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Abstract: For an efficient management and development of ground water resources, it is imperative to have a reliable database 
on ground water resources. Dynamic groundwater resources of study area have been estimated by using the guidelines 
of the groundwater resources estimation committee (GEC-1997), Ministry of Water Resources, Government of India. 
In the present study rainwater infiltration factor, techniques and different imperial norms were used for recharge 
estimation. The assessments of groundwater units are categorized based on stage of groundwater development for the 
year 2010. The annual groundwater draft for all uses such as domestic and irrigation has been calculated 20611.78m3. 
The annual groundwater recharge in the study area was determined 82739.38m3 and net annual groundwater 
availability was calculated as 74141.89m3. The groundwater utilization and stage of groundwater development have 
also been determined and the overall stage of groundwater development of Jammu Himalaya is 27.80%. There is no 
significant rise or fall of water levels during both the pre-monsoon and post-monsoon intervals in the study area. 
Considering the stage of groundwater development it has been categorized that the Jammu Himalaya falls under 
‘SAFE’ category of groundwater development and having very good potential for the future groundwater 
development. 

 
Keywords: Groundwater draft, Rainfall infiltration factor method, Annual groundwater availability, Stage of groundwater 

development 

1. INTRODUCTION 

Groundwater is undoubtedly the most important earth’s natural resource that provides 34% of the 
entire water supply for urban and rural areas simultaneously. The groundwater dependency of the 
rural and urban populations stands out to be more than 90% and nearly 30% respectively, in context 
to drinking and domestic use (Reddy et al., 1996). Certain inherent characteristics of the 
groundwater, like consistent temperature, extensive and continuous accessibility, excellent natural 
quality, limited vulnerability, low development cost and drought reliability have revealed its 
importance as the sole dependable source of water for all climatic zones (Todd and Mays, 2005). 
Therefore, groundwater has been emerged as an important source to meet the water requirements of 
various sectors including the major consumers of water like irrigation, domestic and industries. The 
sustainable development of groundwater requires a precise quantitative assessment based on 
reasonably valid scientific procedure. Assessing managing and planning of groundwater resources 
for sustainable use becomes an important issue for human life especially in the region where the 
rainfall is low, erratic and with very high groundwater depth. The groundwater resources are a 
replenishable resource but infinite resource. Precipitation is the main sources of groundwater 
recharge in the study area whereas the other sources which replenish the ground water are seepage 
from canal system, return flow from the applied irrigation, subsurface inflow from the adjoining 
region, recharge from the river system are also contribute significantly to the groundwater recharge 
(Jasrotia et al., 2010). In the present study, the dynamic groundwater resources have been estimated 
based on guidelines of groundwater resources estimation committee-1997 (commonly known as 



18 A.S. Jasrotia & A. Kumar 

 

GEC-1997). The basic principle followed in this methodology is the determination of present status 
of groundwater utilization, estimation of annual groundwater recharge from the rainfall and other 
sources. The other sources includes recharge from canals, recharge from irrigation water applied by 
surface water irrigation, recharge from irrigation water applied by ground water irrigation, recharge 
from tank and ponds, both from command and non-command area of the Jammu Himalaya. The 
estimation can be widely used for formulating the different plans for groundwater development and 
management in the study area. In the present attempt of study a huge field data were collected to 
determine the net groundwater availability of Jammu Himalaya and state of groundwater 
development. Similar kinds of well attempts have already been made by Stoertz and Bradbury 
(1989), Sophocleous (1991), Scanlon et al. (2002), Lee et al. (2006), Prasad et al. (2007), 
Rajagopalan et al. (2009), Chattrejee and Purohit (2009) for the estimation of groundwater 
resources.  

2. STUDY AREA 

The study area of Jammu Himalaya lies between latitude 320 33΄07΄΄ - 330 07΄30΄΄ N and 
longitude740 27΄00΄΄ - 770 21΄00΄΄ E covering an area of 3092 km2 bounded by steep mountain in the 
north and outer plains in the south. The area enjoys subtropical to moist temperate climate with 
temperature ranges from 20 - 200C in winter and 300 - 470C in summer. The average annual rainfall 
is about 1116mm of which monsoon rainfall is about 800mm which starts from the month of June 
to September 122 days and rest of the months comes under the non-monsoon season 243 days.  

The study area falls in the sub-mountainous region at the foothills of the Himalayas known as 
Siwaliks which rises gradually in the northern part of the study area and merges with the Indo-
Gangetic plains in the south. The structure and lithology plays a major role in the evolution of the 
topography and drainage pattern of the area. The major physiographic slope is towards the 
southwestern direction i.e., towards the outer plains. Siwaliks ranges rises gradually in the northern 
part of the study area and merge with the Indo-Gangetic plains in the south. The study area is 
covered with large numbers of unconfined aquifers with ground water flow direction following the 
direction of the river flow. The entire study area was divided into three major physiographic 
division northern hilly regions, which also called as runoff/ hilly area accounts 44.20% area of the 
study area lies at an altitude between 400 and 700m above mean sea level (amsl) as shown in Figure 
1. The nalas / stream is seasonal and results in the flash floods immediately after the rains. The 
major rivers flowing through the hilly area of the district are the Basantar, Chenab, Jammu Tawi, 
and Munawar Tawi. All the rivers are flowing in the northeast to southwest direction. These rivers 
have their origin are quite to the north of the district boundary limit. These rivers act as major 
drainage line in the area and enter the Kandi region also known as non-command area which 
accounts 21.54% area and lies at an altitude of 400 to 600m (amsl) characterized by the deep water 
table conditions, tube well and dug wells are mostly in the vicinity of the rivers. The Kandi region is 
devoid of any large water structure although, significant numbers of ponds or tanks are found which 
are in degradable condition earlier uses for human consumption and presently used for livestock 
would be very good artificial recharge structures if properly maintained. The kandi region 
imperceptibly merges with the Sirowal or command area of the Jammu Himalaya, which occupies 
the southern plain tract of the study area, lies at an altitude of less than 400m amsl. The alluvial flat 
land with gentle slope, well irrigation system large number of tube well, dug well for domestic and 
irrigation purposes and relatively more prosperous.  
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Figure 1. Study area 

3. DATA USED AND METHODOLOGY 

The proposed methodology for the resource estimation categorization of annual replenishable 
groundwater resources is shown in the flow chart (Figure 2). In the present study geographical area 
of the Jammu Himalaya has been computed by the ArcGIS-10 software with the help of satellite 
imagery and toposheets. The study area was classified into different groundwater assessment unit 
(Table 1). Dynamic groundwater resources of the Jammu Himalaya were estimated using GEC-
1997 which has been formulated by the committee of experts working in the field of groundwater. 
The committee was constituted by the Government of India with members from the various Central 
and State agencies, academic, scientific institutions and National Bank for Agriculture and Rural 
Development (NABARD). Groundwater resources estimation committee (GEC-1997) was based on 
seasonal estimation of groundwater recharge in the assessment unit. The time period taken for 
groundwater recharge estimation was groundwater year (12 calendar months). The annual 
groundwater draft of the study area has been calculated from domestic use wells and irrigation wells 
data in the command and non-command area. It is important to note that the safe pumping of the 
tube well and dug well has been taken care during the computation of groundwater draft. The unit 
draft for the assessment of Jammu Himalaya has been computed by discharge observation of the 
individual well. The canal data has been collected from the observation made for the individual 
canal. The groundwater trends were determined by taking the observation from the well data pre 
monsoon and post-monsoon for five years. The ponds data used were also collected from the field 
study observations. All the above results have been integrated to determine groundwater condition 
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of the Jammu Himalaya in terms replenishable groundwater resources and future development 
prospects. The recharge computations were mainly based on various norms recommended by GEC-
1997. The important value used in the calculation were the norms for specific yield and rainfall 
infiltration factor, value for the return flow factor for irrigation (both surface and groundwater 
irrigation are) norms for canal seepage factor (Table 2, 3 and 4, respectively) and seepage factor for 
water bodies was 1.4 mm/d based on average water spread area. 

 
Table1. Groundwater assessment unit of study area  

Description of area km2 Hectare (ha) 
Geographical area 3092 309200 
Runoff / hilly area 1366.64 136664 
Ground water assessment unit in which recharge is possible 1725.36 172536 
Command area 967.362 96736.2 
Non-command area 758 75800 

	
Table 2. Recommended value of parameters considered for recharge estimation of groundwater resources in India as 

per guidelines of GEC-1997 

Formation  Specific yield as 
a fraction 

Rainfall infiltration 
factor as a fraction 

Rainfall recharge   
Unconsolidated formation   
     Sandy area 0.16 0.22 
    Area with higher clay content 0.10 0.16 
Semi consolidated formation   
     Sandstone  0.03 0.10 
     Laterite  0.025 0.07 
     Phyllites, Shales 0.015 0.04 
Consolidated formation    
 Weathered Granite, Gneiss and Schist   
 with low Clay Content 0.03 0.10 

     Weathered or Vesicular Jointed Basalt  0.02 0.07 
     Weathered Granite Gneiss and Schist       
     with significant Clay content 0.015 0.08 

     Quartzite 0.015 0.06 
     Massive Poorly Fractured Rock 0.003 0.01 

	
Table 3. Norms for canal seepage factor in alluvial terrain guidelines of GEC-1997 

Canal type  Soil type Seepage factor in ha m/ day per million square 
meters of wetted area 

Unlined  Normal soil 15 - 20 
Unlined  Sandy soil 25 - 30 
Lined  Normal soil 3 - 4 
Lined  Sandy soil 5 - 6 

 
Table 4. Value for return flow factor for the irrigation water applied by ground water, surface water irrigation as per 

guidelines of GEC-1997 

Source Range of depth to water level 
(<10m/10 to 25m/>25m) 

Return flow factor as 
fraction 

 Recharge from Irrigation  < 10 0.45 
 10 to 25 0.35 
 >25 0.20 
Recharge from groundwater  < 10 0.25 
 10 to 25 0.15 
 >25 0.05 
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 Figure 2. Flow chart showing steps for estimation and categorization of annual replenishable groundwater resources 
based on Rajagopalan et al. (1997) 

4. RESULTS AND DISCUSSION 

4.1 Gross groundwater draft computations  

In the present study, the gross groundwater draft has been estimated from all tube wells and dug 
wells of domestic use as well as the irrigation well operating in the study area. The annual unit 

	

 Monsoon season  
  

Non-monsoon season  

1a. Estimation of groundwater 
draft (irrigation, domestic uses)  

2a.Recharge from other uses 
  

1b. Estimation of groundwater 
draft (irrigation, domestic uses)  
  
2b. Recharge from other uses 
  

3a. Normal monsoon rainfall 
recharge 
            (RIF method) 

3b. Normal non-monsoon 
rainfall recharge  
            (RIF method) 

4a. Monsoon- recharge 4b.Non-monsoon recharge 

5. Annual replenishable 
groundwater resources   

6. Allocation to natural discharge during 
non-monsoon season 10% (Step 5) 

7. Net annual groundwater availability  
          (Step 5 + Step 6) 

8. Stage of groundwater development  
[Step (1a +1b) Step 7*100] 

9. Long term water table trend  
(Pre-monsoon and post-monsoon)  

10. Categorization of Assessment unit 
(based on step 8 and Step 9) 
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ground water draft from domestic use wells and irrigation wells in the command and non-command 
has been computed by discharge observation of the individual wells per day and the numbers of 
days during which the wells are used in monsoon and non-monsoon season. It is important to note 
that the safe pumping of the tube well and dug well has been taken care during the computation of 
groundwater draft. In the command area there are 144 domestic uses well and 78 irrigation wells are 
operating, whereas in the non-command area there are 133 domestic uses well and 11 irrigation 
wells. The details of the gross groundwater draft for each assessment unit are presented in Table 5. 
	

Table 5. Gross groundwater draft from the different uses in the command and non-command area 

Assessment Unit (m3) Domestic  Irrigation Total 
Command area    
     Monsoon season 2265.59 239.14 2504.73 
     Non-monsoon season 3934.83 476.33 4411.16 
Non-command area    
     Monsoon season 1975.51 239.14 2214.65 
     Non-monsoon season 3934.83 476.33 4411.16 

4.2 Recharge from other uses 

The recharge from other uses include the recharge from the canals, recharge from irrigation 
water applied by surface water irrigation, recharge from irrigation water applied by ground water 
irrigation, recharge from tank and ponds were determined and summarized (Tables 6, 7, 8). The 
recharge from other sources in the command area during the monsoon and the non-monsoon period 
was calculated 21801.83m3 and 13025.55m3 respectively. The recharge from other sources in the 
non-command area during the monsoon and the non-monsoon area was calculated 11969m3 and 
137.21m3 respectively. 
	

Table 6. Recharge from the canals  

Name of the canal segment Ravi Tawi Ranbir Partap Pargwal 
Length (m) 20515.19 28197.59 83166.25 34150.28 1932.59 
Design depth of the flow (m) 0.6 2 7 4 1.6 
Base width (m) 3.15 8 16 4.6 6 
Side slope in degree 450 600 600 750 750 
Wetted parameters (m) = 
[2*0.6*(design depth of flow) /  
Sin(side slope in )]+[(base width )] 

4.17 10.79 26 9.574 7.263 

Wetted area in million square meters = 
[(wetted parameter(m)*(length of stream)]/106 0.0855 0.304 2.162 0.32 0.014 

Canal seepage factor in ha m / day per million 
square meter of wetted area 5.5 5.5 6 6 2 

Type of canal  lined lined lined lined unlined 
Number of days the canal segment  
operation during      

        Monsoon season 110 110 122 122 92 
        Non-monsoon season 104 104 122 122 31 
Recharge from canal segment in m3 
(Wetted area*canal seepage factor*number of 
days canal segment in operation) 

     

        Monsoon season  51.76 184.07 1582.58 239.37 2.58 
        Non-monsoon season  48.93 174.03 1582.58 239.37 0.87 
        Annual recharge  100.69 358.1 3165.16 478.74 3.45 
Total recharge from all canal segment = 4106.14 m3 
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Table 7. Recharge from irrigation water applied by surface water irrigation  

Name of the canal segment Ravi Tawi Ranbir Partap Pargwal 
Length (m) 20515.19 28197.59 83166.25 34150.28 1932.59 
Discharge (Cumec.) 9.20 8.5 34 11.33 5.66 
Design discharge in m3/ d 79.48 73.44 293.76 97.89 48.90 
A factor 0.6 assuming that the actual average 
discharge from the outlet during the period water is 
released from it is 0.6 times the design discharge 

47.69 44.06 176.26 58.73 29.34 

Number of days water is released from the outlet       
          Monsoon season  110 110 122 122 92 
          Non-monsoon season 104 104 122 122 31 
Water released from the outlet in m3      
          Monsoon season  5245.68 4847.04 21503.23 7165.58 2699.28 
          Non-monsoon season 4959.55 4582.66 21503.23 7165.55 909.54 
Return flow factor as a fraction       
          Monsoon season 0.45 0.45 0.45 0.45 0.45 
          Non-monsoon season 0.25 0.25 0.25 0.25 0.25 
Recharge from irrigation water applied by surface 
water irrigation in m3 

     

          Monsoon season  2360.56 2181.17 9676.45 3224.50 1214.68 
          Non-monsoon season 1239.89 1145.66 5375.81 1791.39 227.39 
  Annual recharge in m3 3600.44 3326.83 15052.26 5015.88 1442.06 
Total recharge from all segment = 28437.48 m3 

	
Table 8. Recharge form irrigation water applied by ground water irrigation  

Groundwater assessment unit  Monsoon 
season 

Non-monsoon 
season Annual 

Irrigation water applied by ground water irrigation 
in m3     

          Command area  2409.17 4798.59 7207.76 
          Non-command area  239.14 476.33 715.47 
Return flow factor for computing recharge from 
irrigation water applied by groundwater irrigation 0.45 0.25  

Recharge from irrigation water applied by ground 
water irrigation in m3    

          Command area 1084.12 1199.64 2283.76 
          Non-command area  107.61 119.08 226.69 

4.2.1. Recharge from canals 

Recharges from canals were computed separately for the monsoon and non-monsoon seasons of 
the ground water assessment year, apply only for the command area. For the calculation of the 
recharge from the canal segments in hectare meter was computed by the product of the seepage 
factor expressed in hectare meter per day million square meters, which depends upon whether the 
canal was lined or unlined with soil type, wetted area in million square meters and the number of 
days the canal segment was in operation. The average depth of flow in a canal segment during the 
duration in which it was in operation considered to be 0.6 times the design depth of flow of that 
canal. The wetted area in the million square meters for each canal segments was computed make 
use of data on length, base width, side slope and design depth of the flow. The canal seepage factor 
in hectare meter per day per million square meters of the wetted area was assigned to each canal 
segment based on the norms (Table 3). The recharge from the canals was calculated by wetted area 
and canal seepage factor along with the number of days the canal segments were in operation during 
monsoon and non-monsoon season. The recharge from canals during the monsoon and the non-
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monsoon season were finally obtained as the sum of recharge values computed for each canal 
segment was calculated as 4106.14m3 (Table 6). 

4.2.2. Recharge from irrigation water applied by surface water irrigation 

Recharge from irrigation water applied by surface water irrigation was computed for monsoon 
and non-monsoon season of the one groundwater assessment year, applicable only for the command 
area. The computation of recharge from irrigation water applied by surface water irrigation was 
calculated by water released from the outlet in hectare metres multiplying return flow factor as a 
fraction as given in Table 10. The water released from each outlet was calculated by design 
discharge in hectare meter per day of each outlet collected from the field data multiplying a factor 
0.6 assuming that the actual average discharge from the outlet and number of days the canal outlet 
was in operation during the monsoon and non-monsoon season. The return flow factor depends 
upon (GEC-1997) value for the return flow factor for computing recharge from irrigation water 
applied by surface water irrigation in command area given in the Table 4. The recharge from 
irrigation water applied by surface water irrigation from different canals segment was calculated as 
28437.48m3 

4.2.3. Recharge from irrigation water applied by ground water irrigation 

The recharge from irrigation water applied by groundwater irrigation in groundwater assessment 
unit both command and non command area were obtained by the irrigation water applied by 
groundwater irrigation in command and non command area separately for the monsoon season and 
non monsoon season in hectare meter multiplying return flow factor for computing recharge from 
irrigation water applied by groundwater irrigation area as a fraction in the Table 3. The recharge 
from irrigation water applied by groundwater irrigation in groundwater assessment unit both 
command and non command area were obtained by the irrigation water applied by groundwater 
irrigation in command and non command area separately for the monsoon season and non monsoon 
season in hectare meter multiplying return flow factor for computing recharge from irrigation water 
applied by groundwater irrigation area as a fraction in the Table 3. The annual recharge from 
irrigation water applied by ground water irrigation in command and non-command area was 
calculated 223.76m3 and 226m3 respectively (Table 8). 

4.2.4. Recharge from tanks and ponds 

Recharge from tanks and ponds were computed for the monsoon and non-monsoon seasons of 
the current groundwater assessment year were only applicable for the non-command area because 
there was major such structure found in the command area. The 256 ponds were identified in the 
non-command area. The water-spread area in hectares of each tank/pond was taken as 0.6 times 
(GEC-1997). The maximum water spread area during the season under consideration and the 
number of days when water was actually available and the average water spread area during that 
season. The recharge from each tank/pond in hectare meter during the monsoon and non monsoon 
seasons of the groundwater assessment year computed as the product of the average water spread 
area, the number of days water was available and a factor of 0.0014m/d. The total recharge from the 
ponds in the non-command area was computed as 12.07m3 and 18.13 m3 for the monsoon and non-
monsoon season respectively. 

4.3. Recharge from rainfall 

Rainfall is the natural phenomenon showing considerable variations from year to year. The 
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rainfall infiltration factor method was employed for the calculation of recharge from rainfall. The 
normal rainfall is the data most appropriate basis for computing the rainfall recharge. The recharge 
from rainfall was computed by: 

R=f×A× [Normal rainfall of the season under computation] (1) 

where, R-recharge from rainfall, f-rainfall infiltration factor, A- area for computation of recharge. 
Due to unconsolidated loss sediments and sandy alluvial soil the rainfall infiltration factor in 

Jammu Himalaya for both command and non-command area was taken as 0.22 from the norms 
(Table 2). As per the data of the Indian Meteorological Department (IMD), Srinagar, the annual 
normal rainfall of the Jammu Himalaya was 1296mm whereas seasonal rainfall was 946mm for the 
monsoon and 250mm for the non-monsoon season were used for the calculation of recharge from 
rainfall. Although, it is important to note that the rainfall recharge during the non monsoon season 
is considered to be nil if the normal non monsoon season rainfall is less than or equal 10% of the 
normal annual rainfall and it is only calculated if that percentage value is greater than 10%. The 
recharge in monsoon and non-monsoon season of the command and the non-command area was 
given in Table 9. 
	

Table 9. Rainfall recharge in assessment unit by Rainfall Infiltration Factor (RIF) estimation method  

Groundwater assessment unit   
Annual normal rainfall in mm for command & non-command  1246 
Normal monsoon rainfall in mm for the command area 996 
Normal non-monsoon rainfall in mm for the command and non command area 250 
Normal non-monsoon rainfall as a percentage of annual normal rainfall in the command area 20.06% 
Rainfall infiltration factor in command & non-command area  0.22 
Is non monsoon season rainfall as a percentage of normal annual rainfall greater than 10 % Yes 
Recharge in command area by RIF method during monsoon season  21196.84m3  
Recharge in command area by RIF method during non-monsoon  5320.49m3 
Recharge in non-command area by RIF method during monsoon season  16609.30m3 
Recharge in non-command area by RIF during non-monsoon season  4169m3 

4.4. Replenishable groundwater resources 

The annual replenishable groundwater resources in the command and non command area of the 
Jammu Himalaya was calculated by recharge from other uses in the monsoon and non monsoon and 
recharge from rainfall in the monsoon and non-monsoon season. The annual replenishable 
groundwater resources in the command and non-command area were calculated 61344.7m3and 
21035.18m3 respectively. 

4.5. Net annual groundwater availability and allocation of groundwater resources for 
  utilization 

The net groundwater availability has been obtained by subtracting the natural discharge from the 
replenishable groundwater resources. The natural discharge like base flow, evaporation from 
groundwater reservoir, etc. have been left unaccounted while obtaining the total annual ground 
water recharge. This was taken care by assigning a value for the unaccounted discharge. The 
unaccounted natural discharge was assigned as 10% of the total replenishable groundwater 
resources as per (GEC-1997). The net annual groundwater availability was to be apportioned 
between domestic, industrial and irrigation uses. Among these as per the National Water Policy of 
Government of India, requirement for domestic water supply is to be accorded priority. The 
requirement is to be based on the population as projected to the year 2025, per capita requirement of 
the water for domestic use and relative load on groundwater for urban and rural water supply (Table 
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10). The estimation of allocation for domestic and industrial water requirement the following 
empirical equation was recommended by the (GEC-1997): 

[Allocation for domestic and industrial water requirement] = 22×N×Lg mm/y (2) 

where: N-Projected density of population by 2025 
 Lg- fractional load on ground water taken as 0.6. 
 N-906 projected density of Jammu Himalaya to the year 2025 
 

The allocation for domestic and industrial purpose is projected for the year 2025 
Considering the use for 60 liters per day per head =22×906×0.6=11959.20 m3 

 

Table 10. Net annual groundwater availability  

S. No. Description in (m3) Command 
area 

Non-command 
area 

Total 

1 Recharge from rainfall during monsoon season 21196.83 16609.29 37806.12 
2 Recharge from rainfall during non-monsoon season 5320.49 4169 9489.49 
3 Recharge from other sources during monsoon season 21801.83 119.68 21921.51 
4 Recharge from other sources during non-monsoon 

season 13025.55 137.21 13162.76 

5 Replenish able groundwater resources 
[(1)+(2)+(3)+(4)] 61344.7 21035.18 82379.88 

6 Allocation for natural discharges {10% of (5)} 6134.47 2103.518 8237.988 
7 Net annual ground water availability [(5)-(6)] 55210.23 18931.662 74141.89 
8 Existing gross ground water draft for irrigation 7207.76 715.47 7923.23 
9 Existing gross ground water draft for domestic supply 6778.21 5910.34 12688.55 

10 Existing gross ground water draft for all uses 13985.97 6625.81 20611.78 
11 Provision for domestic, and industrial requirement 

supply to 2025 - - 11959.20 

12 Net ground water availability for future irrigation 
development [(7)-(8)-(11)] - - 54259.46 

4.6. Long term groundwater trend 

The long-term groundwater fluctuation has been determined by the data of the 43 observation 
wells in the command and non-command area of the Jammu Himalaya. Based on the groundwater 
level data, the average water level fluctuation below ground level (bgl) between the pre monsoon 
and the post monsoon season of the five consecutive years were found 4.46m, 4.49m, 4.56m, 
4.47m, 4.51m whereas, rainfall during these years, have a small difference which signifies that in 
the long groundwater trend these was no significant rise or fall of water levels, in both the pre-
monsoon and the post-monsoon intervals.  

4.7. Categorization for future groundwater development 

The stage of future ground water development is defined by: 
Stage of future groundwater development (%) = existing gross groundwater draft for all uses 
divided by net groundwater availability multiplied by 100.  
For the categorization for future groundwater development (GEC-1997) recommended that stage of 
groundwater development <= 70% is safe, >70% and <=90% semi critical, >90% and <= 100% 
critical, >100% over exploited. 
The stage of groundwater development of the Jammu Himalaya= (20611.78/74141.89)*100. 
= 27.80 %, and categorized for future groundwater development as SAFE. 
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5. CONCLUSION 

The increasing demand of water has brought tremendous pressure on groundwater resources in 
the regions where groundwater is prime source of water. The groundwater resource estimation in 
the study area was calculated by using “Groundwater Estimation Methodology 1997 (GEC- 1997)”. 
The stage of groundwater development in the Jammu Himalaya was calculated 27.80% with no 
significant decline of water levels during both the pre-monsoon and post monsoon intervals hence 
the Jammu Himalaya is categorized as ‘Safe’ for future groundwater development. While 
estimating the replenishable groundwater resource it is essential to have a good database and idea of 
the different recharge mechanisms and their importance in the study area. Groundwater resources 
estimation is a continuing process, since the natural discharge and recharge pattern of the aquifer 
changes with the changing groundwater scenario. Therefore, there is an urgent need for the 
formulation of long term assessment plan of periodical reassessment of the groundwater resources 
in the study area. The intervening period between the successive re-assessment should be devoted to 
further strengthen to the database. These would include the intensified monitoring of the measured 
data like water level, rainfall canal discharge, well census, base flow, etc. and special studies on 
estimation of parameters like specific yield, rainfall infiltration factor, canal seepage factor, return 
flow factor etc. Consequently a well planed programme of groundwater development to meet both 
drinking and irrigation water requirement (with the former being given the greater priority) can be 
safely initiated in the Jammu Himalaya to optimally utilize the groundwater potential at the same 
time and ensure that the groundwater development is both sustainable and has no adverse 
environment impacts. 
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