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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; 



--~ 
;: 

Groundwater Conditions 123 

(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). 



Groundwater Conditions 127 

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. 




