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ABSTRACT 

 

 Dynamic groundwater potential of Agartala municipality has been estimated using 

groundwater resources estimation methodology-97. The methodology uses the rainfall-

infiltration method, water-level fluctuation technique and water regression method and the 

estimated groundwater recharge is validated by using some empirical norms for recharge 

estimation. The groundwater utilization is also estimated. The stage of groundwater 

development is worked out and assessment units are categorized based on the stage of 

groundwater development and long-term water level trend. The annual replensihable 

groundwater resources of Agartala are 2106.61 ha-m and net annual groundwater availability 

is 1895.94 ha-m. The annual groundwater draft for 2009 is 313.64 ha-m. Thus the overall 

stage of groundwater development is 16.53 % for the period of 2009. Accordingly, the future 

dynamic groundwater stage would be 22.58% based on the population growth and considering 

10% agricultural and industrial development. Therefore, this region falls under safe zone. 

However in addition, a focus of static groundwater recharge and withdrawal of Agartala city 

is also attempted. 
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INTRODUCTION  

Groundwater resource is a replenishable but finite resource. Rainfall is the principal source of 

recharge, though in some areas, canal seepage and return flow from irrigation also contribute 

significantly to the groundwater recharge. Groundwater resource comprises of two parts-

dynamic which reflects seasonal recharge and discharge of aquifers and static resource below 

water table [1]. Groundwater has been the mainstay for meeting the domestic needs of more 

than 80% of rural and 50% of urban population besides, fulfilling the irrigation needs of around 

50% of irrigated agriculture. The ease and simplicity of its extraction has played an important 

role in its development. Recent the problems of decline in water table, contamination of 

groundwater etc. are being reported at many places [2].  

According to the report [3], the ultimate irrigation potential from groundwater source is 64.05 

Mha as compared to 46 Mha of land currently under groundwater irrigation, indicating further 

scope for developing groundwater in some areas (such as the eastern and north-eastern parts of 

the country). This report has however revealed that in many states, the irrigation potential 
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created has exceeded the ultimate potential, showing that mining of groundwater, that is 

exploitation beyond the dynamic resource, is already taking place. According to UNEP [4], 

India had world’s highest land under irrigation, at 50.1 Mha, which consumes 460 BCM water, 

of which 41% came from surface water and 53% from groundwater. According to the report 

[5], the total replenishable groundwater is estimated as 433 BCM. Out of this, 399.25 BCM is 

considered utilizable – 18.09 BCM (8%) for domestic, industrial and other uses and 212.51 

BCM (92% of the balance) for irrigation out of 230.62 BCM. 

The literature study discusses the groundwater assessment methodology on the basis of the 

‘National Water Policy’ adopted by the Government of India in 1987 and revised in 2002, it 

regards water as one of the most crucial elements in developmental planning with regard to 

Groundwater, by water balance Concept [6]. Quantification of the rate of natural groundwater 

recharge is a pre-requisite for efficient groundwater resource management [7]. In India dynamic 

groundwater recharge is calculated following the GEC' 97 methodology [8] advocated by the 

Groundwater Estimation Committee (GEC), 1997. For assessing the groundwater potential it's 

recharge is required to properly tackle the rapid increase in urban, rural, industrial and 

agricultural water requirements. Hence proper assessment of groundwater potential is 

warranted. West Tripura is a highly agrarian district of Tripura where both groundwater and 

surface water resources are utilized for irrigation. For tapping the entire utilizable groundwater, 

the resource assessment was highly necessitated. Most of the inputs were derived from the field 

studies and norms/factors considered (as per GEC'97 methodology) wherever necessary [9]. 

To meet the present and future need with currently available surface and groundwater 

resources, while at the same time preserving terrestrial and aquatic eco-system, will require a 

sustainable approach to managing water. The industrialized and developing countries should 

give importance to groundwater resources, so that associated problems of over-abstraction and 

groundwater pollution is controlled, with the objective of defining sustainable groundwater 

development. The sustainable groundwater development at a global and local scale is achieved 

through the maintenance and protection of groundwater resources balanced against economic, 

environmental, and human (social) benefits. In recent years, there has been an increasing threat 

to groundwater quality due to human activities. The adverse effects on groundwater quality are 

the results of anthropogenic activity at ground surface unintentionally by agriculture, domestic 

and industrial effluents and unexpectedly by sub-surface or surface disposal of sewage and 

industrial wastes. 

Agartala is a developing and growing city which has the capacity to become the gateway of 

North-East to South East Asia through an international link. However it is already facing some 

scarcity of water in the area during non-monsoon seasons. Soils of these catchment areas have 

low retention capacity. These areas have the maximum density of urban population in the 

whole state (as per population census GoI). Earlier Chakraborty [9] had estimated the 

groundwater recharge for west Tripura District but there was no rigorous study on Agartala. 

But presently Agartala Municipality area has a higher water demand than any other parts in the 

state due to its higher density of population. Hence, to fill the gap in study and to contribute for 

sustainable development of groundwater resources, this area was selected for present 

investigation. 

MATERIALS AND METHODS 

Agartala, the Capital of Tripura is situated at the western corner of the State. It is connected 

with mainland by National Highway No.44 via the State of Assam. Globally it is situated 
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between 23° 45’ and 23° 55’ N latitude and 91°15’ to 91°20’ E longitude, in the flood plains of 

the Haora River. Historically, the city has been an important border-trading town having 

trading linkages with Bangladesh. Total area of Tripura is 10,477(sq.km). It receives an annual 

average Rainfall of 1927 (mm). The hill area is (6400 sq.km). The semi-consolidated 

formations consisting of friable sandstone, sandy shale etc. of Tertiary age forms the main rock 

types of the area. The unconfined aquifer is mainly tapped through shallow wells with a 

discharge of 5 to 15 Lps in the valley areas whereas in the sandstone, the yield varies from 2 to 

4 Lps. The Annual Replenishable Groundwater Resource is 2.19 BCM and Net Annual 

Groundwater Availability is 1.97 BCM. The Annual Groundwater Draft is 0.17 BCM and Stage 

of Groundwater Development is 9%. The entire state has been categorized as Safe. 

Groundwater development in the deeper aquifers has also been established through 

construction of deep tube wells, the yield of wells tapping the sandstone areas varies from 25 to 

40 Lps. There is no over Exploited, Critical and Semi- critical zone. Exploratory Tube wells 

Constructed (as on 31.03.2010 (DWS) are as follows: 948 deep tube well (DTWs) and 26,086 

Spot sources. For artificial recharge to Groundwater (AR) the numbers of feasible AR 

structures are: 300 check dams, 500 weirs, 1000 gabion structures, 240 roof top harvesting, and 

100 developments of springs. However in districts of Dhalai, North Tripura, South Tripura and 

West Tripura are affected (in part) by Iron Contaminants (e.g. water having >1.0 mg/L of iron). 

As on 2009 the total irrigation utilization potential of Tripura is 52616 ha [10,11,12,13]. 

The natural reservoir, underlain by unconsolidated alluvial sediments, (sand, gravel, pebbles, 

etc.) has immense groundwater potential. The water table depth in Agartala city of the natural 

reservoir varies between 2 m and 6 m. In the synclinal valley of Agartala district, aquifers are 

found in the semi consolidated soft and stones of tertiary age where both shallow (within 30-50 

m bgl with yield 5 to 20 m
3
/hr) and deep tube wells (50 to 200 m bgl deep with yield varying 

from 50-200 m
3
/hr) are feasible. Potential deep aquifers in the upper tertiary areas of Agartala 

have been identified in Surma, Tipam and Dupitila parts of the district. The latest estimate of 

ground water potential of Haora river is 353 MCM/yr but its current utilization is insignificant 

[14]. Lack of road communication, non availability of flat areas in the hills, high iron content, 

lack of right type of the equipments for drilling bouldry foundation, huge thickness of clay 

bodies and over burden of weathered residuum are the dominant problems of ground water 

development in the area. The existing 70 deep tube well has been found having yield 10,000 to 

20,000 GPH. 

 

Estimation of groundwater recharge is a complexity of factors – hydrogeological, 

hydrological and climatological, control the groundwater occurrence and movement. The 

precise assessment of recharge and discharge is rather difficult, as no techniques are currently 

available for their direct measurements. Hence, the methods employed for groundwater 

resource estimation are all indirect. Groundwater being a dynamic and replenishable resource 

is generally estimated based on the component of annual recharge, which could be subjected 

to development by means of suitable groundwater structures. 

The groundwater resources in unconfined aquifers can be classified as static and dynamic. 

The static resources can be defined as the amount of groundwater available in the permeable 

portion of the aquifer below the zone of water level fluctuation. The dynamic resources can be 

defined as the amount of groundwater available in the zone of water level fluctuation. The 

replenishable groundwater resource is essentially a dynamic resource which is replenished 
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annually or periodically by precipitation, irrigation return flow, canal seepage, tank seepage, 

influent seepage, etc. 

 

 
Fig 1: Step for estimation & categorization of annual replenishable groundwater resources [15]  

 

Groundwater recharge of Agartala Municipality under West Tripura district has been computed 

according to GEC’97 methodology delineated in Fig. 1. Steps for the estimation of annual 

replenishable groundwater resources and categorization of assessment units/sub-units are 

presented in Fig. 1. Three rain gauge stations and fifteen wells consisting of three dug well, 

twelve shallow tube well, five years water level data collected from CGWB and five years 

observation wells data located in the Agartala Municipality area were used for groundwater 

resource assessment. Rainfall data for thirty nine years (1970-2008) were utilized mainly for the 

assessment of groundwater resource. The rainfall infiltration factor and specific yield were 

considered 0.16% and 8% respectively for calculation of recharge volume.  
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There are two methods of recharge volume against rainfall data namely water level fluctuation 

(WLF) and rainfall infiltration method (RIM). These methods are used to estimate the recharge 

volume from rainfall during monsoonal season and the equations are described in Table 1. The 

recharge volume during non-monsoonal period is calculated by using RIM only. The other 

methods of governing equations are highlighted in Table 1 to consider as for calculating the 

recharge volume for the same study area. The assessment units are categorized according to the 

status of groundwater utilization and water level trend (Table 2). Some established equations 

were used to validate the calculated results obtained from GEC, 1997. The formulae along with 

their limitations are highlighted in Table 3. 

 

Table 1. Governing equations for calculation of recharge volume    

 

Method/Type Equation Remarks 

Gross groundwater draft in 

any season (GGWD) 

GGWD=n*unit draft where 

unit draft=draft per day*no of 

days the structures are in use 

n = no of abstraction 

structures actually in use  

Estimation of Recharge for other uses 

Recharge from canals  

(Rc in ha-m) 

Rc=WA*Days*SF where 

WA=WP*L 

WP=(2*ASD)/(sin(side angle)) 

+BW 

WA=wetted area in Mm
2
, 

WP=wetted perimeter in m, 

L=length of canal segment in 

km, ASD-average supply 

depth in m, side angle-side 

slope in degree, BW=bed 

width in m. 

Recharge from surface water 

irrigation (Rswi in ha-m) 

same as groundwater 

irrigation (Rgwi in ha-m) 

Rswi = IWA*RFF where 

IWA = AD*days 

IWA=irrigation water applied 

in ha-m, RFF=return flow 

factor as a fraction, 

AD=average discharge of the 

outlet in ha-m/d. 

Recharge from tanks & 

ponds (RT in ha-m) 

RT = AWSA*days*RFact   

here RFact= 1.4 mm/d 

AWSA=avg water spread 

area, RFact=a recharge factor 

in mm/d 

Recharge from water 

conservation structures 

(RWCS in ha-m) 

RWCS=GS*RFact where 

GS=storage capacity* no of 

fillings 

GS=gross storage 

Estimation of Recharge for Rainfall 

Recharge from Rainfall, RRF 

using Rainfall Infiltration 

factor method (RIF) 

RRF = NMR x A x RFIF NMR=normal monsoon 

rainfall, RFIF=rainfall 

infiltration factor, A=total area 

of the sub unit 

Recharge from rainfall using RRF = (A x WLF x Sy) + D - A = area suitable for recharge, 
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water level fluctuation 

method (WLF) 

Rother WLF=water level fluctuation, 

Sy =specific yield, D=gross 

draft and Rother=recharge 

from other sources. 

Estimation of Percent Difference (PD) 

  Percent Difference PD=(RRf (wtfm)-RRf(rifm))/ 

(RRf(rifm)) * 100 

RRf (wtfm) = rainfall recharge 

for normal monsoon season 

estimated from WLF, 

RRf(rifm)= rainfall recharge 

for normal monsoon season 

estimate from RIF 

Total groundwater recharge 

(TGWR) 

TGWR=RRF+Rc+Rswi+Rgwi+ RWCS+ RT 

Total annual groundwater 

recharge (TAGWR) 

TAGWR= TGWR(monsoon)+ TGWR (non-monsoon)  

Net annual groundwater 

availability (NAGWA) 

NAGWA= TAGWR-UND where UND=unavoidable natural 

discharges 

Stage of development (SD) SD=(existing gross draft for all uses/NAGWA)*100 

Allocation of groundwater 

for domestic and industrial 

needs (AFDIWR in 

mm/year) 

AFDIWR =22 * N*Lg where 

Lg ≤1.0 

N=projected population 

density in the sub unit in 

thousands per km
2
 

Net annual groundwater 

availability for future 

irrigation use 

(NAGWAFFIU) 

NAGWAFFIU=NAGWA-

(CGGWDFI+AFDIWR) 

CGGWDFI=current gross 

groundwater draft for 

irrigation 

Static groundwater resources 

(SGWR) 

SGWR=A*(Z2-Z1)*Sy Z2=max depth of the bottom 

of the unconfined aquifer, 

Z1=max. Extension of zone of 

water table fluctuation,  

 

Table 2. Criteria for categorization of assessment units [1] 

 

sl. 

no. 

Stage of groundwater 

development 

Significant long term decline Categorization 

Pre-monsoon Post-monsoon 

1 <=70% No No Safe 

2 > 70% and <= 90% No No Safe 

Yes/No Yes/No Semi- Critical 

3 > 90% and <= 100%       Yes/No Yes/No Semi- Critical 

Yes Yes Critical 

4 > 100% Yes/No Yes/No Over- Exploited 

Yes Yes Over- Exploited 
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Table 3. Empirical equations for various regions in India 

    Name of the formula Equation Remarks 

Chaturvedi formula Ref  = 2.0 (P - 15)
0.4

  

 

 

Ref = net recharge due to 

precipitation during the year, in 

inches; and P= annual 

precipitation, in inches. 

U.P. Irrigation Research 

Institute, Roorkee 

Ref  = 1.35 (P - 14)
0.5

  

 

 

Kumar and Seethapathi (2002) Ref =0.63(P - 15.28)
0.76

  

 

Ref = Groundwater recharge from 

rainfall in monsoon season 

(inch); 

P = Mean rainfall in monsoon 

season (inch). 

Amritsar formula Ref  = 2.5 (P - 16)
0.5

   

 

Where, Ref  and P are measured in 

inches 

Krishna Rao Ref  = 0.35 (P - 600)  Areas with P above 2000 mm 

 

RESULTS AND DISCUSSIONS 

The stepwise calculations with different components have been delineated in Table 4.  

Groundwater resources of Agartala have been estimated by using GEC-97. The total 

groundwater recharge volume and the net groundwater availability are found as 2106.31 ha-m 

and 1895.94 ha-m respectively. Out of these, 76% covers from rainfall component. The stage of 

groundwater development for Agartala city is 16.53% which is safe as depicted Table 2. 

Table 4. Step wise working Results (Fig.1). 

Step Item Result 

Step 1 

 

Area considered for assessment (ha) 5432 ha. 

Step 2 

 

Groundwater draft 293.19 ha-m 

Step 3 

 

Gross GW draft for all uses 313.64 ha-m 

Step 4 

 

Recharge from irrigation water 113.6 ha-m 

Step 5 

 

Recharge from irrigation, surface water 342.21 ha-m 

Step 6 

 

Recharge from Ponds/Tanks 48.62 ha-m 

Step 7 

 

Rainfall Recharge  by rainfall infiltration method 1814.68 ha-m. 

Step 8 

 

Recharge from other sources 504.43ha-m 

Step 9 

 

Groundwater Recharge 882.06 ha-m 

Step 10 

 

The results of the two methods have been compared 

using Percent Deviation. 

51.39% 

Step 11 

 

Annual Recharge from Rainfall 1602.18 ha-m 

Step 12 

 

Total GW Recharge 2106.61 ha-m 

Step 13 

 

Net GW Availability 1895.94 ha-m 

Step 14 

 

Stage of GW Development 16.53% 

Step 15 

 

Annual allocation of groundwater for domestic & 

industrial water supply (2009) 

22.246 
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Fig 2. Year wise groundwater level at Agartala 

The water level data from the period of 2001 to 2008 of monitoring station of the CGWB at 

Agartala are collected against four different months wise for the particular year as shown in Fig 

1. The results show that the water level is declined maximum during non-monsoon almost 

every year where as in monsoon season it is less. The minimum and maximum groundwater 

movement level at Agartala city is observed approximately 3 m and 10 m respectively for the 

month of August and April. The groundwater level is observed maximum in the year of 2001 

followed by 2006 as shown in Fig.2. About 76% of total volume falls under the category of 

monsoon season and the rest is for non-monsoon. 

The annual replenishable groundwater resource at Agartala is 2106 ha-m considering all the 

components mentioned in GEC-1997. The overall annual replenishable of groundwater 

resources contributed from rainfall is  90% and the rest amount is shared for other sources such 

as canal seepage, return flow from irrigation, seepage from water bodies and water 

conservation structure. Keeping in view, about 313 ha-m is to be allocated for groundwater 

draft and thus the net groundwater withdrawal for future at Agartala city is to be 1582 ha-m. 

Table 5. validation of working results 

Sl. No. Validation by empirical  Formula Total recharge 

1  Chaturvedi formula (1936) 1408.504 ha-m 

2 U.P. Irrigation Research Institute, Roorkee 1441.131 ha-m 

3  Kumar and Seethapathi (2002) 1269.687 ha-m 

4  Amritsar formula 1991.84 ha-m 

5  Krishna Rao 2426.121 ha-m 

The stage of groundwater draft at Agartala is 17% (16.53 %). From the results it can be stated 

that still 70% could be developed which would be based on primarily on groundwater to reach 

at least in a safer zone. Also since this area is basically dominated by soft sandy soils nature so, 

further development could be made in actual practice. 

The allocation of domestic water has been estimated based on population up to the year 2026. 

The results reveals that the water requirement has become increased with increase in year and it 

has reached up to 356.89 ha-m in the year of 2026 considered water demand as 135 L/capita/d. 

Similarly, the future groundwater available has been computed as 428 ha-m in the year of 2026 

by considering 10% additional development for both irrigation and industry. Accordingly, the 

net groundwater available for future use has been estimated based on net available groundwater 
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resource as given in the Table 6. Table 6 reveals that even in the year 2026, the usable water is 

found to be 1470 ha-m which is less than the net available groundwater resources and it is 

under safe zone (Table 2). 

Table 6. Net groundwater available for future use 

Year Net available (ha-m) Total use (ha-m) For future uses (ha-m) 

2010 1898.94 403.6745 1495.266 

2011 1898.94 404.8432 1494.097 

2012 1898.94 406.0902 1492.850 

2013 1898.94 407.3324 1491.608 

2014 1898.94 408.6565 1490.284 

2015 1898.94 410.0211 1488.919 

2016 1898.94 411.4275 1487.513 

2017 1898.94 412.8766 1486.063 

2018 1898.94 414.4174 1484.523 

2019 1898.94 415.9565 1482.984 

2020 1898.94 417.542 1481.398 

2021 1898.94 419.2256 1479.714 

2022 1898.94 420.9086 1478.031 

2023 1898.94 422.6417 1476.298 

2024 1898.94 424.48 1474.460 

2025 1898.94 426.3186 1472.621 

2026 1898.94 428.2673 1470.673 

 

 
Fig 3. Trend Agartala static groundwater recharge and withdrawal 
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The volume of static groundwater recharge is calculated on the basis of 2% of precipitation 

considered as deep percolation. Fig. 3 reveals that the annual withdrawal has almost saturated 

in the year of 1978 compared to recharge volume. It is also observed that the volume of 

recharge water has found less compared to the annual withdrawal and it goes upto 2821 ha-m in 

the year of 2026. Thus it is imperative to say that the static groundwater recharge should be 

done after delineating the aquifer thickness and specific yield of the   aquifer material.  

The water distribution of Haora river catchment  is depicted in the Fig 4. Fig.4 shows that the 

annual evaporation for Haora catchment has varied from 29153 to 31807 ha-m. The results also 

highlights that about 33% of the total precipitation has converted to surface runoff and thus the 

long term average runoff for Haora catchment is found to be 45%. 

 

 
                                 Fig.4. Water distribution of Haora river catchment 

 

 

CONCLUSION 

 

GEC-1997 is essentially a simplistic lumped parameter system approach. Some of the inflow and 

outflow components of water balance like evaporation and evapotranspiration, inflow and 

outflow across the assessment boundary, baseflow, etc. have been ignored in this methodology. 

Since database on these components is not readily available with the state governments at present 

efforts should be made for the generation of database of these components, so that at micro-level 

assessment, complete water balance of the assessment unit can be attempted. 

Groundwater resources estimation is a continuing process, since the natural recharge and 

discharge pattern of the aquifer changes with changing groundwater scenario. Therefore, there is 

an urgent need for the formulation of a long-term action plan for periodical re-assessment of 

groundwater resources of the country. The intervening periods between successive re-assessment 

should be devoted to further strengthening of the database, well census, baseflow, etc. and 

special studies on estimation of parameters like specific yield, rainfall infiltration factor, canal 

seepage factor, return flow factor, etc. The generation of database should be followed with pilot 

estimation studies in identified assessment units and finally with country –wide re-assessment. 
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In view of increasing demand of groundwater, systematic assessment of the additional sources of 

groundwater needs to be carried out. In the hilly terrain, where springs are important source of 

water supply, exploitable quantity of spring discharge needs to be estimated. In the shallow 

water-table areas, where in spite of regular groundwater extraction, the water level dose not 

decline the sustainable yield of the aquifers needs to be determined. In the Indo-Gangetic alluvial 

belt where multilayered aquifer systems exist studies need to be carried out to fine out the 

sustainable yield of the deeper aquifers. 
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