surface water. bodies, 

groundwater inflow etc., whereas discharge occurs due to evaporation and 

transpiration, effluent seepage into streams, groundwater outflow, pumping from 

wells and so on. Only three factors-rainfall, pumping by wells and effluent 

seepage into streams and rivers have been found influencing the fluctuation of 

water table in the area under investigation. As compared to the tubewells, the rate 

of withdraw! from the open dugwell is, however, too low to significantly affect 

the water tables. The influence of groundwater inflow or outflow is also not 
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significant since, for all practical purposes, the one is approximately equal to the 

other. 

Table - 5.2 : Average water level changes for all of the study wells ( 1977 - 199 8) 

Year 
Water table changes in mm 

April to November November to April Annual 

1977-78. +0.86 -0.65 + 0.21 
A low rainfall year 
(R.F. = 2143mm) +0.95 - 1.00 -0.05 

1980- 81 +4.50 -4.50 0.00 
A normal rainfall year 

(R.F. = 3337mm) +4.35 -4.35 0.00 

1982-83 +6.25 -4.50 +1.75 
A heavy rainfall year 
~R.F. = 6096mm) +6.15 -4.50 +1.65 

As pointed out earlier, groundwater in the study area is, normally available 

at least upto a depth of about 6 to 8 meters, ordinarily reached by the open dug 

wells, as well as upto100 to 120 meters reached by the tube wells in the area 

underlying the piedmont and also the alluvial plains. Hence, the groundwater level 

fluctuation, noted from the observation wells, represent the . fluctuations of the 

water table. The average water level data of 251 study wells (Table-5.2) and the 

hyd:rographs of six selected network monitoring stations (Fig.-5.7) give a fairly 

Clear picture of the water..:table fluctuations over the area. Amongst them five 

show positive relationship, which mean fluctuat~on is low due to high recharge for 

higher infiltration of rainfall. 

A study of the water balance, involving water surplus and deficiency 

estimations, becomes highly significant in the present case, because local 

monsoon rainfall is the source of groundwater recharge. This study provides a full · 

picture of the disposal of rainfall and irrigation water by the different processes 

for instance, evapo-transpiration, soil-moisture replenishment, effluent ·seepage 
' ' 

into rivers and surface runoff effective in the area. The portion of rainfall and 
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Table-5.3: Water balance in the areas outside of canal and tubewell irrigation (1977 to 1998). [Upper Figure: a low rainfall year (1977-78), 
Middle Figure: a normal rainfall year (1980-8.1) and Lower Figure: a heavy rainfall year ( 1982-83)]. 

Item Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Potential evapotranspiration 72.50 110.50 140.35 166.70 195.25 150.05 135.35 105.45 112.25 120.01 115.65 78.15 1479.2 

2.80 4.90 10.50 19.20 . 317.50 343.50 518.30 574.50 327.70 21.30 2.40 0.00 2143.0 

Rainfall 25.70 3.70 27.70 58.30 292.60 524.90 1226.7 699.60 470.30 6.30 0.00 1.00 3337.0 

0.00 . 0.00 51.30 148.20 289.20 720.90 1568.8 2957.4 242.60 68.70 48.40 0.00 6096.0 

0.00 0.00 0.00 0.00 0.00 0.00 125.00 0.00 -42.00 -83.00 0.00 0.00 -
Changes in soil moisture 

0.00 0.00 0.00 0.00 0.00 0.00 125.00 0.00 -63.00 -62.00 0.00 0.00 -storage 
0.00 0.00 0.00 0.00 0.00 0.00 125.00 -25.00 -21.00 -79.00 0.00 0.00 -
0.00 0.00 0.00 0.00 0.00 0.00 125.00 125.00 83.00 0.00 0.00 0.00 -

Soil moisture storage 0.00 0.00 0.00 0.00 0.00 0.00 125.00 125.00 62.00 0.00 0.00 0.00 -

0.00 0.00 0.00 0.00 0.00 0.00 125.00 100.00 104.00 0.00 0.00 0.00 -
2.80 4.90 10.50 19.20 317.50 343.50 135.35 105.45 112.25 115.60 2.40 0.00 1169.4 

Actual evapo-transpiration 25.70 3.70 27.70 58.30 292.60 524.90 135.35 105.45 112.25 60.00 0.00 1.00 1346.9 

0.00 0.00 51.30 148.20 289.20 720.90 135.35 105.45 112.25 105.45 48.40 0.00 1716.5 

69:70 105.60 129.85 147.50 .0.00 0.00 . 0.00 0.00 0.00 98.71 . 113.25 78.15 742.7 

Water deficiency 46.80 106.80 112.65 108.40 0.00 0.00 0.00 0.00 0.00 113.71 115.65 77.15 681.2 

72.50 110.50 89.05 18.50 . 0.00 0.00 0.00 0.00 0.00 51.31 67.25 78.15 487.3 

0.00 0.00 0.00 0.00 122.25 193.45 382.95 469.05 215.45 0.00 0.00 0.00 1383.2 

Water surplus 0.00 0.00 0.00 0.00 97.35 374.85 1091.4 594.15 358.05 0.00 0.00 0.00 25.15.8 

0.00 0.00 0.00 0.00 93.95 570.85 1433.5 2851.9 130.35 0.00 0.00 0.00 5080.6 

0.00 0.00 0.00 0.00 0.00 0.00 20.00 25.05 10.15 0.00 0.00 0.00 55.2 

Run-off 0.00 0.00 0.00 0.00 0.00 50.00 205.00 38.10 15.12 0.00 0.00 0.00 308.2 

0.00 0.00 0.00 0.00 0.00 105.00 265.35 301.05 10.30 0.00 0.00 0.00 681.7 

0.00 0.00 0.00 0.00 122.25 193.45 362.95 444.00 205.30 0.00 0.00 0.00 513279 -
Groundwater recharge 0.00 0.00 0.00 0.00 97.35 324.85 886.35 556.05 342.93 0.00 0.00 0.00 2207.5 

0.00 0.00 0.00 0.00 93.95 465.85 1168.1 2550.9 120.05 0.00 0.00 0.00 4398.9 
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irrigation water reaching the water table, depend upon the rate of its disposal by 

these processes. 

The water balance for a heavy, a low and normal rainfall "year, are set out 

for the areas-(i) the areas outside canal and tubewell as well. as dugwell irrigation 

and (ii) the areas under canal, tubew~lls, dugwells and Jhora irrigation (Tables-5.3 

and 5.4). The salient features of these tables are graphically presented in Fig.-5.8. 

Tanks and ponds have been used to measure evapo-transpiration losses, standard 

· soil sampling tubes for soil moisture, and Parshall flumes with recorders for 

surface runoff measurements. Besides the Irrigation Department, terai 

Meteorological sub-station at Gangaram Tea Estate and Central Water 

Commission, Siliguri were consulted. It becomes obvious from the comparison of 

Tables 5.3 and 5.4 that they do not exhibit any significant differences as regards 

water surplus and deficiency since the influence of the controlling factors remains 

almost uniformly similar all over the area. However significant differences as 

regards potential and actual evapo-transpiration losses are to be noted between the 

two on account of the prevalence of irrigation in one of them (Table-5.4), its 

effect being to increase the losses. 

Due to incomplete and in the absence of a continuous long term water 

table depth data in the monthly interval, the water table depth data of open 

dugwell are only available for the months of April and November in a year1 done 

by the CGWB from 1985 to till now. Hence, the critical examination and accurate 

an·alysis of the fluctuations of water table in terai area are not possible. However, 

the factors, which are of utmost importance in affecting the water table 

fluctuations, are studied and the results derived therefrom are described. 

a) Related to Rainfall: 

The water table fluctuations in any year in the area of investigations are 

wholly controlled by the variations in local rainfall amounts.· Due td the hilly 

physiography and steep gradient, most of the rivers and streams in the areas are 
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Table-5.4: Water balance in the areas under canal, tubewells, dugwells andjhoras irrigation (1977-1998). [Upper Figure: a low rainfall 
year (I 977-78), Middle Figure : a normal rainfall year (I 980-81) and Lower Figure : a heavy rainfall year ( 1982-83)]. 

Item Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Potential evapotranspiration 97.90 135.90 165.75 192.10 220.65 175.45 . 160.75 130.85 137.65 145.41 141.05 103.55 1807.0 

15.50 17.60 23.20 31.90 342.90 368.90 531.00 587.20 358.18 51.78 15.10 12.70 2355.9 

Rainfall plus irrigation 38.40 16.40 4040 71.00 318.00 550.30 1239.4 712.30 500.78 36.78 12.70 13.70 3550.2 

12.70 12.50 64.00 160.90 314.60 746.30 1581.5 2970.1 273.08 99.18 61.10 12.70 6245.7 

0.00 0.00 0.00 0.00 0.00 0.00 125.00 0.00 -30.00 -95.00 0.00 0.00 -
Changes in soil moisture 

0.00 0.00 0.00 0.00 0.00 0.00 125.00 0.00 -50.00 -75.00 0.00 0.00 -storage 
0.00 0.00 0.00 0.00 0.00 0.00 125.00 -25.00 -15.00 -85.00 0.00 0.00 -
0.00 0.00 0.00 0.00 0.00 0.00 125.00 125.00 95.00 0.00 . 0.00 0.00 -

Soil moisture storage 0.00 0.00 0.00 0.00 0.00 0.00 125.00 125.00 75.00 0.00 0.00 0.00 -
0.00 0.00 0.00 0.00 0.00 0.00 125.00 125.00 125.00 0.00 0.00 0.00 -
15.50 17.60 23.20 31.90 342.90 368.90 160.75 130.85 137.65 175.35 15.10 12.70 1432.4 

Actual evapo-transpiration 38.40 16.40 40.40 71.00 318.00 550.30 160.75 130.85 137.65 108.69 12.70 13.70 1598.8 

12.70 12.50 64.00 160.90 314.60 746.30 160.75 130.85 137.65 150.08 61.10 12.70 1964.1 

82.40 i18.30 142.55 160.20 .0.00 0.00 0.00 0.00 0.00 93.63 125.95 90.85 813.9 

Water deficiency 59.50 119.50 125.35 121.10 0.00 0.00 0.00 0.00 0.00 108.63 128.35 89.85 752.3 

85.20 123.40 110.75 31.20 0.00 0.00 0.00 0.00 0.00 46.23 79.95 90.85 558.6 

0.00 0.00 0.00 0.00 122.25 193.45 370.25 456.35 220.53 0.00 0.00 0.00 1362.9 

Water surplus 0.00 0.00 0.00 0.00 97.35 374.85 1078.7 581.45 363.13 0.00 0.00 0.00 2495.4 

0.00 0.00 0.00 0.00 93.95 570.85 1420.8 2839.3 135.43 0.00 0.00 0.00 5060.2 

0.00 0.00 0.00 0.00 0.00 0.00 15.50 18.35 0 10.35 0.00 0.00 0.00 44.2 

Run-off 0.00 0.00 0.00 0.00 0.00 0.00 46.35 40.15 16.20 0.00 0.00 0.00 102.7 

0.00 0.00 0.00 0.00 0.00 0.00 270.55 345.25 17.78 0.00 0.00 0.00 633.5 

0.00 0.00 0.00 0.00 122.25 193.45 354.75 438.00 210.18 0.00 0.00 0.00 1318.6 

Groundwater recharge 0.00 0.00 0.00 0.00 97.35 374.85 1032.3 541.30 346.93 0.00 0.00 0.00 2392.7 

0.00 0.00 0.00 0.00 93.95 570.85 1150.2 2494.0 117.65 0.00 0.00 0.00 4426.7 
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effluent in nature which leads to the conclusion that these effluent seepage are not 

significant at all to cause any groundwater storage or recharge. Even, the 

fluctuations over the two areas do not exhibit any marked aerial variations since 

factors like climate, geology, relief, soil, vegetation and hydrologic properties of 

the underlying rock formations reveal a general uniformity all over the study area. 

Moreover, the water table changes in any area in the two areas are identical (Table 

-5.2). A 'low', 'normal' and a 'heavy' rainfall year may be taken to correspond 

with June to September rainfall amounts of less than 2500 mm, 4500mm, to 

6000mm, and more than 6000mm respectively by considering the Terai 

Meteorological sub- station at Gangaram T.E. ofPhansidewa P.S. 

Generally the water table in the piedmont plains ·is deeper than that of 

alluvial plains and average level ranges between 4m and 6m b.g.l during the post 

monsoon period and it varies from 8m to 1Om b.g.l during the pre monsoon 

period. Seasonal fluctuations of water table is also higher in this zone ranging 

between 4m to over 6m In the alluvial plains the water table generally varies from 

2m to 6m below ground level during pre monsoon period and 0.75m to 4.5m b.g.l 

during the post monsoon period. The seasonal fluctuations of water table in the 

alluvial plain is restricted within 2.5m only. In marginal areas between piedmont 

and the alluvial plains, behaviour of water level shows a general disposition with 

very low fluctuations between pre and post monsoon seasons (Figs.- 5.2 & 5.3). 

Repeat water level measurements along with values of fluctuations from 

251 study wells were taken during the month of April, 1998 for determination of 

change of water level in these wells during the period from November 1998 to 

January, 1999. In general, it shows a reversion in water level maximum of 6.25m 

which was recorded in the well (N37) located at Dakshin Bagdogra of Naxalbari 

block. Some of the wells recorded a rise in water level, the maximum 5.61m at 

Siliguri P.S. and the maximum rise of water level is 0.53m in the well (~7) 

located at Manjaya village of Kharibari P.S. Depending upon the regional 

fl~ctuations records in water level, a map of water level fluctuations has been 

prepared (Fig.-5.4) for the terai area ofDarjiling district. 
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The water levels are being monitored with the help of 6 hydrograph 

stations covering SMC, Matigara, .Naxalbari, Kharibari and Phansidewa block is 

being carried out 4 to 5 times a year by CGWB, Calcutta. Statistical analysis of 

the available water level data of those hydrograph stations for the last 10 years has 

been done to know the behaviour of the groundwater levels in time and space as 

shown (Appendix-III). By comparing the CGWB':; long term discontinuous 

hydro graph data with those of water levels taken during the last 2 years i.e. 1997 

and 1998. Based on these water levels data, 6 hydrographs of depth to water levels 

were down to depict the fluctuations in water levels (Fig.-5.7). The fluctuations 

are due to net withdraw! of water from or addition to the groundwater reservoirs. 

From the analysis of 6 hydro graphs network observation 'Yells and by comparison 

of water levels of April 1997 and April 1998, it is· found that a decline trend is 

recorded in the range of O.lOm to 0.50m in Sukna, Sivok and Panighata areas 

where as a rising trend in water level is noticed around SMC, Matigara, Naxalbari, 

Kharibari and Phansidewa areas ranging from 0.50m to 1.25 m b.g.l. 

The wet seasonal rise up to 4.50m is fully neutralized ~nder the natural 
: : 

proc:esses of groundwater dispersal of rainfall recharge, during tlie succeeding dry 

season, so, that the wet seasonal rise equals to the.dry seasonal decline, but rise of 

more than 4.50m results in an annual rise by an amount by which the wet seasonal 

rise is in excess of 4.50m (Table-5.2). Thus, the water table remains unchanged at 

the end of a normal rainfall year, but an annual, rise of about 1.75m is recorded at 

end of a heavy rainfall year. The water table begins to rise from July, both in 

normal and heavy rainfall season, following the break of the m()nsoon rains in the 

middle of June, and the rise continues _up to early September in a normal and up to 

early October in a heavy rainfall year. Further, the water table maxima are 

attained in both the cases in August, although, in the event of same time lag in any 

year, the same may be recorded only in September. Simultaneously, water table 

begins to decline from early October in case of a normal rainfall year or early 

November in case of a heavy rainfall year and the lowest level is attained in either 
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case in April and it shows a little change until July i.e., when the next cycle of 

fluctuation commences. 

The groundwater recharge does not occur immediately with 

commencement of the wet season in early June since the portion of rainfall or of 

rainfall plus irrigation water reaching the water table is dependent upon the 

balance after its disposal as evapo-transpiration, soil moisture recharge, surface 

runoff etc. (Tables-5.3 & 5.4 ). The sufficient recharge to groundwater takes place 

after July when the soil moisture deficiency is replenished and evaporation losses 

decreases sufficiently due to the increases of humidity of the surrounding air in 

rainy season. Thus 'August and September' or sometimes 'October' is the month 

in which sufficient recharge to groundwater takes place for which the water table 

fluctuates. In a heavy rainfall year the recharge to groundwater takes place in July 

as well as in October. On the statistical examination of fluctuations of the water 

table due to rainfall and irrigation in the study area, Chaturvedi's formula (1947) 

has been applied to estimate the amount of rainwater reaching the water table. 

However, certain dissimilarities in water table fluctuations although of a 

minor nature, may be noticed in the area with respect to time of water table rise or 

decline and their magnitudes. These differences mainly arise out of aerial 

variations in the heavy falls of rain and in water table depth below the ground, 

influence of the tube well pumping, and the fact that the wells might not have all 

been measured simultaneously. It may be concluded that, the water table 

fluctuations in any year in the investigated areas are wholly controlled by 

variations in local rainfall amounts. 

b) Related to Pumping: 

The water table fluctuations due to pumping forn1ed a feature commonly 

observed in the area of investigations which is a very sharp and a very small water 

table changes, generally controlled by the changing of crop requirements for 

irrigation water. However, the changes in the pumping intensities are hardly 
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discemable from the well hydro graphs and this could be due: to the effect of 

interference amongst . the neighbouring tubewells, the effect of time lag in the 

transmission of the pumping influences to the water table and so on. In fact, these 

small water table changes are superimposed upon the more well-marked changes 

due to rainfall variations. On the other hand, as mentioned earlier, the water table 

registers a decline throughout a low rainfall year-the effect of rainfall recharge 

being negligible. Since this decline is wholly due to pumping (both dug wells and 

tubewells ), the net effect of the changes in the pumping intensities during the year 

are to be brought about a uniform decline in the water table, the total annual 

decline being 0.05m (Table-5.2). The figures for water table changes in a normal 

or a heavy rainfall year may also be noted from Table-5.2. 

The net effect of pumping on the water table during the wet season, in a 

normal or a heavy rainfall year, is 0.15m and 0.1 Om obtained by subtracting. the 

amount of seasonal rise in the well areas from the· corresponding rise in the areas 

outside. The average rate of pumping in a year during May-October and 

November-April is the sam~ in any area since the volume of water withdrawn in 

each is approximately the same. Hence the amount of decline due to pumping of 

wells (dug and tubewells) in each of the two periods in a year is almost the same 

and the total annual decline is twice the value of the wet seasonal decline These 

are 0.30 m and 0.20 min a normal and a heavy rainfall year successively. 

Further it may be mentioned that water table decline due to pumping in a 

low rainfall year or a progressive decline during a drought period gets completely 

wiped off from rainfall recharge in the succeeding heavy rainfall years. Moreover, 

it has been observed from the previous records that the intensity of pumping in the 

areas is always within the safe limits. The deep tubewells are used for urban water 

supply in Siliguri town, in and around Bagdogra, Naxalbari, Kharibari and 

Phansidewa area. Dug well and shallow tube wells (both pumping and manual) 

are used for irrigation mainly in the Kharibari and Phansidewa blocks. But the 

level of utilization of rainwater resource is not significant with respect to its 
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potentialities, hence, the rain water which is available in abundance goes wasted 

as a rejected recharge. 

c) Related to Influent Seepage: 

The water table fluctuations by influent seepage from surface water bodies 

could possibly occur in the area through streams, reservoirs and canals. Influent 

seepage from rivers and streams like Mahananda, Mechi, Balason, Manjha, 

Dumri, etc. which are flowing through the study areas are negligible since their 

water levels remain below the water table of the surrounding area except during 

the heavy floods. Further, the other sources of influent seepage from surface water 

bodies like Jhoras, tanks and canals and return flow from applied irrigation is not 

large enough to significantly influence the groundwater table. This becomes 

obvious from a comparison of hydrographs of wells situated within and outside 

the respective areas of influence.' 

d) Related to Effluent Seepage : 

Fluctuations of water table due to effluent seepage into surface water. 

bodies could occur in the case of streams or rivers with their bed level below the 

water table of the surrounding areas. However, the available stream discharge data 

is quite insufficient to determine the amount of effluent seepage. A study of the 

water level depth records of observation wells situated in the vicinity of a stream 

does not reveal any significant difference with those situated farther away from 

the streams and rivers. From the water table contour map of the study area (Figs.-

5.5 & 5.6) and their movement of groundwater direction in different tracts indicate 

that the slope of the water table varies from moderately steep to steep. As a result, 

the movement of groundwater towards the streams and rivers becomes remarkable 

and thus the area of investigation takes place the effluent seepage into the 

distinguished rivers and streams. 
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e) Related to Evapo-Transpiration : 

A climate can not be classified to be dry or moist by knowing the 

precipitation amount only. It must be known whether the rainfall amount is greater 

or less than the water need for evaporation and transpiration. The rate of 

evaporation depends on several factors. It increases with decrease in barometric 

pressure, increase of air and water temperature, sunshine, wind velocity, dryness 

of air and purity of water. And the rate of transpiration depends mainly on the 

species of plants, density of plant growth, meteorological conditions and moisture 

content of the soil. Hence the cumulative loss by evaporation and transpiration is 

termed as evapo-transpiration which represent the actual transport of water from 

the earth back to the atmosphere. These processes may cause water table 

fluctuations by the discharge of groundwater potential evapo-transpiration is an 

index of the water that would evaporate and transpire if it were always available 

from the soil and plants. It does not therefore represent the actual transfer of water 
I 

to the atmosphere but rather the transfer that would be possible under ideal 

conditions of soil-moisture and vegetation .. In fact, · the potential evapo

transpiration becomes the actual evapo-transpiration when the water l).eeds the 

plants are fully met with from precipitation all the year round. But the amount of 

rainfall through a year rarely coincides with the changing water needs and hence 

the actual evapo-transpiration is generally much lower than t,he corresponding 

potential evapo-transpiration. From the numerous investigations carried out in this 

field all over India, the evapo-transpiration rates have been found to mainly 

depend upon the following four factors-climate, soil moisture supply, plant cover 

and land use pattern. 

The amount of potential evapo-transpiration through a year follows a set 

pattern over the study area and there is a close parallelism between rainfall, 

temperature and potential evapo-transpiration although they are not linked to a 

common reason ht~t are evidently the result of different causes. From the analysis 

ofTables-5.3 and 5.4, Fig.-5.8 and temperature Table-1.1, it is observed that the 

potential evapo-transpiration rates increase with an increase in temperature and a 
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decrease in relative humidity. It is further observed that the rate of increase is 

steady from January to May, with increasing temperatures and the aridity followed 

by a rapid decline from June onwards with the onset of the usual precipita~ion. 

The minimum is ultimately reached in the month of August, which al~o records 

the heaviest rainfall as well as· the relative humidity. A very gradual rise in_ the 

rates is to be noted from September with a slight increase in air temperatures 

following a decline in rainfall and cloudiness. The rise does not continue beyond 

October with the approach of the cold season. 

The potential evapo-transpiration is distinguished from the actual evapo

transpiration depending upon the amount of water actually available for plant 

growth and therefore it will be a function of rainfall provided there is no soil 

moisture recharge by capillarity from the wat~r table and flat artificial irrigation is 

not prevalent (fables -5.3 & 5.4). Moreover, the actual evapo-transpiration in any 

month will be less than or equal to the corresponding potential evapo-transpiration 

according to an existence or otherwise of a water deficiency in rthat month. Thus 

the actual equals to the potential only in the wet season (June, July, August and 

September) and somehow extends to October, when there is no water crisis in the 

area. It may be pointed out that there is no .general uniformity in the nature of the 

plant cover over the study area. Furthermore, maximum land area are cropped and 

that .too mainly under the short-rooted plants like-wheat, paddy, sugarcane, tea 

plant and bamboo bushes and partly is covered by forest trees-Sal, Gamari, 

Simul-Siris, Khair-sissu etc. located at Sukna, Panighata, Dudhia, Sevok and 

Am~ari area. From investigation of the different species of plant, it is to be 

concluded that the height of the capillary fringe above the water table is about 2 m 

whereas the average depth of water table below the ground is about 4 m to Sm. 

Hence, the prospects of any groundwater discharge by evapo-transpiration would 

be rather remote through these plants. 

There is a possibility to become evapo-transpiration through the long 

rooted forest plants but analytically it is not significant because Burr and others 

(1904) reported that groundwater does not rise to the surface by capillarity if the 
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·water table is at a depth of 2.5 m or more in a fihe soil or 1 m to 1.5 m in coarse 

sand or gravel. According to the theory of Burr et. al no significant groundwater 

discharge through the evapo-transpiration is occurred in the area of investigations. 
I 

Moreover, an incomplete and irregular data is found in different Tea Gardens. 

Rain gauge stations as well as the terai meteorological sub-station at Gangaram 

Tea Estate, an indirect estimation of evaporation and transpiration losses is done 

by estimating the potential evapo-transpiration of water need of a region 

according to Thomthwaite (1948). It is the amount of water that would transpire 

and evaporate if it were available. Potential evapo-transpiration and rainfall in 

different months in the Terai region of a normal rainfall year is shown in Table-

5.5. 
I 

Table-5.5: Potential evapo-transpiration and rainfall in the study area (1998). 

Items "; 
= ,Q I. I. ..... = = 

bll c.. .... > <.) = ~ ~ ~ c.. ~ = = ~ 
<.) 0 ~ = ~ r.. ~ < ~ ~ ~ < rFJ 0 z Q = 

' < 
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V) 0 V) V) V) V) V) ...... V) 

...... 
V) 

V) 
<'"> r:- <"! 0 <"'"! '<!; <"! 0 ~ 

V) <"! 
evapo-transpiration 0 ...... 

N 0 ..0 V) 0 V) V) N 0 V) oO 0\ 
r--: ...... '<t '0 0\ V) <'"> 0 ...... N ...... r:-...... - ...... ...... ...... ...... - - ...... ...... r:- '<t 

mmm. ...... 

Normal annual 0 0 0 0 0 0 0 0 0 0 '0 0\ r:- '0 <'"> 0 0 0 00 

rainfall in mm. r-: r:- <"'"! ..0 ..0 r-: r--: C"i ..,; o\ 0 <"'"! 0 ~ V) 
<'"> 00 0\ N N 0\ r:- '0 0 - <'"> 

N M lrl ...... lrl M ''0 lrl <'"> 
' - <'"> 

It has already been mentioned that the rainfall, before reaching to water 

table, replenishes the soil moisture deficiency and losses due to evapo

transpiration. As for instance, the rainfall amount in June, in a normal rainfall year 

in the study area is 524.90 mm which is 374.85 mm in excess of the mean 

potential evapo-transpiration and this exceeds 374.85 mm of water _partially 

replenishing the prevailing soil moisture deficiency. 
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It is worthwhile to describe here a few lines about the climatic type of the 

study area of investigation according to rational classification of Thornthwaite. 

Subrahmaniyam (1956) classified the climatic types of 250 stations of India and 

used the ~oisture-index for classification. Thornthwaite defined-

100S-60d 
Im 

n 

where, Im = moisture . index, s = annual water surplus, d = annual water 

deficiency, and n = annual water need or potential evapo-transpiration all 

expressed in same unit. 

Therefore Im is non-dimensional and positive and negative values of Im 

signify the moist and dry climates respectively. The following values are 

calculated by Subrahmaniyam for the terai area ofDarjiling district: 

s = 374.85 mm, d = 0 mm and n = 1497.21 mm 

By putting these values in the equation, which gives the value of Im to be +25.04 

and indicates broadly that the climate of the area of investigation of Darjiling 

district is wet. On the basis of moisture index and climatic types, Terai area of 

Darjiling district has been found to be 'tropical rainy climate'. 

CONCLUSION 

The experimental analysis of this chapter indicates that the water table is 

an indicator of the hydraulic conditions prevailing in the zone of saturation. The 

form of water table . is largely controlled by topography. The water table 

fluctuations in the study area occur mainly from variations in local rainfall, 

tubewell and dugwell pumping during a year, the fluctuations due to pumping 

being superimposed upon the more prominent fhictu?.tions due to rainfall, but 

unfortunately this region is very much neglected due to being less developed area 

through irrigation. The water table is also slightly being affected by evapo

transpiration and effluent seepage into surface water bodies, but no effect is 
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obtained by means of influent seepage from the surface water. Generally, the 

water in the piedmont plain is deeper than that of alluvial plain in the area. 

Seasonal fluctuation of water table in piedmont plain ranges from 4m to over 6m, 

whereas it is restricted within 2.5m only in the alluvial plain. The long term trend 

of water levels reveal that the declining and rising trend is restricted within lm to 

l.Sm only during the last 10years(1989-1998) and hence it can be concluded that 

no caution is needed to be exercised for the development of the groundwater in the 

study area. 

The water table fluctuation is largely. dependent upon the recharge and 

discharge of groundwater, safe yield of the groundwater reservoir etc. which have 

been discussed elaborately in the following Chapter. 
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CHAPTER- VI 

GROUNDWATER CONDITIONS 

INTRODUCTION 

The principal groundwater reservoir in the Terai area of Darjiling district is 

semi and unconsolidated deposits of piedmont and alluvial formations 

respectively of Quaternary age. Geologically the Sub-Himalayan belt has 

unde~gone intensive tectonic activity. As a result, the rocks are highly fractured. 

Thus, such deformation .leads to the development of potential fractured zones 

which are quite favourable for groundwater potential. The presence of innumerable 

perennial springs with varied discharge in the area is suggestive of the occurrence 

of groundwater in various rock formations. 

The piedmont plain represents Terai compri~ing poorly sorted sediments 

namely boulders, cobbles, pebbles, sands and clays. It depicts unique groundwater 

characteristics of a shallow water depth to water level conditions and higher 

magnitude of seasonal fluctuations. The alluvial sediments consisting of 

unconsolidated sand and gravel sequence those form the vital and potential aquifer 

in the area. The static water level in open dugwell represents free water surface 

which forms the upper surface of the zone of saturation called the regional water 

table, whereas in the deeper water bearing zones which are overlain by 

impermeable clay, groundwater occurs under confined conditions. Over most part 

of the study area, groundwater occurs under phreatic conditions. 

Hydrogeologically, the study area can be broadly sub-divided into three units 

(Fig.-6.1) 

(i) Semi-consolidated Siwalik formation of Tertiary rocks, 

(ii) Piedmount plain at high level terraces and terai having older 

alluvial sediments of sub-Recent age, and 
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(iii) Unconsolidated sediments consisting of sand, silt and clay of 

Recent age in the alluvial plains. 

Groundwater occurs under confined condition in the Siwalik formation 

and Tertiary Sandstones. Groundwater occurrence is limited where bedding or 

oblique joints etc. form poor repository. It has been observed th~t, the potential 

fractured zones are encountered in the boreholes, even moderate yield could be 

expected. The perennial springs with high discharge are dependable source of 

domestic water supply in major part of the hilly terrain in this district. In the 

summer months, 'the discharge of the springs, in general, dwindles, but most of 

them maintain sustainable water supply round the year. In the piedmont plain 

groundwater occurs under water table conditions. These aquifers are also 

extensive and characterised by non-discontinuity and often shows the marginal 

conditions. In the alluvial plain, groundwater occurs in regionally extensive and 

fairly thick aquifers down to a depth of 110 m to 135 m with yield prospects 

above 150m3/hour. From the point of view of the groundwater development, it is 

considered as the most promising hydrogeological unit. 

6.1 GROUNDWATER MOVEMENT 

Under the water table condition, the movement of groundwater in different 

tracts takes place in a down gradient direction of water table under the action of 

gravitational force. Therefore water table contour maps and water table profile 

sectio!ls are mainly of importance for such type of study. The magnitude of the 

rate of groundwater movement is dependant on the permeability of water-bearing 

materials through which groundwater moves and on the slope of the water table 

and variations of these factors give rise to varying rate of movement of 

groundwater from place to place. 

In the Siliguri-Sukna tract of the study area, the water-table contours run 

approximately from north-west to south-east direction and more br less parallel to 

the Mahananda river, while the Trihana-Ambari tract at the western portion of the 
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study area, the water table contours run from north-west to southerly direction and 

passes through the Mechi and Balason river, but are more close to the Balason 
. ' ' 

river. Groundwater in the study area of the Darjiling district has a tendency to 

move towards the main streams and rivers, namely Mechi, Mahananda, Balason 

etc. Moreover, it reveals that the high and low levels of groundwater occur 
. . 

respectively below the high level terrac~s and streams of the area. Therefore 

movement of groundwater always takes place from high level terraces to towards 

the main rivers and streams. Also, it c~ be noticed that difference of levels of 

water table ridge and valley does not depend on the distance between the terraces 

and the streams and rivers of the area. The spring line, which has been traced out 

by and large across the area in a northeast- southwest directior: just above the 
' ' 

Naxalbari area roughly, corresponds to the boundary line between the piedmont 

and the alluvial plains. 

However, the quantity of groundwater flow is variable owing to the fact 

that the slope of the water table is also widely variable. V ariati(;m from less than 

one meter per km to 10 m per km is observed in the study area has been 

maintained from a long time (Figs.-5.2 & 5.6). In the northern part of the study 

area, the deposits consist of hard rock formations and hence, the permeability of 

the water-bearing materials is very low and thus steep water table slope is 

maintained in these areas due to the very sluggish movement of groundwater. But 

in the southern part of the study area, comparatively the deposits consist of 

unconsolidated rock formations which are composed of alterations of clay, sand, 

gravel, pebble, boulders etc., deposited cyclothemically and each cyclothen is 

represented by gravel to coarse sand at the bottom and clay at the top which is 

deciphered by the lithological logs of the tube wells. Hence the porosity and 

permeability of the water-bearing material of the zone is very good and thus the 

gentle slope of the water table is maintained. Furthermore, the Fig.-6.2, represents 

an approximate reflection of the possible flow directions of groundwater in the 

study area ofthe Darjiling district. 
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6.2 LOCATION OF WATER YIELDING STRATA 

Water table contour maps together with flow lines make it possible to 

locate the sites of best possible sources of groundwater supply in a region and also 

the areas of favourable permeability can be ascertained (Todd, 1959). In the 

· Siliguri-Sukna tract, two adjacent flow lines are considered which can be treated 

as two impermeable boundaries as there is no flow across them. The flow at 

sections 1 and 2 (Fig.- 6.3) is given by-

Where, A is the saturated area perpendicular to flow and velocity along the flow 

lines denoted by v. From Darcy's law, we have- A1Kri1 == A2K2h: · 

Where K is the coefficient of permeability and i is the hydraulic gradients 

and it can be expressed as -

In Fig.-6.3, A2 is greater than A1 and h is also· greater than i1 which 

indicate that K1 is greater than K2. The ratio A2/ A1 can be estimated from the 

distance between flow lines at the two sections for an unconfined aquifer if the 

difference in elevation of the water table at the two sections is small compared to 

the saturated aquifer thickness, or for a confined aquifer of uniform thickness. 

Similarly i2/i 1, can be estimated from the respective contour spacing. For the 

special cases of nearly parallel flow lines, the equation will be -

This equation may be interpreted as indicator for an area of uniform 

groundwater flow that portions having wide contour spacing will have higher 

permeability than those with narrow spacing. In this connection, it is revealed that 

the Siliguri-Sukna tract of the study area, the coefficient of permeability of water

bearing materials in the southern part is greater than in the· northern part of it. In 

the same manner, it will be seen that Trihana-Ambari tract, the coefficient of 

permeability increases from north- east to towards west and south-west directions. 
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Hence, most of the exploratory bore hole drilling has been occurred in the Siliguri 

and it's surrounding area mainly for drinking and industrial purposes. But in the 

Trihana-Ambari tract, holds the good water bearing strata which can yield freely 

to wells are better expected to tap in western and south-western part of it in which 

the concentration of deep tube wells are very less with respect to its requirements 

only because of remote area. Most of the tube wells are of shallow depth and are 

mostly used for agricultural purposes mainly in dry season. 

6.3 SOURCES AND REPLENISHMENT OF GROUNDWATER 

The ultimate source of water, which sustains groundwater body in fine to 

coarse-grained sands, gravels of the older alluvium, is rainfall. A part of the rain 

that falls return to the atmosphere by evaporation, a part runs off on the surface as 

streams where as a considerable part seeps down to the water table to replenish the 

groundwater body. The other sources of replenishment are infiltration from river 

while in spate, returns seepage from irrigation and inflows from the neighbouring 

areas. Direct penetration of rainfall is, probably, the most important source of 

recharge. The rate and amount of infiltration generally depends on several 

available factors, such as-

(i) Duration, intensity and amount of rainfall during individual 

showers; 

(ii) Nature of the plant cover on the soil; 

(iii) Porosity and permeability of the water-bearing materials; 

(iv) Condition of soil moisture; and 

(v) Atmospheric pressure and relative humidity of the area. 

The annual increments of recharge to the groundwater body vary with the 

total annual rainfall. Hence, it -was found that the annual fluctuation of 

groundwater level is directly related to the recharge and discharge conditions. 
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6.4 COMPUTATION ON GROUNDWATER RECHARGE 

Infiltration through rainfall is the ultimate and the principal source of 

groundwater recharge in the piedmont as well as the alluvial plains of the area of 

investigations ofthe Darjiling district. Other sources of recharge are seepage from 

surface water bodies like jhoras, tanks etc. and retur-n flow from applied irrigation. 

Contribution from influent recharge is negligible as the rivers and streams flowing 

in the area are &enerally effluent in nature and as such there may not be any share 

to the groundwater body from the rivers. 

A quantitative assessment of groundwater recharge has been made for the 

area of study by (a) the use ofLysimeters (the Lysimeter method), (b) determining 

the amount of precipitation on a drainage basin and deducting the runoff and 

evaporation losses (the general inventory method), (c) making periodic 

determinations of soil moisture at different depths (the soil-moisture inventory 

method), (d) observing the fluctuations of water table and applying a factor for 

specific yield (the water table method), and (e) determining the decrease in the 

flow of influent streams between gauging stations (the influent seepage method). 

Considering the nature and amount of the available data, the empirical methods 

namely the water table and the general inventory methods have been found to be 

the most suitable in the present investigation. 

The empirica! method is appli_ed here for the following criteria for the 

ass~ssment of groundwater recharge. 

a) Recharge due to rainfall, 

b) Natural recharge due to surface water bodies, 

c) Recharge due to recycled water from applied irrigation, 

d) Groundwater Inflow and 

e) Recharge due to actual rise of water table. 
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Table-6.1: Computation on annual recharge (ha m) ofthe study area (1988-89 to 1997-98). [Upper figure: Matigata and Naxalbari blocks; 
Lower figure : Kharibari and Phansidewa blocks. ' -

Annual No. of Rainfall Rainfall Natural recharge (R.) Artificial 
Recharge due Total recharge 

Year rainfall annual_. penetration infiltration toGWinflow 

(mm) rainy days (m) (Rp) Canal Tanks Jhoras Total 
recharge (ru) (G;) 

l=Rp+R.+R, 

~-';,.$ 'r 

17352.12 927.68 1.65 9.02 938.35 613.83 18904.30 

1988-89 4007.20 134 +i.59 7565.61 

22631.65 156.94 192.50 - 349.44 704.40 23685.49 

14044.36 927.68 1.65 9.02 938.35 613.83 15596.54 

1989-90 3357.70 146 +1.29 7565.61 

18317.47 156.94 192.50 - 349.44 704.40 19371.31 

+I.6i' 
17916.40 927.68 1.65 9.02 938.35 613.83 19468.58 

1990-91 4118.00 123 ··~· 7565.61 

23367.61 156;~- 192.50 - 349.44 704.40 24421.45 

7881.59 927.68 1.65 9.02 938.35 613.83 9433.77 

1991-92 2147:60 99 +0.78 7565.61 

10279.62 156.94 192.50 - 349.44 704.40 11333.46 

11895.72 927.68 1.65 9.02 938.35 613.83 13447.90 

1992-93 2935.80 132 +1.11 7565.61 

15515.08 156.94 192.50 - 349.44 704.40 16568.92 

8488.14 927.68 1.65 9.02 938.35 613.83 10040.32 

1993-94 2266.70 102 +0.84 7565.61 

11070.72 156.94 192.50 - 349.44 704.40 12124.56 

16846.92 927.68 1.65 9.02 938.35 613.83 18399.10 

1994-95 3908.00 127 +1.55 7565.61 

21972.73 156.94 192.50 - 349.44 704.40 23026.57 

U~8_8.15 927.68 1.65 9.02 938.35 613.83 12840.33 

1995-96 2816.50 117 +1.05 7565.61 

14722.66 156.~4 192.50 - 349.44 704.40 15776.50 

10114.77 927.68 1.65 9.02 938.35 613.83 11666.95 

1996-97 2586.10 Ill +0.95 7565.61 

13192.27 156.94 192.50 " 349.44 704.40 14246.11 

19965.74 927.68 1.65 9.02 938.35 613.83 21517.92 

1997-98 4520.40 133 +1.82 7565.61 

26040.47 156.94 192.50 - 349.44 704.40 27094.31 

13579.39 927.68 1.65 9.02 938.35 613.83 15131.57 

Average 3266.40 122 +1.26 7565.61 

17711.03 156.94 192.50 - 349.44 704.40 18764.87 
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a) Due to Rainfall (Rp) : 

The major source of recharge to aquifer is direct precipitation which 

percolates downward to water table. Only a small fraction of the annual 

precipitation percolates downwards, and a large portion of precipitation (about 

60%) runs over lands to streams or is discharged by the process of evapo

transpiration before it reaches the zone of saturation which depends on several 

factors-such as, the character and thickness of the soils, the deposits above and 

below the water table, the topography, vegetation cover, land use, soil moisture 

content, the depth to water table, the intensity and duration of rainfall, the air 

temperature and other meteorological factors namely humidity, wind etc. In order 

to arrive at the total infiltration through rain water to the groundwater body, Rao 

formula, (Rao, 1970) is employed· here, because of similarities in the field of 

climatic records, topography and soil characteristics. 

Rp = 0.35 (R-600)-

Where, 

= Rainfall penetration and 

R Average rainfall in the area in mm 

Substituting the average rainfall value in the equation, the average rainfall 
I 

penetration (Rp) is 0.9332 m and the total amount of rainwater infiltrated into the 

soil (or recharge) is 78,222.69 hectare metre (ha m). But part of this water will be 

lost through effluent drainage and through evapo-transpiration. By taking such 

losses to be 60%, the amount of recharge to the groundwater by average rainfall 

infiltration is about 31,289.08 ha. m. 

The amount of recharge to the groundwater body varies from year to year 

as it depends on the yearly precipitation. The amount of recharge through 

infiltration of rain water has been calculated from the rainfall record of that 

particular years (1988-89 to 1997 -98) and tabulated in Table-6.1 for further 

analysis. 
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b) Due to Surface Water Bodies (Rn): 

The natural recharge due to surface water bodies can be obtained by 

determining the slope of the groundwater table and applying the Darcy's formula. 

In some cases, the recharge is taken as a function of the wetted perimeter and 

other cases it is taken as a function of the total water spread area. The natural 

recharge in the area under investigation is occurred by canals, ponds or tanks and 

jhoras. 

i) Recharge by canals: Recharge through percolation from canals depends 

on the infiltration capacity ofthe canal bed and sides, subsurface lithology, extend 

of wetted perimeter, length of canals, discharge, sediment loads, physical and 

chemical properties of water, and relative position of the bed with respect to the 

water table. As the rivers and streams flowing in the area are effluent in nature and 

the canals are mostly influent and pumping and lifting in nature, recharge rates 

may decline over the years due to water logging, clogging of pores of the bed 

materials, or .cementation by calcareous precipitates. 

The recharge value has been computed by taking into account the product 

of four parameters (Pandey, 1996)- (a) average number of canal running days in 

a year; (b) average wetted perimeter; (c) length of canals, and (d) average rate of 

canafseepage. Data pertaining there for 1997-98 are given in Table-6.3. In the 

absence of any field data, a seepage factor of 15 ha m/day/1 06 m2 of wetted area, 

tentatively fixed by the Groundwater Investigation Directorate (GWID) in the 

study area has been taken into consideration. The recharge amount in Siliguri 

Municipal Corporation, Matigara and Naxalbari block is 927.68 ha m and in 

Kharibari and Phansidewa blocks is about 156.94 ha m (Table-6.1). 

ii) Recharge by Tanks : The infiltration from tanks or ponds and other 

impounded surface water bodies is an important item of contribution to 

groundwater recharge-specifically in terai areas in India, because construction of 

storage tanks is a common method of increasing the area under irrigation. The 
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tanks act indirectly as artificial-recharge structures. Seepage from tanks adds not 

only to groundwater reserves in the immediate vicinity of the tank, but also in the 

surrounding areas by raising the water table. The infiltration may be 

predominantly downward in deep water table areas, while in shallow water table 

areas much of it may take place underneath the embankment, even, the tank itself 

may receiving groundwater through effluent conditions. 

As the infiltration is related, among others, to the relative position of the 

water table with respect to the reservoir, water level estimations in the beginning 

of the rainy season may give higher values. Recharge from tanks can be expressed 

by estimating from the water table rise, water-spread area or percentage of the 

water stored in the reservoirs, among these only the water-spread area method has 

been applied. Recharge from tanks (more than 250 of variable sizes) in the study 

area has been computed by taking into account the product of three factors 

(Pandey, 1996) viz., (a) the total number of tanks; (b) average water spread area 

per tank; and (c) seepage factor. In this case the average rates of seepage from 

tanks and infiltration from the surface reservoirs is used as 0.55m/ year 

(NN3ARD, 1984). Considering these factors i.e., number of tanks, average water 

spread area of each tank and the identical seepage factor of each block, the natural 

recharge by the tanks for Siliguri Municipal Corporation, Matigara and Naxalbari 

block is 1.65 ha. m and in Kharibari and Phansidewa block is about 192.50 ha. m. 

iii) Recharge by Jhoras : The natural recharge through the Jhoras is very 

much identical as well as the typical media of recharge in the hilly areas. In the 

area .of investigation, Jhoras are observed only in the Matigara and Naxalbari 

block because of its hilly nature. Recharge through the Jhoras is very similar to 

the factors ofthe canal's infiltration. But difference is that it is totally natural and 

the recharge rate may be variable depending upon the various meteorological 

factors. The maximum recharge occurs in the months of November and 

December, whereas the lean recharge occurs in the months of May and June. The 

recharge value has been computed by considering the empirical formula and is 

taking into account the product of four factors i.e., (a) average wetted perimeter; 
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(b) total number of Jhoras; (c) seepage factor; and (d) average number of days 

running in a year. As the Jhoras of the study area are mostly in the lower position 

as well as the lesser height with respect to the surrounding hilly areas, hence, the 

Jhoras are more or less active round the year and the average rate of Jhoras 

seepage has been tentatively fixed at 15 ha m/day/106 m2 of the wetted area by 

G.W.I.D. The amount of recharge in Siliguri Municipal Corporation, Matigara and 

Naxalbari block is about 9.02 ha m (Table-6.1). 

c) Due to Applied Irrigation (Ra) : 

Artificial recharge is estimated from return flow from the agricultural land 

due to irrigation. The water requirements of crops is met, in parts, by rainfall, 

contribution of moisture from the soil profile and irrigation water applied. A part 

of water applied to irrigate the fields for growing crops is lost in consumptive use 

and the balance infiltrates to recharge the groundwater. The process of re-entry of 

a part of the groundwater used for irrigation is called return circulation. 
I 

Infiltration from irrigation water, derived both from groundwater and surface 

water sources, constitutes one of the major components of groundwater recharge 

in areas under wet crops like paddy, in viewofthe continuous submergence of the 

soil for long durations. For irrigation of dry crops, the water used for irrigation is 

much less as the soil is required to be saturated for short periods, with the result 

that the greater part of the water applied is abstracted from the soil and lost to the 

atmosphere through evapo-transpiration, leaving only a small fraction if any to 

recharge the groundwater. The water table in the area of investigation is very 

shallow in compared to other parts of the district and even during the wet season, 

the water table lies within 2 m from b.g.l. From the analysis of the subsurface 

formations as well as its grain size analysis, it has been estimated that coefficient 

of permeability in the study area is 5.3x104 m3/day and the specific yield of the 

aquifer materials is very promising (32%). Considering these different types of 

factors, irrigation water contributes to the groundwater potential assuring that 42% 

of the water depth applied, being more if the top soil is highly pervious (Garg, 
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1982), of the irrigation water, draft mainly by shallow tubewells and open 

dugwells and taking into consideration, the net recharge to the groundwater body 

is computed to be 1318.24 ha m for the four blocks of the study area (Table-6.1). 

It has been observed that the draft due to usage of the tubewell--especially in 
I 

shallow tubewells and pumping open dugwells water during the summer months 

(April to June) is significant and should be reckoned in the computation. 

Similarly, tubewells in this area are put to partial use in the month of December. 

These four months represent almost 42% of the total draft in a year which goes to 

augment the subsurface reservoir, except the draft by industrial uses, because the 

return seepage of the industrial waste is negligible, as they passes through a 

stream or canal or drain. 

d) Groundwater Inflow (Gi) : 

Groundwater inflow in the piedmont as well as the alluvial tract of the area 

of investigation in the Darjiling district is taking place as a large sheet of l)Joving 

water extending to considerable depths in the alluvium in a down gradient direction 

of the water table slope from north-east to south-west. This movement is taking place 

with an effective velocity of about 41.65 m/day (Chapter-IV). In the Terai area of 

Drujiling district, the average thickness of water bearing materials is approximately 

27 meter. The quantity of inflow to terraces due to continuous movement of 

groundwater per year through water-bearing strata of 27 mete~ thickness and 1 

kilometer width under a hydraulic gradient of 1/2000 can roughly be estimated with 

the help of the following equation : 

Q 

where, Q = 
p = 
I = 
A = 

= PIA 

Quantity of groundwater inflow in unit time, 

coefficient of permeability, 

hydraulic gradient, 

cross-sectional area of the strata through which groundwater 

percolates. 
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The value ofP has been obtained to be 53320 m3/day which leads 

Q 15353.856 x l/2000xl000x27 m3/day 

1.e., Q = 20.727706 ha m/day = 7565.6125 ha m/year. 

It may be added here that an equal amount of water will be flowing out of the 

area by various undifferentiated ways unless the same is tapped by different pumping 

methods. 

e) Due to Actual Rise of Water Table (Rwt): 

Recharge to the groundwater can also be calculated from the actual rise of 

water table from the month of July to November in each year in the study area 

indicates the amount of recharge to the aquifer in the region (Table-6.2). The data 

on the water levels of the hydrograph net work stations maintained by the State 

Water Investigation Directorate (SWID) and Central Ground Water Board 

(CGWB) for the period of 1988-89 to 1997-98 have been utilized for the 

computation of average rise in water table which is much similar to the field 

observation data. Thus the total recharge has been estimated by using the 

following standard formula (Raghunath, 1987) -

~GWS = Aaq X ~GWT X Sy 

where, ~GWS = change in groundwater storage due to 

monsoon recharge, 

Aaq = Involved area of aquifer. 

~GWT = change in groundwater table, and 

Sy = average specific yield of the material in the 

zone of water level fluctuation. 

According to available information, it is found that the fluctuation of groundwater 

level occurs at shallow depth. Taking the average specific yield of the aquifer material is 

32%, the annual change in groundwater storage due to monsoon recharge of the study 

area is about 832.11 km2 (excluding rivers and streams captured area)_ is for a period 

of 10 years (Table-6.2) is about 33,850.68 ha m. 
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Table-6.2 : Total annual recharge to groundwater (ha m) by water table fluctuation method and 

empirical method (1989-98). [Upper figure : Matigara and Naxalbari block; Lower 

figure: Kharibari and Phansidewa block]. 

Annual No. of Annual ave. Annual recharge Annual recharge 

Year rainfall annual fluct. ofGW due to fluct.of · due to empirical 

(mm) rainy days level (m) GW level method. 

18508.62 18904.30 
1988-89 4007.20 134 +1.59 

24140.02 23685.49 

15016.43 15596.54 
1989-90 3357.70 146 +1.29 

19585.30 19371.31 

19090.65 19468.58 
1990-91 4118.00 123 +1.64 

24899.14 24421.45 

9079.70 9433.77 
1991-92 2147.60 99 +0.78 

11842.27 11333.46 

12921.11 13447.90 
1992-93 2935.80 132 +1.11 

16852.47 16568.92 

9778.14 10040.32 
1993-94 2266.70 102 +0.84 

12753.22 12124.56 

18042.99 18399.10 
1994-95 3908.00 127 +1.55 

23532.72 23026.57 

12222.67 12840.33 
1995-96 2816.50 117 +1.05 

15941.52 15776.50 

11058.61 11666.95 
1996-97 2586.10 111 +0.95 

14423.28 14246.11 

21185.97 21517.92 
1997-98 4520.40 133 +1.82 

27631.97 27094.31 

14690.49 15131.58 
Average 3266.40 122 +1.26 

19160.19 18764.87 

Beside the recharge assessment technique, another important assessment 

has also been made for cross-check with the actual change in water level in the 

observation wells during the period. It has been observed that the resultant 

recharge of groundwater through the rainfall, natural and artificial processes are 

very much equivalent to the calculated recharge (Table-6.2). 
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6.5 COMPUTATION ON GROUNDWATER DISCHARGE 

After getting an idea of the sources of replenishment and the nature and 

pattern of hydraulic gradient in the area of investigation, it is essential to consider the 

possible manner of discharge of the groundwater body. At present the discharge of 

the groundwater in the area is mainly by -

a) Natural discharge. 

b) Evapo-transpiration losses. 

c) Artificial discharge, and 

d) Groundwater outflow. 

a) Natural Discharge (Do): 

Groundwater discharge takes place through natural phenomenon like springs, 

groundwater runoff or effluent seepage into the rivers and streams. As the Terai is 

situated below contact line of the source of springs, hence the amo~t of groundwater 

runoff, the piedmont plain and alluvial cones is considerable because the major rivers 

i.e., Mahananda, Balason, Meehl and streams-Manjha, Dumria, :Burl Balason etc. 

flowing through the study area are all of effluent in nature ·and as such the 

computations on the draft should also cover a standard amount of discharge of 

groundwater from the area towards the rivers and streams. From the studies on long 

term water level records, physiographic conditions and the groundwater flow lines as 

revealed by the water table maps indicate a north-east to south-west groundwater 

gradient in the region and considered the subsurface seepage towards the rivers and 

streams is about 20 percent of the average groundwater recharge. The computation of 

groundwater discharges through the natural processes in the study area (Table--6.4) 

3,026.20 ha min Siliguri Municipal Corporation, Matigara and Naxalbari block and 

3,752.97 ha min Kharibari and Phansidewa block. 
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Table-6.3 : Total number of discharging equipment and other statistical parameter of groundwater as 
well as surface water (1989 to 1998). [Upper figure : 1992-93 and Lower figure: 1997-981 

Discharge Number of Area Average Average discharge 
equipment equipment covered Discharge hour/year 

in hectare in ha m/ hour 

Deep Tube Wells 10 510 0.020330875 1460 

52 2200 

Shallow Tube wells 231 1386 0.006099262 1280 

(Govt.) 505 3030 

Shallow Tube wells 826 2478 0.002541359 1400 

(Private) 2582 7746 

Dug wells (Pump set) 856 2996 0.000254135 912 

1405 4918 

Dug well (Open & 658 658 0.000071158 1095 

traditional) 2925 2925 

Hand Tube wells 200 600 0.000111819 2800 

(sunk by PHED 408 1230 

Deptt.) 

Government 05 630 0.056818181 1280 

canals 14 1750 

Private canals 
.... 

23 788 0.070000000 1400 11.) 

.... 38 1475 
"' 

River Lift Pump ~ 46 2438 0.015248156 1220 

11.) 84 4452 

Ponds & Tanks 
u 

238 357 0.001636363 780 
"' ...... 402 603 .... 

Rivers and jhoras ;::l 70 1050 0.002181818 1078 
(/) 

125 1875' 

Source : Computed from published and unpublished iriformation collected from the related offices and personal field survey in 
several times. 

b) Due to Evapo-Transpiration Losses (Det) : 

In the present area of investigation, the discharges due to evapo-transpiration 

losses are generally occurred by phreatophytic and xerophytic vegetation and this 

losses is much more than the groundwater runoff in the lower reaches where the 

sediments are fine grain. Evapo-transpiration from fully saturated soils supporting 
I 

vegetation equals the potential evapo-transpiration rate. The groundwater levels in an 
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area supporting xerophytic and· phreatophytic vegetation show diurnal fluctuations, 

attaining highest elevations in the early-morning hours and lowest levels in the early 

evening (Karanth, 1987). The water level decline during the day due to the evapo

transpiration rate exceeding the recharge rate, while during the night, the levels rise 

due to the discharge rate falling below the recharge rate because of lower temperature. 

Table-6.4: Total amount of annual discharge ofthe study area (1989 to 1998). [Upper figure: 
Matigara and Naxalbari block; Lower figure: Kharibari and Phansidewa block]. 

Discharge for Discharge Discharge for artificial purposes (D.) in ha m Total ground 

natural for evapo- Discharge Discharge Discharge Discharge water 

processes (Dn transpiration for irrigation for for for discharges : 
Period 

in ham losses after domestic livestock industrial D=D.+D., 

(De~) deducting uses. uses. uses. +D. inha. m 

in ham the42%. 

1988-89 3780.86 1890.43 242.35 644.65 150.65 100.15 6809.09 

4737.10 2368.55 876.59 340.66 45.25 10.00 8378.15 

1989-90 3119.31 1559.65 241.62 647.38 175.40 105.35 5848.71 

3874.26 1937.13 918.17 354.15 50.45 15.28 7149.44 

1990-91 3893.72 1946.86 293.71 724.02 180.50 110.01 7148.82 

4884.29 2442.15 968.27 445.00. 50.25 15.25 8805.21 

1991-92 1886.75 943.38 295.13 720.71 195.60 125.35 4166.92 

2266.69 1133.35 1034.25 411.16 55.65 18.30 4919.40 

1992-93 2689.58 1344.79 369.03 901.70 207.55 120.85 5633.50 

3313.78 1656.89 1032.72 364.48 50.00 15.13 6433.00 

1993-94 2008.06 1004.03 374.66 902.35 205.65 148.35 4643.10 

2424.91 1212.46 1151.86 456.85 60.13 22.30 5328.51 

1994-95 3679.82 1839.91 416.82 1006.95 210.75 155.85 7310.10 

4605.31 2302.66 1185.97 507.91 65.25 25.50 7923.45 
' 

1995-96 2568.07 1284.03 430.15 1055.44 225.80 160.15 5723.64 

3155.30 1577.65 1310.49 522.60 68.18 25.10 6659.32 

1996-97 2333.39 1166.70 476.53 1136.78 230.80 162.90 5507.10 

2849.22 1424.61 1399.76 569.41 70.25 26.60 6339.85 

1997-98 4303.58 2151.79 489.00 1098.10 234.51 152.70 8429.68 

5418.86 2709.43 1547.42 635.65 126.10 84.32 I 0521.78 

Sources: Computed from data (published! unpublished) taken from the related offices. 
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Where the water table is near the surface, the groundwater reservoir loses 

water by evaporation from the soil and by transpiration from plants and the discharge 

is maximum through these media if the water table lies within a depth of 0.3 m b.g.l 

(White, 1932). The annual use of groundwater for any given species of plant varies 

with climatic conditions, depth to water, density of plant growth, quality of 

groundwater, and other local factors. Annual use of groundwater by evapo

transpiration may vary from a few hundredths of a ha. m per hectare to as much as 

about a ha. m per hectare. From the analysis of long term water table position and 

water reservoir condition in this region it is to be considered that about 1 0% of the 

average groundwater recharges which is also the amount out of the surface runoff 

through the rivers and streams and the amount of water discharges by groundwater 

outflow. The groundwater discharges through the evapo-transpiration of the study 

area (Table-6.4) are1,513.16 ha min Matigara and Naxalbari block; and1,876.49 ha 

m in Kharibari and Phansidewa block. . 

c) Artificial Discharges CDa):. 

The water is often a critical factor in the growth of settlements, agriculture, 

industries and other sectors of economy. Unlike the other resources, water is rarely 

perni.anently depleted by use but gets replenished with time in the course of its 

movement through the hydrologic cycle. A large amount of water is utilized on global 

level in irrigation for the production of different crops as well as in domestic and 

industrial purposes. 

The significant amount of groundwater discharge in the area occurs chiefly 

due to irrigation abstraction, on account of uncertainty of the monsoon rainfall. The 

irrigation water demand in the study area has been increased with an increase in the 

intensity of agriculture and changes in farming practice, for instance, by introduction 

of high yielding variety (HYV) of seeds and increasing use of fertilizers, to meet the 

evergrowing neeqs for food and fodder. Another significant amount of groundwater 

discharge occurs due to domestic abstraction by means of dug wells, hand tube well 

and deep tube wells. With the increase of population, domestic demand of water 
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supply have also been increased. It is remarkable to note that before 70's there was no 

hand tube well in the study area and the people met up their domestic need by the dug 

wells, ponds, rivers and jhoras etc. and still many of the villagers are using dug wells. 

During the field work, it is observed that about 1150 dug wells are being used in the 

study area and considering the discharge rate of the dug wells as one third of the hand 

tube wells of the average annual discharge have been considered. But, after 1970, 

Public Health e!lgineering Department (PHED) with the help of different international 

and national organisations have been sinking a number of hand tube wells in the study 

area and 1n the municipal and urban area the domestic need is met up through the pipe 

line supply water by means of 195 standpost, run by a number of pumping stations. 

The number of hand tube wells and as well as pumpmg stations have since 

considerably increased yearly. 

Artificial discharge of groundwater also occurs for livestock uses. The water 

used was supplied through pipeline system of which firm is situated near the urban 

area. But in case of rural areas, the water is being drawn from the existing dugwells, 

hand tubewells, ponds, tanks and rivers. Consumption by livestock ranges widely, 

depending on the kind of animal, its age and the season. On the basis of the industrial 

statistics, the study area has a number of tea industries. Recently a ntimber of medium 
' 

to moderately large scale industries and a number of registered and unregistered small 

scale industries have flourished. Most of the water used in the processing, cooling, 

washing, boiler feed and sanitation was supplied through the pipeline system drafting 

chiefly from the deep tube wells, pumping system open dug wells, river lift method. 

Consumption of water by industries ranges widely, depending on the size and type of 

the industry. Available information regarding the number of tube wells and other 

sources of artificial discharge of groundwater installed in each year is collected from 

the respective organizations. 

With a view to ground water balance, the discharge of groundwater 

accomplished by the different discharging sources is computed for a period of 1 0 

years. The artificial discharge is calculated individually according to the discharge 

rate and time of the respective discharge element that are used in the study area for 
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agriculture, domestic, livestock and industrial purposes (Table--6.4). The proper 

utilization of groundwater as well as surface water and their requirements in different 

sectors in individual block of the study area has been discusse9 elaborately later 

(Chapter-VIII). 

d) Groundwater Outflow (Go) : 

The groundwater outflow (G0) in the piedmont area as well as the alluvial 

tract of the ·area of investigation of Darjiling district is tal<ing place as large sheet of 

moving water extending to a considerable depths. The movement of this outflow 

water is. taking place with an effective velocity of about 41.65 m/day (Chapter-IV)~ 

However, a portion of the inflow groundwater is being salvaged by pumping and 

further, some influent seepage from local rainfall is also being added to it. Thus, the 

stability of groundwater surface and its seasonal fluctuations with rainfall in the terai 

area, clearly indicates that there is a balance between the groundwater inflow and 

outflow. In other words, the groundwater outflow equals groundwater inflow whose 

value has been obtained to be 7,566 hectare meter per year. 

6.6 GROUNDWATER BALANCE STUDY 

The groundwater reservoir gets water as a result of recharge from rainfall, 

rivers, streams, jhoras, tanks, canals, applied irrigation water etc. and loses water due 

to regeneration in streams, movement towards other aquifers and man-made 

extractions. A study of groundwater balance is essential in order to evaluate the total 

groundwater resources of a basin. Groundwater flow and surface water flow in a 

region are intimately connected. Hence, water balance studies can be divided into two 

groups: 

(a) 

(b) 

Surface water and 

Groundwater. 

But this section provides only an insight into techniques for studying the 

groundwater balance ofterai ofDarjiling district. 
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6.7 GROUNDWATERBALANCEANALYSIS 

Groundwater is extracted from the sub-surface land just: as like as other 

minerals such as oil, gas or gold. Water carries typically a special characteristic: it is 

regarded as a renewable natural resource. Thus when a water well is drilled, it is 

presumed that production of water will continue indefinitely with time. In fact, this 

can only occur if there exist a balance between water recharge to the water reservoir 

from surface sources and water pumped from within the water reservoir by wells. 

Table--6.5: Groundwater balance of the study area (1989 to 1998). [Upper figure: SMC, Matigara and 

Naxalbari block; Lower figure: Kharibari and Phansidewa block]. 

Ram fall Groundwater input in ha m Groundwater Change in Groundwater 

Period infiltration outgo storage in ha. m 

inmm Calculated Observed inha m Calculated Observed 

1988-89 4007.2 18904.30 18508.62 6809.09 12095.21 11699.53 

23685.49 24140.02 8378.15 15307.34 15761.87 

1989-90 3357.7 15596.54 15016.94 5848.71 9747.83 9167.72 

19371.31 19585.30 7149.44 12221.87 12435.86 

1990-91. 4118.0 19468.58 19090.65 7148.82 12319.76 11941.83 

24421.45 24899.14 8805.21 15616.24 16093.93 

1991-92 2147.6 9433.77 9079.70 4166.92 5266.85 4912.78 

11333.46 11842.27 4919.40 6413.54 6922.87 

1992-93 2935.8 13447.90 12921.11 5633.50 7814.40 7387.61 

16568.92 16852.46 6433.00 10135.92 I 0419.46 

1993-94 2266.7 10040.32 9778.14 4643.10 5397.22 5135.04 

12124.56 12753.22 5328.51 6796.05 7424.71 

1994-95 . 3908.0 18399.10 18042.99 7310.10 11089.00 10732.89 

23026.57 23532.72 7923.45 15103.12 15609.27 

1995-96 2816.5 12840.33 12222.67 5723.64 7116.69 6499.03 

15776.50 15941.52 6659.32 9117.18 9282.20 

1996-97 2586.1 11666.95 11058.61 5507.10 6159.85 5551.51 

14246.11 14423.28 6339.85 7906.26 8083.43 

21517.92 21185.97 8429.68 13088.24 12756.29 
1997-98 4520.4 

27094.31 27631.97 10521.78 16572.53 17110.19 
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But if groundwater is withdrawn at a rate exceeding the recharge, drilling yield exists 

and if drilling continuous, a number of hazards may occur in and around the operation 

area (Domenico,1968), these are-{a) declination of water level, (b) deterioration of 

water, quality, (c) destruction of hydraulic properties, (d) subsidence of land surfaces 

etc. 

On comparison ofwater level measured during 1988-89 with those of 1997-

98, it is revealed that there is an average 1.26 m rise of water level in whole of the 

interfluve area for over a period of 1 0 years. Though the area of investigation is the 

second largest rainfall area in India, but since 1992, the area suffered from some of 

the above problems, for large scale abstraction of groundwater due to irrigation and 

very recently for industrial establishment. Hence, with the view to management and 

further development of groundwater, as assessment of groundwater resources of the 

study area has been made on the basis of input -outgo stresses. 

a) Input: 

During a hydrologic year, water from both the natural and artificial sources 

reached the aquifer basin is considered as the input to groundwater. In the present 

investigation inplJtS to groundwater has been estimated from measured annual 

recharge due to rainfall, estimated return flow from agricultural fields, seepage from 

tanks and canals and groundwater inflow. The total input to groundwater has been 

estimated 'through different studies and available information collected from different 
I 

concerned authorities as well as field survey, which mentioned in details in the heads 

-'Consumptiop. on Groundwater Recharge' (Table-6.1 ). 

b) Outgo: 

In a complete hydrologic year, the outgoing flows are calculated on the basis 

of actual quantity of groundwater drawn or extracted by the different discharging 

elements being used in the study area for the irrigation, domestic and industrial uses. 

The annual discharge for each discharging equipment is computed individually 
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described in details in the heads-'Consumption on Groundwater Discharge' (Table-

6.4). 

c) Balance: 

The groundwater balance for the area of investigation of the Darjiling district 

has been worked out using the following relation which are quantifies various means 

of recharge to or discharge from the groundwater reservoir as well as changes in 

storage therein. It may be stated as follows : 

where, 

where, 

11Sg 

11Sg 

I 

0 

I 

= 

= 

= 

I-0 

Annual change in groundwater storage 

Annual input to groundwater system 

Annual outgo from groundwater system 

Rp+ Rn + Ra + Gi 
0 Dn + Det + Da + Go 

where, Rp = recharge due to precipitation infiltration, 

and, 

Rn =natural recharge fromjhoras, tanks and canals etc., 

Ra = recharge due to return flow from applied irrigation, 

Gi = recharge due to groundwater inflow from areas outside ithe basin. 
r 

Dn = natural discharge by seepage and stream flow i.e., effluent seepage loss, 

Det = discharge due to evapo-transpiration from different sources, 

Da = artificial discharge due ·to pumping and consumptive use, 

G0 = discharge due to groundwater outflow to areas outside the basin. 

With the help of the formula, the groundwater balance is worked out with 

the observed data for the period 1988~89 to 1997,.98 (Table-6.5). The items of 

groundwater supply and disposal are dominant depending on the groundwater 

regime; that is the physical and environmental framework in which groundwater 

occurs, is recharged and discharged. In an unconfined irrigation groundwater 

regime under exploitation conditions, all the factors have to be considered. In a 

fully confined groundwater regime, groundw:ater inflow, out flow and extraction, 
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are major components of groundwater balance that need to be considered. A 

thorough study is to be made of the shape of the groundwater hydrograph in 

relation to the time and duration of rainfall, surface flows, groundwater extraction, 

irrigation, etc. in order to properly identify and correlate the influences of recharge 

and discharge for precisely drawing up groundwater budget. Groundwater balance 

is usually worked out for the rainy and non-rainy seasons separately. But, in this 

case, it is done combindly. The methods of ·calculating th~ various factors 

involved in the equation has already been discussed briefly in the two different 

sections-6.5 and 6.6 in this chapter. Thus, overall study in the area of about 

832.11 km2 indicates that there exist a balance between annual recharge and 

withdrawal upto the period of 10 years, that is, till now there is no deficit, found in 

the project area, but one thing is observing i.e., the rapid increase of the 

progressive annual discharge, only because of the rapid growth of the industrial 

zone in Matigara and Naxalbari block from a few years back. All the terms used in 

the groundwater balance equation are volumetric units, like million or thousand 

hectare meters. These are generally calculated in depth units and multiplied by 

area in equation, or in discharge units and multiplied by the period of study. 

6.8 SAFE YIELD OF THE GROUNDWATER RESERVOIR 

Safe yield can be defined in unconfined aquifers as actual annual 

consumptive use of pumped groundwater plus exploited groundwater; this is 

equivalent to gross annual pumpage minus return flow. For calculating the safe 

yield of the study area, 'Hill Method' based on draft and change in groundw~:~.ter 

table was adopted (Conkling, 1946). The draft corresponding to zero change in 

elevation equals the safe yield. The draft of the study area in each year presented 

(Table-6.4) and the annual change in groundwater level was taken as the 

difference between the April water level of the successive years.(Table-6.2). Also, 

it was assumed in the 'Hill Method' that the water supply or recharge to the area is 

reasonably constant, but the recharge by rainfall infiltration calculated for each 

year (Table-6.1) show variations from year to year. The Fig.-6.4 indicated a safe 
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yield of 4.3 thousand ha m per year for the area. The annual recharge to the 

groundwater body through rainfall ranges from 20 to 48 thousand ha. m and the 

figures of annual draft also indicate that the draft per year varies from 9 to 18 

thousand ha m. From this, it appears that there is a balance between recharge and 

draft at present and in general there is no over draft in the area of investigation. 

But it is observed that the draft is more than safe yield, indicating that the 

continuous recharge process, balance the water level immediately after its 

pumpage or consumption. Moreover, due to structural position, porosity and 

permeability of the formations of the study area, there is no permanent depletion 

of water table with zero level. Under this circumstances, it may be added here that 

in regions where hydraulic relationship or continuity is estimated between water 

from streams or precipitation and storage, any further groundwater development 

may lead to increase opportunity for induced recharge in the · area and 

consequently enhance the safe yields also. 

CONCLUSION 

The present chapter deals with the experimental analyses of recharge, 

discharge and safe yield of the groundwater reservoir of the study area. The 

groundwater movement of the study area is towards north to south direction of 

surface gradients. The steepest hydraulic gradient of 10 mlkm is recorded at 

Trihana-Ambari tract, whereas the flat hydraulic gradient of less than a meter per 

km located at Mahananda-Chenga interfluve area. Based on the available 

lithological log data of exploratory and other bore holes drilled in the area of 

which the aquifer zones are observed in a considerable thickness and are present 

within the depth span of 105 m with yield prospects above 150 m3 per hour with a 

drawdown of3.66 m to 12.20 m. The transmissivity values ranges between 85.25 

and 425.16 m2 per day. 

Groundwater recharge occurs through local precipitation, seepage from 

surface water, recycled water from applied irrigation and groundwater inflow. 

Whereas, the groundwater discharge is mainly due to withdrawal of groundwater 
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for irrigation purpose by means of wells, losses due to natural seepage, evapo

transpiration and groundwater outflow. The inflow is almost equals to outflow. 

The gross total groundwater resource of the four blocks including the SMC is 

48,817.94 ha m/ year, and the net annual draft is 18,951.46 ha m/ year and 

balance groundwater resource potential is 30,866.48 ha m/ year. Hence, the level 

of groundwater development in the area is 38.82% . The overall study in the area 

indicates that till now there is no deficit of groundwater in the projected area 

though there is a rapid increase of groundwater withdrawal is observing through 

different uses. For a large scale groundwater development in the investigated area, 

the quality of water is the basic criteria for the economic progress in the country. 

To know the quality, the chemistry of groundwater occurring in different litho

unit of the area and jo decipher the chemistry of surface as well as groundwater 

and its variation with depth, the nature of polluted water and its remedial measures 

is to be identified, which have been discussed in the following Chapter. 
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CHAPTER - VII 

WATER QUALITY AND ITS GEOCHEMICAL ASSESSMENT 

INTRODUCTION 

The quality of water is as significant as its quantity. But it is never found in a 

pure state. As water comes from the atmosphere it is contaminated with 

atmospheric carbon-di-oxide and falls on the ground in the form of unstable weak 

carbonic acid and it acts as a powerful corrosive agent. It reacts with surface 

geometerial and aquires certain characteristics before percolating into the ground. 

However,.during percolation into the ground its chemical properties may change 

from its place of entry to the point of exit. Where it accumulates in the form of 

reservoir, the chemical character of the water provides stdking evidence of 

physico-chemical processes under different reservoir conditions (Trainer, 1981 ). 

Natural quality of water depends upon its interaction with rocks and various 

geometrical reaction taking place within the lithological frame work (Drever, 

1982). Water quality varies in its concentrations of dissolve substances depending 

upon the hydro-chemical conditions of the area and according to seasons (Kale, et 

al 1993 ). The usability of water available is generally exposed in terms of its 

chemical, physical and bacteriological properties. A programme of study of the 

quality of water envisages field observations regarding the source and 

environment of water occurrence, sources of pollution and other related aspects 

having a bearing on the quality ofwater (Karanth, 1990). 

Geochemical assessment are also of value with respect to water use. They 

provide a better understanding of possible changes in quality as development 

progresses which can tum provide information about the limits of total 

development, or can permit planning for appropriate treatment that may be 

required as the result of future changes in the quality ofwater supply. Analysis of 

water samples for geochemical assessments require a high degree of accuracy. 

The chemical characteristics of water are very important with respect to 

requirements for various uses. Temperature measurements are usually made in 

groundwater assessment. These are particularly important in places where wide 

variations in the temperature are recorded. Temperature results may lead to the 

discovery of an unsuspected source of pollution. 
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7.1 SAMPLING METHOD 

Under the chemical sampling programme of sub-surface water for analysis 

of its quality, the water samples from different sources at different depths have 

been collected from the entire Terai area ofDarjiling district. 88 samples for entire 

area from dug wells have been taken in order to have an idea of salt as well as Iron 

content and their extension with time and space. 8 shallow tube wells and 4 deep 

tubewells samples we.re collected from the exploratory bore holes. Surface water 

has been collected from the 6 major rivers of the study area. After rinsing the 

bottle with the water being sampled, it is then collected and securely corked. The 

water was stored in a cool place and transferred promptly to a laboratory for detail 

analysis. With each sample a record was made regarding location, depth of 

sample, size of casing, date, water temperature, odour, colour, turbidity and 

operating condition of the well immediately prior to the sampling. The water 

samples had been collected in November '97, '98 and April '98, '99 to know its 

pre and post monsoon chemical composition. 

7.2 ANALYSIS AND MEASURES OF WATER QUALITY 

The quality characteristics of water sample in details, a complete statement 

requires chemical, physical, sanitary, bacterial and biological analysis. But in case 

of groundwater samples, the chemical, physical and bacterial analyses are ~ost 

important and the others being pertinent only for unusual situations of local 

condition. 

The chemical analysis of a water sample includes the determination of the 

concentrations of all of the inorganic constituents present. Dissolved salts in 

groundwater occur as dissociated ions; in addition, other minor constituents are 

present and reported in elemental form only. Properties of a water sample 

evaluated in a physical analysis include temperature, colour, turbidity, odour and 

taste. Bacteriological analysis consists of tests to measure the presence of coliform 

organisms, which indicate the sanitary quality of water for known consumption. 

7.3 CHEMICAL ANALYSIS 

Chemical analysis forms the basis of interpretations of the quality of water 
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in relation to source, geology, climate and use. Water being an excellent solvent, it 

is important to know the geochemistry of the dissolved solid constituents and 

methods of reporting analytical data. The collected water samples both surface 

and groundwater were analyzed for complete and partial analysis in the Regional 

Chemical and Hydrological Laboratory-IV, State Water Investigation Directorate 

(SWID), Jalpaiguri, West Bengal, India. Amongst the many chemical properties 

pH, T.D.S., E.C., total hardness, cationic constituents like Ca, Mg, Na, K, Fe and 

anaionic constituents like C03, HCO), Cl, S04, NO), F, As etc. have been studied, 

followed the standard procedure (Brown et al., 1974; Hem, 1989). The result of 

the chemical analysis of water samples from rivers, dug wells and tube well have 

been shown in Appendices-IV, V & VI. In a chemical analysis of groundwater, as 

well as surface water, concentrations of different ions are expressed by weight or 

by chemical equivalence. Total dissolved solids has been measured in terms of 

electrical conductivity. These and other measures of chemical quality are 

described in the following sections. 

7.4 CHEMICAL QUALITY OF SURFACE WATER 

The chemical quality of surface water has been assessed from an analysis 

of water samples collected, one each, from the river Mahananda near Air View 

More, Panchanai near Darjiling More, Balason near CWC Office, Buri Balason 

near West Bengal Forest Check-Post, Bagdogra, Chenga near Trihana Tea Garden 

and the Mechi near roadways bridge, in the last week of November, 1998. The 

results of the chemical analysis of different parameters thus obtained and are 

presented in Appendix-IV. 

The water samples have calcium as the main cation and bicarbonate as the 

main anion or acid constituent. The pH value of river waters ranges between 6.9 to 

7.2 which show that they are slightly acidic to alkaline in nature. The suitability of 

water samples for drinking purposes, it becomes obvious from a comparison of 

Appendix-IV and Tables 7.2 that pH and Total dissolved solids (TDS) are within 

permissible limits. In all of the six samples analyzed, total hardness is above 100 

ppm but it is within permissible limits for the drinking purposes. Other chemical 

constituents such as magnesium, sodium, potassium, chloride, fluoride etc. are 

also within the limit. 
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Iron is present in all the samples and ranges between 0.12 and 0.5 ppm, which are 

within the safe limit. All the water samples are colourless and have no odour and 

objectionable taste. But during the rainy season the waters become unsuitable for 

direct domestic use on account of their turbidity. 

As regards suitability for irrigation purposes, the waters are within safe 

limits in respects of T.D.S., chemical constituents, electrical conductivity and 

sodium adsorption ratio. The total dissolved solid varies between 68 and 95 ppm, 

the electrical conductivity varies from 106 to 155 micro-mhos/em, and the sodium 

adsorption ratio (SAR) ranges from 0.33 to 0.69 (Appendix-IV). Four water 

samples fall in C1S2 group and two samples fall in the c1s1 group of the U.S. 

Salinity Diagram, they are low saline with low to medium sodium hazards and are 

suitable for irrigation on almost all the soils in the study area. 

'-
7.5 CHEMICAL QUALITY OF SUB-SURFACE WATER 

The chemical quality is a very important factor for considering the 

economic utilization of groundwater for public water supply, irrigation and 

industrial purposes, and the quality has been assessed from an analysis of water 

sainples collected from different sources - dug wells, shallow and_ deep tube wells, 

in the last week ofNovember'98 and April'99. During the present investigation, 

out of251 observed dug wells, only 80 dug well samples have been considered by 

taking 20 water samples from each police station for partial chemical analysis. But 

in case of complete chemical analysis - 2 dug well samples, 2 shallow tube well 

samples and 1 deep tube well sample have been considered from each police 

station of the study area. The results of the partial and complete chemical analyses 

are presented in Appendix-V and VI -respectively. The various constituents 

determined in the complete chemical analyses of the 20 groundwater samples are 

expressed below successively. 

7.6 REPORTING OF CHEMICAL ANALYSIS 

Concentration of dissolved salt or ions in groundwater are commonly 

expressed by weight, weight and volume, or chemical equivalence through different 

parameters. The methods of expression of these parameters are outlined below-
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Hydrogen ion concentration (pH) : 

The hydrogen-ion concentration of water is expressed by its pH values. 

The pH value of most ground water is controlled by the amount of dissolved C02 

gas and the dissolved C03 and HC03 in the mineral salts presence of phosphates, 

silicates, borates flurides and some other salts in dissolved form may also affect 

the pH. The pH value of the groundwater samples in the Terai area of Darjiling 

district ranges from 6.8 to 7.9 indicating thereby that the groundwater has been 

given alkaline reaction. These are within the range of permissible limits for 

domestic, irrigation and industrial purposes (Appendix-VI and Fig.-7.1). 

Specific electrical conductance (EC) :, 

Specific electrical conductance is the conductance of a body of unit length 

and unit cross-section at specific temperature. The specific conductance of 

groundwater in the study area ranges between 1 03 and 21 00 and for surface water 

(river) ranges between 106 and 155 micromhos per centimetre at 25°C. But the 

specific conductance value more than 750 micromhos per centimetre at 25°C to 

some extent of2100 micromhos per centimetre at 25°C, observed only in dug well 

samples located at Champasari, Salbarihat, Kelabari, Debiganja, Bandi and 

Dhakpara villages of the study area. The specific conductance value of the surface 

Table -7.1 : Specific Electrical conductivity ranges and quality of the different well samples of 

the study area. 

Electrical No. of dug No. ofTube No. of %of 

conductivity ranges well wells (shallow surface G.W. 

(micromhos per Quality of water samples & deep) water Wells 

centimetre at 25°C.) samples samples 

Below 250 
Entirely safe or 

fresh water 32 10 06 42% 

Safe under 
250-750 (moderately practically all 46 02 Nil 48% 
saline) conditions 

Safe only with 

750-2250 (medium permeable soil 

to high salinity) and moderate 10 Nil nil 10% 

leaching 
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water (river) samples are all below the range of 250 micromhos per centimetre. 

The areal distribution of speCific conductance in the shallow groundwater of the 

area is shown ·in Fig.-7.1. The distribution of low, moderate, medium to high 

salinity of groundwater zone of the study area were also delineated based on the 

U.S. Salinity Classification (Richards, 1954) recommended ranges are expressed 

in the Table-7.1. 

Total Hardness of Water (TH): 
p 

The present chemical analysis shows that the hardness ·of water in the 

study area ranges from 35 ppm to 220 ppm. The water of the area is moderately 

hard to hard _under Durfor and Becker (1964) classification of hardness (Table-

7 .2). Most of the dug well samples and river water samples have the nature of 

moderate hardness. Only one deep tube well sample, located at Purba-Madati of 

Phansidewa P.S. block registers very high hardness value. 

Table- 7.2 : Hardness of water ranges and water class of different well samples of the study 

area. 

Hardness Ranges Description or water No. of dug No. of Tube wells No. of 

(mg/L. of CaCc;:>3) class well (shallow & deep) surface water 

or ppm. samples sam__Ql.es samples 

0-60 Soft 18 Nil Nil 

61-120 Moderately hard 57 Nil 04 

121-180 Hard 13 11 02 

More than 180 Very hard Nil 01 Nil 

In recent years, some works as mentioned later have reported apparent 

statistical correlation between the hardness or other properties of drinking water 

supplies and the death rates from cardiovascUlar diseases. Muss (1962) reviewed 

literature on this subject and expressed the belief that in a very general way the lower 

death rates from heart and circulatory diseases occurred in United States where the 

public water supplies are highest in hardness. Neri and others (1975) presented data 

from Canada supporting the hypothesis that hard water provided some protection 

from heart disease because of its increased magnesium content. Hopps ( 1979) 

reviewed the general subject of health in relation to the geochemical environment. 
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Total Dissolved Solids (TDS) : 

The total concentration of dissolved minerals in water is a general 

indication of the overall suitability of water for many types of uses. The total 

dissolved solids may be determined from the weight of the dry residue remaining 

after a sample of water has evaporated. In the present investigation, the total 

dissolved solids determined by the complete chemical analysis of 20 groundwater 

samples and 06 surface water (river) samples range from 120 to 247 ppm and 68 

to 98 ppm respectively, and are considered satisfactory for industrial, domestic 

and irrigation uses. Among the ranges in groundwater, the higher values occur in 

the south-western and south-eastern parts of Phansidewa Block. In comparison of 

these two sources of water, surface water is much more safe water for different 

uses, especially in the industrial uses. 

7.7. DISSOLVED SUBSTANCES 

The various minerals carried in solution determine in suitability of water 

for various purposes. Following are the most important minerals constitutents 

present in the investigated area that occur in substantial quantities. 

Calcium (Ca) : 

Calcium is the most abundant of the alkaline-earth metals and is a major 

constituent of many common rock minerals. It is an essential element for plant and 
I 

animal life forms and is a major component of the solute is most natural water. In 

fresh water, calcium may contain only 20 to 30 ppm at saturation point. 

The calcium content in the study area ranges from 18 ppm to 4 7 ppm and 

18 ppm to 25 ppm in groundwater samples and surface water samples 

respectively. The calcium concentration is thus generally within safe limits for 

drinking as well as irrigation purposes. 

Magnesium (Mg) : 

Magnesium is one of the most abundant elements in igneous, metamorphic 

and sedimentary rocks. Magnesium together with calcium, whose behaviour it 

resembles, it causes hardness in water. Its solubility is about 10 times that of 

calcium. Concentration of magnesium in groundwater varies from about nil to as 

much as 50 ppm in waters. 
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The concentration of magnesium in the study area ranges from 10 ppm to 

36 ppm, and 10 ppm to 20 ppm in groundwater and surface water samples 

respectively. Except for tube well located at Purba Madati of Phansidewa Block 

which has a high value (36 ppm) and with compare to that of calcium content, it 

indicates a tendency of contamination. But all other samples have the values 

within the safe limit for different uses. 

Sodium (Na) : 

Sodium is the most abundant member of the alkali-metal group which 

dissolved in ground water. It does not affect the hardness of water, though it is 

very important in determining the quality of irrigation waters. Sodium content in 

groundwater ranges from 1 ppm to over 100,000 ppm in brackish water. 

The sodium content in groundwater of the investigated area ranges from 8 

ppm to 22 ppm and 8 ppm to 16 ppm in groundw~ter and surface water samples 

respectively. The concentration of sodium in groundwater is rpuch higher than 

potassium contents, but is less than Ca and Mg ions individually. The sodium 

content is thus generally within safe limits for different uses and specially has no 

effect in determining the quality of irrigation waters. 

P·otassium (K) : 

Potassium is slightly less common than sodium in igneous rocks but more 

abundant in all the sedimentary rocl<:s. The concentration of potassium ranges 

from 1 ppm or less to about 10 to 15 ppm in potable water and from 100. ppm to 

over several thousand ppm in some saline water. 

The concentration of potassium in groundwater of the area of investigation 

ranges from 2 ppm to 12 ppm and 1.8ppm to 4 ppm in groundwater and surface 

water samples respectively. In comparison of this two sources, surface water are 

more suitable than groundwater, but all the values of potassium ions in the study 

area is within the permissible limit for all purposes. 
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Arsenic (As) : 

Arsenic 1s a non-metallic element which is generally associated with 

intermediate and acid igneous rocks and metamorphic rocks into which· acid 

igneous rocks have intruded. The common mineral of arsenic is ~ulfides. As small 

amounts of arsenic can be toxic to human body, hence it is considered a highly 

undesirable impurity in water supplies and an upper concentration limit of 50 

flg/L (USEP A, 1976b ). 

Arsenic has been used as a component of pesticides and thus may enter 

into river or sub-surface water through waste disposal or agricultural drainage . 

. Arsenic is present in volcanic gases and is a common constituent of geothermal 

water. It may also be released in the burning of coal and the smelting of ores, and 

it is a minor impurity in phosphate rock. Concentrations of Arsenic upto 1.0 mg!L 

have reportedly been present in water used for drinking and at least for short 

periods of time, have produced so apparent ill effects, but long-term use of a 

concentration of 0.21 mg/L was reported to be poisonous (McKee and Wolf, 

1963). 

Fortunately, the concentration of arsenic m water of the area of 

investigation is below detecting level (Appendix - VI). Hence the people of this 

area has no health hazards due to arsenic contamination in water. All the samples 

are suitable for drinking, agricultural and industrial purposes. 

Carbonate and Bicarbonate (C03 & HC03) : 

Bicarbonate either alone or along with carbonates or hydroxides 

constitutes the alkalinity of water. Alkalinity in water is its ability to neutralize 

acid. Under usual conditions the bicarbonate concentration of the natural water 

ranges mainly from 0 ppm to 800 ppm and most surface streams contain less than 

200 ppm. 

Bicarbonate ions and in some cases carbonate ions have been found in low 

to medium concentration in the groundwater of the study area. Normally, there is 

no carbonate ions in groundwater because of its acidic nature of water. The range 

of bicarbonate in groundwater is 21 ppm to 545 ppm with an average to 130 ppm 

and in surface water is 22 ppm to 50 ppm with an average to 33 ppm. The 

concentration of bicarbonate in waters of the study area have been grouped in 

Table-:--7.3, on the basis of bicarbonate classification of Baweja et al (1969). The 
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aerial distribution of bicarbonate concentration in shallow groundwater ofthe area 

is shown in Figure-7 .1. In some exceptional case, the low to moderate 

concentration of bicarbonate in most of the area are suitable for domestic purposes 

but are unfit for some industrial and laundry purposes, because bicarbonate is 

directly related to the hardness of groundwater. 

Table -7.3 :The Bicarbonate concentration ranges in water of the study area and their 

classes of different well samples. 

Bicarbonate Description of Number of Dug No. of Tube well Number of 

(HC03) ranges water quality well samples (shallow & deep) surface water 

in ppm samples sam_Q_les 

0 to 150 Suitable 56 12 06 

151to500 Permissible J1 Nil Nil 

More than 500 Undesirable 01 Nil Nil 

Boron (B): 

Boron is a light element and its ionic and solute species tend to be 

somewhat volatile. It is an essential plant nutrient and is required in micro

quantities for the normal growth of all crops. It is found in practically all natural 

waters, the concentration ranging from traces to several parts per million. 

In the area of investigation, the concentration of boron in different water 

samples is also shown in Appendix-VI. Boron is present in all waters ranging from 

0.04 ppm to 0.71 ppm. Mostly boron content is within permissible limit of 1 ppm. 

Chloride (Cl) : 

The element chlorine is the most abundant of the halogens. In groundwater 

it is generally present as dissociated chloride (Cr) ions. Chloride is present in all 

natural waters, but mostly the concentrations are Jow and normally do not exceed 

5 ppm. Indian Standards Institution (1983) permits the chloride content in potable 

waters upto 1000 ppm. 

Chloride content in water samples of the study area ranges from 05 ppm to 

380 ppm having an average value of 57 ppm in groundwater and in surface water 

is 05 ppm to 15 ppm with an average to 11 ppm. The concentration of chloride in 
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water samples of the study area have been grouped (Table-7.4). According to 

Johnson's (1966) chloride classification and the areal distribution of this shallow 

groundwater of this area is shown in Fig.-7 .1. Except the three dug well water 

samples located at Bandi, Liusi Pukuri, and Dhakpara of Phansidewa block 

recorded the highest chloride concentration of 380 ppm where as it was less than 

about 100 ppm in the rest of the wells both in surface and sub-surface water 

samples. 

Table -7.4 : Chloride concentration ranges and quality classes of the different water samples 

of the study area. 

Chloride Description of No. of dug well No. ofTube No. ofsurface 

Ranges in ppm water quality samples wells (Shallow (river) water 

& Deep) sample samples 

0-150 Class-I 85 12 06 
(satisfactory) 

151-500 Class~n 03 Nil Nil 

(objectionable) 

50 I and above Class-III Nil Nil Nil 

(disagreeable) 

Iron (Fe): 

Iron is the second most abundant metallic element in the earth's out crust, 

concentrations present in surface and subsurface water generally are small. 

Usually, iron occurring in groundwater is in the form of ferric hydroxide. Which 

is an essential element in the metabolism of animals and plants. If present in water 

in excessive amounts, however, it forms red-oxy-hydroxide precipitates that stain 

laundry, plumbing fixtures, incrustation of the well screens and plunging of pipes, 

and therefore, is an objectionable impurity in domestic and industrial water 

supplies. The concentration of ferrous iron upto 10 ppm is common though it may 

rise up rarely to 50 ppm. 

The iron contents in water of the study area ranges from 0.02 ppm to 9.24 

ppm and 0.12 ppm to 0.5 ppm in groundwater and surface water respectively. 

Except the filtered i.e., the chlorinition and iron elimination plant for deep tube 

well and surface water samples, and all other samples have the much higher. 

concentration of iron than the pemiissible limit. Dug well water is usable in some 
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area only in the winter season, but most of the dug well water has the iron 

concentration upto 2.35 ppm. The maximum iron concentration is observed in the 

shallow tube well samples and ranges from 2.05 ppm to 9.24 ppm in the overall 

study area (Fig.-7.2.) Some of the dug well samples, filtered deep tube well 

samples and all the surface water samplt(s are suitable for all kinds of purposes, 

but all the samples of shallow dug wells and tube wells are commonly 

disagreeable for all purposes especially for. drinking and industrial purposes. This 

high concentration of iron in drinking wat~r is too much harmful for human body 

in the study area. The common health hazard is observed in the area are 

gastrointestinal disease, respiratory disorders especially asthma and chronic 

bronchitis, loss of hair and spinal cord system involving arthritis, muscle and joint 

pains. But till now no proper remedial measures have been taken for the safety of 

human as well as other animal life. Only aeration and elimination or carbon-di

oxide can achieve the removal of iron followed by sedimentation and· filtration. 

Excess of iron can be treated with lime. Contact oxidation and zeolites can also 

aid in eliminating iron. 

Sulphate (S04) : 

Sulfur is extensively distributed in reduced form in both igneous and 

metamorphic rocks as metallic sulfides. Concentration of these sulfides commonly 

constitutes ores of economic importance .. This element is essential in the life 

processes of plants and animals. The sulphate content of atmospheric precipitation 

is only about 2 ppm, but gypsum (CaS04) or oxidation of pyrites can dissolve in 

pure water upto about 1,500 ppm of sulphate. Water can have sulphate 

concentrations in excess of 100,000 ppm if little or no Ca is present and even upto 

299,000 ppm jn certain types of magnesium brines (Hem, 1989). 

In the present investigation, the sulphate concentration in water ranges 

from 5 ppm to 42 ppm with an average to 19 ppm in groundwater samples and in 

surface water samples is 3 ppm to 9 ppm with an average of 6 ppm. The sulphate 

(S04) concentration in the area is within permissible limits for drinking as well as 

other purposes, as the values are less than 250 ppm. A number of people of the 

study area are largely affected by the respiratory disorders such as asthma, chronic 

bronchitis and emphysema due to the presence of sulphate (S04). 
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Nitrate (NOJ) : 

The forms of nitrogen of greatest interest in water are nitrate, nitrite, 

ammonia and organic nitrogen. Nitrite generally occurs in trace quantities is the 

surface water but may attain high level in groundwater. In unpolluted surface 

water is generally less than 1 ppm, and seldo~ exceeds 5 ppm, but in 

groundwater, the range may vary largely from almost zero to 1,000 ppm. But the 

World Heath Organisation (WHO) has recommended the limit of 45 ppm N03 for 

drinking water and the same is also accepted in India by the Indian Council of 

Medical Research (ICMR). A nitrate content exceeding 45 ppm is considered 

harmful to infants and can cause a disease called cyanosis, though it is not harmful 

to children and adults. 

In the present study, the nitrate (N03) concentration ranges from 0.95 ppm 

to 18 ppm and 2 ppm to 3 ppm in groundwater and surface water samples 

respectively. The experimental value of nitrate of groundwater samples have been 

tabulated in Appendix-VI and has been observed that shallow tube wells and dug 

wells show the high concentration ofN03 than that of deep tube wells (0.95 ppm) 

located at Naxalbari 50 bedded Hospital. Moreover, southern part (Kharibari and 

Phansidewa block) of the study area is rich in nitrate concentration than northern 

part (Matigara and Naxalbari block), only because of the presence of huge amount 

of irrigated lands and uses of nitrogenous and manure fertilizers in those 

cultivated area. On the basis of previous data, it has been noted that the study area 

(Kharibari and Phansidewa block) has come under intensive agriculture during the 

last two decades. But all the samples in the area is under permissible limit as per 

USGS norms. 

Fluoride (F) : 

Fluoride is the lightest member of the halogen group of the elements. The 

inclusion of fluoride among the major solutes in natural water is arbitrary. The 

drinking water contains fluoride ·more or less limits mentioned above poses 

serious health hazards. The element fluorine is used by higher life forms in the 

structure of bones and teeth. The concentration of fluoride in natural water of the 

study area are ranges from 0.20 ppm to 0.90 ppm within an average value of 0.52 

ppm in groundwater and 0.35 ppm to 0.80 ppm having an average value of 0.56 
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ppm in surface water respectively. About 35% of the analyzed samples have the 

fluoride value in groundwater, which is less than the lower limit of the 

international drinking water standards ranges (Appendix-VI). As a result, the 

hazards of fluoride concentration in this area are apparent such as dental carries, 

tooth decay, skeletal fluorosis and blindness and mottling of tooth enamel. 

7.8 PHYSICAL ANALYSIS 

Groundwater is generally clean, colourless and odourless, with little or no 

suspended matter and relatively constant temperature in comparable to surface 

water. Because of these natures, in the most hydrological situations groundwater 

can be considered to direct use without treatment. But exceptions are found, such 

as the groundwater derived from caverns and other large openings that may permit 

suspended matter and pollutants to enter into water reservoir. Some of the 

physical_ characteristics may be critical to restrict the usability of water for 

specified purposes. Hence, it is necessary to assess the physical analysis of water, 

in addition to the chemical analysis. The characteristics determined in standard 

physical analyses of water include taste, odour, turbidity, colour and temperature. 

During the present investigation in the terai region of Darjiling district area 

the water from dug wells and tube well, which were inventoried, was examined 
. .. 

physically in the field. 

Colour, odour, taste and turbidity: 

Water for drinking purposes should be free of colour and objectionable 

odours. The presence of organic matter and iron may impart colour. The presence 

of hydrogen sulphide imparts the smell of rotten eggs. Gases and some organic 

compounds and minerals may also impart unpleasant taste and odour to 

groundwater. The turbidity in groundwater is caused by the presence of insoluble 

sediments, organisms and organic matters. In the present investigation, water 

samples from the dug wells in the area, in general, colourless. Odours are 

generally absent and the taste not objectionable. But due to the presence of 

undesirable amount of iron ion and sulphate (S04) in some dug well samples, 

hence, the water ofthose areas (Appendix-V&VI) is yellowish in colour and smell 

of rotten eggs and the taste is unpleasant. But most of the tube wells yield 

yellowish coloured and rotten eggs scented water, except the filtered tube well 
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waters. The tube wells, which pump very fine-grained sand at the start, yield 

· turbid water. The water in such tube wells remains turbid for some time till the 

sand settles. Besides the tube wells, most of the dug well waters become turbid in 

the monsoon period because of the high permeable structure of the area. 

Temperature : 

The temperature of the groundwater is largely dependent on atmospheric 

temperature, terrestrial heat, and exothermic reactions in rocks, infiltration of 

surface water, insulation, thermal conductivity of rocks, rate of movement of 

groundwater and interference of man on groundwater regime. 

In the study area, temperature of the water from dug wells and tube wells 

was recorded in the field. The water from the dug wells are generally cooler and 

ranged in temperature from 18.2°C to 23.8°C in summer season and is 22.1 acto 

25.8°C in winter season respectively. But the water from tube· wells are 

comparatively warmer and ranging in temperature from 20.3°C to 25.5°C in 

summer season and is 2~.4°C to 29.0°C in winter season respectively. 

7.9 BACTERIAL ANALYSIS 

Bacterial analysis is important for detecting sewage contamination in 

groundwater. Bacteria and microorganisms present in water are of microscopic 

size (1 to 4 microns). Some of the bacteria are harmless while some are disease

causing, known as pathogenic bacteria. Coliforms, which are present in intestines 

of human beings and other warm-blooded animals, are transmitted through fecal 

matter. Although coliforms are harmless, their presence in groundwater indicates 

the possibility of the presence of pathogenic bacteria. But due to some sorts of 

problems the bacteriological test of the study area has not been done in the 

laboratory. 

7.10 WATER QUALITY CRITERIA IN RELATION TO ITS USES 

The instantaneous purpose of the usual quality of water study is to 

determine if the water is satisfactory for a proposed use. Most groundwater is free 

from suspended impurities and pollution and are of constant temperature, in which 
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respect they are superior to surface water supplies. Certain chemical quality 

standards have been established · for evaluating the suitability of water for 

drinking, domestic, agricultural arid industrial uses. Mandatory limits have been 

set for certain poisonous constituents, but no rigid limits can be set for water 

required for other uses. 

a) Quality of Water for Domestic Uses: 

The Quality of water suitable for drinking and domestic purposes varies 

considerably and depends generally on the locality and in the individual users of 

the study area. The dug well waters are used for drinking purposes. The tube well 

waters though mainly used for irrigation purposes, it is often used for supply of 

drinking water to the neighbouring villages. Normally, the samples are colourless, 

tasteless, odourless and free from turbidity and generally the chemical quality of 

water samples as discussed above and tabJilated in Appendix-V & VI, which meets 

the drinking water standards ·as recommended by the World Health Organization 

(WHO), 1971 and Indian Standards Institution,1983 in Appendix-VII. However, a 

number of groundwater samples of different sources show the objectionable 

criteria of some parameters of the physical as well as the chemical quality as 

compared to the standard values shown in Appendix-VII. Hence, it is considered 

advisable to check the bacterial content of the drinking water from time to time. 

The presence of iron, above the stated limits, except the filtered deep tube 

well waters, is objectionable because they leave stains of oxide or hydroxide on 

laundry, sanitary articles and plumbing fixtures. At concentrations above 0.5 ppm 

iron imparts an unpleasant taste and smell of rotten eggs. Except the iron 

elimination plant deep tube well water, most of the water samples are yellowish in 

color and some how turbid. Such a high concentration of iron in drinking water is 

too much harmful for human body. ·But the removal of iron ion can only be 

achieved by aeration and elimination or C02 followed by sedimentation and 

filtration. Excess of iron can be treated with lime. Contact oxidation and zeolites 
can also aid in eliminating iron. 

Though the nitrate concentrations in groundwater is within the desirable 

limit but the overall trend of concentrations especially in the shallow tube wells 

and dug wells are alarming because of the maximum uses of nitrogenous and 

manure fertilizers in the irrigated lands. In quantities over 45ppm., nitrate is 

harmful for infants whose feeding formula is include these water sources. ,On the 
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basis of Table-7 .2, it is observed that more than 82% of groundwater samples are 

moderately hard to hard water, which are objectionable for domestic purposes 

because it needs a lot of soap for forming a lather. With respect to total dissolved 

solids (TDS) and chlorides concentration present in the study area are mostly 

governed 1nore by the palate than by the adverse physiological effects. Only a few 

groundwater well sites of the study area, the available domestic water supplies 

contain the maximum permissible limits of total dissolved solids and chlorides. 

However, it may be concluded from the above studies that more or less the 

investigated water wells are suitable for domestic purpose. Most animals can 

tolerate water that is considerably higher in total dissolved solids concentration 

than that which is considered satisfactory for humans. 

b) Quality of Water for Irrigation Uses: 

Irrigation has become indispensable practice m modem farming and 

bringing more and more areas under irrigation is the foremost step in attaining 

self-sufficiency in agriculture production. Irrigation system should be operated 

with the knowledge of irrigation water quality and of various methods for 

applying water. The chemical quality of water is an important factor to be 

considered in evaluating its usefulness for irrigation. The most significant factors 

which affect the suitability of water quality for agriculture are as follows: 

The total concentration of soluble salts is the prime important of the 

chemical quality of water for the successful uses of water for irrigation purposes. 

Water containing excessive salts may harm the plant growth physically by 

limiting the uptake water through osmotic pressure difference or chemically 

metabolic reactions caused by several toxic constituents. In this regard, Scofield 

(1933) has suggested certain limits for characteristics of irrigatio,n water as shown 

inTable-7.5. · 

Table- 7.5 : Limit of some common constituents in Irrigation Water. 

Constituents Parts per million 

Lower Intermediate Upper 

Total dissolved solids (TDS) 0.700 700-2000 2000+ 

Sulphate (S04) 0.192 192-480 480+ 

Chloride (Cl) 0.142 142-355 355+ 

Hydrogen ion concentration (pH) 7.01 8.00 9.00 
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The T.D.S. and pH values are within permissible limits for irrigation 

purposes except 6 pH values of groundwater samples (Appenix-VI). The water 

samples for which chemical analysis are available generally seem to be within the 

lower limits with respect to chloride and sulphate content exempt three dug well 

samples having intermediate limits of chloride concentration. The water samples 

of the study area from different sources, therefore, will not be harmful on soil and 

crops when used as compared to the Tables-7.4 & 7.5. 

The suitability of groundwater for irrigation has further been classified by 

L.V. Wilcox (1955), based on EC values, sodium content expressed as percent 

sodium and the boron concentration, which is given· in Table-7 .6. In the study 

area, 10 out of 100 groundwater samples have permissible to doubtful EC values 

with more than 750 micro-mhos/ em and can be used for irrigation only in 

permeable soils with moderate leaching. But the rest of the 90 samples have EC 

values below 750 micro-mhos/ em as in Table-7.1. 

Table- 7.6 : Classification of quality of Irrigation water. 

Percent EC x 106 at 
Boron in ppm 

Water class 
sodium 25°C 

Sensitive Semi-tolerant Tolerant 

croiJS crops crops 

Excellent <20 <250 <0.33 <0.67 <1.00 

Good 20-40 250-750 0.33-0.67 0.67-1.33 1.00-2.00 

P'ermissible 40-60 750-2000 0.67-1.00 1.33-2.00 2.00-3.00 

Doubtful 60-80 2000-3000 1.00-1.25 2.00-2.50 3.00-3.75 

Unsuitable >80 >3000 >1.25 >2.50 >3.75 

The chemical constituents Selenium, Molybdenum and Fluorine are 

tolerated by plants but are toxic to animals that feed on them but elements such as 

Boron and Lithium are toxic to plants. Groundwater is richer in Boron than 

surface water. The concentration of Boron in the groundwater samples of different 

sources have been determined and these does not exceed 1 ppm i.e., ranges from 

0.04 ppm to 0.71 ppm and average value is 0.26 ppm (Appendix-VI). 

The soluble sodium percent (SSP) is an important variable defining the 

quantity of irrigation water because this plays a significant role in irrigation water 

which reacts with soil to reduce its permeability. The sodium concentration has 
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been calculated by the relationship : 

% N a = 
N a+ K ---------x 1 0 0 

Ca+Mg+Na+K 

157 

In the study area soluble sodium percent ranges from 11 ppm to 27 ppm 

(Appendix-VI). As the sodium percentage in t~e tube well water is comparatively 

high ranging from 20 ppm to 27 ppm and by using this water to soil may increase 

sodium percentage in the soil causing defloculation and reducing the permeability. 

The well waters of the study area are 60 % excellent to good and 40 % good to 

permissible classes in accordance with the Wilcox's ( 1948) i classification of 

irrigation waters is shown in Fig.-7.3. 

Residual sodium carbonate results wh~m irrigation water contains 

carbonate and bicarbonate ions in excess of calcium and magnesium ions and 

sodium percentage in the water or soil solution increases due to the precipitation 

of the divalent cations which may ·also influence the suitability of water for 

irrigation purposes. Residual sodium carbonate (RSC) is determined by the 

formula (Richard, 1954, ed.)-

RSC = (C03 -- + HC03 ") x 2- (Ca++ + Mg++). 

The concentration of the additional hazard in the groundwater samples 

have been determined and shown in column 26 of Appendix-VI. According to the 

RSC classification (Richard, 1954, ed.), out of the 20 sub-surface water samples 

for the study area, none of the samples shows the tendency of residual Sodium 

carbon. Hence, the entire land is suitable for irrigation in the district as far as the 

RSC values are concerned. 

Permeability of the soil is influenced by the sodium content of the 

irrigation water. Its determination, for estimating the quality ·of irrigation water, is 

based on the solubility of salts and the reactions occurring in the soil solution from 

cation exchange. The permeability index (PI) is obtained by considering the ions 

of the first three items and expressed as follows of which all the ions are in ppm 

by the relations-

pI= 
N a + H CO 3 

Ca+Mg+Na 
X 10 0 

The concentration of this criteria in groundwater samples of different 

wells have been calculated which is shown in column 27 of Appendix-VI, and the 
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finding results of the permeability index are mostly belong to class I (Doneen, 

1962) as such all the waters are generally suitable for irrigation uses (Fig.7.4). 

To assess the water quality for irrigation, it is necessary to know the ratio 

ofNa to Na+Mg as the higher amount ofNa in irrigation water makes the soilless 

permeable, sticky and hard. The most suitable used ratio is the Sodium Adsorption 

Ratio (SAR) proposed by the U.S. Salinity Laboratory (Richards, 1954) is 

expressed by : 

Na+ 
SAR 

where, all concentrations of the constituents are in milli-equivalent per litre. 

The SAR values of groundwater for different wells which have been 

drilled in several stratigraphic sequences of the Terai region are given in column 

25 of Appendix-VI. The classification of well waters from the study area with 

respect to SAR 'values and compared to the quality of irrigation water, it has been 

observed that all the samples fall in the excellent group. Hydrochemical data plot 

of the well waters in USSL diagram is shown in Fig.-7.5, which are, classify the 

well waters into 16 groups. Based on the SAR values and USSL diagram, it is 

observed that the groundwater of different sources are of good quality for 

irrigation and drinking purposes equally. 

c) Quality of water for industrial uses: 

The quality requirements for industrial water supplies vary widely, and 

almost every industrial application has its own standards (Collins et. al., 1934). 

The uses of single-pass condensing of the steam or for cooling or for 

concentrating ores, chemical quality is not particularly critical and almost any 

water may be used. At the opposite extreme, water approaching or equaling the 

quality of distilled water is required for processes such as the manufacture of high 

graded paper or pharmaceuticals, the purest of water is required, otherwise, the 

water would seriously affect the quality of the product. In comparison with the 

quality of water for-industrial uses as suggested by Anon, 1940 (Appendix-VIII), 

the chemical constituents in groundwater samples of the study area (Appendix

VI) reveal that the waters used by the different industries of the area are not good 

quality in nature due to the presence of high concentration of iron (Fe) except the 
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filtered deep tube well water and the presence of bicarbonate above the 

permissible limits are also renders the waters unfit for use in boilers, laundry 

purposes. But normally they can be used for ice-making, air_ conditioning and 

cooling purposes. 

The hardness of water is an another important factor to be considered 

while using the water for industrial uses. The hard water, due to its soap 

consuming capacity and formation of scales in boilers, water heaters, radiators and 

pipes is generally considered undesirable for such purposes. The water from the 

dug wells in the study area as well as tube wells are considered moderately hard to 

hard in nature and need to be softened at the time of using for industrial uses. 

7.11 GRAPHICAL REPRESENTATION OF GEOCHEMICAL DATA 

Geochemical studies often involve synthesis and interpretation of a mass 

analytical data. Graphical representation of the concentrations of different ions in 

a water sample has been progressed from time to time, which make understanding 

easier and quicker. Some of the important methods, generally used are described 

as follows: 

a) Scatter Diagram : 

The scattered diagrams are important to study the analyses of 

interdependent samples. Fig.-7 .6a shows an inter relationship between chloride 

(Cl) and sodium in groundwater of the study area. The figure reveals that there is a 

direcf relationship between sodium and chloride, i.e., if chloride increases, the 

amount of sodium is also increases proportionately. It is observed that when 

_specific electrical conductance increases at the same time the total dissolved solids 

values are also increasing proportionately (Fig.-7 .6b ). Another Fig.-7 .6c 
' I 

represents the relationship between the depth of wells and their ion concentration 

in ppm. It is observed that the ion concentration is directly related to the depth of 

wells except the filtered well waters. In general; the minimum iron concentration 

is observed in the dug wells. 

b) Ionic Concentration Diagrams : 

The graphing analyses of most methods are designed to represent 
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simultaneously the total concentration and the proportions assigned to each ionic 

species for a single analysis or a group of analyses. Some of them are as follows-

Table -7.7: Hill-Piper Analytical Values of Groundwater in the study area. 

0 Mg Na+ 
C03+ Ca+ 

S04+ :z: Locality Ca% Cl % S04 % HC03 Mg 
CiS 0/o K% Cl% 

0/o % 

Baniakhari 
50.79 25.40 23.81 32.05 10.26 57.69 59.26 40.74 

Cl) 

c.: ERS, Sukna 
49.10 

~ 
25.45 25.45 30.11 5.38 64.52 55.41 44.59 

.~ Matigara Hat ..... 
42.25 . 21.13 36.62 67.07 18.29 14.63 t'd 62.50 37.50 

~ 
Bairatisal 

45.53 21.14 33.33 63.55 19.63 16.82 51.25 48.75 

u Ashram para 
~ 59.58 24.11 16.31 77.87 8.20 13.93 68.60 31.40 
Cl) 

Panighata Bazar 
51.03 26.21 22.76 50.97 46.12 2.91 35.67 64.33 

v.i 
Nipania 

48.33 28.33 23.33 51.35 43.24 5.41 33.82 66.18 
c.: 
'ta Nehal 

53.33 16.00 30.67 ..D 72.92 15.63 11.46 66.67 33.33 
~ 
t'd Dhakna z 39.29 30.36 30.36 72.82 17.48 9.71 58.21 41.79 

50 Bedded Hosp 
63.51 18.92 17.57 76.19 4.76 19.05 70.93 29.07 

Chunilal 
48.98 24.49 26.53 43.01 37.63 19.35 40.45 59.55 

v.i Dagdhu 
43.33 36.67 20.00 36.08 41.24 22.68 43.64 56.36 c.: 

·;:::: Bhulka t'd 
31.88 34.78 ..D 33.34 53.21 11.01 35.78 47.42 52.58 

·;:::: 
t'd 

Q Fulbari 
43.48 31.88 27.54 56.52 13.04 30.44 50.98 49.02 

Kharibari 
47.14 25.72 27.14 59.70 14.93 25.37 65.38 34.62 
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-

Mahipal 
l ·-

Cl) 
'\ ~ c.: 45.00 25.00 30.00 '!> 38.29 42.79 18.92 16.97 83.03 

t'd 
ol: 

~ Ambari More 
\ ~ 

Q) 
~·. 

'"0 44.16 28.57 27.27 60.98 12.20 26.83 63.64 36.36 
"til 
s:: 

Lahugaon t'd 
...s:: 36.84 26.32 36.84 64.71 14.12 21.18 61.54 38.46 CJ... 

Purba Madati 
30.85 38.30 30.85 65.93 16.48 17.58 67.71 32.29 
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i). Collin's Bar Diagrams : From Collin's Bar Diagrams (Fig.-7.7a), it is 
. ' 

observed that most of the cations except-the magnesium (Mg) in deep tube well 

samples are of equal proportionate. In all the four cases, C03+HC03 contents are 

the maximum in the anions and the total anions are greater than the total cations, 

which may depict the quality of water, i.e., of moderately good water. In all the 

cases, the hardness is maximum than the permissible limit, which normally 

indicates the nature of moderately hard water. 

ii). Stiffs Polygon Diagrams : From Stiffs Polygon Diagrams (Fig.:.7.7b), it is 

observed that the four wells sample, the anion content are more than that of the 

cations, which also determine the quality. i.e., moderately good type of water are 

existing in the study area. 

iii). Hill-Piper's Trilinear Diagram : Hill-Piper's Diagram (Fig.- 7.7c and Table-

7.7) have been prepared to identify the quality of water of different wells. It is 

inferred that the water of this category comes under Ca-Mg-HC03 type of water 

which is suitable for drinking and irrigation purposes and based on the U.S. 

Salinity diagram, majority of the samples come under C2, C3 grade which is 

moderately hard type ofwater. 

7.12 CHANGES IN QUALITY OF GROUNDWATER 

Groundwater quality depends upon the quality of its source and the 

changes of its quality pattern become significant. These changes may involve 

either new source of water or reduce the quality of normal supplies. Practically, 

water pollution consciousness in India has developed after considerable laps of 

time. As a result, heavy backlog of liquid and solid pollution has made the 

problem of pollution more complex. During the last few decades it became 

increasingly evident that pollution was impairing different uses of groundwater 

and in certain cases destroying possible utilization of important sources of supply. 

In recent times on account of the increase in population, urbanization and 

industrialization, there is an over increasing t!Bhst to the quality of water in 

underground as well as river, lakes and other water bodies. The increasing use of 

pesticides in raising agricultural production has resulted in an embryonic 
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degradation of groundwater quality in rural areas. Nuclear development 

programmes, whether peaceful for human being or for purpose of war, have 

introduced a new dimension to the problem known as radioactivity. Hence, it is to 

be said that in spite of the technological advance that man has achieved, there is 

hardly a phase of his activity that does not pollute or contaminate the environment 

he Hves in. 

7.13 FACTORS INCREASING GROUND WATER POLLUTION 

Water pollutant can be defined as a physical, chemical or biological factors 

causing aesthetic or detrimental effects on aquatic life and on those who consume 

water. Most of the water pollution are in the forms of chemicals which remain 

dissolved or suspended in water and give an environmental response which is 

often objectionable. In some cases, physical and biological factors also acts as a 

water pollutant. Pollution by itself destroys water's usefulness and causes 

hazardous environmental imbalances. More· or less all town and villages in India 

heavily depend for their domestic, agricultural, and industrial water supply on 

groundwater. Groundwater pollution is less visible but often more serious, 

because it takes decades for the purification of the polluted aquifers (CPCB, 

1995). Pollution of groundwater is caused by a number of factors. But the most 

significant of them are summarized as follows : 

Pollution is caused by waste generated from different courses- urban, 

agricultural and industrial sectors. It is estimated that municipal sewage 

alone accounts for 80 percent of polluting influence in our country. 

Sometimes, industrial effluents are directly discharged into groundwater. 

Agricultural effluents mainly arising from excessive use of chemicals may 

pose a major threat to groundwater quality due to contamination of 

ammonia, nitrates and pesticides. 

Dumping of city waste at land fills followed by rains cause heavy. damage 

to groundwater quality. Acid rains also cause groundwater pollution. 

Industrialization coupled with intensive farming are posing serious danger 

to groundwater. 

Inadequate sanitation is another important cause of groundwater pollution. 
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Uncontrolled and rapacious exploitation of this resource are mainly 

responsible for depletion in certain areas. 

Heat and radiation are of important pollutant which have marked effects 

on organisms, and 

Certain micro-organisms present in water which may cause diseases of 

man and animals and can be referred to as bio-pollutants. 

7.14 DETERIORATION OF GROUNDWATER QUALITY 

The nature or the origin of the groundwater pollution factors can be traced 

to their natural occurrence on the earth, formation by transformation and 

concentration of natural substances and their man made composition. Some of the 

pollution factor can be formed by the way of transformation and concentration of 

naturally occurring compounds during their domestic, agricultural or industrial 

uses. The origin of sewage and waste waters containing agrochemical, · certain 

pesticides and surfactants, petrochemicals, hydrocarbons, heavy metals and 

radioactive are the best examples pollution factors originated in the above 

mentioned way. The water pollution may be caused by wide variety of pollutants 

either in dissolved or non-dissolved form as well as sediments. The most 

important sources of water pollution can range from purely natural to several man

made sources like discharge of domestic and industrial waste waters etc. are 

summarized as follows : 

a) Natural Sources and Surface Run-Off: 

The natural entry of pollution factors in water bodies can take place 

through rain; from atmosphere by dry deposition, environment and reaction; 

periodic submergence of surrounding vegetation and falling of dry parts of nearby 

vegetation directly on surface waters. The surface water originated from different 

areas are quite rich in nutrients and organic matters. The run-off from sparsely 

populated or rural areas can pick up several substances from soil, including 

nutrients and organic debris. The run-off originating from the urban areas can 

collect large quantities of substances from roadside waste water drains, surface of 

ro'ads, open areas and from houses. 
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b) Domestic Sewage : 

Domestic and municipal sewage consists of waterborne wastes of the 

community, and contains maximum percentage of water and a very few 

percentage of solids. Of these solids present in sewages, 70 percent are organic 

and 30 percent are inorganic in nature. Another important producer of pollution 

load is from the domestic kitchen and bathing places. Bacteria and nitrogen and 

phosphorous contents derived from decaying vegetable and animal wastes, alkyl 

benzo sulphonate (ABS) from use of detergent soaps and other wastes from 

commercial and industrial establishments contribute to the sewage discharged 

from municipalities. Cesspools and septic tanks may pollute water derived from 

wells owned by individual house holds. 

c) Agricultural Waste : 

India has one of the lowest man land ratio. In one hand constant decline in 

the man land ratio, on the other hand, increasing demand of food to meet the 

demand of increasing population, forcing the farmers for producing more crop 

from the squeezing land. This has led to use the agrochemical, in the forms of 

fertilizers, organic manures, pesticides, insecticides, growth hormones, nutrient 

solutions and others. All. the residual forms of these chemicals along with organic 

debris from the remains of the harvested crops are either percolate to the 

groundwater aquifer or move to the river through surface run-off and finally 

contribute to the pollution of water bodies. The surface run-off is considerably 

rich in nutrients like nitrogen and phosphorus, organic matter and pesticides like 

DDT, malathion, para-malathion, aldrine, dialdrins etc. Especially, pesticides are 

responsible for causing toxicides to aquatic life. Several pesticides have been 

reported to get bioaccumulated and biomagnified through food chains resulting in 

the secondary poisoning of Man and Predatory birds. 

7.15 DETECTION AND CONTROLLING OF WATER POLLUTION 

The overall monitoring of water quality is a pre-requisite for establishing 

pollution. Water table maps are useful in tracing the source and direction of 

movement of the pollution factors. By applying tracer methods, whether a 

pollution factor has followed a certain flow path or not can be established. From 

the foregoing discussion, it is apparent without any doubt that environmental 
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pollution is the most burning problem, requmng immediate attention by the 

society. A survey of basic needs of man in the study area revealed that people 

wanted consideration of issues of degradation of their environment in preference 

to other important issues. To stop the environmental degradation the following 

steps have to be taken to control water pollution in the study area-

);;:> By renovating the existing sewer lines and connecting them to the central 

sewer line by branch and trunk lines. 

All the industrial and municipal wastewater be centrally collected and be 

treated upto requisite acceptable level and finally be used for different 

beneficial uses or could be discharged to the rivers with minor risk of 

pollution. 

Domestic and community solid wastes be centrally collected in a place 

from where the municipal body should take the responsibility for disposing 

of in safe open place where people habitation non exists and there is no 

chance of contaminating water bodies. Wastes from other sources like 

cattle fields and livestock may be centrally collected. 

In irrigated areas, changing cropping patterns and providing adequate 

drainage and keeping the groundwater level below optimum depth can 

control salinisation of groundwater. 

Controlling against surface contamination of wells, sanitary protection 

should be provided by improving surface drainage around the w~ll. 

Unused wells should be properly sealed and should in no case be used as 

refuse dumps. 

In case of locating sites for wells, a point on the up-gradient side of 

villages and sources of pollution must be selected. If the wells position in 

the down-gradient and the soil material has a higher permeability, the 

wells location will have to a greater distances. 

CONCLUSION 

The foregoing discussion in this chapter has provided an unique 

opportunity to understand the quality and interpretation of the chemical analysis 

of water samples of different sources at different depth of the study area. The 

chemical quality of groundwater, as well as surface water are, except locally, 



Water Quality 166 

excellent and suitable for different uses. Chemically, groundwater in the study 

area is fresh and potable having low chloride concentration except three dug well 

samples which vary from 5 ppm to 380 ppm. The pH value ranges from 6.8 to 7.9 

which shows the alkaline nature of ·water. The specific elec~rical conductance of 

groundwater ranges between 103 and 2100 micro-mhos/em of which 48 percent of 

the total samples are safe water under all considerations. Bicarbonate 

concentration in groundwater ranges from 21 ppm to 545 ppm, whereas 70 

percent of the total samples belong to low concentration group. The water 

hardness ranges from 35 ppm to 220 ppm which belongs to moderately hard to 

hard water type generally shows that the water in this area are not normally good 

for use in boilers and water heaters. The study area is badly affected by the iron 

component which ranges from 0.02 ppm to 9.24 ppm and 0.12 ppm to 0.5 ppm in 

groundwater and surface water respectively. For the safety of human as well as 

other animal lives the higher concentration of iron can be removed by simple 

aeration and elimination or C02 followed by sedimentation and filtration. Excess 

of iron can be treated with lime. Contact oxidation and zeolites are also aid in 

eliminating iron. Depending upon the permissible limit of other chemical 

constituent of groundwater, it has been observed that more than 60 percent of the 

water samples have been classified as· excellent to good quality and the rest are 

classified as good to permeable quality for agriculture, domestic, livestock and 

industrial uses. 

The anthropogenic interventions in environment are attaining such an 

alarming proportion that groundwater pollution could become one of the scourges 

of our time. The risk of the progressive decline in quality and lowering 

groundwater table is increasing both from rapacious exploitation and irrational 

disposal of toxic industrial wastes, solid wastes, massive demographic pressure, 

lack of treatment of domestic and industrial effluents and wide spread use of agro

chemicals. Uneven distribution of groundwater across the study area and growing 

pollution sound a great challenge to its usefulness and optimum utilization and 

protection of groundwater quality is of paramount importance. This qualitative 

nature of water is largely influence the exploitation of subsurface water for uses 

and requirements in different sectors which have been discussed in the following 

Chapter. 



INTRODUCTION 

CHAPTER- VIII 

UTILIZATION OF GROUNDWATER 
AND ITS RELATED PROBLEMS 

Groundwater is an important source of water supply throughout the world. 

But its availability is often a critical factor in the growth and development 

of irrigation, industries, municipalities, rural homes and other sectors of the 

economy. Unlike the other resources, water is rarely permanently depleted by 

utilization but gets replenished with time in the course of its movement through 

the hydrologic cycle. There are various ways in which water is utilized but most 

of the country's water is used to irrigate agricultural fields for the production of 

different crops. Only a small proportion of it is consumed in people's homes, 

while industry and other users claim about 12 percent of the water. The average 

consumption is only about 680m3 per head per year for all uses, but it is projected 

to increase (MWR, 1999). 

In 1993, only 78 percent of rural and 85 percent of urban inhabitants had 

access to drinking water in India. About 143,000 villages in India still have acute 

water problems and many more have unreliable water supply. Over exploitation of 

groundwater is a very serious problem and the water table has steadily been 

falling down in many parts of the country. There are more than 4.79 million 

electric and 3. 7 million diesel pumps withdrawing groundwater across the 

country. Of the groundwater extracted, some 90 percent is used for irrigation, and 

only 6 percent of the total volume pumped is used for domestic purposes (MWR, 

1999). Groundwat~r is a shared common property resource and there is a need to 

evolve appropriate institutional mechanisms for its management. Proper 

utilization arid requirement of groundwater in irrigation as well as in other sectors 

like domestic, municipal and industrial are to be considered. 
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8.1 WATER USES AND REQUIREMENT FOR IRRIGATION 

The process of applying irrigation water to the crops, consumptive use of 

water is of principal importance for determining efficient irrigation systems. 

Consumptive use of water are required from all sources to support optimum 

growth of a particular crop under field condition. The value of the consumptive 

use of water varies from crop to crop and also for the same crop it varies with 

season as well as land character. 

In many arid regions of the world, irrigation may be the only source of 

water available to plants for most part of the year. India is an agricultural base 

country, hence irrigation assumes special importance on account of uncertainty of 

the monsoon rainfall which is almost wholly concentrated in the four summer 

months of June-September. Demand for irrigation water in the country has 

increased with an increase in the intensity of agriculture, changes in farming 

practices and introduction of high-yielding variety of seeds. The Kharif crops are 

mostly rain-fed whereas the Rabi crops, including vegetables are invariably raised 

with the help of irrigation. 

8.2 IRRIGATED FIELDS UNDER DIFFERENT PROCESSES 

Irrigated water in the study area comes from both the sources-surface 

water and groundwater. Actually, surface and groundwater sources are not always 

separate; What is surface water at one point on the earth may become groundwater 

at another, then may emerge again as surface water at a third point, which is only 

possible because of hydraulic interconnections. 

Rainfall provides bulk of the water needs to the agriculture in the 

investigated area. But sometimes irrigation is required in the event of defficient 

rainfall in time and space. Irrigation water is available from various sources but 

the widely practiced method in the study area is by exploitation of surface water 

sources. The detailed break up of the areas irrigated by different sources are given 

in Tables-6.3 and 8.4 and covering an area of about 49.28 percent in 1992-93 and 

31.14 percent in 1997-9 8 of the total irrigated area in the study area. But in 

comparison of this two periods of ranging five years, it has been observed that the 



Groundwater Utilisation and Problems 169 

percentage of groundwater irrigation increased from 50.72 percent in 1992-93 to 

68.86 percent in 1997-98. Even though for the over all development of the study 

area and for the fulfilment qf the minimum demand of the area, surface water 

irrigation sources have been described here along with the groundwater irrigation 

sources. The fields under different means of irrigation in the study area are 

described as be1ows : 

a) Canal Irrigation : Generally the development of surface water resources 

takes priority over the development of groundwater resources. The development 

of the groundwater is taken up · when the surface water have already been 

developed qr where the surface water are not available in sufficient amounts for 

devel<?pment. Surface water resources are well developed but due to steep gradient 

of the Terai region, the study area is suffered by the water crisis during the pre -

and post monsoon periods. To fulfil the demand of irrigation, the groundwater 

resource is increasing rapidly. 

In 1992-93, the total length of canal including pump and lift canals was 

130 km. which irrigated an area of about 2,883 ha. But in 1997-98, it increased to 

70 km. and irrigated 18,847.29 ha. Among the blocks the percentage of net area 

irrigated in 1997-98 was lowest (10.08 %) in Kharibari block and that is of highest 

(73.20 %) in Phansidewa block. Similarly in 1992-93, the Phansidewa was under 

lowest (7.74 %) and Kharibari was under highest (40.03 %) irrigated area (Table-

8.1 ). These variations reflect the varying degrees of availability of canal irrigation 

facilities, both for private and public sources. 

b) Lift Irrigation : Due to the development of high head pumps, there is a 

new opportunity for irrigating high lands. Water can now be lifted from rivers or 

ponds by installing pumps either on the ground or on boats. Lift irrigation is now 

being increasingly used in the Terai region because it can cover much larger area 

than a tube well and easy availability at low cost. Within the study area, the 

percentage of net area irrigated in 1997-98 was lowest (3.72 %) in Phansidewa 

block and the highest (13.25 %) in Matigara block. Similarly, in 1992-93, the 

Matigara block was under lowest (17 .3 8 %) whereas Phansidewa block was under 
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highest (31.49 %) of net irrigated area (Table-8.1 ). These variations reflect the 

varying degrees of availability of lift irrigation facilities, both for macro and micro 

level. However, the area irrigated by this method has been decreased from 25.66 

percent in 1992-93 to 9.84 percent in 1997-98, due to increase in well irrigation 

mainly from the shallow tube wells. 

c) Deep Tubewell Irrigation : Deep tubewell irrigation is a new dimension 

in the study area but the progress is very slow because of its more complicated 

technology and greater overhead costs. At present, the area under the deep tube 

well irrigation was 1.05 percent in Matigara block and14.30 percent in Kharibari 

block in 1997-98 and in 1992-93 its percentage was 1.49 to 1.60 in Matigara block 

to Naxalbari block respectively (Table-8.1). The area irrigated by the deep tube 

well project has been inreased i.e., from 1.55 percent in 1992-93 to 8.12 percent in 

1997-98. This sharp rises of groundwater resources only because of shortage of 

surface water resources due to erratic rainfall in the study area. But till now, the 

most of these drafting water are used for domestic and industrial purposes. 

Moreover, it is the most assured source of irrigation as it taps deeper and more 

permanent aquifers. 

d) · Shallow Tubewell (State) : These are governed by the State 

administration and also have the highest unit discharge amongst all types wells, 

including the private tube wells. This method accounted for 13.60 percent average 

net area irrigated in the study area in 1997-98 from 6.95 percent average net area 

irrigated in 1992-93. This sharp increase of irrigated area as compared to 1992-93, 

due to rapid increase in the number of tubewells. Areas under State shallow tube 

wells irrigation varies from 0.13 percent in Naxalbari block to 48.44 percent in 

Kharibari block in 1997-98 and in 1992-93 its percentage was 4.21 to 8.53 in 

Matigara block to Kharibari block respectively (Table-8.1). In comparison 

Kharibari and Phansidewa block is chiefly irrigated by the State shallow tublwell 

project due to low hydraulic gradient and flat lands, as well as the shallow water 

table position with respect to other blocks of the study area. 

e) Shallow Tubewell (Private) : The problem of water logging which often 

occurs due to intensive canal irrigation, mostly in the areas adjoining the main 

canal especially in Phansidewa and Matigara block, has heen incidentally, partly 
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checked by the increase in private tube well. Their total number has been 

increased from 874 in 1992-93 to 2,531 in 1997-98. The rapid growth of private 

tube wells (approximately 3 folds) has mainly been due to their comparatively low 

cost of construction and · increase in infrastructural facilities like rural 

electrification and institutional creadit. Moreover, introduction of High Yielding 

Variety seeds, as well as the implementation of land reform measures like land 

consolidation, have been the other contributory factors. They account for 5.3 3 

percent of the average net area irrigated in the study area in 1997-98, as compared 

to 12.41 percent in 1992-93 registering an absolute decrease of 132.83 percent 

during this period. Though the number of tubewells has been increased but their 

uses have been decreased due to the faulty construction and falling of groundwater 

level. Moreover, the net area irrigated varies from 1.56 percent in Kharibari block 

to 9.19 percent in Matigara block in 1997-98 and in 1992-93 its percentage was 

1.76 to 39.46 in Naxalbari block to Phansidewa block respectively (Table-8.1). 

f) Pumping Dug Wells :The area under pumping dug wells irrigation varies 

from 0.11 percent in Naxalbari block of the net area irrigated to 1.65 percent in 

Matigara block in 1997-98 and in 1992-93 its percentage was 0.20 to 1.86 in 

Naxalbari block to Phansidewa block respectively (Table-8.1). Though their total 

number has increased by 2.5 times, but they accounted for 0.66 percent of the 

average net. area irrigated in the study area in 1997-98 as compared to 0.91 percent 

ofthe average NAI in 1992-93, registering an absolute decrease of -37.88 percent 

during the period, due to reluctant use of dugwell irrigation by the farmers as well 

as the government. 

g) Open Dug Well (without electricity) : The open dug wells (without 

electricity) have been the traditional means of irrigation i.e. by bucket and rope (B 

& R) method since the very ancient times. But in very recent, their significance 

has, however been declined greatly with the proper utilization of canals and other 

types of wells, especially due to increasing use of shallow tubewells. Hence, 

through this project the average net area irrigated in the study area has decreased 

from 10.54 percent in 1992-93 to 6.52 percent in 1997-98 (Table-8.1), registering 

an absolute decline of 61.66 percent. It was maximum in Kharibari block (27.34 

percent) and lowest in Phansidewa block (0.93 percent) in 1992-93 but highest in 
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Naxalbari block (11.57 percent) and lowest in Phansidewa block (0.17 percent) in 

1997-98 (Table-8.1 ). 

Table-8.1 :Net Area Irrigated Under Different Means of Irrigation (Percent). [Upper figure: 
1992-93; Lower figure: 1997-98] 

Name 
of the 

Block 

Canal Irrigation 

3026.59 29.74 17.84 

3818.64 26.19 18.33 

2497.87 oo.do 40.03 

9442.99 31.77 14.83 

2220.00 00.00 . 15.45 

6224.28 00.00 10.08 

1292.46 00.00 7.74 

16394.50 73.20 0.73 

29.74 20.27 

32.61 10.99 

Shallow Tube 

17.38 1.49 4.21 6.22 

13.25 1.05 4.90 9.19 

29.16 1.60 00.00 1.76 

12.00 7.94 0.13 2.75 

24.61 00.00 8.53 2.19 

10.40 14.30 48.44 1.56 

31.49 00.00 8.12 39.46 

3.72 9.17 0.91 7.81 

25.66 1.55 6.95 12.41 

9.84 8.12 13.60 5.33 

0.68 9.03 0.20, 13.22 

1.65 10.81 0.24, 14.40 

0.20 4.86 0.36, 22.02 

0.11 11.57 0.64, 18.27 

00.00 27.34 I 0.88, 11.00 

00.00 3.51 6.25, 5.45 

1.86 0.93 4.06, 6.34 

0.21 0.17 1.24, 2.84 

0.91 10.54 3.88, 13.15 

0.66 6.52 2.09, 10.24 

Sources : Computations are based on the data published/unpublished obtaindfrom different related offices. 

h) Tanks and Ponds Tanks and ponds irrigation methods is mainly 

practised in the Kharibari block of the study area. The total number of tanks and 

ponds has increased gradually in a good number per year but they account for 2.09 

percent of the average net area irrigated in 1997-98 as compared to 3.88 percent of 

NAI in 1992-93, recognised an ablosute decrease of 85.65 percent during the 

period. This decreasing trend is due to the deficient rainfall and to increase in well 

irrigation, mainly from shallow tube wells. 
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i) Rivers and Jhoras : A number of rivers and small rivulates locally known 

as Jhora descend from the hill slopes in the study area. The av·erage net area 

irrigated in the study area through this project has decreased from 13.15 percent in 

1992-93 to 10.24 percent in. 1997-98 (Table-8.1 ), registering an absolute fall of 

28.42 percent due to the increase of proper utilization of other projects production. 

8.3 CROP-WISE IRRIGATED LAND 

The gross area irrigated in the study area was reported to 55.64 percent of 

gross area sown in 1997-98 and it was 54.69 percent in 1992-93, registering an 

absolute increase of 94.61 percent. The Rabi crops account for about 36.18 

percent of gross area irrigated, the rest coming under the K.harif crops i.e., 63.82 

Table -8.2 : Changes in Crop wise Irrigated Area. 

[Upper Figure: 1992-93; Lower Figure: 1997-98] 

Area Irrigated 

Type of Crops Actual Irrigated Percent of Gross Percent of Gross Percent Change 

Area in ha. Area Irrigated Area Sown 

Paddy 
4075.16 30.72 16.80 

..... +178.82 
·~ 11362.36 44.02 24.49 
Q 2937.51 22.15 12.11 

Jute +74.04 
5112.49 19.81 11.02 

Total 
7012.67 52.87 28.91 

+134.93 
16474.85 63.82 35.51 

Wheat 
3154.10 23.78 13.00 

2937.73 11.38 6.33 
-6.86 

Potato 
1004.97 7.58 4.14 

~ 1299.45 5.03 2.80 
+29.30 

~ 631.54 4.76 2.60 
Pineapple 

1612.79 6.25 3.48 
+155.37 

Vegetables 1461.18 11.02 6.02 

and others 3489.13 
+138.79 

13.52 7.52 

Total 6251.79 47.13 25.77 

9339.10 36.18 20.13 
+49.38 

Gross Area 13264.46 100.00 54.69 

Irrigated (GAl) 25813.95 100.00 55.64 
+94.61 

Gross Area Sown 24255.93 - 100.00 
(GAS) 46396.39 100.00 

+91.28 -
Sources : Computations are based on the data (Published/ unpublished) obtained from different related offices. 
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p·ercent. In the study area, paddy occupied the top position with r44.02 percent of 

the gross area irrigated in 1997-98, where as in 1992-93 it was only 30.72 percent. 

Vegetables got the second position with corresponding figures of 7. 52 percent and 

6.02 percent followed by ·pineapple with 6.25 percent and 4.76 percent 

respectively. Actually, paddy, vegetables and pineapple irrigated lands have 

registered an absolute increasing tendency where as there has been a declining 

trend under Jute, wheat and potato (Table-8.2). 

There are remarkably some special variations in irrigated lands of different 

crops. The higher percentages (more than 53 percent of GAS) occur in the 

southern part (plain lands) as compared to less than 40 percent in the northern part 

(hilly area) of the study area. The southern part is dominated by paddy, jute, 

pineapple and vegetables in recent times and northern part by wheat, potato and 

other:s. Moreover, the southern part of the study area is not suitable for Kharif 

cultivation due to flood hazard incidents. Block-wise, paddy accounts for the 

largest percentage of gross area irrigated amongst all the crops and it varied from 

45.24 percent in Kharibari block to 18.36 percent in Phansidewa block in 1997-

98, and iri 1992-93 its percentage was 40.25 to 17.35 in Kharibari block to 

Naxalbari block respectively. The gradual increase of the irrigated area is due to 

increasing availabity of irrigation facilities. 

8.4 GROUNDWATER UTILIZATION AND REQUIREMENTS 

Intensity of groundwater utilization in irrigation is expressed in terms of net 

area irrigated (NAI) as percentage of net area sown (NAS). There is a remarkably 

Table-8.3 : Intensity of Groundwater Ut~lization in Irrigation in the study area. 

1992-93 1997-98 

BLOCK Net Area Net Area ·Intensity Net Area Net Area Intensity 
Irrigated Sown(NAS) of Irrigated Sown (NAS) of 

(NAI) in ha. inha. Irrigation (NAI) in ha. in ha. lrrigaion 
Matigara 2286.55 4552.86 50.22 3646.35 7043.39 51.77 
Naxalbari 3298.80 7685.39 42.92 4918.11 10696.86 45.98 
Kharibari 3371.24 5252.28 64.19 5858.34 10259.44 57.10 
Phansidewa 4308.48 6765.40 63.68 I 1391.00 18396.70 61.92 
Total 13265.07 24255.93 54.69 25813.80 46396.39 55.64 

Source: Same as for Table- 8.2; Note :Intensity of Irrigation= (NAIINAS) X 100 
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increase in intensity of irrigation in the study area from 54.69 percent in 1992-93 

to 55.64 percent in 1997-98 (Table-8.3). Moreover, it varies from 42.92 percent in 

Naxalbari block to 64.19 percent in K.haribari block in 1992-93 whereas in 1992-

93 its percentag'e is 45.98 to 61.92 in Naxalbari block to Phansidewa block 

respectively. 

a) Irrigation Purpose : 

Uses of water in irrigation purpose has increased rapidly from 7,996.90 

ham in 1992-93 to 20,325.79 ham in 1997-98, registering an absolute increase of 

+ 154.17 percent (Table-8.4). As regards supply of irrigation water. by volume in 

1997-98, it varies from 14.54 percent (Phansidewa block) to 42.01 percent 

(Naxalbari block) for canals, 5.15 percent (Phansidewa) to 14.14 percent 

(Naxalbari) for RLI, 0.65 percent (Matigara) to 6.97 percent (Naxalbari) for 

DTW, 25.11 percent (Naxalbari) to 66.36 percent (Phansidewa) for STW,2.75 

percent (K.haribari) to 18.46 percent (Matigara) for DW, 0.13 percent (Matigara) 

to 3.87 (K.haribari) for T&P, and 0.60 percent (K.haribari) to 2.36 percent 

(Naxalbari) for R&J.The intensity of water uses in irrigation purposes for the 

study area as a whole increased rapidly from 32.97 in 1992-93 to 43.81 in 1997-

98. Moreover, it varies from 40.51 percent in Phansidewa block to 49.92 percent 

in K.haribari block in 1997-98 whereas in 1992-93 its percentage was 18.43 to 

.51.24 in Naxalbari block to Phansidewa block respectively. 

The determination of water requirements of crops is one of the foremost 

needs in crop and irrigation planning. It includes losses due to evapotranspiration 

or consumptive use and the unavoidable losses during the application of irrigtion 

water and also the quantity of water required for special operations such as 

leaching, transplanting, land preparation etc. 

The cash crops are the money-return crops which fetch a good market 

price and they may occupy a comparatively smaller area than the food crops, but 

they play a significant role in raising the economic standard of the cultivators 

through their high market prices (Shukla, 1977). During the study period it has 

been estimated that the duty and supply of volume of water according to the base 
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Table--8.4 : Water Utilization in Irrigated Lands by different Sources. [Upper Figure: 1992-93; 
Lower Figure : 1997-98] 

Source of Irrigation 
Volume of Percent of total Percent 

Water (ha. m) Volume Utilized Change 

Government Canal 
767.27 9.59 

+71.52 
1316.05 6.47 

Canal 
1940.95 24.27 

Private Canal +77.25 
3440.35 16.93 

868.00 10.85 
River Lift Irrigation (RLI) +84.92 

1605.12 7.90 

43.08 0.54 
Deep Tube Well (DTW) + 1806.59 

821.36 4.04 

743.78 9.30 
Shallow State Shallow Tube Well 

1706.88 8.40 
+129.49 

Tube Well 

(STW) Private Shallow Tube Well 
2634.02 32.94 

+253.12 
9301.14 45.76 

Dug Well 
With Electricity 

132.00 1.65 
+133.20 

or Ring 307.83 1.51 
Well 502.64 6.29 

(DW/RW) 
Without Electricity 

1076.28 
+114.13 

5.30 

233.22 2.92 
Tanks and Ponds (T & P) +121.92 

517.56 2.55 

Rivers and Jhoras (R & J) 
131.94 1.65 

+76.76 
233.22 1.15 

GRAND TOTAL 
7996.90 100.00 

+154.17 
20325.79 100.00 

Note Detailed discharges of the different sources of irrigation already furnished in Chapter- VI. 

Source : Computed from published I unpublished information collected from different related offices. 

period of summer crops need and stabilize water supply for the seasonal crops. It 

is usually seen that less consumptive water use has been applied to the winter 

crops. During ~he winter season the crops grown occasionally need little water, 

such as vegetables, tobacco etc. Usually the perennial crops need high 

consumptive water use because of long period of growing. A number of work has 

been carried out earlier by different investigators to find out the minimum water 

requirements of crops in order to ensure the most economical use of water 

compatible with maximum yields (Sally, 1968). The water requirements of 

different crops in the study area are presented in Table-8.5. There is an increase of 

109.03 percent in the total water requirements of crops cultivation in the study 

area during the period of 1992-93 to 1997-98 following a proportionate increase in 
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the gross area sown (Table-8.5). 

Tab Ie---8.5 : Crop Water Requirements in the study area. [Upper figure : 1992-93; Lower figure : 1997 -98] 

Common Cropped area in Water requirements Percentage of Percentage 
Types of crops ha Depth in Volume of water total volume of change 

m in ham water 

Aus Paddy 2841.24 
0.89 

2528.70 11.92 
+118.82 

6217.09 5533.21 12.48 
Aman Paddy 9413.32 

1.27 
I I954.92 56.37 

+85.88 
17497.08 22221.29 50.13 

Baro Paddy 1233.92 
1.78 

2196.38 10.36 
+316.99 

5145.27 9I58.58 20.66 
Jute 2938.12 

0.51 
I498.44 7.07 

+74.01 
51 I2.54 2607.40 5.88 

Wheat 3154.10 
0.38 

1198.56 5.65 
-6.86 

2937.73 1116.34 2.52 
Maize 32.38 20.72 0.10 

0.64 + 187.46 
93.08 59.57 0.13 

Potato 1004.97 
0.46 

462.29 2.18 
+29.30 

1299.45 597.75 1.35 
Musur/Mug Nil 

Nil 
Nil Nil 

Nil 
Nil Nil Nil 

Muskalai 360.00 
0.25 

90.00 0.42 
+68.07 

605.05 151.26 0.34 
Til/Mustard 498.09/657.63 

0.31 
154.41/203.87 0.73/0.96 +80.53/ 

899.20/1438.97 278.75/446.08 0.63/1.01 +I 18.81 
Pineapple 631.54 

0.22 
138.93 0.66 

+155.37 
1612.79 354.81 0.80 

Ginger/Onion 29.44 
0.51 

15.01 0.07 
+66.47 

49.01 25.00 0.06 
Vegetables/ 1461.18 

0.51 
745.02 3.51 

+138.79 
Others 3489.13 1779.46 4.01 
Total Kharif 16426.60 18178.44 85.72 - + 117.40 

33971.98 39520.48 89.15 
Tota1Rabi 7829.33 3028.99 14.28 

+58.77 
12424.41 - 4809.02 10.85 

Total Annual 24255.93 21207.43 100.00 
+109.03 

46395.41 - 44329.50 100.00 

Sources : Computed from data (published! unpublished) collected from different related offices. 

Most of the Kharif crops are rain-fed and Rabi crops are largely dependent 

on irrigation water.The study area, the second largest rainfall zone in India, the 

average rainfall during the Kharif season (July-September, Chapter-III) is 2.49m 

.and the total Kharif non-irrigated cropped area (20,582.39 ha in 1997-98), and 

the total amount of rainfall water available during the Kharif season comes to 
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51,250.15 ha m, which is more than enough to fulfil the demand of actual 

requirements of Kharif crops and also having a surplus amount of water i.e., 

28,062.20 ha m On the other hand, the rainfall amounts to 0.301 m in the Rabi 

season (October-March, Chapter-III) and taking into account the total irrigated 

Rabi cropped area (25,814.00 ha in 1997-98) and the amount of rain-water 

available for utilization during the Rabi season comes to 7,770.01 ha m, that is, 

about 36.74 percent of the total water requirements of the Rabi crops (Table-8.5). 

Hence, only 63.26 percent of Rabi cropped requirements are to be met with from 

different sources of irrigation. 

On the basis of geological formation and properties of aquifer materials 

(Chapter-IV), it is to be noted that due to highly porous and maximum rate of 

infiltration, during the monsoon period, water table rises up sharply and water 

becomes surplus than the requirements, but at the post-monsoon period the water 

table declines abruptly and crisis of water starts suddenly also because of low 

characteristics of storage capacity of underground reservoirs. In these context, 

only about 74.26 percent of the total irrigation water demands are being fulfilled 

at present in the study area. So irrigation facilities are to be developed to meet the 

remaining 25.74 percent of requirements. There are well marked spatial variations 

in the water requirement of crops in the study area, that is, from 92.07 ha mJ km2 

of gross area sown in Phansidewa block to 99.92 ha mJ km2 in Naxalbari block in 

1997-98 whereas in 1992-93 it was 69.27 to 104.46 ha m /km2 in Phansidewa 

block to Naxalbari block respectively. 

b) Domestic Purpose : 

The intensity of groundwater uses and requirements for domestic and 

municipal purposes generally includes water required for drinking, bathing, 

cooking, sanitation, gardening, lawn sprinkling etc. The total water use for this 

purpose amounted to 1,633.75 ha.m. in 1997-98, that is, only 06.99 percent of the 

total uses in the study area (Table-8.10). Where as,- in 1,992-93, it was 903.25 ha 

rn, that is, 09.72 percent ~fthe total utilization (Table-8.10). There has thus been 

an increase of 81.19 percent in domestic and municipal uses during the study 
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period, only because of the fast growing population and rapid advancement in 

science and technology are exerting ever increasing ·pressure on limited fresh 

water resources. 

Table-8.6: Domestic Water supply schemes in progress in Rural areas (1997-98). 

Seria Name of Block Name of the village after which 
Number of Total number 

villages of villages in 
!No. and towns the scheme is designatd. 

. benefited the Block 

1 Matigara 
Matigara 1& 2, Atharokhi-1 and 

26 85 
Bairatisal scheme. 

2 Naxalbari Naxalbari and Bagdogra scheme 25 98 

3 Kharibari Kharibari and Buragonj 30 76 

·4 Phansidewa Phansidewa and Lahugaon 18 109 

Siliguri 
Municipal 

5 
Municipality 

Siliguri Municipal Corporation areas & 01 
Madlaguri 

Sources : Published and unpublished data personally collected from the different related offices. 

In the study area, only 39.70 percent of the water was supplied through the 

pipe-line system in 1997-98, whereas, it was only 36.38 percent in 1992-93 in 

urban areas under local municipal corporation and notified area committees and 

town area committees of Outline Development Plan (ODP) authority of Siliguri

Jalpaiguri Development Authority (SJDA). In municipal areas, the PHED has a 

skeleton water supply system through the pipe-lines which are run by a pumping 

station at Ashrampara, Bidhan market and Babupara in SMC, Matigara Hat, 

Matigara sericulture, Bagdogra cantonment, Naxalbari Hospital etc. The total 

amount of daily water supply through the PHED system is approximately 0.12 ha 

m by means of 205 stand-posts (ODP report, 1991). Outside of the pipe-line 

connection of water supply in the township consists essentially of ring-wells sunk 

by private residents. The domestic water supply in rural areas is unorganised and 

mainly provided through dugwells and hand tubewells. The Public Health 

Engineering Department of Siliguri sub-division, Block Development Authority 

as well as Siliguri Mahakuma Parishad Authority has recently launched schemes 

for organised rural water supply in a number of villages through construction of 

overhead tanks and reservoirs and laying of water supply pipelines (Table-8.6). At 

present, more than 28 percent villages of Siliguri sub-division has sucussfully 
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Table- 8.7 :Domestic and Municipal water uses and requirements in the study area. 

= .:: .... 
COl = c. 

Item 

Population 

1992-93 

"<t 
00 
M -00 
M 

0 
0 
N 
1.0 
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00 
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(lpdh) 
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M 
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Rate of per capita of rural and urban water uses and requirements have been fixed jointly by the Siliguri Municipal 
Corporation (SMC) and Public Health Engineering Department, Siliguri, Darjiling, WB. 

Sources : Computed from published I unpublished data collected from different related offices. 
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been supplied good quality drinking water under this scheme, and it is projected 

that within 2005 AD. more than 50 percent of the total villages will be covered 

under this scheme to save human life. 

Depending upon the season, belief, customs and habits of the consumers, 

there is wide variation in domestic water consumption pattern. The per capita rural 

water supply comes to 40 litres per day per head (lpdh) while for organised and 

unorganised urban water supply it is 95 and 60 litres per day per head 

respectively. The total domestic and municipal water requirements for the study 

area in 1997-98 amounted to 3,020.30 ham, which is 06.02 percent of the total 

requirements. This amount has been computed at the rate of 90 lpdh for rural, 135 

lpdh for urban organized and 110 lpdh for urban unorganized water supply. The 

details estimation regarding special and temporal water uses and.requirements are 

presented in Table-8.7. 

c) Livestock Purpose: 

The intensity of groundwater utilization and requirements for livestock 

includes water required for domestic animals and birds. The total water use for 

this purpose amounted to 360.61 ha in and was only 01.61 percent of the total 

water use in 1997-98 as compared to 257.55 ha m in 1992-93, registering an 

incr~ase of 40.02 percent (Table-8.8). The intensity of ground~ater utilization of 

livestock was 0.22 ha mJ km2 in Naxalbari block and 0.92 ha mJ km2 in Kharibari 

block in 1997-98 (Table-8.8). 

The annual water requirements of the livestock is 0.47 ha m/km2 in 

Naxalbari block and 1.89 ha mJ km2 in Kharibari block in 1997-98, whereas it was 

0.33 ha mJ km2 in Naxalbari block and 1.35 ha mJ km2 in Kharibari block in 

1992-93. The livestock water requirements amount to 749.80 ham, that is, 01.56 

percent of the total water requirements in 1997-98 as compared to 535.35 ham in 

1992-93 (Table-8.8). 

d) Industrial Purpose : · 

Industry is the backbone of a country. Due to the strategic location of the 
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Table-8.8A: Livestock Population, Utilization and Requirements of water in the study area. 
[Upper Figure: 1992-93 ; Lower Figure: 1997-98] 

Block-wise Livestock Population Water use in lpdh 
Stock 

Matigara Naxalbari Kharibari Phansidewa Total Actual Required 

Cross 350 464 825 1093 2732 
Breed 60 80 
Cattle 

500 650 1155 1530 3835 

Indigeno 17914 20238 60800 63325 162277 
40 80 

us cattle 25079 28333 85120 88655 227187 
375 449 1188 2079 4091 

Buffaloes 80 95 
525 629 1663 2910 5727 

11177 14129 18166 35884 79356 -

Goats 0.75 12 
15648 19781 25432 50237 111098 
Nil 24 16 67 107 

Sheep 0.75 12 
Nil 33 23 94 150 

Horse & Nil Nil 04 Nil 04 
10 45 

Pony Nil Nil 06 Nil 06 

Poultry 21625 28633 31803 59420 141481 
0.05 0.50 

Birds 32438 42950 47705 89130 212223 
1150 1840 4335 3778 11103 

Duck 0.05 1 
1725 2760 6503 5667 16655 
Nil Nil 90 Nil 90 Neglig 

Rabbit Trace 
Nil Nil 126 Nil 126 ible 
Nil 85 1193 2988 4266 

Pig 
Nil 120 1670 

1.5 10 
4183 5973 

Sources : Same as Tab/e-8.8B 

study area, it has enough scope of industrialization. But availability of facilities is 

poor till now in the s~dy area. Except the ODP areas, the blocks are operating 

with Small Scale Industries (SSI) both registered and unregistered units only. The 

special distribution, water consumption and requirements of the industrial units by 

categories are given in Table-8.9. 

The total industrial water use in 1998-99 amounted to 152.70 ham which 

is 0.68 percent of the total water utilized in the study area. But in 1997-98, it was 

135.98 ha m, that is, 1.46 percent of the total water utilized (Tables-8.9 & 8.1 0). 

This sharp decline during the period is due to a sudden increase in the number of 

small scale industries in the ODP areas, but sources of water supply have not been 

I 
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Table-8.8B : Livestock Population, Utilization and Requirements of water in study area. 

[Upper Figure : 1992-93 ; Lower Figure : 1997-98] 

Annual Actual Use in ha m Annual Requirement in ha m 

Stock Mati Naxal Khari Phans Total Mati Naxal Khari Phans 

gar a bari bari idewa gara bari baii idewa 

Cross 0.77 1.02 1.81 2.39 5.99 1.02 1.35 2.41 3.19 

Breed 
1.10 1.42 2.53 3.35 8.40 1.46 1.90 3.37 4.47 

Cattle 

Indigeno 26.15 29.55 88.77 92.44 236.91 52.31 59.09 177.54 184.88 

us cattle 36.62 41.37 124.28 129.42 331.69 73.23 82.73 248.55 258.84 

1.10 !.31 3.47 6.07 11.95 1.30 !.56 4.12 7.21 
Buffaloes 

1.53 184 4.86 8.50 16.73 1.82 2.18 5.77 10.10 

0.31 0.39 0.50 0.98 2.18 4.90 6.19 7.96 15.72 
Goats 

0.43 0.54 0.70 1.38 3.05 6.85 8.66 11.14 22.00 

Nil 0.0007 0.0004 0.002 0.003 Nil 0.01 0.007 0.03 
Sheep 

Nil 0.0009 0.0006 0.003 0.005 Nil 0.01 . 0.010 0.04 

Horse & Nil Nil 0.001 Nil 0.001 Nil Nil 0.007 Nil 

Pony Nil Nil 0.002 Nil 0.002 Nil Nil 0.009 Nil 

Poultry 0.04 0.05 0.06 0.1 I 0.26 0.39 0.52 0.58 1.08 

Birds 0.06 0.08 0.09 0.16 0.39 0.59 0.78 0.87 1.63 

0.002 0.003 0.008 0.007 0.02 0.04 0.07 0.16 0.14 
Duck 

0.003 0.005 0.012 0.010 0.03 0.06 0.10 0.24 0.21 

Nil Nil Nil Nil Nil Nil Nil Nil Nil 
Rabbit 

Nil Nil Nil Nil Nil Nil Nil Nil Nil 

Nil 0.005 0.07 0.16 0.24 Nil 0.03 0.44 1.10 
Pig 

Nil 0.007 0.09 0.23 0.33 Nil 0.04 0.61 1.53 

28.37 32.33 94.69 102.16 257.55 59.96 68.82 193.22 213.35 
Total 

39.74 45.26 132.56 143.05 360.61 84.01 96.40 270.57 298.82 

Water use 0.19 0.16 0.66 0.33 0.32 0.39 0.33 1.35 0.68 

intensity 

(ha.mlkm2
) 

0.26 0.22 0.92 0.46 0.44 0.55 0.47 1.89 0.96 

Sources : Computed from published I unpublished data collected from different related offices. 
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Total 

7.97 

11.20 

473.82 

663.35 

14.19 

19.87 

34.77 

48.65 

0.05 

0.06 

0.007 

0.009 

2.57 

3.87 

0.41 

0.61 

Nil 

Nil 

!.57 

2.18 

535.35 

749.80 

0.66 

0.92 

increased sufficiently. The main industrial water use is in chemicals and chemical 

products of petroleum and coal, metallic industries and tea industry. 



~ ·1 r i- {_ 

Table-8.9: Industrial Water Utilization and Requirements in ham [Upper Figure: Use; Lower Figure: Requirements] 

Serial 1992-93 1997-98 
No. Type oflndustry 

Ph an side 
SMC area Matigara Naxalbari Kharibari Toatal SMCarea Matigara Naxalbari Kharibari 

wa 

A Medium to Large Scale Industry : 

- 0.66 053 - - 1.19 - 0.76 0.58 -
1. Distillery Industry 

- 0.88 0.55 - - 1.43 - 0.91 0.61 -

0.09 0.09 0.08 - - 0.26 0.12 0.09 0.09 -
2. Cattle Feed Plant 

0.11 0.10 0.10 - - 0.31 0.15 0.10 0.11 -

0.86 0.71 0.21 - - 1.78 0.98 0.74 0.35 -
3. Cement Industry 

1.05 0.80 0.45 - - 2.30 1.15 0.92 0.65 -

B Smale Scale Industry : 

1. Chemicals, Prtoleum & Caol Products 

5.65 11.21 - - - 16.86 5.95 11.65 - -
(i) Fertilizer & Pesticide Industry 

6.10 12.37 - - - 18.47 6.50 12.64 - -

0.30 0.26 0.06 - - 0.62 0.31 0.27 0.07 -
(ii) Pipe and Plastic Industry 

0.35 0.28 0.08 - - 0.71 0.45 0.30 0.10 -

0.09 0.07 - - - 0.16 0.12 0.07 - -
(iii) Plywood Industry 

0.10 0.07 - - - 0.17 0.16 0.08 - --

(iv) Battery Industry 
: 0.07 - -. - . - 0.07 0.09 - - -

0.09 - - - - 0.09 0.11 - - -

0.11 0.070 0.05 0.10 0.50 0.83 0.20 0.070 0.06 0.12 
(v) Soap Factory 

0.14 0.074 0.07 0.12 0.61 1.01 0.22 0.080 0.09 0.15 

- 0.001 0.0004 - - 0.0014 - 0.001 0.0005 -
(vi) Ink Factory 

- 0.001 0.0007 - - 0.0017 - 0.002 0.0009 -

Phanside 
wa 

-

-

-

-
-

-

-

-

-

-

-

-

-

-

0.55 

0.69 

-

-

Toatal 

1.34 

1.52 

0.30 

0.36 

2.07 

2.72 

17.60 

19.14 

0.65 

0.85 

0.19 

0.24 

0.09 

0.1 I 

1.00 

1.23 

0.0015 

0.0029 
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Table-8.9 (continued) 
2. Food Products : 

(i) Bread, Biscuit & Chocolate Factory O.D28 0.015 - - - 0.043 0.036 0.016 . - - 0.06 

0.236 0.017 - - - 0.26 0.271 0.02 . - - 0.29 

- 5.07 - - - 5.07 - 5.29 - - - 5.29 
(ii) Dairy Farm 

- 5.50 - - - 5.50 - 6.00 - - - 6.00 

0.85 0.61 - - - 1.46 0.90 0.73 - - - 1.63 
(iii) Cold Storage 

1.01 0.65 - - - 1.66 1.15 0.85 - - - 2.00 

0.12 0.09 0.07 - - 0.28 0.18 0.11 0.08 - - 0.37 
(iv) Ice Candy 

0.15 0.15 0.09 - - 0.39 0.22 0.20 0.10 - - 0.52 

3. Metallic Industry : 

4.55 3.54 - - - 8.09 4.75 4.02 - - - 8.77 
(i) Iron & AlluminiuQ1 Industry 

4.95 4.00 - - - 8.95 5.15 4.56 - - - 9.71 

2.05 6.58 - - - 8.63 2.10 7.25 - - - 9.35 
(ii) Metal Industry 

2.15 7.00 - - - 9.15 2.30 8.10 - - - 10.40 

4. Non-Metallic & MineralProducts : 

0.04 0.031 0.06 0.08 0.10 0.31 0.05 0.033 0.08 0.12 0.11 0.39 
(i) Brick & Tiles Industry. 

0.05 0:035 0.064 0.10 0.13 0.38 0.07 0.040 0.09 0.15 0.14 0.49 

- 0.22 - 0.09 0.08 0.39 - 0.25 - 0.08 0.10 0.43 
(ii) Pottery Industry 

0.5( I 

I 

- 0.22 - 0.11 0.11 0.44 - 0.30 - . 0.09 0.12 

1.15 - - - - 1.15 1.70 - - - - 1.70 
(iii) Automobile Engineering Works 

. 1.50 - - - - 1.50 1.95 - - - - 1.95 

- 22.02 29.35 10.12 27.30 88.79 - 26.50 32.07 11.05 31.85 101.47 
5. Tea Industry : 

- 25.30 3L55 11.50 .30.25 98.60 - 30.35 35.05 12.85 36.15 114.40 

15.96 51.25 30.41 10.39 27.98. 135.98 17.49 57.85 33.38 11.37 32.61 152.70 
GRAND TOTAL 

17.99 57.45 32.95 11.83 31.10 151.32 19.85 65.45 36.80 13.24 37.10 172.44 

Sources : (i) Utilization of Groundwater data collected from different Industrial Units of the Study area. 
(ii) Unpublished data collected from the BDO of Matigara, Naxalbari, Kharibari and Phansidewa block ofSiliguri Sub-division, Darjiling District, West Bengal, India. 
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8.5 TOTAL GROUNDWATER UTILIZATION AND REQUIRE1)1ENTS 

The total groundwater utilization in 1997-98 in the investigated area 

amounted to 22,405.15 ham ranging from 835.24 ham in SMC to 7,883.54 ham 

in Phansidewa block,whereas, it was 9,293.68 ha m in 1992-93, ranging from 

474.77 ham in SMC to 3,750.33 ham in Phansidewa block respectively. Thus 

there is an increase of 141.08 _percent during the research period. The water use 

intensity varies from 22.26 ham I km2 in Matigara block to 47.32 ham I km2 in 

Siliguri Municipal Corporation Area in 1997-98, whereas in 1992-93 it was 7.75 

ha ml km2 to 26.90 ha ml km2 in Naxalbari block to SMC area respectively 

(Table-8.10). 

The total water requirements in 1992-93 and 1997-98 amount to 

23,601.44 ham and 48,150.10 ha. m respectively (Table-8.10). The intensity of 

water requirement follows the same pattern as the water uses. In 1997-98, the 

former is highest 72.55 ha ml km2 in Kharibari block and lowest (48.40 ha ml 

km2
) in Matigara block where as in 1992-93 the values are 16.93 ha ml km2 

(Phansidewa block) and 40.63 (Naxalbari block) in the same order. 

8.6 PROBLEMS RELATED TO THE GROUNDWATER UTILIZATION 

Subsurface water being the largest available source of supply water, its 

role in irrigation, industrial as well as livestock has increasingly been recognized. 

Though the study area belongs to the Terai belt lying just south of the Bhabar 

Zone of the Darjiling Himalayas, detailed studies have. brought to light the 

presence of many well defined aquifers which generally have sufficient pressure 

head to effect natural flow at the land slirface with prolific yield and is often 

referred to as an 'artesian belt' (Chaterji, 1967). It has been observed that in Terai 

Bhabar belt area, generally, the Bhabar behaved as recharge zone for the Terai 

making the groundwater potentiality of the latter enormous. But due to lack of 

systematic exploitation and proper distribution of groundwater and the nature of 



Groundwater Utilisation and Problems 

Table- 8.1 OA : Total Water Uses and Requirements (ham) in the study area, 1992-93. 
(Upper figure: Use; Lower figure: Requirement) 

~ SMC Mati Naxal Khari Phansi 

bari bari dew a e Area gara 

01 02 03 04 05 06 

- 1975.07 1416.19 1138.80 3466.84 
Irrigation 

4607.37 - 8028.25 3885.18 4686.61 

Domestic and 458.81 97.94 123.06 70.09 153.35 

Municipal 698.38 219.56 268.06 163.55 357.81 

. 28.37 32.33 94.69 102.16 
Livestock 

- 59.96 68.82 193.22 213.35 

15.96 51.25 30.41 10.39 27.98 
Industrial 

17.99 57.45 32.95 11.83 31.10 

474.77 2152.63 1601.99 1313.97 3750.33 
Total 

716.37 4944.34 8398.08 4253.78 5288.87 

Water use intensity 
(ha mlkrn2) 

26.90 14.18 . 7.75 9.16 12.01 

Watt;r requirement 40.59 32.56 40.63 29.64 16.93 
intensity (ha mlkm2

) 

Table- 8.10B: Total Water Uses and Requirements (ham) in 1997-98. 

(Upper figure : Use; Lower figure : Requirement) 

~ SMC Mati Naxal Khari Phansi 

Area gara bari bari dewa T 

01 02 03 04 05 06 

- 3115.73 4636.17 5121.59 7452.30 
Irrigation 

6840.21 10687.81 9863.64 16937.84 -
Domestic and 817.75 166.78 209.12 116.82 255.58 

Municipal 1255.64 359.63 445.18 262.85 575.06 

- 39.74 45.26 132.56 143.05 
Livestock 

- 84.01 96.40 270.57 298.82 

17.49 57.85 33.38 11.37 32.61 
Industrial 

19.85 65.45 36.80 13.24 37.10 

835.24 3380.10 4923.93 5382.34 7883.54 
Total 

1275.49 7349.30 11266.19 10410.30 17848.82 
Water use intensity 47.32 22.26 23.82 37.51 25.24 

(ha.mlkrn2
) 

Water requirement 72.27 48.40 54.51 72.55 57.13 
intensity (ha.rnlkm2

) 

Total 

07 

7996.90 

21207.41 

903.25 

1707.36 

257.55 

535.35 

135.98 

151.32 

9293.68 

23601.44 

11.17 

28.36 

Total 

07 

20325.79 

44329.50 

1566.05 

2898.36 

360.61 

749.80 

152.70 

172.44 

22405.15 

48150.10 

26.93 

57.87 

187 

%of the 

Total 

08 

86.05 

89.86 

9.72 

7.23 

2.77 

2.27 

1.46 

0.64 

100.00 

100.00 

-

-

%of the 

Total 

08 

90.72 

92.07 

6.99 

6.02 

1.61 

1.56 

0.68 

0.36 

100.00 

ioo.oo 
-

-

Note: Area of the study area [SMC -17.65 km2 + Matigara b/ock-151.86 km2 + Naxalbari block- 206.70 km2 + 

Kharibari b/ock-143.50 km' + Phansidewa block- 312.40 km' J is 832.11 km 2• 

Sources: Computed from Tables- 8.8 & 8.9. 
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land-forms, a number of problems are being observed in the study area which are 

as follows: 

a) Water-logging : 

Water-logging is an effect of several causes, among which the 

physiographic feature of the land, soil structure, groundwater condition, accretion 

of salts, meteorological conditions, etc. are the important factors. The worst effect 

of Water-l~gging is the decline of fertility of the soil primarily due to progressive 

accretion of salts. Besides building foundations and other constructional structures 

are endangered and frequency of floods increased due to reduction in quantity of 

deep percolation. 

In the study area, the uneven topography of the Terai region with heavy 

rainfall during monsoon and absence of proper drainage system create serious 

water-logging problem. Among them, Rangia, Nimai, Baniakhari and Mahisamari 

of Matigara block; Nipania, Rangapani, Dudhia and Siubar of Naxalbari block; 

Kishor doba, Duba, Dagdhu and Hatidoba of Kharibari block and Kadopani, 

Rupandighi, Purba Bansgao Kishmat and Dhakpara of Phansidewa block, are the 

villages which are seriously affected by the water-logging. A nominal drainage 

system is in existence within the municipal areas; there is not even minimum 

drainage system in the urbanizing peripheral areas. As a result, the municipal 

effluents get discharged into downstream areas intensifying the water logging 

problems repeatedly. Moreover, the problem of water-logging has also been 

accentuated by the flood protection works constructed in the study area. Normally, 

it prevents the local rainfall-runoff as well as the over flowing floodwater of the 

tributaries from entering the river and causing the water-logging seriously. 

In general, the water-logging can be controlled by adopting suitable measures to 

reduce the recharge to and increase the discharge from the affected areas. In the 

study area, the following measures have been taken for the prevention and control 

ofw'!-ter-logging. 

Surface runoff entering the affected areas increases the water-logging and 

diversion method is used to divert runoff from the area. Pumping from shallow 
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tube wells serves the dual purpose of lowering the water level and reducing excess 

amount of water for conjunctive use of surface water. Slopes of drainage courses 

are improved and phreatophytes and other vegetation, are cleaned to relieve 

congestion. Selection and rotation of crops, depending on their water requirement, 

are important agricultural practices helpful in improving the water-logging 

conditions. 

b) Water Scarcity and Drought Areas: 

Drought and water scarcity is a period of dry weather in which the amount 

of water available from rainfall and the soil moisture is not sufficient to meet the 

demands of evapo-transpiration and is seriously hampering the plant growth. 

Though the study area is plentiful of groundwater resources but localized drought · 

on crop soil and scarcity of drinking water has already been observed regularly. 

Drought prone villages are Khaprul, Kalabari, Udaysing, Tomba and Bara Gharia 

of Matigara block; Kila ram, Fakna, Daya ram, Dhakna and Belgachhi of 

Naxalbari block; Uttar Ramdhan, Tari, Rangmuni, Katia and Arjanmal of 

Kharibari block and Bhisti, Tara Bari, Thuna, Kodmi, and Bansgaon of 

Phansidewa block. During 1978-99, the study area has experienced only m_oderate 

to low droughts in 1979, 1982, 1986, 1992, 1993, 1994, 1996 and 1997. 

c) Soil Salinity and Alkalinity: 

Soil salinity and alkalinity of the investigated area occurs mainly due to 

the high concentration of soluble salts of calcium, magnesium and sodium in the 

soil. During the monsoon period, the salts are leached down from the upper layers 

and if the drainage is confined, they accumulate in the lower lay~rs. In the pre

monsoon, due to evaporation, the salts move up under capillary action and are 

deposited in the root zone or even on the ground surface. The leaching and 

evaporation processes thus lead to the development of saline and alkali soils, 

which adversely affects the soil fertility and plant growth. It has been observed 

that the villages-Bilakshu, Fulbari, Manjaya, Salbari and Bagula hagi ofKharibari 

· block suffer from this problem seriously. Moreover, small patches of Phansidewa 
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block : Ambari, Abhiram, Lahugaon, and Naxalbari block - Atal and Omi; and in 

Matigara block - Sisa bari, Kalkut and Malahar, etc. have also been rendered 

agriculturally unproductive due to this hazard for a long time. The remedial 

measures are improvement of drainage, implementation of flood control measures 

. and pumping by wells in the case of water-logging and by leaching and keeping 

the water table deep enough by pumping or drainage in saline soils and by use of 

amendments like gypsum, pyrites or organic material in the alkali soils of the 

investigated area. 

d) Water Table Depletion: 

Depletion of water tables are inevitable if water is taken from a production 

well and if the draft is increased the water levels will decline further, whether the 

increase is obtained by drawing more water from one well or by drafting from 

more wells. If water is unable to move toward a production well rapidly enough to 

replace the water pumped out, the pump inevitable takes water from progressively 

greater depths in the immediate vicinity of the production well and cost of 

pumping increase, and the production well eventually may be pumped dry. This 

indicates a shortage of water at the production well but not necessarily an 

insufficiency of water in the groundwater reservoir. 

Repeat..water level measurements from 251 study wells in the investigated 

area shows a reversion in water level maximum of 6.25m located at Dakshin 

Bagdog~a of Naxalbari block and the minimum of 0.53 m. located at Manjaya 

village of Kharibari block. The monitoring of water level with the ·help of 14 

hydrograph stations covering the four blocks of Siliguri sub-division is being 

carried out four times a year with the collaboration of CGWB, Calcutta. From the 

analysis of six hydrographs of network observation wells it is found that a 

declining trend is recorded in the range of 0.10 m to 0.50 m located at some 

pocket of Sukna, Dudhia, Triahana villages whereas a rising trend in water level is 

noticed around Siliguri, Matigara, Naxalbari, Kharibari, Phansidewa areas ranging 

f~om 0.50 m to 1.25 m below ground level. 

Since the withdrawal of groundwater in the area is on minimum level, the 
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rising as well as declining trend in water level is attributed to the precipitation in 

those particular areas. Moreover, the long term trend in water level in the Terai 

area is. restricted within 1 to 1.5 m only during 1988-99 and hence it can be 

concluded that no caution and preventive measur~s need to be exercised for the 

development of groundwater in the area at present. 

e) Overexploitation and Optimum Level of Requirements : 

Due to increase of the population and the area available for irrigation, 

domestic and industries and the resources available for exploitation are limited. 

The simultaneous increase in wells and pump sets resulted in drastic increase in 

groundwater extraction. In 1992-93, the amount of extraction was only 4055.52 

ha. m which increased by 3.26 times by 1997-98 in the study area. Such steep 

increase imbalances between ground water recharge and discharge which existed 

for centuries and results in decline of water levels in areas characterized by high 

density of wells and pump sets in Kharibari and Phansidewa blocks. Due to 

decline of water table, the saturated thickness is reduced resulting in lower aquifer 

transmissibility in some particular locality and this implies that in future even at 

the same rate of pumping, the rate of water table decline will be much faster and 

that water table will stabilize only if pumping is reduced drastically. Over 

exploitation is occurred in some industrial belts like Khaprail more of Matigara 

block, some parts of the' Siliguri Municipal Corporation and ODP areas of 

Naxalbari block and all the tea gardens area of the investigated area. This over 

exploitation may be reduced or controlled by selecting less water consuming 

crops, industrial processes etc. providing alternate sources of supplies, and most 

importantly, by artificial recharge. Administrative and legislative measures to 
. I 

discourage further exploitation become indispensable before critical overdraft is 

reached. 

Optimum level of requirements is achieved in most cases when the 

average replenishment is balanced by the average discharge and when the 

discharge for non-beneficial purposes has been reduced to minimum. In maximum 

individual years, such a balance will not be achieved. When recharge is large, the 
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precipitation and stream flow are likely to be above normal, so that the need for 

groundwater may be less; and the need for groundwater may be greatest in dry 

years, as a supplement to low rainfall and stream flow. As with surface reservoirs, 

full use of groundwater 'reservoir cannot be achieved by attempting to hold the 

storage at a constant level. 

f) Land Subsidence due to Groundwater Overdraft : 

Subsidence of the land surface is an environmental hazard resulting from 

groundwater overexploitation and often passes unnoticed. It is caused by vertical 

compression of the sub-surface materials due to decline of water table (Bouwer, 

1977). In addition, acceleration of lateral flow of groundwater can cause lateral 

compression of the aquifer and hence lateral movement of the land surface The 

subsidence depends on the nature of subsurface formations and upon the extent, 

magnitude and duration of artesian pressure decline. Subsidence rates range from 

.1 to 50 em per 10 m drop in groundwater level, depending on the thickness and 

compressibility ofthe formation (Bouwer, 1977). 

From the current study it has been estimated that land subsidence due to 

withdrawal of groundwater is occurred in Gosaipur of Matigara block, Dudhia of 

Naxalbari block, Tukria Jhar Forest of Kharibari block and Bidhanagar of 

Phansidewa block which ranges from 2.5 mm/year to 7.0 mm/year. The 

subsidence is more in Dudhia, due to higher rate of exploitation of groundwater 

for industries. Flooding and water-logging is the common phenomenon in the area 

due to this reason. At present, the affect is not so serious, but in future it will be 

very dangerous in the surroundings. 

g) Problems Related to Laws: 

Several laws have been enacted over the years dating back from 1923, to 

regulate environmental pollution through the State and Central Pollution Control 

Boards (SPCB and CPCB), but multiplicity creates its own ambiguity, behind 

which offenders hide. Pollution control laws should be consolidated. Otherwise~ 
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elaborate provisions of law appear to exist, the law remains ineffective and the 

environment continues to deteriorate. The principal legislation is repetitious and 

poorly drafted. The laws are not backed by sound policy pronouncements and the 

legislation does not appear well thought out but seem ad-hoc. This is especially 

true of a number of rules and notifications like the Coastal Regulation Zone and 

the Environment Impact Assessment (EIA) notifications issued in recent times 

(NLSIU, 1999). 

The pollution control laws are based on a command- and control regime 

with an emphasis on punitive rather than pro-active and preventive measures. 

Though the boards have wide ranging powers, including the ability to hold 

industrialists personally liable for environment damage these are rarely exercised 

effectively. Undue emphasis is placed on criminal procedure, and as a result there 

is considerable delay in convictions. Before judicial process is initiated against 

polluters, spaces for cooperation and partnerships between various groups should 

be explored. Central and State Boards also need powers to impose progressive 

monitory penalties on the polluters. This will, to a great extent, reduce need for 

time consuming legal recourse. Greater cooperation between Central and State 

Pollution Control Boards is needed. Another major lacuna in the law is that some 

areas like groundwater pollution remain outside the purview of the pollution 

control laws. Consolidation and codification of the law would remove some of 

these problems. Moreover, the present pollution control ~aws does not address 

small-scale industries, which pollute with impunity. Setting up functioning 

common effluent treatment plants, through appropriate incentives are important. 

Small Scale Industries may have to be relocated together to facilitate the . 

establishment of such facilities. 

CONCLUSION 

The present chapter is concerned with the groundwater uses and 

requirements in different sectors and also discussed some groundwater related 

problems. There is a drastic change especially in the fields of agriculture and 

industry in the study area during the last 5 years period, only because of low cost 

of construction of shallow tube wells, increased in infrastructural facilities like 
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rural electrification and · industrial credit, introduction of HYV seeds and 

implementation of land reform measures are the contributory factors. The gross 

area irrigation has increased from 54.69% in 1992-93 to 55.64% in 1997-98 due 

to the above mentioned facilities. The total use in the study area in 1997-98 comes 

to 22,405.15 ham which was 9,293.68 ham in 1992-93, registering an increase of 

141.08 %. The total water requirements in the area of investigation in 1997-98 

have been estimated at 48,150.10 ham, which was 23,601.44 ham in 1992-93, 

registering an increase of 104.01 %. The maximum·water requirements involved 

for irrigation purposes (92.07 %) and is followed by domestic, livestock and 

industries. The intensity of total water utilization has increased from 11.17 ha mJ 

km2 in 1992-93 to 26.93 ha mJ km2 and the water intensity has been changed 

from 28.36 ha mJ km2 in 1992-93 to 57.87 ha mJ km2 in 1997-98. 

The study area and its people is suffered by a number of water related 

problems. With the recent increasing consumption of water area the rate of 

·increase will be still higher in the coming years. Today agricultural production has 

to achieve all attainable heights to feed the growing millions by adopting the best 

cropping patterns so as to enable the best use of available water supplies. 

Conjunctive use involves recharging of groundwater resources when available 

surface water in excess of the requirement and withdrawing the groundwater 

through tube wells during the period of a drought. The value of the consumptive 

use of water varies from crop to crop and for the same crop it varies with time as 

well as in space. It is evident that high water consumptive use has been seen for 

the irrigated lands under the summer crops and less water consumptive use in 

winter crops. As the area is covered by a number of tea gardens and their owners 

are busy to fulfill their business demand through the over extraction of 

groundwater without any consideration of surrounding inhabitants, hence for the 

protection of the villagers, water pollution and the water extraction rules and 

regulations should be executed properly and strictly. The development of water 

resources for their optimum use involves proper planning and conservation of the 

resources in the study area. There is need for conjunctive use of surface and 

groundwater resources and their proper management, which has been discussed, in 

the following Chapter. 



CHAPTER-IX 

CONSERVATION, MANAGEMENT AND PLANNING FOR 
GROUNDWATER DEVELOPMENT 

INTRODUCTION 

Water is among the most essential requisites that nature has provided to 

sustain life on the Earth. Most of us are conscious nearly all the time of 

the importance of water in our life but actually our knowledge of it is pretty 

skimpy. Now a day, perhaps water outstress all geo-environmental factors to enter 

more prominently into considerations of human and economic development and 

environmental quality. It must be realized that rapidly increasing demand for 

water, degradation of water due to contamination, water scarcity in urban areas, 

frequent incidences of water born diseases etc., are becoming order of the day. 

Hence, the development of water resources for their optimum use involves proper 

conservation, management and proper planning of the resources. Normally, the 

principal target is to obtain water in required quantity and quality at the minimum 

cost. Water is available through the hydrologic cycle over space and time as a 

limited renewable resource, through a complex physical-economic-socio

ecological pattern. It is required by man, in locations and time, in quantity and of 

quality which may be different from the existing method of supply. 

In this regard, the principal issue in scarce and precious resources planning 

is to adjust the supply and demand imbalance through structural facilities of 

storage, conveyance, processing and their operation. Groundwater and surface 

water are in hydraulic continuity that is surface water enters into the earth become 

groundwater and emerge again on the surface. For the greater achievement; the 

conservation and management of water resources should therefore involve the 

conjunctive use of surface and groundwater resources. 

9.1 CONSERVATION AND MANAGEMENT OF WATER RESOURCES 

Water covers nearly 70 percent of the earth's surface, but most of it is not 
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usable. On a global basis, about 95% of the water is available in the seas and the 

oceans. Fresh waters account for only 5 percent. With the present day technology, 

only 1 percent of the global waters can be economiCally exploited. Of this nearly 

99 percent is groundwater and river flows constitute only 0.1 percent. Only 7 

percent of the rainfall is available as run-off as 77 percent falls on oceans and 16 

percent goes off as evaporation from the land .(Rajan, 1978). Moreover, the 

distribution of usable water, which is hardly 0.5 percent of the earth's total 
\ 

volume of water, is highly variable in time and space. This variation is well 

marked in the study area with a monsoonal rainfall regime. Water surplus and 

deficit conditions occur over the whole area during the same season. Hence, 

significance of conservation of water resources can hardly be over emphasized. 

Apart from utilization of a resource, its conservation also confirm that it will be 

available in sufficient quantity to meet the needs, taking into account the trend of 

socio-economic development of the study area. 

Water is essential for survival. But today about 200 million people in India 

do not have access to safe drinking water. Most of our water sources are polluted. 

with untreated or partially treated wastes from industry, domestic sewage and 

fertilizer or pesticide run-off from agricultural fields. According to the Ministry of 

Rliral Development of India, about 1.5 million children under five years die each 

year due to water related diseases, and the country also loses over 200 million 

person days ofwork a year because of these diseases (Parikh & Parikh, 1999). But 

recent studies show that better water supply and sanitation facilities can 

considerably reduce illness and death due to water related diseases. 

Though India has a long tradition of managing water, but increasing 

demands due to population and industrial growth and agricultural development 

pose new challenges. The quantity and quality of available water is decreasing, 

aggravating the already serious situation. According to the Ministry of Water 

Resources (MWR), water shortage in India will become even more pervasive by 

2025 and stress human and economic development. Appropriate management of 

water resources is crucial for future economic development and protection of 

human health and life itself. Water resource management is a stable and 

concurrent subject under schedule VII of the Indian constitution. The aim of this 
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Constitution brief is to ensure water security for present and future generation, 

preserve water quality and assure that water is available equitably to all members 

in the society. The strategy recognizes that every water use generates wastes water 

that damages water quality thus reduces quantity of water available for use. 

Hence, the strategy brief focuses on effiCient and sustainable water quantity 

management while suggesting ways to maintain the integrity of ecosystems. 

In another sense, demographic pressure in the country has added a separate 

dimension to the problems in the fields of domestic, agriculture, livestock and 

industrial water demands. The shrinking per capita fresh water availability in the 

country over the last few decades is alarming (Basak, 1998). Over the last two 

decades, per capita water availability in the country has d~creased more than two 

times. Similar is·the case of per capita land availability. Consequently it will have 

to sustain itself with ever shrinking land-man and water-man ratio. Herein, lies the 

imperativeness and desperate need of water management. It may be noted here 

that water can largely be managed through the coupled management of land and 

bio-mass. These, three (land, water and bio-mass) are inseparable and the term, 

water management includes related management of land and bio-mass also. In this 

context, the appropriate water management will be -

Rain water conservation and management in the non-irrigated areas. 

Irrigation and drainage management· in the command area of major 

irrigation projects. 

Potable water and its quality management for domestic needs in the rural 

and urban sectors. 

Drought management and region specific know-how generation for the 

same. 

Ecological management for water resources in relation to harmonizing 

land, water and bio-mass. 

Monsoon flood management in the river plains, and 

Fresh water development and conservation in the coastal belts and islands. 

Based on the prevailing hydrogeological conditions and the available data, 

it 1s opined that solution to water supply problem of the study area lies m 



--+·· 

Conservation, Management and Planning 198 

managing groundwater resources of Mechi-Mahananda interfluvial basin 

enclosing the Terai belt area. A time bound programme must be initiated to ensure 

sustainable use of invaluable water resources. The ministries and agencies that 

control water resources, those that use them and those that control quality and 

treat wastewater have to work together. A multi-layered approach, which involves 

implementati9n of checking the water losses through the natural processes, storing 

water by artificial recharge and conserving it for subsequent use are required to be 

accomplished for judicious management of water resources, introduction of new 

and traditional technologies for water quality management and conservation, 

recycling and reuse, economic incentives for users and the involvement of people 

who have a stake in the use of the resource and required. The different 

conservation measures suggested for the study area are as follows : 

a) Control of the Water Losses : 

This method is applicable mainly in the uses of groundwater as well as 

surface water in irrigation. In the investigated area, about 86 percent of the total 

water is being used in irrigation in 1997-98 but 60 percent of it goes to meet the 

crop water requirements and the rest 40 percent is iost due to application losses on 

the field, following adoption of faulty irrigation on the practices and seepage from 

the canal system The application losses result from over irrigation, and also when 

field irrigation channels, grading and shaping of fields, consolidation and 

rectangulation of holdings, suitable methods of irrigation, irrigation scheduling, 

rotational supply of water, appropriate cropping patterns etc. are either inadequate 

or non-existent. The irrigation water losses in the investigated area are mainly due 

to over-irrigation, evaporation, and by seepage from canal system Apart from loss 

of a valuable resource, it may also create a number of problems like water

logging, soil salinity and ~lkalinity, and adverse effect on community health, in 

combination with factors like poor drainage system and flooding from streams. 

Water losses of the study area from over-irrigation can be checked by 

volumetric charging for water or educating the farmers about its adverse 

consequences and providing the assured or rotational supply of water whereas 
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those from canal seepage can be checked by lining the canals. However, lining 

involves heavy 'expenditure and has not so far been restored in the investigated 

area. Loss of irrigation water also occurs due to unscientific method of irrigation, 

which is, by inundation from one field to the other. Actually, there should be 

provision of field irrigation channels so that each field would have direct access to 

irrigation water and drip and sprinkler method of irrigation should be increasingly 

adopted. Now-a-day, irrigation is mainly by the border strip, check basin and 

furrow irrigation methods. Most of the water losses could be minimized by 

adopting the concept of "conservation irrigation", that is, a combination of 

irrigation and cropping pattern, best suited to the area, keeping in view the 

physical and socio-economic conditions of the area. 

· Domestic and livestock water losses of the area of investigation can only 

be controlled by creation of general awareness about them amongst the habitants 

of the area. A regular inspection of pipelines and other constructional fault may 

also help in checking the· municipal as well as domestic water losses. But, 

unfortunately, this badly needed awareness is generally lacking amongst the 

people. On the other hand, the industrial water uses in the study area is very low, 

that is only 1.46 percent of the total water used in 1997-98. The problem of the 

disposal of industrial wastewater is, therefore, almost non-existent at present. 

However, the problem may have to be tackled in future, in view of the increasing 

pace of industrial development of the hilly area, by suitable arrangements for the 

purification and recycling of wastewater. 

b) Conservation through Artificial Recharge : 

Artificial recharge of the groundwater of the study area may be defined as 

the augmentation of the natural infiltration or precipitation or surface water into 

under ground formations by approximate methods. Artificial recharge may be 

needed for augmenting the quantity of groundwater, for disposal of flood waters 

and for reduction of salt water intrusion and for the prevention of land subsidence 

etc. The selection of a suitable recharging method depends upon local topography, 

geology, soil conditions and quantity of water to be recharged and its ultimate use. 
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Climate, land value, and quality of water may play an important role in choice of 

the method, under special conditions. 

Studies and pilot projects on artificial recharge have been initiated in most 

of the water crisis area for checking the decline in groundwater table and also 

ensure its effective utilization. However, there is no set pattern of planning, 

design, execution and maintenance of artificial projects. Among the various 

methods of artificial recharge-water spreading, recharging through wells and 

pumping and seepage have been most commonly used. The total amount of water 

infiltrated into the soil depends on the infiltration opportunity type, which depends 

on the slope and the field structures, which tend to hold the run-off water over 

long periods on the land surface. 

i) Methods of Artificial Recharge by Water Spreading: 

The main objective of this method is to release water over the land surface, 

to increase quantity of water percolating to the water table. The essential 

prerequisites are maximum duration of contact of recharging water with land 

surface and maximum area of contact. The various methods of water spreading are 

as follows: 

Flooding Method The flooding method is recommended in areas where 

sufficient quantity of water is available but not monetary resources available to go 

for more effective techniques of artificial recharge. The water spreads evenly in a 

thin sheet over quite a large area without disturbing the soil. 

Basin Method : In this method, water is diverted to the upper most of a series of 

basins constructed by dikes of levees which generally run on contours. This is the 

most practical method of artificial recharge. Recharging water laden with 

sediments may sometimes seal the basins, which can be avoided by using the 

upper most basins as settling basins or by scrapping or disking of the bottom 

surfaces. The basih method is particularly suitable where the ground surface is 

irregular and infested with a number of shallow gullies and ridges. 

Furrow or Ditch Method : In the furrow or ditch method, water from a canal is 



-+ 

-----+--

Conservation, Management and Planning 201 

distributed into a series of parallel ditches which are shallow, flat bottom and 

closely spaced. The orientation of the furrow or ditches may be contour type, 

lateral type or tree shaped. This method has the advantages of being used in rough 

terrain and with recharging water has fairly high silt content. 

Natural Channel Method : It involves releasing of water m existing stream 

channels. In most cases a series of small check dams in flat channels are 

constructed either across the channel or in 'L' shape, as the water may spills from 

one check dam to the other or in the case of 'L' shape, water flows around from 

one basin to other. Often these channel works are removed in the flood period. 

Irrigation Method : In this method, extra water is supplied to the irrigated fields so 

as to allow it to infiltrate underground. Though no land preparation is required, 

leaching effects of percolating water on crops and soils have to be carefully 

ascertained. 

ii) Recharge through Wells: 

Recharge through wells is generally practical where enough land area is 

not available for recharge because of cultivation requirements or is unsuitable for 

recharge as in urban areas of the area of investigation. The amoi.mt of water that 

can be recharge through wells is larger compared to the other methods. For 

economy pumping wells may be used as recharge wells at the time of requirement. 

The best recharge rates in wells have been observed in very permeable formations. 

Recharge wells are also used as a means of disposal of storm water in study area. 

iii) Recharge through Seepage: 

The seepage from canals and field channels, ponds, tanks and rivers and 

deep percolation from irrigated fields and also contribute significantly to 

groundwater augmentation. For unlined canals it may vary between 1.8 and 2.5 

cusecs/ 106 m2 of wetted area in normal soils with some clay contents to 3.0 - 3.5 

cusecs/ 1 06 m2 of wetted area in sandy soil. In most of the canal irrigated areas a 

substantial component (35 to 40 percent of water delivered) percolates below the 
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root zones and contributes to groundwater recharge. When irrigation with 

groundwater sources, this contribution may like between 30 and 35 percent. The 

seepage from tanks may vary from 9 to 20 percent of their live storage capacity. 

The seepage from percolation tanks may be as high as 50 percent of its gross 

storage. 

c) Conservation by Soil Moisture Storage: 

The moisture content of the soil is defined as the amount of water lost 

when it is oven dried and may be expressed as the volume of water per unit 

volume of bulk soil. The infiltrating water when stored in the soil pores raises the 

moisture content. The force~ that keep the soil and water. together are based on the 

attraction between adhesion and cohesion. The amount of water held in the fine 

capillaries depends upon the surface tension and capillary size but when held in 

bigger pores, ·gravitational forces become active. The dissolved salts tend to 

decrease the free energy of water and hold the water through osmotic forces. 

Under the gravitational force, the water in large pores starts draining out. The 

moisture content of the soil after the drainage of gravitational water is called field 

capacity of the soil. It is expressed as a percent by volume and. varies with soil 

texture. The gravitational drainage, however slow it may be, does not stop at field 

capacity and continue to deplete the soil moisture. The major losses of water are 

occurred through evapotranspiration by plants. The extraction of water through 

roots and evaporation losses, progressively reduce the moisture content of the soil 

below the field capacity. Soil with large amount of available water are generally 

more favourable for plant growth. The maximum available water for plant growth 

is calculated up to root zone depth and varies with the type of crop and its rooting 

system Soil moisture measurements are important for estimating the quantity of 

irrigation water as well as for scheduling of irrigation. 

9.2 CONJUNCTIVE USE OF SURFACE AND GROUNDWATER RESOURCES 

Conjunctive use of water resources of an area or a region means proper 

utilization of its groundwater and surface water together, in a planned manner. In 



------1 

Conservation, Management and Planning 203 

view of the variable nature of the surface water supplies from year to year as 

contrasted with groundwater supplies, large development can be achieved by 

integrating both these resources. Hence, it follows that the conjunctive use 

involves optimum utilization of available surface water during the years in which 

the rainfall is above the average, and storing the excess water underground by 

artificial recharge. During the years of below average rainfall, when the surface 

water resources are limited, the sub-surface water reservoir becomes the main 

source of the water supply. So, the combined yield from these two sources are 

larger and more economic than the yield obtained from either source separately. In 

future years, when the natural water resources are fully utilized, the meaning of 

conjunctive use will assume greater significance. It is commonly known that 

conjunctive use of surface water and sub-surface water on small scale has been an 

age of traditional practice in India. In many parts of the study area, the farmers 

and cultivators use water both from surface storage such as bunds and ponds, from 

springs and streams and also from the well~ to irrigate their fields and for many 

other issues. 

The COtDunctive water use approach also helps in solving the problems as 

referred to earlier Chapter-VIII, arising out of use of land and water. For instance, 

as anti-water-logging measure, pumping from tube wells has been resorted to 

different blocks. Similarly, a battery of tube wells has been constructed in 

Kharibari and Phansidewa blocks along the canals to supplement their dry period 

consumption. Moreover, in areas with salinity and alkalinity characters, the water 

could be mixed with fresh surface water for use in irrigation purposes etc. 

9.3. WATER QUALITY MANAGEMENT 

Qualitative water is not a luxury. It is a· necessity to all respects. With 

sensible policies, the renewable resources can be cleaned, saving crores of rupees 

in health costs and protecting our land and water resources for future generations. 

A comprehensive multi-pronged water quality management strategy includes strict 

implementation of pollution control laws, promotion of cleaner technologies, 

fiscal incentives and economic instruments of appropriate prices, taxes and 
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property rights. An aware, active and citizenry is critical for success. The water 

qu~li~y 'management strategy has to be bold on several approaches simultaneously 

to address the problems. Five such approaches are highlighted as follows : 
.:· 

a) _Water Conservation for Pollution Control : 
/ 

The water quality management strategy provides a broad framework for 

pollution control. All water use produces effluents. Minimizing the amount of 

water used can have an immediate impact on the quality of water. The strategy 

identifies demand reduction for water as a major priority. Water is still treated a 

free goods, to be used liberally, and to be sullied with impunity. Pricing water to 

reflect its scarcity value, can encourage users to be more prudent in its use. The 

price of water should also include opportunity costs and environmental impact on 

its use. Better pipeline management, reused and recycled of do~estic wastewater 

for agricultural and industrial purposes, drip and sprinkler irrigation technologies 

can curtail water losses as well as to reduce water demands and uses and also 

reduce fertilizer or pesticide or chemicals run-off from agricultural fields, 

reducing the amount of pollutants that eventually find their way into the water 

bodies. 

Polluters usually do not feel the effects of the pollution caused by them 

and adverse effects are born by third parties. The polluter is rarely held 

accountable for the damage and continues to pollute with impunity. Quantifying 

and putting a cost to the polluter for these adverse effects of pollution and then 

incorporating them into the decision making process and deciding the price of 

water accordingly can resolve such problems . 

b) . Encouraging Industry to Act : 

Industry is gradually beginning to realize that pollution control is a reality 

they can not avoid. However, their reluctance to act has to be tackled in a manner 

that is more effective than the existing command and control regime. Large 

investments in treatment facilities are essential and these must be encouraged 
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through economic incentives. Water efficient and cleaner technologies should be 

made mandatory, particularly in new industries as nothing in production sector 

can be absolutely cleaned .. 

c) Domestic and Agriculture Pollution Control: 

As there is a framework in place to deal with industrial pollution 

mechanisms to address pollution in the agriculture sectors are not in place. This is 

out of the ambit of the Central or State Pollution Control Boar~s. So why, new 

instit~tional mechanisms need to be explored to monitor and manage domestic 

and agricultural pollution. Responsibilities should be either vested with the 

Central or State Pollution Control Boards or existing institutions like the Public 

Works Department, Municipalities or Gram Panchayats. 

As most municipalities are cash-strapped, involvement of the private 

sector and partnership between private and public institutions, need to be explored 

to provide domestic water supply, sanitation and wastewater treatment facilities, 

in urban and semi-urban areas. Cheaper domestic wastewater treatment 

technologies, like biological treatment need to be examined as alternatives to the 

more expensive conventional treatments. An important first step is to curtail 

overuse of fertilizers and pesticides through appropriate pricing. Subsidies that 

encourage should be removed. Environment friendly practices like vermiculture, . 

use of organic manure and integrated pest management practices that obviate the 

need for persistent pesticides should be vigorously encouraged. 

d) People in Partnership : 

It has become increasingly evident that it is virtually impossible for the 

Government to monitor the activities of individuals, industries and institutions 

across the country. A vigilant stakeholder with strong and technically equipped 

institutional support can play a very important role in managing the environment. 

Vigorous awareness campaigns should be encouraged as experience in the 

industrialized countries has shown that polluting firms react to popular pressure, 
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and are keen to clean up their act t0 maintain a green profile. A citizen's right to 

information and regular publication of environmental audits of firms can be very 

effective in clearing up industrial pollution. 

e) Institutions : 

To monitor industrial, domestic and agricultural pollution institutional 

mechanisms that could involve the stack holders need to be evolved. The pollution 

control board should generate and maintain data that c~n be made available to 

. concerned citizens, who can apply a crucial role in ensuring that water resources 

are conserved and environment health is maintained. They should be provided the 

necessary teeth to implement the law. State-of-the art monitoring technology 

should be provided to measure pollution, and the technical skills of the manpower 

upgraded. 

9.4 LEGAL DIMENSIONS OF GROUNDWATER RESOURCES 

The rapidly increasing use of groundwater of varied purposes may create 

critical problems dealing as much with the individual interest and rights as with 

the ultimate conservation and sanitation of the resources itself. As has been 

discussed in the foregoing chapter, the indulgence in indiscriminate exploitation 

under the conflicting doctrines of water right may lead to depletion of the reserves 

and also, in some localities, to land subsidence and encroachment of salt waters. 

Further, this may create conflicts of interest over its use and management leading 

to insecurity of investments and impeded or unbalanced economic growth. It is, 

therefore, necessary for the Government to re-orient basic groundwater policies 

and to adopt legal measures to ensu,re a fair distribution of the supply, reduction of 

water and conservation of this important resource. The legislation should clearly 

define the groundwater rights, the responsibilities of water authorities, control of 

groundwater exploration and development, allocation and distribution of water

supplies as well as water conservation and sanitation. 

The laws of groundwater rights in particular, and water rights in general 
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must be considered in addition to hydrogeologic environments. A groundwater 

right is a right, granted by law, to take possession ·of groundwater and to put it to 

beneficial use. Two aspects relating to groundwater development and management 

that require legislation are - (a) control and regulation of groundwater use to 

prevent over draft and mining of aquifers, and (b) prevention and control of 

groundwater pollution. 

a) Control and Regulation of Groundwater Use : 

Right of exploration for groundwater, either on public or private land 

should rest with government and be carried out by an authority approved by the 

government. The result of unrestricted groundwater development is that a stage is 

reached when the yield of every new well is derived by significantly reducing the 

yield of some other, or by capturing part of stream discharge and reducing water 

for irrigation or some other facility. In this process, a well owner previously 

enjoying an uninterrupted supply of water may find his well going dry or the 

water turning saline, forcing him to abandon the old well and sink a new one. 

Stream flow depletion may render useless costly diversion works, besides 

adversely affecting surface water supplies to lands situated along stream banks. In 

the absence of the groundwater law, there is no machinery to redress harm done or 

ensure equitable distribution of this precious resource. The lack of legislation in 

many countries is in part, due to resistance to subjecting one self to discipline in 

the utilization of the commodity that is elan vital, and in part due to the 

exploitation not reaching alarmingly high levels for the ill effects to be felt by 

society as a whole. Groundwater being a State subject, as per Entry 17 of List II of 

the Seventh Schedule of the Constitution of India, only States are empowered to 

enact laws to control and regulate groundwater exploitation. The Groundwater 

(Control and Regulation) Bill of 1970 envisages the setting up of a Groundwater 

Authority. The doctrines of the groundwater law applied in different States of 

India as well as the study area covers a wide ·spectrum of water rights, which are 

briefly cited as follows : 

~ . Any person wishing to have a well drilled on his land or on the land of the 



Conservation, Management and Planning 208 

third party, whether private or public, should obtain prior authorization 

from the approved authority. 

Any person drilling or constructing wells or deepening wells m his or 

another person's land should obtain a water well driller's licence from the 

gove:t;nment or administrative authority approved by the government. 

)> Wells should be drilled and built according to certain specifications m 

respect of diameter, casing, depth, material used and the like. 

The driller or the owner of the well should allow access to the well-site for 

inspection and provide available facilities for carrying out tests considered 

desirable by the authority concerned. 

Wells and water works for the supply of groundwater should be 

maintained in such a way as to comply with the condition set forth by the 

law. It should be the duty of a person owning springs or underground 

water for which he finds no use to code them against a reasonable 

indemnity for water supply service or any other public utility service. 

The water of underground channels, artesian basins, reservoirs or lakes, 

which have reasonably ascertained boundaries, should be declare~ to be 

public waters to belong to the public and to be subject to appropriation for 

beneficial use. When such declared basins have reached the limits of 

practical development, further appropriation should be stopped 

accordingly. 

For the allocation of water supplies, public health should be given priority 

over' other uses, which may be subsequently rated according to their status 

in the given area. 

The authority should likewise restrict over development of groundwater in 

any area, the development of the groundwater resources should be in 

accordance with the availability in a given area. 

Regulations may prescribe the planned utilization of groundwater basins 

for carry over storage, including necessary control of the pattern of 

pumpmg. 
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Regulations should be set forth to prescribe the control ai1d provision of 

recharge of depleted groundwater basins. The number, location, spacing 

and types of wells to be approved. 

The depletion of the wells may be controlled by the prescribed rate of 

pumping and declaration of complete appropriation. 

Near surface groundwater aquifers to a depth of 30 m or to a depth as 

decided by the approved authority on the basis of geological and 

hydrological conditions, should be prevented from being tapped by tube 

wells on a large scale. 

In recent years, availability of institutional finance for programmes of 

construction and energisation of wells has, while giving a fillip to 

exploitation of groundwater for irrigated agriculture, increased prospects 

of reaching a stage of critical overdraft in the not-too-distant future in 

some points of the country, if some sort of control is not exercised to 

prevent indiscriminate sinking of wells. According to the existing 

procedure, pending appropriate legislation, groundwater organizations of 

States are required to carry out water balance studies, on a block-level 

basis, in areas declared critical by the Central Ground Water Board. 1f it is 

found, on the basis of the studies, that adequate groundwater balance is 

available for further exploitation. 

b) Prevention and Control of Groundwater Pollution : 

Pollution control is possible if thorough investigation is made, prior to the 

disposal of effluents, as to its effect on groundwater quality. Further, if by 

legislation, discharge of effluents is licensed, it is easier to trace sources of 

pollution. Hence, to overcome this problem, Parliament has passed the Water Act 

1974 which is India's first to deal comprehensively with an environmental issue of 

vital importance. The concern of the government has been summarized in the 

'statement of object and reason' of the act. 

The problem of pollution of rivers and streams has assumed importance 
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and urgency in recent years as a result of the growth of industries and the 

increasing tendency of urbanization. It is, therefore, essential to ensure that 

domestic anaindustrial effluents are not allowed to be discharged into the water 

courses without adequate treatment and discharges would render the water 

unsuitable as source of drinking water as well as for supporting fish and for use in 

irrigation. Pollution of rivers and streams also causes in increasing the damage to 

the country's economy. 

Under the water Act'74 and its Amendment Act 1988, pollution has been 

explained in a comprehensive manner to include contaminatiop of water; 

alteration of physical, chemical or biological properties of water, discharge of 

sewage, trade effluents or any liquid, gaseous or solid substance into water as may 

or is likely to cause nuisance or render it harmful or injurious to public health or 

-safety, to domestic, commercial, industrial, agricultural or other legitimate uses, or 

to the life and health of animals or aquatic organisms. Disposal of pollutants in 

streams or 'subterranean waters' is restricted. 

Moreover, a Central Board of Prevention and Control of Water Pollution 

was constituted, according to this Act. The Act also provides for constitution of 

boards in the states. The functions of the Central Board are generally advisory, 

while the States have regulatory functions of inspection of effluents, plants and 

works, and the power to enforce the provisions in the Act and impose penalties. 

Finally it may be concluded that water is p·aramount for the survival of 
. E 

human race. The pollution of water has deleterious effect on the health of the 

people. A strict law and more rigorous enforcing machinery is the need of the 

hour. The role of the Board is not up to the mark. It is also realized that different 

punishment has also not achieved much success. The remedy lies in the evolution 

of participatory model of legal regime. It calls for a fresh look into the act to make 

it rriore effective. 

9.5 PLANNED DEVELOPMENT OF GROUNDWATER RESOURCES 

Groundwater is a critical resource in :much of the semi -arid or more arid 

parts of the country. It may set the limit on the use that man can make of the other 
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resources, and thus ultimately own the density of population and the standard of 

living that can be sustained in those regions. In the regions of abundant rainfall, 

however, water is not generally the. first of the natural resources falter. Nature 

generally provides a surplus of water in those regions where water flows to the 

sea, and this surplus can be put to many uses. Even here local shortages of water 

may develop, because of the failure to patterri the development and management 

in accordance with the availability of groundwater. The groundwater reservoirs in 

humid regions having adequate replacement are by no means devoid of 

groundwater problems. As the number of producing wells has increased, there has 

i~~bly been a lowering' of the water level or artesian pressure in many areas, 

witlf resulting decline or cessation of yield from production wells, and increased 

cost of obtaining water by pumping. Climatic cycles have caused concern in 

several areas because the sub-normal replenishment in a series of dry years has 

caused decline in water tables and artesian pressures and suggested the possibility 

of over development. 

The principal source of groundwater recharge in the Alluvial plain of the 

Terai belt of Darjeeling district (Siliguri sub-division) is the infiltration of 

precipitation. Other sources of recharge are seepage from surface water bodies 

like_ jhoras, ponds and tanks etc. and return flow from- applied irrigation. 

Contribution from influent recharge of negligible as the rivers flowing in the .area 

are generally effluent in nature. Block-wise dynamic groundwater resources for 

the investigated area as computed till the end of 1998 have been presented on 

Table-6.1, where total groundwater resources of the four blocks of Siliguri sub

division is 33,896.44 ha rnJ year. But the annual 'groundwater draft of the study 

area for different purposes is 4,367.80 ham (Table-6.4) and balance groundwater 

, available has been estimated to be 29,528.64 ham per year (Table-6.5). The level 

of groundwater development is 12.89 percent only, against the State's average of 

44 percent. As such, four blocks of the Siliguri sub-division hold promise for large 

scale groundwater development both for agriculture, domestic and industrial 

purposes. 

The precious renewable resources development in Darjiling district, even 

though in the study area is very low as compared to other districts of West Bengal 
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State. Groundwater is utilized in this area through dug wells, shallow tube wells, 

deep tube wells and hand tube wells for domestic, agricultural, livestock and 

industrial needs. But the level of utilization of the resource is significant now a 

day. There is need to develop groundwater resource for irrigation, domestic, 

livestock and industrial purposes substantial development could not be done 

inspite of easy availability of institutional finance due to ~illing hazards in 

boulde~ formations and prohibitive cost. Besides, the rainwater, which is availabl~ 

in abundance, goes wasted as a rejected recharge. Most of the urban and in very 

recent some of the rural areas, water supply is through deep tube wells and hand 

tube wells in Siliguri Municipality area, m and around Bagdogra, Naxalbari, 

Kharibari and Phansidewa area. 

The exploratory drilling in the study area has shown that large quantities of 

artesian water supply is available for utilization -in the Terai region. Powerful 

artesian aquifers are made with at relatively shallow depths in the northern parts 

of Terai and at a greater depths in southward direction. In the piedmont zone 

where the yield of the suitably constructed well is above 60 m3/hour, quite often 

yield decreases in the long run due to high concentration of iron in groundwater 

causing the encrustation of the tube well assembly made up of iron pipes and 

consequently choking the strainers. Use of fibre glass strainers or PVC well 

assembly is suggested to over this serious economic problems. 

In the alluvial plains small diameter shallow irrigation tube well of 45 to 

85 m depth tapping 12 tolS m thick sediments can yield 0.053 million cubic 

meters (MCM) of water. Irrigation through shallow tube wells has been found to 

be quite suitable as operation and maintenance is easily maneuvered by the 

cooperatives. However, while developing groundwater through shallow tube 

wells, proper care has to be taken in keeping safe spacing of the tube wells in such 

a way that these do not cause drying up of shallow dug wells which are the 

principal source of water supply for domestic purposes in villages of each block. 

Large scale groundwater development programme in the vicinity of river banks 

sl).ould be introduced for lowering of water table to a great extent in the lean 

period so that the thickness of unsaturated zone within the aquifer is increased. As 

a result, significant amount of recharge to groundwater can take place during 
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Figure-9.1 : Water Resources Management for Developmental Plan. 
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monsoon period and ultimately help to control the floods which cause devastating 

damage to the people and the property almost every year by the large rivers 

flowing through the hilly section, open up .in the plains. The withdrawal of 

groundwater in large scale in the lean period will also help in raising crops in 

post-Kharif season, thereby improving agro-economic condition of the area. 

From the field work analysis, it has been observed that during last one 

decade, hand pumps are replacing dug wells successfully mainly due to its two 

major advantages- (i) easy maneuverability and dependability in different land 

forms unit and (ii) geologic terrain. And quantitatively more than 10 percent of the 

total gn:mndwater draft in the study area is made through heavy duty of deep tube 

wells. The use of deep tube wells has the following advantages over other sources 

for serving the both domestic, irrigation as well as industrial sectors- (i) the cost

benefit ratio is favourable for supplying water from shallow tube wells, (ii) it can 

be developed near the source of supply. This is particularly important for domestic 

supply considering the settlement pattern of the area. In general, within a village 

the residential plots are clustered in hamlets which sometimes are widely spaced 

within a village and (iii) minimum gestation period. Another great advantage for 

domestic water supply is the quality of groundwater. The groundwater of the area 

needs no desiltation or disinfection or any other type of chemical treatment. 

During the last one decade there is constant increase in the number of 

DTW and in last 2 to 3 years, the area (especially in urban area) experienced a 

boom for construction ofDTWs. In the year 1988, the study area has a negligible 

number of DTW (less than 10 no.) which has- increased to 52 during the year 

1998. The density of the DTW is fairly high in Siliguri Municipal Area and in 

Phansidewa block. In the major portion of the remaining part of the study area, the 

density of DTW is very low. Though the share of DTW in providing irrigation is 

still very low except in 5 to 6 tea gardens in the study area, it is playing a 

commendable role in providing water in domestic and in some cases of industrial 

sectors. Population wise nearly 70 percent in urban and area wise more than 20 

percent have already been covered under pipe water supply from DTWs. 

Considering the pumping test data and local hydrogeology, the save distance has 

been considered as 2.5 km for 24 hours of pumping. Hence, the limiting number 
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DTW comes out as 6 with an unit (16 km2 treated as one unit). But the present 

development is quite below this number for most part of the area. 

Hence, the area has an ample scope for development of groundwater 

resources. A consideration of all aspects related to its exploitation indicated that 

the deep tube well is the most technically suitable and cost-effective structure to 

serve domestic, irrigation, as well as industrial sector. The other type of spot 

sources, that is hand pumps, dug wells and shallow tube wells may be useful in 

some critical localities, but broadly their role should be to supplement the deep 

tube well schemes. Two most important factor that control the number of DTW 

feasible in an area- (i) groundwater availability, and (ii) availability of space of 

installation. The average discharge of a explored DTW is observed as 7,500 to 

12,000 gallon/ hr (GPH) with an average running period of 8 hours in a day. The 

annual draft of each DTW comes to about 16 ha m. Considering the draft, the net 

recoverable recharge can be accommodate 335. deep tube wells. Due to 

topography and land form condition, the northern part is less suitable for sinking 

of deep tube well, whereas it is much more favourable in the southern part 

especially in the Phansidewa and Kharibari Blocks of the study area. Finally the 

greatest step towards the conservation vis-a-vis development would be to prevent 

large scale wastage of water by allowing the artesian wells to flow all the times. 

Putting a check valve on these, and regulating its use, wastage of water not only 

stop but also help to eliminate the marshy condition of the land around the wells. 

9.6 PROJECTION OF GROUNDWATER RESOURCES IN 2011 AD 

While water is a renewable resource, it is at the same time a finite 

resource. It is important to appreciate the fact that only 3 percent of the world's 

water is fresh-roughly one-third of which is inaccessible. The rest is very 

unevenly distributed. On one hand, water is used with abandon, on the other, 

available supplies of water have become increasingly contaminated with wastage 

and pollution from industry, agriculture and households. 

Over the years, rising population, growing industrialization, and expanding 

agriculture have pushed up the demand for water. Efforts have been made to 
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collect water by building dams and reservoirs and creating groundwater structures 

such as wells, somewhere have been tried to recycle and desalinate water, often at 

very high costs. However, there is a growing realization that there are limits to 

'finding more water'; in the long run, we need to. know the amount of water we 

can reasonably expect to tap and learn to use it more efficiently. 

Water resources planning for future projection has to be organically linked 

with the total socioeconomic planning. Hence, it is impossible to develop urban or 

rural water supply unless it is integrated with the total urban or rural development. 

The future plan of the renewable resources has been put forward, for the 

'investigated areas which takes into account the constraints in progress, the 

different type of consumption, the problems and their remedies ·through 

conjunctive and integrated use of water resources and the selection of an optimal 

system that best satisfy the objectives (Fig.-9.1). Water consumption and its 

requirement is very much proportionate to populations and other associates. So 

that, the demand for water is increasing rapidly with increasing rate of 

urbanization, agricultural and industrial development in the projected area. The 

projected demand of water for the period 1998 to 2011 AD has been estimated as 

270,471.24 ha m based on the trend of water uses, probable growth rates in 

population and livestock population and in the different sectors of the economy in 

the Country (Table-9.3). The projected water consumption as well as the 

requirements for different purposes in the study area are considered as follows : 

a) Requirements of Groundwater in 2011 AD : 

The annual as well as the total requirement of fresh water for the projected 

period of irrigation and the other requirements is continuously growing (Table-

9.3). The projected requirements of different purposes in 2011 AD are described 

below successively : 

i) Irrigation Purpose : 

The water requirements for the total cropping pattern in the investigated 
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area in 2011 AD have been computed at 390,236.55 ham based on factors like 

changing cropping pattern and a marked value of the agricultural products. For 

example, during 1992-93 to 1997-98, there has been an increase in the area under 

paddy, jute, potato, maize, lentil, pine apple, vegetable; whereas a decline rate has 

been recorded in the case of wheat and some other vegetables. As shown in the 

foregoing Chapter-VIII, rainwater meets 100 percent of Kharif and 36.74 percent 

of Rabi crop water requirements. Hence, irrigation water ~equired in a crop year is 

taken as zero percent of the Kharif and 63 .26 percent of the Rabi crop 

requirements. Thus, total irrigation water requirement in 2011 AD would amount 

to 262,117.08 ham that is 96.91 percent of the total requirements from all types of 

utilization in the study area, and it varies from 19,100.48 ham in Matigara block 

to 92,295.15 ham in Kharibari block (Table-9.3). 

ii) Domestic Purpose : 

Even after 50 years of independence, we are not able to provide adequate 

and safe drinking water to entire population. But in this context West Bengal 

State, condition is very good in position in the whole country. However it has 

been estimated at 6,797.65 ham i.e., 2.51 percent of the total requirements and 

·varies from 652.69 ha m in Kharibari block to 3,514.65 ha m in Siliguri 

Municipality Area (Table-9.3 and Fig.-9.2). The rural and urban requirements are 

Table- 9.1 :Projected Rural and Urban Population Water Consumption and Requirements (ham) 
. h d . 20 m t e stuly area m 11 AD. 

Type of Population Population 
Litres I day I head Annual in ha m 

Consumption Requirement Consumption Requirement 

Served with organized 
115670 115 145 485.52 612.18 '"(; water supply ... 

~ Not served with 
480243 90 115 1577.60 2015.82 

organized water supply 
Total ofRural 595913 - - 2063.12 2628.00 

Served with organized 
405080 205 265 3031.01 3918.14 t:: water supply "' -e Not served with ::l 53006 105 130 203.15 251.51 organized water supply 

Total ofUrban 458086 - - 3234.16 4169.65 
Grand Total 1053999 - - 5297.28 6797.65 

Source :Same as for Table-B. 7. Population for 2011 AD computed by extrapolation from the 1981 and 1991 Population 
Census Data, Darjilingdistrict, West Bengal, India. 
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respectively 38.66 percent and 61.34 percent of the total domestic requirements. 

They are calculated from the projected growth rate of population, both urban and 

rural, for the period of 1998 to 2011 AD, derived by extrapolation of the 

population census data of 1981 and 1991 of Darjiling district (Table-9.1). The 

rural water requirements have been computed at the rate of 145 litres per day per 

head (lpdh) for organized supply and 115 lpdh for unorganized supply, whereas 

the urban water requirements with organized water supply have been estimated at 

265 lpdh (Table-9.1). 

iii) Livestock Purpose : 

The livestock requirements have been computed to 1,298.51 ham which is 

0.48 percent of the grand total requirements, varying from 145.57 ha m in 

Matigara block to 521.57 ham in Phansidewa block (Tables-9.2 & 9.3, Fig.-9.2). 

They are projected through the population growth of livestock, as derived from 

census of 1990 and 1995. According to the existing trends, population of each and 

every type of domestic animals is on the increasing tendency. The average rate of 

water requirements for buffalo (125 lpdh) is the maximum and that for rabbit (01 

lpdh) is the minimum (Table-9 .2). 

iv) Industrial Purpose : 

The total industrial requirements of water have been calculated at 258 ha 

m which is 0.1 percent of the total requirements of the study area. It varies from 

17.75 ham in Kharibari block to 106.90 ham in Matigara block (Table-9.~). The 

actual number of medium to large scale as well as small scale industries and the 

industrial water demand during 1992-93 to 1997-98, has increased from 872 to 

1250 and from 151.32 ha m to 172.44 ha m respectively (most of the newly 

formed industries are the small scale and less water consumptive characteristics), 

registering a moderate growth rate in both the cases. The projected growth rates 

for the duration to 1998-2011 have been fixed at 60 percent of the study period 

growth rate. 
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Table- 9.2 : Projected Livestock Population, Water Consumptions and Requirements (ha m)in the study area in 20 II AD. 
[Upper Figure: Consumption;. Lower Figure: Requirements for column 09-13] 

Bolck-wise Livestock Population Water uses in lpdh Annual in ha m 

Livestock Type 
Matigara Naxalbari Kharibari Phansidewa Total Consumption Requirement Matigara Naxillbari Kharibari Phansidewa Total 

0 I 02 03 04 05 06 07 08 09 I 0 11 12 13 

Cross-breed cattle 700 910 1617 2142 5369 75 105 
1.92 2.49 4.43 5.86 14.70 

2.68 3.49 6.20 8.21 20.58 

Indigenous cattle 35111 39666 119168 124117 318062 60 95 
76.89 86.87 260.98 271.82 696.56 

121.75 137.54 413.22 430.38 1102.89 

2.68 3.22 8.50 14.87 29.27 
Buffaloes 735 881 2328 4074 8018 100 125 

3.35 4.02 10.62 18.59 36.78 

Goats 21907 27693 35605 . 70332 155537 05 15 
4.00 5.05 6.50 12.84 28.39 

11.99 15.16 19.49 38.51 85.15 

- 0.008 0.006 0.024 0.04 
Sheep - 46 32 132 210 05 15 

- O.D25 0.018 0.072 0.12 

- - 0.009 - 0.009 
Horse & Pony - - 08 - 08 30 60 

- - 0.018 - 0.018 

1.33 1.76 1.96 3.66 8.71 
Pou1tryBirds 48657 64470 71558 133695 318380 0.75 03 

5.33 7.06 7.84 14.64 34.87 

0.07 0.11 0.27 0.23 0.68 
Ducks 2588 4140 9755 8501 24984 0.75 05 

0.47 0.76 1.78 1.55 4.56 

- • - 0.003 - 0.003 
Rabbit - - 177 - 177 0.50 01 

- - 0.006 - 0.006 

- 0.09 1.28 3.21 4.58 
Pig - 168 2338 5856 8362 15 45 

- 0.28 3.84 9.62 13.74 

86.89 99.60 283.94 312.51 782.94 
Total 

- -- - 145.57 168.34 ~63.03_L_521.57 1298.71 

Sources: Same as for Table-8.8. Livestock population for 2011 AD computed by extrapolation from the 1991 & 1995 Livestock Population Census Data. 

)(· 

g 
~ 

~ -c:;· 
.:= 
~ :::: 
~ 
~ 
~ -§ 
~ 

~ 
§ 
:::: s· 
·~ 

~ 

"""" \Q 



Conservation, Management and Planning 220 

v) Total Water Requirements in 2011 AD : 

The Total Water Requirements in 2011 AD have been computed to 

270,4 71.24 ha m varying from 3,540.30 ha m m Siliguri Municipal area to 

93,428.62 ham in Kharibari block in the study area. 

b) Consumption of Groundwater in 2011 AD : 

On a United Nations projections India with a population of one billion will 

have a per· capita water availability of about 1,621 m3 instead of 1, 700 m3 in 1995 

by the turns of the century. Urban population in India grows at twice the rate of 

over all growth rate of population. A greater portion of urban as well as rural 

population will not have access to running water but have to be served either by 

vendors or by part-time service system The annual as well as the total 

consumption of standard water for the projected duration of irrigation and other 

uses is continuously growing up (Table-9.3). The projected consumption of water 

for different purposes in 2011 AD are described below : 

i) Irrigation Purpose : 

The total crop water consumption in the study area have been estimated at 

208,888.44 ha m based on the factors changing the cropping pattern and the 

agricultural product. In 1997-98, the consumption of irrigation water in a block 

varied from 17.64 percent in Nax.albari block to 73.97 percent in Phansidewa 

block of irrigation water requirements of the corresponding blocks. With the 

implementation of different tube wells schemes, canal projects, adaptation of 

conservation practices, including conjunctive use of surface and groundwater in 

the area and the advancement of socio-economic development of the study area 

during the different five year plans, it has been estimated that in 2011 AD the 

irrigation potential utilized by a block would be 53.40 percent in Matigara block 

to 87.96 percent in Phansidewa block of the irrigation water requirements for the 

corresponding blocks (Table-9.3). Hence, the total irrigational projected water 

consumption upto 2011 AD would be 208,888.44 ham which is, 97.08 percent of 
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the total expected consumption from all types of utilization in the investigated 

area (Table-9.3). 

Table-9.3: Total Projected Water Consumption and Requirements (ham) in study area in 2011 
AD. [Upper Figure: Consumption; Lower Figure: Requirementsl 

Name of 

ff 
Siliguri 

Matigara Naxalbari Kharibari Phanside 
%of 

c Municipal 
Block Block Block wa Block 

Total the 
Corporation Total 

e 
Irrigation - 10199.03 54243.21 75635.95 68810.25 208888.44 97.08 

- 19100.48 72489.23 92295.15 78232.22 262117.08 96.91 
Domestic 2730.60 605.53 676.48 480.94 803.73 5297.28 2.46 

3514.65 743.69 846:24 652.69 1040.38 6797.65 2.51 
Livestock - 86.89 99.60 283.94 312.51 782.94 0.36 

- 145.57 168.34 463.03 521.57 1298.51 0.48 
Industrial 22.20 79.25 42.53 14.37 48.56 206.91 0.10 

25.65 106.90 49.02 17.75 58.68 258.00 0.10 
Total 2752.80 10970.70 55061.82 76415.20 69975.05 215175.57 100.0 

3540.30 20096.64 73552.83 93428.62 79852.85 270471.24 100.0 

Note : Irrigation Water Consumption and Requirement in a Crop Year is taken 63.26 % of the Rabi Crop Water 
requirement, the rest being made up from precipitation. 

Sources : Computed from the Data presented in Tables-9.1, 9.2 and foregoing chapter's Tables-8.5, 8. 9, 8.10 & 8.ll. 
/' 

(ii) Domestic Purpose : 

It is difficult to estimate the proportion of population that had access to 

clean drinking water at the time of independence. But it could be assumed at the 

time of independence, piped and treated drinking water was available only in 

cities and only to 48 percent of those who lived in them At the end of 1991, the 

figure was 86 percent and by 1994-95, as much as 82 percent of the rural 

population was covered (CWC, 1996). Certainly, about 81 percent ofthe countries 

of total population has accessed safe water (Centre for Science ~nd Environment, 

1997). But in the study area, the domestic water utilization in 1997-98 has been 

52.90 percent of the requirements. With the increasing population of the area and 

with the implementation of rural and urban water supply schemes, it has been 

computed that 77.93 percent of the requirements would be fulfilled by 2011 AD. 

Hence, the total water consumption for the domestic purposes in 2011 AD w~mld 

be 5,297.28 ha m which is 2.46 percent of the total expected utilized water 

varying from 480.94 ha m in Kharibari block to 2,730.60 ha m in Siliguri 

Municipal Corporation area (Tables-9.1 & 9.3; Fig.-9.2). 
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(iii) Livestock Purpose : 

The livestock population is sharply increasing in each of the block of the 

study area, and the water consumption by 2011 AD would be 782.94 ham which 

is 0.36 percent of the total expected consumed water varying from 86.89 ham in 

Matigara block t~ 312.51 ham in Phansidewa block. Thus, 60.30 percent of the 

livestock water requirements of the study area would be fulfilled systematically 

(Tables-9.2 & 9.3, Fig.-9.2). 

(iv) Industrial Purpose : 

Till now the area has not grown up as an industrial area. Though the total 

number of industry is increasing sharply, but no remarkably heavy or large 

industry have been established here during the last five years except the existing 7 

medium to large scale industry from the early date and most of the industries are 

non-consumptive water based of small scale industry. Depending upon the 

expected rate of development, it has been estimated that about 80.20 percent of 

the total industrial water requirement would be fulfilled by 2011 AD from the 

available water resources. Thus, the amount of water consumed would be 206.91 

ham i.e., 0.10 percent of the total expected consumed water from all types of uses 

(Table-9.3; Fig.-9.2). 

(v) Total Water Consumption : 

The total expected water consumption in the investigated area in 2011 AD 

has been projected at 215,175.57 ha m; which is 79.56 percent of the total 

requirement in the same year; varying from 2,752.80 ham in Siliguri Municipal 

Corporation Area to 76,415.20 ham in Kharibari block area. 

CONCLUSION 

The foregoing analysis of this Chapter presents the relative importance, 

scheme and suggestions for future development of groundwater resources. A 

conjunctive use of the surface and groundwater resources management and 
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various conservational practices, suited to the area, in the context of problems 

made within the area have been recommended. Water losses from over irrigation 

can be checked by volumetric charging for water, educating the farmers and land 

owners about its adverse consequences and providing them assured or rational 

supply of water. Losses from domestic, livestock and industrial uses can be 

checked by creation of general awareness amongst the people of the study area. 

The emerging issues in the management of water resources are chiefly of 

identifying and examining alternative institutional and policy arrangements. In the 

context of groundwater, the real issue is not over exploitation but management of 

groundwater to address a wide array of environmental, equity and sustainability 

concerns. At the same time, the role of improved technology in· augmenting the 

carrying capacity of water resources to be looked at. A model for water resources 

management plan has been designed for the study area. It takes into account, the 

constraints in developments, the various modes of uses, the several problems and 

their remedies through conjunctive and integrated use of water resources. 

There is enough scope for the development 'of the groundwater resources 

in the stUdy area either by bringing new areas under the tube well pumping 

scheme or by additional development in the existing tube well areas by, firstly, 

increasing the tube well running hours and secondly, by installing more than 335 

DTWs. The projected total water requirements by 2011 AD has been computed to 

about 270,000 ham for different purposes, of which 79.63 percent i.e., 215,000 ha 

m has been computed for expected consumption in 2011 AD. All these model, 

thought and ideas, awareness, planning etc. have been sum up in the next Chapter 

systematically. 
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CHAPTER-X 

SUMMARY AND CONCLUSION 

The region selected in the present study encompasses a part of Darjiling 

district with an area of about 832.11 km2 lies in the northern part of the State 

of West Bengal, India. It is bordered on the north by Sikkim State, on the east by 

Jalpaiguri district of W. B. state and Bangladesh, on the south by Uttar Dinajpur 

district of W. B. and Bihar state and on the west it is bordered by Nepal having 

latitude 26°26' to 26°50' N and longitude 88°05' to 88°27' E. The study area has a 

special strategic importance· so far as geographical location is concerned. The 

reported work on there hydrogeological aspects as also the published information 

is scanty. No systematic appraisal. of the terrain is available interms of aquifers 

potentiality, groundwater quality and their proper utility. Information is also 

scarce on classification of groundwater for irrigation purpose, &roundwater 

storage in relation to demand of water supply, as also on the delineation of fresh 

and saline water aquifer zone within the Terai region. Hence, the present study 

thus was undertaken to arrive at a integrated hydrogeological picture. Moreover, 

the development of the agro-economic conditions of the district is desirable as the 

majore part of the population are earning their livelihood through agricultural 

activities. 

The study area IS a monoclinal structure, more or less parallel to the 

foothill of the Lesser Himalayas in the north. It extends for about 3 5 kms in length 

and 24 kms in width. The general slope of the area is north-east to south-west 

direction having ranges from 0°54' to 22°58'. The average surface elevations along 

the N-S direction are respectively 350m and 30m above mean sea level. 

Geomorphologically, the area may be divided into three major units and a number 

of microunits. The major units are : a) the hilly structures, b) the piedmont plains 

and c) the Terai plains. The hilly structures are observed in the northern part of the 

study area where Siwalik formations are forming hogbacks and cuestas having 

high relief of rugged profile with some structurally controlled drainage. Long 
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slopy lands from the hills to the rivers known as piedmont plains which are 

originated from the materials of the Siwalik as well as the Lesser Himalayas. The 

Terai plain occurs south of the piedmont plains with a gentle southernly slope. 

The junction of the terai plain and the piedmont plain is well marked by the 

presence of a spring line from where a number of springs originate and also 

separating the alluvial fans from the hills. 

The area is drained by a number of perennial rivers and rivulets. Among 

these Mahananda, Panchanai, Balasan, Buri Balasan and Mechi are well known 

which originate from the Himalayas as well as piedmont plain through seepage. 

Most of the rivers are shallow in depth but are highly torrential in rainy season. 

Because of the steep slopes there rivers built up alluvial fans after debauching on 

the plains. There is a general tendency of eastward migration of the drainage 

channels due to tectonic activities. In plains, the rivers have often shifted as much 

as 5 km. during the last 50 years. 

The climate ofthe study area is pronounced the continantal characters i.e., 

extreme summer heat alternate with extreme winter. In the north, snow clad 

mountain ranges and peaks of the Great Himalayas stand as a natural barrier and 

influences the pricipitation and other weather conditions in the investigated area. 

The average annual rainfall of 22 years is 3,339 mm. with 133 rainy days. Heavy 

rainfall causing landslide in hilly region accompanying hail strom and all the 

rivers carry a huge amount of eroded meterials with water due to high velocity 

tow:;rrds down streams. Summer is hot in the plains while it is reasonably cool in 

the hills. May-June is the hottest .months and December-January is the coldest 

months when the maximum temperature rises upto 39°C and the minimum 

temperature touches below 7°C. The atmosphere is highly humid with relative 

humidity ranging from 80 to 83 percent in rainy season while it is less humid in 

winter season ranging from 68 to 70 percent. The rate of evaporation is maximum 

in April-June and minimum in the month of January. 

The soils of the study area vary from podzol to T.erai soils. The podzol or 

forest soils in the hills· are brown while those in the Terai are deep black, and grey 

black. Due to severe leaching by rain and presence of good amounts of organic 

matter, the soils in the plain is very porous and acidic in nature with pH value 



Summary and Conclusion 226 

ranging from 5.0 to 6.2. The water retaining capacity of this soil is very poor. The 

fertility status of the soil in respect of nitrogen, phosphate and potash are medium 

to low. The podzol soil which is also acidic in nature with pH ranging from 4.5 to 

5.5 is found in the hilly structures. This soil is suitable for cultivation of tea. 

The major part of the area is coverd by cultivable land and the land use 

pattern of the study area shows that there has been reduction of total land 

utilization in forest, net sown and gross cropped area during the last 50 years. 

However, the trend towards deforestation in the study area for growing 

urbanization and upcoming small scale industries has considerable impacts on 

ecological balance, and exposes large area to serious soil erosion. The availability 

of cultivable land in the study area is maximum and is of the order of 432.02 km2 

where paddy, jute, maize, wheat, lentiles, mustered and vegetables are grown. 

Now a day, a huge amount of pineapple orchards are cultivated. The forests and 

tea gardens cover an area of about 217.46 k.m2 and 185.7 6k.m2 respectively. 

Due to hilly nature, the irrigation practices in the Terai area involve both 

from surface and groundwater sources. An area of about 46,395 hectares fall 

under irrigation of which surface water mainly rainfall, rivers and canals cover 

3 7,822 hectares and the rest 8,573 hectares by groundwater through different 

types oftubewells and dugwells as recorded during 1997-98. With the completion 

of first phase of Mahananda Barrage Project, the irrigation is likely to get big 

boost as an area of over 12,000 hectares is espected to be brought under irrigation. 

Because of rapid increase of population and continuous decreases of cultivable 

land and problems of different natural calamities, the farmers are trying to 

produce more crops for the fulfilment of the rising demands for the present 

requirements of the study area through a number of popular chemical fertilizers as 

well as pesticides and insecticides. 

Geology plays a vital role for groundwater determination and its 

potentiality. The groundwater movement is inter-related with the lithology, 

structures and their control. In the present area, the geological formations consist 

of unconsolidated alluvial sediments of Quaternary age confined to high level 

terraces and piedmont plains, unaltered semi-consolidated sediments of the 

Permian and the Tertiary era in the foothills. The sub-surface lithological 
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disposition in the unconsolidated sediment of the piedmont plains has been 

deciphered from the borehole data of a few deep tubewells constructed in the area. 

The maximum depth for which sub-surface information is available is down to 

219m. below ground level. On the basis of the lithological logs it can be 

concluded the sediments consisting of alternations of clay, sand, gravel, pebble, 

boulder etc. have been deposited cyclothemically. Each cyclothem is represented 

by gravel to coarse sand at the bottom and clay at the top. Two to three such 

cyclothems have been recognised in the area. The thickness of the sediments 

decreases towards the north where gravels, cobbles, pebbles and boulders are 

predominant. Landsat interpretation of the study area was carried out with the 

objectives to locate all possible geomorphostructural features. All these features 

have very important bearing on the groundwater conditions. The present study has 

provided an unique opportunity to understand broad hydrogeological characters of 

the study area. 

The groundwater hydrology in the Terai region is profoundly influenced 
I 

by the rainfall. The statistical analysis of 22 years of rainfall data has revealed that 

rainfall of the study area is of monsoon type, the major part of which is due to 

south-west monsoons. The· concentration of rainfall in any year in the four-month 

period of June to September, which accounts for about 80 percent of the total 

annual. The long-term average arinual rainfall is· recorded about 3,968 mm which 

is adequate and the second highest rainfall in the Indian Subcontinent. The 

variation in rainfall, both with respect to time and space, is rather low. The 

frequency of occurrence if heavy falls of rain too is quite low. The study area is 

essentially an undulating plain, sloping almost imperceptibly southwards and 

ranges from 0° to 23 °. The maximum and minimum surface elevations vary 

. between 200 m and 60 m above mean sea level in a distance of 3 7 kms in the 

north to south direction of maximum surface gradients 1 in 23. The area does get 

somewhat broken up by the slightly elevated tracts or interfluves separating the 

drainage basins, or by the slightly lower ground along the stream courses. A 

uniform distribution of land area, with respect to its elevation above mean sea

level is revealed from the area-height and hypsometric curves. The stream order 

and drainage density values are extremely variables i.e. from 1 to 4 km./ km2 • 
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The three perennial rivers-Mahananda, Balason and Mechi, their 

tributaries, and a large number of ponds, tanks and jhoras are the main sources of 

surface water supply, tapped through a network of canals. On the other hand, the 

chief source of groundwater is the rainfall. The recharge to groundwater body is 

mainly through rain water by the return seepage of irrigation water and downward 

percolation of stream run-off are also the sources of groundwater supply, tapped 

through a number of different types of well. 

The principal hydrologic properties of a rock formation i.e., porosity, 

specific yeild and permeability, control its capacity to hold, deliver and transmit 

groundwater. From the mechanical analysis of the tubewell samples, a general 

uniformity is revealed all over the study area, both horizontally and vertically i.e. 

the hydrologic properties of soils and water-bearing material of the area have been 

determined. It is found. that porosities of soils and water-bearing materials are 

repectively 41 percent and 40.5 percent. The specific yeild , specific retention and 

coefficient of permeability of good water-bearing formations in the area are 

respectively 31 percent, 9.5 percent and 0.005m3 per minute. On the other hand, 

the soil have an average specific yeild of 18 percent, specific retention of 23.5 

percent, wilting coefficient of 12 percent by weight, hygroscopic coefficient of 10 

percent by weight and 46 percent by weight of water available for growth which 

confirm that soils in the alluvial tract of the study area are of very rich description 
I . 

and agricultural development of the area thus can successfully be achieved. The 

good water-bearing formation in the piedmont as well as the alluvial tract of the 

study area is expected to meet at an economic depth that is between 79.20 m and 

124.53 m below the ground surface and is having an average thickness of 105 

metres. The storage capacity of groundwater reservoir, which can freely yeild 

water, in the study area is 1,10,70,000 m3
/ km2 and is, therefore, the groundwater 

reservoir is having an enormous capacity. 

The groundwater, being unconfined, occurs under water table conditions, 

at least upto the depths reached by the deepeast well i.e. 219m. in the area of 

~nvestigation. The water table is an indicator of the hydraulic conditions prevailing 

in the zone of saturation. The frorri of water table is largely controlled by 

topography: the depth increasing from higher ground or interfluves towards the 
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adjoining ~treams. The water table stage fluctuations are being significantly 

influenced by seasonal variations in recharge from rainfall and tubewell pumping 

with respect to time. Generally, the water table in the piedmont plain is deeper 

than that of alluvial plains and average level ranges between 4m. and 6m. bgl. 

during the postmonsoon period and it varies during the premonsoon period from 

8 m to 1 0 m bgl. Seasonal fluctuation of water table is also higher in this plain 

ranging from 4m. to over 6m. In the alluvial plain the water table generally varies 

from 2m to 6 m b.g.l during premonsoon period and 0.75 m to 4.5m b~g.l during 

the postmonsoon period. The seasonal fluctuation of water table in this plain is 

restricted within 2.5 m only. In marginal areas between 'Bhabar' and 'Terai', 

behaviour of water levels show general low fluctuation in pre and post-monsoon 

seasons. The long term trend of water levels indicate that the declining and rising 

trend is restricted with in 1m. only during the last 10 years (1989-1998) and hence 

it can be sum up that no deliterious effects have developed in the area. 

The movement of groundwater of the study area confirms to the north to 

south direction of surface gradients. The quantity of groundwater flow is 

moderately high to high owing to the fact that the hydraulic gradient in the area 

varies widely. In Trihana-Ambari tract the steepest hydraulic gradient of 10 m 

per kill is recorded . A steeper hydraulic gradient of 4 m per km is observed in 

Naxalbari-Kharibari section whereas, it is about 1 ml km2 in Siliguri-Sukna 
I 

section. But, interfluve area of the Mahananda- Chenga has a more flat hydraulic 

gradient of less than a metre per km where groundwater flow is towards SSW. 

Based on the available lithological log data of exploratory and other boreholes 

drilled in the area, it is observed that aquifer zones considerable thickness are 

present within the depth span of 105m with yeild prospects above 150m3/ hr with 

a drawdown of3.66 m to 12.20 m. The transmissivity values range between 85.25 

and 425.16m2
/ day: 

Groundwater recharge in the study area occurs from local rainfall 

seepage from surface water bodies, recycled water from applied irrigation and 

groundwater inflow. Whereas, the groundwater discharge is mainly due to 

withdraw! of groundwater for irrigation purpose by means of tubewells and 

dugwells, losses due to natural seepage, evapotranspiration and groundwater 
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outflow. The inflow is almost equal to the outflow. The 'water table' and the 

'general inventory' methods have been used in the present study for a quantitative 

determination of recharge. But the volume of groundwater withdrawn by tubewell 

pumping per unit area has been calculated both from a consideration of the water 

table decline due to pumping and the portion of groundwater inflow intercepted by 

pumping and from the average discharge and number of running hours per 

tubwell. A study of the water balance, involving water surplus and deficiency 

estimations, becomes highly significant in the present investigation. The average 

annual rainfall which is the chief source of groundwater recharge of the study area 

is almost same and from the well-hydrograph it is observed that the recharge of 

groundwater is also same and during last few years it is somewhat increased. But 

in comparison to increasing of discharge since 1992, the rate of recharge is not 

significantly increasing, and the area suffers locally from some of the water table 

releted hazards only because of large scale abstraction of groundwater due to 

irrigation - mainly tea plantation and very recently industrial purposes. Based on 

ARDC norms groundwater balance has been calculated block-wise and based on 

these compilations developed and undeveloped blocks have been identified. The 

gross total groundwater resources of the four blocks including the SMC of siliguri 

subdivision is 48,817.94 ham per year, and the net annual druft is 18,951.46 ham 

per year and balance groundwater resource potential is 30,866.48 ham per year. 

Level of groundwater development in the area is 38.82 percent which is not so 

insignificant. Thus, overall study in the area of 832.11 km2 indicates that, till now 

there is no deficite, found in the projected area, but one thing is observing i.e.the 

rapid increase of the progressive annual discharges through different uses. Hence, 

there is a very good scope for large scale groundwater development in these four 

blocks including SMC for different uses. 

To study the chemistry of the groundwater occuring in different litho-Units 

of the area and to define and decipher the chemestry of surface water and 

groundwater and its variation with depth. Detailed groundwater sampling:has been 

carried out for complete and partial analysis. Attempts have been· made to identify 

the study area having salinity, pollution and suitiability of groundwater for 

different uses-agricultural, drinking and industrial purposes. Chemically, 



Summary and Conclusion 231 

groundwater in the study area is fresh and potable having low chloride 

concentration except three dugwell samples which varies from 05 ppm to 380 ppm 

and average value is 57 ppm. The pH variation in this area is 6.80 to 7.85 

indicating the alkaline nature of water. The specific conductance of groundwater 

ranges from l 03 to 2100 micromhos/ em at 25°C of which 48 percent of the total 

samples are safe water under all conditions. 

Normally, carbonate ions are not available in groundwater of the study 

area. But the range of bi-carbonate in groundwater is from 21 ppm to 545 ppm, 

whereas 70 percent of the total samples belong to low concentration group. The 

hardness of water in the area ranges from 35 ppm to 220 ppm belongs to 

moderately rard to hard water class. On account of their hardness, the water of the 

study area is not generally good for use in boilers and water heaters. The 

invistigated area is seriously affected by the iron component which ranges from 

0.02 ppm to 9.24 ppm and from 0.12 ppm to 0.5 ppm in groundwater and 

surfacewater respectively. Except the filtered and Iron Elemination plant (IEP) 

deep tubewell water samples and surface water samples, all other samples have 

the much higher concentrations of iron of the standard permissible limit. Most of 

the dugwell water have the iron concentration upto 2.3 5 ppm. The maximum iron 

concentration is occurred at the upper side of the study area and is located at some 

places in the shallow aquifers (ranges from 2.05 ppm to 9.24 ppm) and in the 

deeper aquifers of 'Terai' plain. For the safety of human life as well as other 

animals, this higher concentration of iron can be removed by simple aeration and 

elimination or carbon-di-oxide followed by sedimentation and filtration. Excess of 

iron can be treated with lime. Contact oxidation and zeolites can also aid in 

eliminating iron. Depending upon the permissible limit of other chemical 

components of groundwater- TDS, Ca, Mg, Na, K, As, B, S04, N03, F, SSP, 

RSC, SAR and PI, more than 60 percent of the water samples have been classified 

as excellent to good quality of water and the rest are classified as good to 

permissible quality for agriculture, domestic, livestock and industrial uses. 

Different types of wells are the most significant means of irrigation, 

accounting 34.23 percent of NAI in 1997-98 of which the maximum utility is by 

means of state shallow tubewell (13 .60 percent) and the minimum uses by means 
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of dugwells with pump (0.66 percent); Govt. canal accounted for 32.61 percent; 

private canal accounted for 10.99 percent, RLI is by means of9.84 percent and the 

rest 12.33 percent came under ponds, tanks, rivers and jhoras. There is a 

significant change during the last five years period in the relative signeficance of 

irrigation by canals, wells and others, but the area under irrigation by STW and 

canals has registered a very significant mainly at the low cost of construction of a 

STW, is quite within the means of an average farmer, increase in infrastructural 

facilities like rural electrification and institutional credit, introduction of HYV 

seeds and implimentation of land reform measures are the contributary factors and 

the same reasons and factors are applicable in case of canal irrigation by different 

means. The GAI has increased from 54.69 percent in 1992-93 to 55.64 percent in 

1997-98 due to development of irrigation facilities. The total water use in the 

study area in 1997-98 was to 22,405.15 ham which was 9,293.68 ham in 1992-

93, registering an increase of 141.08 percent. In 1997-98, as much as 90.72 

percent was used in irrigation, followed by domestic, livestock and industries to 

complete the rest of the percentage. The· total water requirements in the study area 

in 1997-98 had been estimated at 48,150.10 ham, which was 23,601.44 ham in 

1992-93, registering an increase of 104.01 percent, whereas, the maximum water 

requirments involved for irrigation purposes (92.07%) and is followed by 

domestic, livestock and industries. Thus, the intensity of water utilization (total) 

has increased from 11.17 ha rnJ km2 in 1992-93 to 26.93 ha rnJ km2 in 1997-98. 

Whereas, the water requirement intensity has been changed 28.36 ha rnJ km2 in 

1992-93 to 57.87 ha rnJ km2 in 1997-98. 

Waterlogging, drought, soil salinity and alkalinity, water table depletion 

over exploitation, land subsidence, legislative dimension are the main problems 

related to or arising out of water use in the area. Being situated in the lowermost 

part of Darjiling Himalayan foothill i.e. with in the Terai region, the study area is 

more or less prone to waterlogging causing extensive damage to property. During 

the 22 years period of 1978-99, the study area has experienced only moderate to 

low droughts. Soil salinity and alkalinity are not of much significance in the area. 

Due to overextraction of groundwater, water table depletion and land subsidence 

are of continuous local problems in the area of investigation. As the area is 
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covered by a number of tea plantations and tea industries and the owners are busy 

to fulfill their business demand through the over extraction of groundwater 

without any consideration of the surrounding inhabitants, hence for the protection 

of the villagers, water pollution and water extraction rules and regulations should 

b'e execute properly and strictly. 

The development of water resources for their optimum use involves proper 

planning and conservation of the resources. There is a need for conjunctive use of 

surface and groundwater resources. The irrigation water losses are due to 

application losses on the fields, following adoption of faulty irrigation practices 

lil~e over irrigation and seepage from canal system. Water losses from over 

irrigation can be checked by volumetric charging for water, educating the farmers 

about its adverse consequences and providing them assured or rotational supply of 

water whereas those from canal seepage can be checked by lining the canals. 

There is also need for adoption of better methods of irrigation like drip and 

sprinkler irrigation which is now using widely only in the tea plantations. The 

greatest step towards the conservation vis-a-vis development would be to prevent 

large scale wastage of water by allowing the artesian wells to flow all the time. 

Putting a check valve on these and regulating its use would not only stop wastage 

of water but could help to eleminate the marshy conditions of the land around the 

wells. Losses from domestic, livestock and industrial uses can be checked by 

creation of general awareness within the inhabitants of the study area. There is 

eno~gh scope for the development of the groundwater resources in the study area 

either by bringing new areas under the tubewell pumping scheme or by additional 

development in the existing tubewell areas by, firstly, increasing the tubewell 

running hours and secondly, by installing more than 335 DTWs. 

A model for water resource management plan has been designed for the 

study area. It takes into account, amongst others, the constraints in developments 

the various modes of uses, the several problems and their remedies through 

consumptive and integrated use of water resources. The projected total 

requirements by 2011 AD has been computed to about 270,000 ham of which 

96.91 percent for irrigation; 2.51 percent for domestic; 0.48 percent for livestock 

and 0.10 percent for industrial uses, depending upon the trend of water utilisation, 
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expected population as well as livestock growth rates and in different sectors of 

economy. These requirements would be normally fulfilled from the available 

water potential in the study area. The total water expected to be consumed in 2011 

AD has been computed at about 215,000 ham that is, 79.63 percent of total water 

requirements. 
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APPENDICES 

APPENDIX- I : Locality index of the study area 

SILIGURI- PS 20 Ruhinir Chhat 46 Malabar 

Siliguri Municipal 
21 Kho Palasi 47 Mahish Mari 

Corporation 22 Jhau Guri 48 Jadu Bhitar Chhat 

JL. No. Name of Village 
23 Jhau Guri Chhat 49 Damra Gayer 

24 Raj Pairi 
Chhat 

85 Manda! Guri 25 . Chamta Guri 
50 MahatRam 

Chhat 51 Uday Sing 

MA TIGARA-PS/ BLOCK 
26 Chamta 52 Shalbari Chhat 

27 Panchanai 
Pratham Khanda 

+ JL. No. Name of Village 28 Nunu Bairagi 
53 Dhukuria 

Sitong Forest 29 Nunu Bairagi 
54 Nichit Pur 

2 Sivok Hill Forest Chhat 55 Banida Khari 

3 Sivoke Forest 30 Mohorgon Tea 56 Guria 

4 Champasari 
Garden 

57 Nimai 
Forest 31 Purba Karai Barir 

58 Jugi Bhita Chhat 
5 Mohanadi Forest 59 Pancha Kul Guri 32 Galmakhari 
6 Sukna Pratham 60 Go uri 

Khanda 33 Shal Bari Chhat 

7 Sukna Forest 
Dwitia Khanda 61 Pataner Chhat 

~' 

8 Kamala Barir 
34 Champasari 62 La! Sara Chhat 

Chhat 35 Champasari 63 Dumri Guri 
_..,. 

9 Khoklong Chhat 
Chhat Chhat 

10 Paharu 
36 Dura Marir Chhat 64 Batali Guri 

11 Chotta Addal Pur 
37 Purba Pasunath 65 Lachka 

Barua 
12 Khok Long 

66 Rangia 
38 Pachim Pasunath 

13 Bara Adalpur Barua 67 Nengti Chhara 

Dwitiya Khanda 39 'Karai Bari 68 Tari 

14 Khaprul 40 Daria Gramer 69 Jitu 

15 Patanjharer Chhat Chhat 70 Bairati Sal 

~ 
16 Pulbari Chhat 41 Sisa Bari 71 Bara Mohan Sing 

17 Patan Chhat 42 Rupan Chhat 72 Kawakhari 

-j- 18 Patan 43 Pal ash 73 Pelku 

19 Fulbari Pataner 44 Kal Kut 74 Thiknikata 
Chhat 45 KalaBari 75 Kauakhali 
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76 Kalam 21 KilaRam 52 Maha Sing 
~ 

77 Pati Ram 22 Kamala 53 Atla 

'78 Tomba 23 Ketuga Bur 54 Lakshmaner 

Matha Pari 24 Fakna 
Chhat 

79 

80 Mati Gara Hat 25 Budh Karan 
55 Lakshman 

81 Gaur Charan 26 Geni 
56 Deomani 

-
82 Bar~Oharia 27 Naxal Bari 

57 NandaLal 

83 Dakni Kata 28 DayaRam 
58 Tepu Chamaru 

84 Fout Singher 29 Nehal 
59 Omi 

Chhat 
30 Chhota Mani 

60 Gazi Ram 

86 Ujanu Ram 61 Bir Sing 

NAXALBARI-PS 
31 Dhakna 62 Dhani Banir 

/BLOCK 32 Bhim Ram 
Chhat 

-1- JL. No. Name of Village 63 Dhani Bani 
33. Uttam Chand 

Mechi Forest 
34 Hida Bhitar 

64 Huchai Mallik 

2 LohagarTea Chhat 65 Deoan Bhitar 
Garden 35 Uttam Chanded 

Chhat 

3 Lohagar Forest Chhat 66 Jamidar Guri 

4 Manjha Tea 36 Mudir Jangal 67 Jamidar Gurir 
Garden 

37 Sat Bhaia 
Chhat 

5 Rang Mohan 38 Ghusuru 
68 Bhelu 

6 Bara Chenga 
39 Raghu Ram 

69 Loha Sing 

jf' 7 Mara Pur 
40 Nimu Bhitar 

70 Mir Jangler 

8 Chhota Chenga Chhat 
Chhat 

9 Nipania 41 Min Ghara 
71 Sirsia Tea Garden 

10 Mir Jangla 42 Min Gharar 
72 Belgachi 

II Jhabar Chhat 
Chhat 73 Udiarip 

12 Suraj Barer Chhat 
43 Garmmanir 74 Kadma 

Chhat 
13 Amar Sing 

75 Ordterai Tea 
44 Gramm ani Garden 

14 Siubar 45 Damdama 76 Pani Ghata 
15 Chhota Ganjer 46 Bair Bhita 77 M.M. Terai 

Chhat 

16 Chhota Ganja 
47 Raghu Ramer 78 Trihana Tea 

Chhat Garden 
-~ 17 Pata Ram 48 BhakatRam 79 Tepra Bhola 

18 Suraj Bar 49 Mangal Sing 80 Dalkajhar Forest 
-~ 1~ Suraj Bar Forest 50 Baraj Haru 81 Panta Pari Forest 

20 Bara Maniram 51 Sebdela 
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82 Bauni Bhitar 7 Jiban Sing 42 Bagha 

*' Chhat 8 Sahebu Ram 43 Debu Ram 
83 . Dhemal 9 Shyam Dhan 44 Bhog Bhita 
84 Panta Pari Forest 10 Chayan Sing 45 Budh Sing 

85 Tara Bari Chhat 11 Paschim Ram 46 Ful Bari 
86 Tara Bari Bandh 47 Ful Barir Chat 
87 Bauni Bhita 12 Chuni La! 48 Jor Pakari 
88 Batla Bari 13 KungarPur 49 Pantha Bari 
89 Pashchim Karai 14 Jama Tulia 50 Munjaya 

Barir Chhat 15 Bad ora 
Tukria Jhar 51 

90 Maya Ram 16 Balahi Jhora Forest 
91 Bara Bhita 17 Kela Bari 52 Sub a! 
92 Kamal Pur 18 Alok Jhari 53 Dangar Bhita 

-1· 94 Dumri Guri 19 Barsad Bhita 54 Rangali 
95 Rup Sing 20 KishorDoba 55 Sing Bhita 
96 La! Man 21 MaynaGuri 56 Dhulia 
97 Bhujia Banir 22 Tad 57 Dhuliar Chhat 

Chhat 

98 Bhujia Bani 
23 Chiku 58 Dakua 

99 Dakshin 
24 Khopalashi 59 Tharu Bhita 

Bagdogra 25 Gadhira 60 Dagdhu 

100 Puti Mari 26 Khunia Pukhari 61 Jatru 

;>~c" 
101 Raja Jhar 27 Bilakshu 62 Bura Ganja 

102 Bharat Sing 28 Dub a 63 Hati Doba 

103 RaniDanga 29 Bairagi 64 Badal Bhita ,._ 
104 . Shai Bhita 30 RangMuni 65 Deoan Bhita 

105 Ranga Pani 31 Gayen 66 Subal Bhita 

Uttar Bagdogra 32 Debi Ganja 67 Nazir 

KHARIBARI-PS/ 33 Bhajanpur 68 Dudha 
BLOCK 34 Chekar Mari 69 Gua Bari 
JL. No. Name of Village 

35 Banchha Bhita 70 Manas a 
Madan 

36 Katia 71 Sal Bari 
2 Uttar Ramdhan 

37 PataRam 72 Chchurmuchur 
"!- 3 Gandagal 

38 Khari Bari 73 Arjanmal 
4 Bajarur Chhat 

39 Jagir 74 BagulaHagi 
-7- 5 AntaRam 

40 Bhupi Bhita 75 Sonachalani 
6 ·Bhulka 

41 Doha Guri 76 Bhatta Gachh 
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PHANSIDEW A-PSI 28 Mahan Laler 61 Meherulla 
~ BLOCK Chhat 

62 Hcla Kadam JL. No. Name of Village 
29 Sastu Gachh Chhat 

Mahideb 
30 Tara Bari 63 Sarcar Gachher 

2 Chaupukuria 31 Ganga Ram Tea 
Chhat 

3 Krishnapur Tea 
Garden 64 Sarcar Gachh 

Garden 32 Madhab Bhita 65 Barai Gachh 

4 Sannyasi Thanner 33 Tantu1 Guri 66 RaghuNath 
Chhat 

34 Kuchia 
Chhat 

5 Sannyasi Than 35 Dandra Jhar 
67 Abhiram 

6 Jabarali 36 Kadu Bhita 
68 Turi Bhita 

7 J abarali Chhat 37 Dhakna Gachh 
69 TarBandha 

Anti Gachh 70 
8 Singi Jhor 38 Dham Bhita 

Bhushi Bhita ~ 71 
39 Foudi Gachh 9 Hari Sing 

72 Radha 
40 Ambari 

Nirmmal 
IO Hari Sing Chhat 

73 
41 Molani 

Mahammad 
II Kado Pani 74 

42 Hari Bhita 
Baksa I2 BhaishDubi 

43 Fara Bari 
75 Narayan 13 Lioha Kaichi 

44 Haoda Bhita 
76 Kalaram 

14 Rangali 45 Thakur Ganja 
77 Bara Pathuram 

I5 Bhisti 46 Jogi Bhita 
78 Chhoto Pathuram 

I6 Tepu Tea Garden 47 Lachu Bhita 
79 DwaraBaksa 

~ 

17 Pnaullar Chhat 48 Ful Bar 
80 Rahamu 

~-- IS Halal 49 Chura Man 
81 La! Das 

I9 BanurChhat 50 Bhala Manushi 
82 Hati Ram 

20 Bangaru 
51 Thuna 

83 Kashi Ram 
52 Thunar Chhat 

Liusi Pukuri 84 2I Dhemaler Chhat 
53 BaraMala 

85 HetMuri 22 Bhubangurir 
Chhat 54 Bandia Chhat 

86 Nembhutari 
23 Bharia Danga 55 Bandi 

87 Kanti Bhita 
24 Bharia Dangir 56 DalurChhat 

88 Mahi Pal Chhat 
57 Muktar Chhat 

89 Dhamna Gachh 25 Patharhir Hira 
58 Sanga Tram 

90 Kadmi 26 Patharhir Hirar 
59 Nitu Bhita Chhat 

91 Saha Nanda 
1!-

Chhat 

60 Ganga Ram 
92 Rupandighi 27 Fakir Dwip 

MalerChhat 
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~ 
93 Guabari 100 Paschim Madati 109 Paschim Bans 

94 Bandar Gachh 101 Mandila Jhar 
Gaon 

95 Purba Bansagaon 102 Bara Paik Para 
110 Bans Gaon 

Kismat Arazi 111 Bans Gaon 

96 Uttar Bansagaon 103 Chhoto Paik Para 
·chakla 

Kismat Arazi 112 Purba Bans Gaon 

97 Bansagaon 104 Lahu Gaon 
Chakla 

Mangachh 105 Dhak Para 
113 Purba Bans Gaon 

98 Madhya 106 Budharugaon 
Bansagaon 

99 Paschim 
107 Chikan Mati 

Bansagaon 108 Purba Madati 
Kismat 

-:1( 
Source: District Census Handbook, 1991, Darjiling, West Bengal, India. 
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APPENDIX- II: Lithological logs of the selected exploratory boreholes in the 

study area. 

Borehole - 1 : Location : Ashrampara, Siliguri Municipality area. 

Depth (metre) Thickness 
Lithology 

' From 'To (metre) 

Top soil (sandy), grey, fmed grained 0.00 0.49 0.49 

Sand, grey, fine grained misxed with boulders 0.49 7.81 7.32 . 

Sand, grey, corase grained with pebbles 7.81 12.20 4.39 

Sand, light yellow, fine grained mixed with mica 12.20 16A6 4.26 

Sand, light yellow, coarse grained with gravels 16.46 19.21 2.75 

Pebbles, boulders mixed with sand grey, coarse grained 19.21 31.71 12.50 

Sand, grey, medium to coarse grained mixed with gravels 31.71 42.68 10.97 

Sand, white, coarse grained with gravels and boulders 42.68 47.56 4.88 

Sand, white, coarse grained_with pea size gravels and shingles 47.56 57.01 9.45 

Hard boulders mixed with shingles and sand, white, coarse 57.01 65.55 8.54 

Sand, yellow, coarse grained with gravels and shingles 65.55 71.34 5.79 

Clay, black, stiff 71.34 73.17 1.83 

Sand, grey, fine grained mixed with pea gravels 73.17 74.39 1.22 

Sandy clay, yellow, fine grained 74.39 75.30 0.91 

Sand, dark yellow, coarse, with shingles, gravels and boulders 75.30 78.35 3.05 

Sand, dark yellow, coarse mixed with shingles, gravels and 78.35 85.67 7.32 
boulders 

Hard boulders and gravels with lesser sand, yellow, medium 85.67 88.11 2.44 
grained 

Sand, dark yellow, coarse with shingles, gravels and boulders 88.11 106.71 18.60 

Borehole- 2 : Location : Pradhannagar, Siliguri Municipality area. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Tpp soil, silt, light brownish and little clay 0.0 1.83 1.83 

Sand, yellowish , medium to coarse grained 1.83 7.87 6.04 

Contd to next page 
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Sand, yellowish, coarse grained with pebbles 7.87 12.79 4.92 

Pebbles with sand, greyish, coarse grained and boulders 12.79 18.33 5.54 

Sand, greyish, fine to medium grained with gravels 18.33 25.00 6.67 

Clay, black, stiff 25.00 26.20 1.20 

Sand, yellowish, coarse grained with pebbles 26.20 31.12 4.92 

Pebbles and boulders with clay 31.12 34.00 2.88 

Sand, greyish, coarse to medium grained with pebbles 34.00 44.02 10.02 

Clay, black, stiff little pebbles 44.02 45.00 0.98 

Sand, greyish, medium to coarse grained with gravels 45.00 50.02 5.02 

Sand, .yellowish, coarse grained with pebbles and boulders 50.02 61.00 10.98 

Clay, black, stiff 61.00 62.00 1.00 

Sand, yellowish, coarse grained with pea size pebbles 62.00 85.03 23.03 

Pebbles and boulders with a little clay 85.03 87.75 2.72 

Borehole- 3 : Location : Matigara hat and adjoining areas, Matigara block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Surface clay, yellow with sand and gravels 0.0 9.16 9.16 

Clay, black 9.16 11.30 2.14 

Sand, grey, medium to coarse gravels 11.30 12.82 1.52 

Sand, yellow, medium to coarse with boulders and gravels 12.82 25.45 12.63 

Sand, grey, medium to coarse with gravel and boulders 25.45 40.35 14.90 

Sand, light yellow, medium to coarse with gravel and 40.35 60.71 20.36 
boulders 

Sand, yellow, coarse with gravel and boulders 60.71 70.59 9.88 

Sand, grey, coarse with gravel and boulders 70.59 79.44 8.85 

Sand, yellow, fme 79.44 84.62 5.18 

Sand, yellow, coarse with gravels and boulders 84.62 90.59 5.97 

Sand, grey, coarse with boulders and gravels 90.59 101.27 10.68 

Sand, yellow, coarse with gravels and boulders 101.27 106.54 5.27 

Gravelly sand, yellow, coarse, mixed with clay, yellow 106.54 112.95 6.41 

S~d, yellow, coarse with gravels and boulders 112.95 146.04 33.09 

Sand, yellow, coarse and gravels 146.04 155.80 9.76 
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_j 

Borehole- 4 : Location : Matigara hat area, Matigara block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Top soil, sandy, grey 0.0 8.54 8.54 

Sand,yellow, fine to medium with gravels 8.54 10.67 2.13 

Clay, black, stiff 10.67 12.50 1.83 

Sand, black, fine grained 12.50 16.16 3.66 

Sand, grey, medium grained with gravels 16.16 19.82 3.66 

Sand, yellow, fme to medium grained with shingles arid 19.82 21.95 2.13 
boulders 

Sand, grey, medium grained with shingles and boulders 21.95 35.37 13.42 

Sand; yellow, fine to medium grained with gravels 35.37 50.91 15.54 

Clay, black, stiff 50.91 55.18 4.27 

Sand, grey, medium to coarse grained 55.18 61.28 6.10 

Sand, grey, coarse grained with shingles and boulders 61.28 67.68 6.40 

Sand, yellow, coarse with gravels and boulders 67.68. 73.47 5.79 

Sand, grey, medium to coarse grained with shingles and 73.47 88.71 15.24 
boulders 

Sand, greyish yellow, coarse, with gravels and boulders 88.71 119.81 31.10 

Borehole- 5 : Location : North Bengal University, Matigara block. 

+ Depth (metre) Thickness 
Lithology 

From To 
(metre) 

--~ 
Top soil, yellowish, fme grained gravels 0.0 3.0 3.0 

Clayey sand, yellowish, fine grained with pebbles & 3.0 30.0 27 
boulders 

Sandy clay, yellowish, fine grained with pebbles 30.0 54.0 24.0 

Clay, sandy with pebbles, greyish, fme grained 54.0 60.0 6.0 

Sand, greyish, fine to medium with pebbles & boulders 60.0 69.0 9.0 

Sand, greyish, very fine grained 69.0 70.0 1.0 

Sand, greyish, fine to medium with pebbles 70.0 72.0 2.0 

Sand, yellowish, medium to coarse grained with gravels 72.0 75.0 3.0 

Sandy clay, greyish, very fine grained with pebbles 75.0 81.0 6.0 

S!!fld, greyish, fine to medium with pebbles 81.0 87.0 7.0 

Sand, greyish, medium to coarse with pebbles & boulders 87.0 93.40 6.40 
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Borehole - 6 : Location : Bengdubi, Matigara block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Top soil, sand, greyish, fine grained 0.0 1.0 1.0 

Sand, white, fine grained with boulders 1.0 38.18 3.18 

Clay, black, stiff 38.18 58.18 20.00 

Sand, greyish, fine grained with boulders 58.18 90.70 32.52 

Sand, white, coarse grained with boulders 90.70 121.18 30.48 

Sand, white, fine to medium grained with boulders 121.18 124.53 3.35 

Borehole- 7 : Location: New Chamta T. G., Matigara block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Surface soil, sand, greyish, fme grained 0.0 3.0 3.0 

Sand, yellow, fme grained 3.0 12.0 9.0 

Sand, blackish, fine to medium grained 12.0 18.0 6.0 

Sand, greyish, medium to coarse with gravels and boulders 18.0 24.0 6.0 

Sand, greyish, medium to coarse with boulders 24.0 29.5 5.50 

Clay, black 29.50 30.0 ·.so 

Sand, greyish, medium to coarse grained with boulders 30.0 41.0 11.0 

Clay, black 41.0 42.0 1.0 

Sand, greyish, coarse grained with gravels and boulders 42.0 46.0 4.0 

Sand, yellowish, medium to coarse grained with pebbles 46.0 62.0 16.0 

Clay, stiff 62.0 62.6 0.6 

Sand,, yellowish, medium to coarse, with boulders and pebbles 62.6 . 75.5 12.9 

Sand, yellow, fme grained 75.5 77.7 2.2 

Sand, yellow, fine to medium grained with clay 77.7 79.2 1.5 

Borehole - 8 : Location : Sa1bari Bazar, Matigara block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Surface soil, silty, fme grained 0.0 0.88 0.88 

Sand, white , fine grained 0.88 19.17 18.29 
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Sand, grey, fine grained with shingles, gravels and boulders 19.17 39;63 20.46 

Sand, grey, coarse grained with shingles, gravels and boulders 39.63 71.65 32.02 

Sand, yellow, fine, mixed with clay, shingles, gravels and 71.65 93.80 22.15 
boulders 

Borehole - 9 : Location : ERS, Sukna, Matigara block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Top clay, brown, stiff 0.0 2.44 2.44 

Boulder, gravel, pebble, grey, coarse grairied with sand 2.44 39.61 37.17 

Clay, brown, coarse grained with gravel and boulder 39.61 80.78 41.17 

Sand, white, coarse grained with gravels and pebbles 80.78 96.01 15.23 

Sand, light grey, with gravels, pebbles, boulders and little clay 96.01 106.68 10.67 

Sand, gravels, pebbles, boulders, grey, coarse grained 106.68 124.67 17.99 

Clay, grey, stiff 124.67 127:71 3.04 

Sandy gravels, light grey, coarse grained with sand stone 127.71 129.58 1.87 

Clay, black, stiff . 129.58 134.58 5.00 

Borehole -10 :Location: Naxalbari 50 bedded hospital, Naxalbari block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Surface soil, black, sticky clay 0.0 1.22 1.22 

Gravel, grey, very coarse grained with assorted materials 1.22 4.57 3.35 

Pebbles and cobbles, grey, coarse grained with gravel 4.57 27.43 22.86 

Clay, dark grey, stiff 27.43 30.48 3.05 

Pebbles, grey, coarse grain with gravel and shingles 30.48 82.60 52.12 

Clay, dark grey, stiff with pebbles 82.60 85.04 2.44 

Pebbles, grey, coarse grain with gravels 85.04 93.88 8.84 

Clay~ dark grey, stiff with medium grained sand 93.88 97.23 3.35 

Pebbles, grey, coarse sand and gravel with little clay 97.23 156.36 59.13 

Clay, dark grey, stiff with thick granular zones of gravels 156.36 175.56 19.20 

Gravel, light grey, coarse grained sand, pebbles 175.56 199.34 23.78 

C~ay, grey, sandy in nature 199.34 206.64 7.30 

Sand, grey, very coarse grained gravel 206.64 211.83 5.19 
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Sand, white, very coarse to medium grain 211.83 216.71 4.94 

clay, grey, stiff with medium sand 216.71 219.15 2.44 

Borehole- 11 : Location : Kharibari Bazar, Kharibari block. 

Depth (metre) Thickness 
Lithology 

From To 
(metre) 

Surface soil, (clay) 0.0 2.10 2.10 

Sand, grey, fine grained with traces of mica 2.10 14.67 12.53 

Sandy clay, black, fine grained 14.63 20.73 6.10 

Sand, grey, fine grained with gravels 20.73 29.27 8.54 

Sandy clay, blacR:: fme grained 29.27 38.42 9.1.5 

Sand; grey, coarse grained with gravels 38.42 48.17 9.75 

Sand, grey, coarse grained with pea size gravels 48.17 51.22 3.05 

Sand, grey, fme grained with traces of mica 51.22 60.06 8.85 

Sand, grey, coarse grained with gravels and shingles 60.06 70.12 10.06 

Clay, black, stiff 70.12 70.74 0.62 

Sand, grey, fine to coarse grained 70.74 73.17 2.43 

Clay, black, stiff 73.17 75.61 2.44 

Sand, grey, fine grained with presence of gravels 75.61 81.10 5.49 

Sand, grey, coarse grained with gravels and shingles 81.10 82.32 1.22 
I 

Sand, grey, fine grained with pea size gravels and minor 82.32 86.28 3.96 
shingles 

Clay, black, stiff 86.28 87.20 0.92 

Sand, grey, coarse grained with gravels and shingles 87.20 99.70 12.50 

Clay, black, stiff 99.70 103.96 4.26 

Sand, grey, coarse grained with gravels 103.96 109.75 5.79 

Sandy clay, black, fme grained 109.15 109.85 0.10 

Borehole- 12 : Location : Bidhannagar, Phimsidewa block. 

Depth (metre) Thickness 
Lithology (metre) 

From To 

Surface soil, clayey, greyish 0.0 3.05 3.05 

Sand, yellow, fme grained with gravels 3.05 7.62 4.57 

Soil, black, fine grained 4.62 13.72 6.10 

Sand, yellow, fme to medium grained with boulders 13.72 33.23 19.51 
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Sand, white, medium grained with boulders 33.23 45.73 12.50 

Sand, white, fine to medium grained 45.73 55.49 9.76 

Sand, white, medium to coarse grained with boulders 55.49 64.02 8.53 

Sand, greyish, fine grained with boulders 64.02 65.85 1.83 

Clay, black 65.85 67.38 1.53 

Sand, whitish, fine to medium grained with boulders 67.38 70.43 3.05 

Sand, yellow, medium to coarse grained with boulders 70.43 76.83 6.40 

Sand, white, coarse grained with boulders 76.83 107.32 30.49 

Clay, black, stiff 107.32 109.62 2.30 

Source : Public Health Engineering Department (Mechanical Division), Siliguri, Dmjiling, West Bengal 

APPENDIX-III Repeat water level- measurements from the selected study 
dugwells (1989-98). [Upper figure : For April; Lower figure 
:For November] 

Year 
Depth of water levels in m b.g.I ofHydrograph Stations. 

I 

Ashram para Pradhannagar ERS, Sukna Naxalbari Kharibari Bidhannagar 

2.17 1.26 9.11 2.68 3.67 4.24 
1988-89 

1.17 1.05 2.50 2.36 2.60 1.10 

2.18 2.49 9.70 3.00 6.25 3.26 
1989-90 

1.22 1.99 2.35 2.63 2.80 1.44 

2.17 2.65 8.40 2.83 4.00 3~09 
1990-91 

2.12 1.99 3.95 2.02 2.29 2.06 

2.48 2.73 9.45 3.05 5.03 3.04 
1991-92 

2.22 2.21 4.44 2.67 3.55 2.33 

2.50 2.45 9.55 2.79 4.86 3.34 
1992-93 

2.29 2.29 3.87 2:54 3.10 2.17 

2.47 2.65 9.25 2.75 4.56 2.96 
1993-94 

1.00 2.21 3.43 2.25 1.70 1.98 

2.73 7.49 8.61 2.53 4.73 3.02 
1994-95 

1.92 2.73 5.47 2.39 2.74 2.41 

1.95 2.83 8.98 2.79 5.28 3.32 
1995-96 r 

1.31 2.25 3.66 2.30 1.75 2.32 

1.61 2.37 8.93 2.48 2.82 3.01 
1996-97 

1.38 2.36 4.37 2.34 2.06 2.62 

1.75 2.46 9.05 2.67 5.11 2.74 
1997-98 

1.54 2.00 5.96 2.44 2.29 2.15 
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APPENDIX-IV: Results of complete chemical analysis of surface water of the 
study area. 

Sl. Parameters Mahanan Panchnai Balason Buri Chenga Mechi 

no. da river river river Balason river river 

river 

01 Block Matigara Matigara Matigara Matigara Kharibari Naxalbari 

02 Type of source River River River River River River 

03 Water surface Water Water Water Water Water Water 

surface surface surface surface surface surface 

04 Date of 
25.12.98 26.12.98 ·17.04.99 17.04.99 30.12.98 20.04.99 

collection 

05 Specific conduc-

tance at 25°C in 148 135 125 106 155 127 

micromohos/cm 

06 pH 7.15 7.05 6.90 7.01 7.10 6.95 

07 Ca 22 19 25 20 23 18 

08 Mg 12 17 15 10 20 17 

09 Na 16 14 12 09 11 08 

10 K 02 04 03 2.5 1.8 2.2 

11 Fertilizer 0.5 0.3 0.45 0.15 1 0.12 0.16 

12 co3 - - - - - -
13 HC03 50 34 24 22 40 25 

14 Total 
hardness 

105 118 124 91 140 115 
l 

15 B 0.02 0.01 0.03 Trace 0.01 0.03 

16 Climate 10 12 08 05 11 15 

17 so4 05 03 04 07 09 06 

18 N03 02 Trace Trace 03 2.5 2.3 

19 As BDL BDL BDL BDL BDL BDL 

20 F 0.45 0.50 0.80 0.35 0.65 0.60 

21 TDS 95 87 80 . 68 98 81 

22 %sodium 27 23 20 20 16 15 

23 SAR 0.69 0.56 0.47 0.41 0.41 0.33 

24 RSC -0.44 -i.22 -1.70 -1.1 -1.47 -1.47 

25 PI 58 46 38 45 40 37 

26 Water class Moderate Moderate Moderate Good Moderate Good 
water water water water water water 

27 Salinity gr. C1S2 C1S2 C1S2 C1S1 c1s2 C1S1 
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APPENDIX-V: Results ofpartial chemical analysis ofwater samples from 
dugwells. 

Specific 
Constituents in parts per million 

Sl. 
Depth Conductan 

Well Location inm ce at 25°C pH 
no. 

(bgl) micromhos TH as 
HC03 Cl Fe 

/em CaC03 

I 2 3 4 5 6 7 8 10 

01 S. P. Khanda (06) 10.07 . 155 7.05 68 23 0.85 45 

02 Khaprail (14) 4.89 435 6.95 225 10 0.52 35 

03 Jhau Guri (22) 8.26 185 7.15 70 58 2.56 50 

04 Champta (26) 9.23 805 6.85 322 15 2.25 65 

05 Champasari (34) 5.20 1110 6.98 435 10 1.65 60 

06 Sisa Bari (41) 5.03 198 7.10 65 25 0.90 72 

07 Kal Kut (44) 3.75 105 7.20 40 27 1.25 70 

08 . Mahish Mari ( 4 7) 4.74 115 7.12 44 20 1.35 62 

09 Uday Sing (51) 6:78 112 6.95 48 22 2.20 35 

10 Nichitpur (54) 5.40 120 7.05 39 46 1.95 40 

11 Nimai (57) 6.56 295 7.14 55 15 1.15 130 

12 Dumri Guri Chhat(63) 6.02 135 6.85 42 18 1.02 36 

13 Rangia (66) 6.78 402 7.30 155 10 2.65 120 

14 Jitu (69) 5.90 140 6.65 88 12 0.85 75 

15 Thiknikata (74) 6.14 325 6.90 105 18 0.75 80 

16 Pati Ram (77) 6.54 145 7.35 50 20 3.15 95 

17 Matha Pari (79) 6.04 265 7.17 65 11 2.75 90 

18 Bara Gharia (82) 5.80 103 7.40 90 10 2.80 105 

19 Ujanu (86) 4.57 195 7.05 88 12 0.64 85 

20 Shalbari Hat (33) 5.19 1980 7.10 472 15 4.55 82 

21 Mir Jang1a (10) 5.08 255 6.95 95 85 0.55 112 

22 Siubar (14) 4.12 189 7.12 105 68 0.83 135 

23 Pata Ram (17) 4.40 285 7.02 85 75 1.02 140 

24 Kila Ram (21) 3.32 150 6.88 92 78 0.75 118 

25 Fakna (24) 3.56 265 7.05 81 45 0.92 125 
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1 2 3 4 5 6 7 8 10 

26 Geni (26) 2.72 350 6.90 175 30 0.45 95 

27 Dhakna (31) 3.24 175 7.25 85 82 0.86 105 

28 S~t Bhaia (37) 4.92 190 7.33 90 86 1.15 90 

29 Dam dama ( 45) 4.54 425 6.89 202 55 0.56 65 

30 Sebde1a (51) 4.88 400 6.98 195 135 0.80 84 

31 Atla (53) 4.01 825 7.18 380 65 1.05 92 

32 Deomani (56) 4.54 340 7.25 175 80 1.20 121 

33 Bir Sing (61) 5.26 389 7.03 185 35 0.76 55 

34 Loha sing (69) 7.60 469 6.85 155 115 2.56 70 

-~ 
I 

35 Belgachi (72) 9.63 665 7.21 286 72 1.65 115 

36 Trihana Tea 
8.61 480 7.11 190 55 2.25 95 

Garden (78) 

37 Bauni Bhita (87) 4.99 520 7.04 203 95 0.65 138 

38 Dumri Guri (94) 5.92 ' 275 6.97 93 86 2.05 106 

39 DakshinBagdogm (99) . 11.36 536 7.01 185 91 3.39 128 

40 Rangapani (105) 4.06 165 6.95 65 80 ~1.07 55 

41 Uttar Ramdhan (02) 6.08 325 6.65 145 30 1.85 60 

42 Jibon Sing (07) 7.40 405 6.85 155 22 0.95 55 f: \. 

43 Syamdhan (09) 6.18 145 7.01 35 35 2.7.5 50 

·+ 44 Kungarpur (13) 4.35 178 6.92 30 26 0.98 80 

45 Kela Bari (17) 7.29 1205 7.03 362 130 1.05 105 

46 Tari (22) 3.20 685 6.69 135 24 1.35 75 

47 Bilakshu (27) 6.79 170 6.89 40 33 1.90 66 

48 Debiganja (32) 4.75 1505 7.05 235 25 0.72 70 

49 Katia (36) 6.10 201 7.17 70 45 0.91 110 

50 Jagir (39) 7.55 280 7.04 85 55 1.78 120 

51 Bagha (42) 5.33 195 6.88 25 24 0.99 76 

52 Fulbari ( 46) 4.96 200 6.58 44 32 1.01 55 

53 Munjaya (50) 6.21 180 6.90 40 26 1.35 65 

54 Rangali (54) 8.06 115 7.06 21 18 0.77 45 
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1 2 3 4 5 6 7 8 10 

55 Dhulia (56) 5.41 245 6.98 35 26 0.63 56 

56 Bura Ganja (62) 3.84 198 6.70 77 43 3.02 90 

57 Deoan Bhita (65) 5.11 320 7.23 182 65 2.55 110 

58 Gua Bari (69) 5.26 479 . 7.15 143 31 3.15 54 

59 Arjarunal (73) 5.26 270 7.09 41 33 2.85 60 

60 Bhatta Gachh (76) 5.37 215 7.01 55 38 "1.95 50 

61 Mahideb (01) 4.34 455 7.10 175 85 0.56 95 

62 Kadopani (11) 9.15 540 7.03 260 105 0.41 120 

63 Halal (18) 4.98 395 7.06 150 92 0.82 90 

64 Patharhir Hira (25) 4.19 310 6.99 52 70 1.02 80 

65 Tetul Guri (33) 4.00 298 6.95 58 65 2.03 99 

66 Moilani (41) 9.82 525 4.10 160 100 3.05 105 

67 Fara Bari (43) 6.92 432 7.03 154 75 1.85 92 

68 Chura Man ( 49) 4.77 315 7.20 50 68 0.99 82 

69 Bandi (55) 6.83 2100 7.09 545 380 1.77 90 

70 Meherulla ( 61) 7.44 480 7.11 166 101 0.88 109 

71 Abhiram (67) 7.83 505 7.02 262 28 0.75 95 

72 Nir~mal (73) 9.61 535 7.09 175 99 1.09 103 

73 Laldas (81) 5.42 250 7.02 42 75 .0.92 85 

-+ 74 Li~si Pukuri (84) 5.35 1270 7.04 440 270 :1.05 85 

75 Kadmi (90) 5.26 515 6.95 158 95 2.10 101 

76 Bandar Gachh (94) 4.96 410 6.88 150 85 0.66 180 

77 MOOhyaBansgaon (98) 5.11 379 7.01 145 88 0.88 90 

78 Mandila Jhar ( 10 1) 4.85 879 6.90 280 125 0.51 115 

79 Dhakpara (105) 3.90 979 6.88 375 185 0.39 120 

80 Paschim Bansgaon 
5.72 750 7.05 285 115 0.78 105 (109) 

Note: OJ to 20 No. Samples: Matigara Block; 21 to 40 No. Samples: Naxalbari Block; 41 to 60 No. Samples: 
Kharibari Block; 61 to 80 No. Samples: Phansidewa Block. 

Parenthesis indicate JL. No. 

Samples collected from April and November 1997, 1998 and 1999. 
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APPENDIX-VI : Results of complete chemical analysis of groundwater samples of 
open dugwells, shallow tubewells and deep tubewells of the 
study area. 

0 .!><: Q) Depth Sp. Constituents in parts per million 
() z Wells location 

() 

~ inm Co pH "' .9 .., 0 
V5 ~ 

0 Ca Mg Na K Fe 0 (/) (b.g.l) nd u u ::r: 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

01 Bania Khari (55) M 0 9.39 203 7.1 32 16 12 3 0.98 - 45 

02 ERS, Sukna (07) M 0 17.66 200 7.0 27 14 10 4 1.35 - 60 

03 Matigarahat (80) M s 36.55 215 6.8 30 15 18 8 3.55 T 55 

04 Bairatisal (70) M s 34.10 230 7.2 28 13 16 4.5 2.05 - 68 

05 Ashrampara, SMC u 
:::g D 79.20 232 7.3 42 17 9 2.5 0.02 - 95 
tl) 

06 Panighata (76) N 0 10.57 367 7.1 37 19 14 2.5 0.80 - 105 

07 Nipania (09) N 0 8.43 312 7.2 29 17 11 3 0.62 - 95 
' 

08 Nehal (29) N s 33.25 225 7.1 40 i2 16 .7 4.55 - 70 

09 Dhakna (31) N s 35.05 205 7.1 22 11 12 5 5.75 - 75 

10 N. Hospital (27) N D 102.1 220 6.9 47 14 11 2 0.21 - 80 

11 Chunilal (12) K 0 1.95 206 6.9 24 12 8 5 1.25 T 40 

12 Dagdhu (60) K 0 4.35 242 6.9 26 22 10· 2 2.35 - 35 

13 Bhulka (06) K s 32.45 265 7.3 22 24 17 6 3.58 - 58 

14 Fulbari ( 46) K s 33.05 270 7.5 30 22 15 4 4.98 - 65 

15 Kharibari (38) K D 99.01 188 7.9 33 18 11 8 0.09 - 40 

16 Sanyasithan (05) p 0 4.39 335 6.9 31 15 '14 6 0.25 - 67 

17 Mahipal (88) p 0 5.40 386 6.9 18 10 8 4 0.95 T 85 

18 Ambari More ( 40) p s 33.15 244 7.4 34 22 18 3 8.75 - 50 

19 Lahugaon (104) p s 32.07 242 7.5 28 20 16 12 9.24 - 55 

20 Purba Madati (1 08) p D 121.6 248 7.7 29 36 22 7 0.05 - 60 

Contd. to next page. 
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Constituents in )arts )er million ..: 
CJ 

0 ro "' 0 z ..,. .., Cl) z ~ u "' :§ ::t 0 0 "' 0 Cl) ro 
en f-< ~ 0 z <t: f-< '<f. ~ 

...... 0 ;a Cl) ~ Cl) IJ..< 
Cl) 

1 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

01 146 0.12 25 8 5 ® 0.45 130 17 0.43 -1.43 40 Mo c1s2 

02 125 0.16 28 5 3 ® 0.55 128 18 0.39 -0.54 49 G C1S2 

03 137 0.21 15 12 7 ®. 0.25 138 27 0.67 -0.93 49 Mo CISJ 

04 124 0.25 21 18 10 ® 0.36 148 25 0.63 -0.23 55 Mo CIS2 

05 175 0.51 10 17 1.5 ® 0.22 149 11 0.30 -0.37 42 G CtSI 

06 171 0.10 95 6 8 ® 0.52 235 17 0.47 0.03 48 Mo c2s2 

07 142 0.09 80 10 2.5 ® 0.65 200 16 0.40 0.28 52 Mo c2s2 

08 149 0.32 15 11 4 ® 0.50 144 23 0.57 -0.68 48 Mo C1S3 

09 125 0.27 18 10 3.7 ® 0.56 132 21 0.47 -0.03 54 Mo c1s2 

10 175 0.66 5 20 0.9 ® 0.60 141 13 0.36 -0.88 41 Mo C1S2 

11 109 0.04 35 18 8 ® 0.63 133 18 0.34 -0.86 46 G clsl 

12 114 0.06 40 22 13 ® 0.65 155 17 0.41 -1.14 44 Mo c1s2 

13 154 0.26 12 39 16 ® 0.68 170 22 0.60 -1.18 45 Mo C2S3 

14 165 0.41 15 35 12 ® 0.90 173 19 0.51 -1.16 43 Mo c2s2 

15 157 0.55 10 17 2.3 ® 0.61 120 18 0.38 -1.81 36 Mo C1S2 

16 139 0.05 70 34 11 ® 0.20 215 21 0.52 -0.58 49 Mo c2s2 

17 86 0.07 95 42 18 ® 0.28 247 21 0.38 1.06 74 Mo c2s2 

18 175 0.19 10 22 13 ® 0.65 156 20 0.59 -1.86 39 Mo C1S3 

19 152 0.08 12 18 12 ® 0.67 154 '25 0.57 -1.24 44 Mo C1S3 

20 220 0.71 15 16 4 ® 0.40 159 20 0.65 -2.44 36 Mo CISJ 

Note : In column 2 : Parenthesis indicates the J.L. No. 
In column 3: M=Matigara, SMC=Si/iguri Municipal Corporation, N=Naxalbari, K=Kharibari, P=Phansidewa P.S. 
In column 4 : O=Open dugwell, S= Shallow tubewell and D=Deep tubewell. 
In column 20 : ®=Below detecting level. 
In column 27: Mo=Moderate and G=Good. 
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APPENDIX-VII: Standards For Physical" And Chemical Quality Of Drinking Water 
Karanth, 1990) 

W.H.O International Standards, 1971 Indian Standards Institution, 1983 

Quality Type 
Highest desirable Maximum Highest Maximum permissible 

permissible desirable 

PHYSICAL QUALITY : 

Turbidi!Y 05 25 10 25 

Color (Hazen) 05 50 05 50 

Taste And Odour Unobjectionable Unobjectionable 

CHEMICAL QUALITY: 

pH 7.5-8.5 . 6.5-9.2 6.5-8.5 6.5-9.2 

Total Dissolved Solids 500 1500 500 I500 

Total Hardness roo 500 300 600 

Calcium· 75 200 75 200 

Magnesium 30 ISO 30 100 

Iron(_as Fe}_ 0.05 1.5 0.3 1.0 

Manganes (As Mn) 0.1 1.0 0.1 0.5 

Copper (as Cu) 0.05 1.5 0.05 1.5 

Zinc (as Zn) 5.0 15.0 5.0 15.0 

Chloride 200 600 250 1000 

Sulphate 200 400 150 400 

Phenol 0.001 0.002 O.OOI 0.002 

Fluorides 0.6-0.9 0.8-1.7$ 0.6-1.2 1.5 

Nitrates - 45& 45 No relaxation 

TOXIC CONSTITUENTS: 

Arsenic • - 0.05 0.05 No relaxation 

Merc11_ry • - 0.001 0.001 -do-

Cadmium • - 0.01 0.01 -do-

Chromium • - - 0.05 -do-

Cyanide (as CN) • - 0.05 0.05 -do-

Lead • - 0.1 0.1 -do-

Selenium • - 0.01 0.01 -do-

RADIOACTIVITY: 

Gross a1fa- emitters - 03 ' - -
Gross beta- emitters - 30 - -

Notes: $ The limit applicable should be determined by a consideration of the annual average of maximum daily air 
temperatures. The upper limits vary from 0.8 mg/1 for a temperature of 26.3° to 32.6°C to 1.7 mg/ I for a 
temperature range of JO• to 12°C. 

& In areas where the nitrate concentration is known to be in excess of the stated concentration, the public should be 
warned of the potential danger of using the water for in/an/feeding. 

• The concentrations listed under columns 3 and 4, against toxic constituents, are mandatory upper limits and should 
not be exceeded and the others are recommended. 
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APPENDIX- VIII: Suggested water quality Tolerance for Industrial Uses (Allowable limits in ppm). (After Anon, 1940) 

Industry or Use Turbi Colour Odour Iron as Mangari Total· Hardnes Alkalini HzS Health pH Other requirements 
-dity & taste Fe eseMn solids s CaCoJ tyCaCoJ 

Air conditioning - - Low 0.5 0.5 - - - LO - - No corrosiveness or slime formation 

Backing 10 10 Low 0.2 0.2 - - - 0.2 Potable - -
Boiler Feed: Pressure 0-10 kg/em 20 80 - - - 3000-500 80 - 5.0 - 8.0 No corrosiveness or scale formation 

Pressure I 0-17 kg/em 10 40 - - - 2500-500 40 - 3.0 - 8.4 No corrosiveness or scale formation 

Pressure 17-27 kg/em 5 5 - - - 1500-100 10 - 0.0 - 9.0 No corrosiveness or scale formation 

Pressure > 27 kg/em 1 2 - - - 50 2 - 0.0 - 9.6 No corrosiveness or scale formation 

Brewing & distilling: light beer,gin 10 - Low 0.1 OJ 500 - 75 0.2 Potable 6.5-7.0 NaCI275 

Dark beer, Whiskey 10 - Low 0.1 OJ 1000 - 150 0.2 Potable 7.0 NaCI275 

Canning : Legumes 10 - Low 0.2 0.2 - 25-75 - 1.0 Potable - -
General 10 - Low 0,2 0.2 - - - LO Potable - -

Carbonated beverages 2 10 Low 0.2 0.2 850 250 50-100 0.2 Potable - Organic matter infineticimal, Oz- 1.5 

Confectionary - - Low 0.2 0.2 100 - - 0.2 Potable 7.0 -
Cooling 50 - - 0.5 0.5 - 50 - 5.0 - - No corrosiveness or slime formation 

Food, general 10 - Low 0.2 0.2 - - - - Potable - -
Ice 5 5 Low 0.2 0.2 1300 - - - Potable - SiOz 10 

Laundering - - - 0.2 0.2 - 50 - - - - -
Plastics, clear 2 2 - 0.02 0.02 200 - - - - - -
Paper & pulp: Ground wood 50 20 - LO 0.5 - 180 - - - - No grit or corrossiveness 

Kraft pulp 25 15 - 0.2 OJ 300 100 - - - - -
Soda & sulphite pulp 15 10 - 0.1 0.05 200 100 - - - - -

High-grade light papers 5 5 - 0.1 0.05 200 50 - - - - No slime formation 
---

Rayon (Viscose): Pulp production 5 5 - 0.05 0.03 100 8 50 - - - OH8, Ah0J8, Si0225, Cu5 

Manufacture 0.3 - - 0.0 0.0 - 55 - - - 7.8-8.3 -
Steel manufacture - - - - - - 50 - - - 6.8-7.0 Temp 75 F, CI 175, min org cont 

Synthetic rubber - - - - - - 50 - - - - 0 2 3, min org cont & crrossiveness 

Sugar manufacture - - - 0.1 - - - - - - - Ca 20, Mgl O,S04 20, Cl20, HCOJ I 00 

Tanning 20 10-100 - 0.2 0.2 - 50-135 135 - - - OH8 

Textiles : General 5 20 - 0.25 0.25 - - - - - - -
Dyeing 5 5-20 - 0.25 0.25 200 - - - - - Const comp., residual alumina, <0.5 
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