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ABSTRACT  
Quantification of groundwater recharge is a basic prerequisite for efficient groundwater management but its 
estimation is a complicated task in all ground water resources studies. This study is concerned with the 
development of a technique to estimate recharge of G-K (Ganges and Kabodak) irrigation project by the 
analysis of observed precipitation and water table fluctuations. In this study, for estimating ground water 
recharge, the well-known water table fluctuation technique has been implemented so that ground water 
recharge can be estimated using the shortest data available in hand. The estimated recharge database can be 
useful for numerical groundwater model study to estimate future groundwater use potential in the project area 
and also the runoff and the evapotranspiration obtained from the study can be used as an initial value for any 
detailed study in future. The overall objective of this study is to form a recharge database in the Ganges-
Kobadak (G-K) Irrigation Project area in Bangladesh for estimating GW use potential in future. 
 
Keywords: G-K (Ganges and Kobadak), Aquifer, Groundwater recharge, Precipitation, Groundwater level, 
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1. INTRODUCTION 
Groundwater (GW) is the important source of freshwater supply all over the world. Assessment of GW recharge 
and its use potentials is essential for the successful management of water resources systems. Comprehensive 
statistics on GW abstraction and use are not available, but it is estimated that more than 1.5 billion people 
worldwide rely on GW for potable water (Clarke et al., 1996). Since the world population is increasing 
continuously, more burdens on GW resources will be occurred, particularly in arid and semiarid areas.  Long-
term availability of GW supplies for growing populations can be ensured only if effective management schemes 
are developed and put into practice. Quantification of natural rates of GW recharge is imperative for efficient 
GW management.  However, GW recharge processes are still one of the least understood, largely because 
recharge rates are difficult to directly measure as quantity of precipitation depends on several factors. Because 
of such factors, determining GW recharge and its use potentials is a great challenge in all GW studies.  
 
GW recharge is also critically integrated with GW contamination. The important issues in areas of GW 
contamination as well as GW supply are the rate, timing and location of recharge. Generally, the probability for 
contaminant movement to the water table increases as the rate of recharge increases. Areas of high recharge are 
often equated with areas of high aquifer vulnerability to contamination (ASTM, 2008; US National Research 
Council, 1993). Locations for subsurface waste-disposal facilities often are selected on the basis of relative rates 
of recharge, with ideal locations being those with low aquifer vulnerability so as to minimize the amount of 
moving water coming into contact with waste. 
 
From the mentioned above, it is clear that modelling of GW-flow are perhaps the most significant and useful 
steps for GW-resource management. Models are applied in both GW recharge management and its use 
potentiality.  

2. METHODOLOGY 
Many different methods and approaches exist for estimating GW use potentials. A complete understanding of 
the whole methods and the studies dictates that recharge estimation techniques be matched to conceptual models 
of recharge processes at individual sites to ensure that assumptions underlying the techniques are consistent with 
conceptual models. 
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2.1 System conceptualization 
The development of a conceptual model of recharge processes is an important step in any recharge study. The 
conceptual model should be developed at the beginning of a study. It can be revised and adjusted as additional 
data and analyses provide new insights to the hydrologic system. Records of water level fluctuations in wells are 
worth the cost and trouble of collecting only if they are used as a basis for hydrologic interpretations. Although 
water level records have been vital to the reaching of conclusions regarding the occurrence and development of 
GW in specific areas, many such records still await interpretation. Similarly, a wealth of climatologic and other 
hydrologic data is in need of analysis (Korkmaz, 1988). In the wet period when precipitation occurs, the first 
rain wets vegetation and other surfaces and then begins to infiltrate into the ground. The first infiltration 
replaces soil moisture, and thereafter, the excess percolates slowly across the intermediate zone of saturation 
moves downward towards aquifer storage and consequently the water table goes up. In the dry period when 
evapotranspiration rate and GW withdrawal exceed the available moisture from precipitation, recharge to the 
water table is negligible and thus, GW levels decline (figure 1). 

 

 

Figure 1: fluctuations in water level caused by recharge by precipitation (Adapted from Korkmaz, 1988) 
In the general case it is possible to calculate the total level oscillation amplitude due to infiltration if the overall 
recession regime, i.e. the behavior of the aquifer without external recharge, is known. It is generally found that  
the component forming a GW hydrograph, including those from a GW system, frequently each had a recession 
that could be approximated by simple exponential relationships of the from (Figure 1): 
 

at
o ehh −+=                                                                                                                              (1)       

                                                                                                                                
where oh  and h  are the water level above discharge level at the beginning of the measurement period and after 
a certain time (t) respectively and a is known as coefficient of recession or discharge coefficient. 
 
Like any other exponential formula, on a semi-logarithmic paper when water level above discharge level is 
plotted to the log scale and time to the arithmetic scale, the recession curves plot as nearly as straight lines 
(Figure 1). In the log system with base 10, the formula is converted into the following form: 
 

athh o 4343.0loglog −=                                                                                                          (2)         
                                                                                                            
The shape of the recession curve depends on the water yielding properties of the aquifer material, the 
transmissibility and the geometry (Johansson, 1987). 
 
The recovery of the water level, ΔH, under natural hydrological conditions is a mirror image of the recession 
curve. The recovery of the water level varies from year to year, depending on the amount of total precipitation 
( tR ) in wet period (Figures 1). GW levels are influenced by seasonal cycles in such factors as recharge from 
precipitation, evapotranspiration, and discharge from wells and show a seasonal pattern of fluctuations (Healy, 
2010). The degree of correlation between fluctuations of GW level and fluctuation of total precipitation ( tR ) in 

wet period furnishes a clue as to the freeness of the connection between recharge and total precipitation ( tR ) in 
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wet period. This study considers the direct estimation of recharge using recovery of the GW level (ΔH) and total 
precipitation ( tR ) during wet period (Figure 2). 
 
The line regression equation is 
 

tbRaH +=∆                                                                                                                                                      (3) 
 
Where ΔH is recovery of GW level, and tR  is total precipitation during the wet period, a & b are the regression 
coefficients. 
 
Precipitation intercept, eR  is intersection of the total precipitation recovery straight line with zero-total 
precipitation axis (Figure 2) and it represents the amount of surface runoff and evapotranspiration for the same 
period. Recovery or recharge from precipitation is a function of the amount of total precipitation ( tR ). If the 

intercept is Re, the recharge ( sR ) is estimated as 
 

etcs RRR +=                                                                                                                                                      (4) 
 
Where, tcR  is the result of the computation of the total precipitation by means of equation (3) during the wet 
period in a year. 
 

 

Figure 2: Relationship of total precipitation in wet period and recovery of the aquifer water level. 

2.2 Estimation of GW Recharge 
In this paper, a modified GW fluctuation technique is represented for estimating GW recharge in shallow depth 
based on a statistical relation between the precipitation and water levels. The analysis is based on the original 
conditions, which are unaffected by heavy pumping. Observed monthly precipitation and weekly GW levels are 
the only data required to carry out the study. 
 
By analyzing the monthly precipitation and water level records belonging to the period, the amount of rainfall 
causing a rise in water level is determined. These rainfall amounts are called “total precipitation ( tR )” causing 
the rise in water level. The water level rise caused by this total precipitation is termed as “water level rise due to 
GW recharge ( H∆ ) and can be found from the graph directly. This procedure is repeated year after year for the 
period of record from 1999 to 2006 for all the individual well station and the relation between these two 
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variables ( tR ) and H∆  is established by using simple statistical technique. H∆  is the function of the 
precipitation amount above a threshold rainfall value, which represents the precipitation causing surface runoff, 
evapotranspiration, and subsurface flow or only one of them depending on the local hydrological conditions in 
the study area. It is obtained by setting H∆  = 0 in the regression equation, which is represented in figure 1. The 
recharge amount for each year is then calculated by subtracting the threshold precipitation from the total 
precipitation causing water level rise in that year. 

3. RESULTS AND DISCUSSION 
The Ganges-Kabodak (GK) irrigation project supplying water in five districts of the country’s south-western 
belt for boro cultivation has been as case study here. The districts include Kushtia, Jhenidah, Chuadanga, and 
Magura. The project linking the rivers Gorai and Padma will supply water to produce 275,000 tonnes of paddy 
on 116,000 hectares of land in the region. The project is using 15 pumps to lift water with a capacity of 153 
cusec water from the two rivers through an intake channel to the project areas. According to official sources, the 
project authorities had been supplying water only for two seasons--kharif-1 (March-June) and Kharif-11 (July-
November) since the beginning of the project in 1961. A new crop season has been introduced, namely Kharif-
111 (December-March), in the irrigation system last year. During the dry season, the water level of river Padma 
go much below and up to 186000 cubic meters of silt has to be dredged annually from 850 meter stretch of canal 
near the Hardinge Bridge. 
 
As this project covers about 37 well points under several well stations to accomplish its goal of supplying water 
for irrigation purpose, here in this paper, due to analytical assessment under limited paper size, one of the well 
points methodology of determining GW recharge potentialities has been demonstrated and others estimated 
recharge potentials has been shown and the selected well point is GT5557001 which is under the district of 
Magura. 
 
The GW levels naturally fluctuate in response to a sequence of climatic events and to constraints imposed by the 
hydro-geologic and topographic characteristics (figure 3). The figure demonstrates that the aquifer is recharged 
in the wet period due to the excess rainfall and discharged in the dry period as there is not much rainfall 
available in that time. In addition, evapotranspiration and water withdrawal takes place, which cause the 
depletion of the water table. GW recharge is largest in the wet period, especially in the monsoon, when plants 
are dormant and evapotranspiration rates are comparatively less. In the dry period, when evapotranspiration 
rates exceed the available moisture from precipitation, recharge to the water table is negligible and thus, GW 
levels decline (figure 3). 
 

 
 

Figure 3: Weekly GWL hydrograph for 1999 to 2006 in the GT5557001 
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Figure 4: Fluctuations in water levels caused by recharge from precipitation for GT5557001 monitoring well. 
 

The recovery of the water level ( H∆ ) and the total precipitation ( tR ) during the wet period in a year for water 
years from 1999 to 2006 are determined (Figure 4) and a linear regression equation during the period is 
established (Figure 5). 

 

Figure 5: Relation of total precipitation in wet period and GW recovery. 
 

 
The results of linear regression analysis are presented in table 1. 

Table 1: Results of linear regression analysis 

Type of relation No. of 
observations 

Correlation 
coefficient, r 

Standard error 
of estimate Regression equation 

Total precipitation 
GW level recovery 8 0.83777 2.23733 H∆   = -3.56102+0.00649 tR  
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Table 2: Summary of recharge computation 

Water  Year 
Annual 

precipitation,  

yR  (mm) 

Recovery of GW level, 
H∆   (m) 

Computed total 
precipitation, tcR  

(mm) 

Recharge, tR  

(mm) 

1999 1480.80 5.63 1416.181818 866.85182 
2000 1863.80 7.79 1349.001541 799.67154 
2001 1212.50 3.77 1129.587057 580.25706 
2002 2071.00 4.02 1168.107858 618.77786 
2003 1353.20 3.99 1163.485362 614.15536 
2004 1882.50 5.75 1434.671803 885.3418 
2005 1405.00 3.68 1115.719569 566.38957 
2006 1448.40 3.14 1032.514638 483.18464 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Estimated GW recharge for 8 years in the well point GT5557001 
 
The regression equation is H∆   = -3.56102+0.00649 tR . The average precipitation intercept (Runoff) of the 

aquifer is found as 549.33mm (Figure 5). The computed values ( tcR ) of total precipitation by means of the 
regression equation for water years from 1999 to 2006 are summarized in table 2. The results of the computation 
of the recharge ( tR ) from precipitation of this aquifer by means of equation etcs RRR +=  for the whole 8 
years period (1999-2006) ranges from 483.1846379mm in 2006 to 885.3418028mm in 2000 (Figure 6). The 
annual average recharge during the period from 1999 to 2006 is 676.8287057mm. This is about 42.58% of the 
average annual precipitation (1589.65mm) in this well point. 
 
Similarly the GW recharge of various well points under several well station of corresponding region have been 
determined and due to ease of the assessment and limitation of paper size, the other well point’s GW recharge 
estimation procedure, has been taken as ellipsis, as it’s analogous to the previous procedure. But the final 
outcomes of several well points are demonstrated as followed. For the ease of representation of the results the 
well points and well stations are subdivided under several district and region. 
 
The regions that the G-k irrigation project covers are Alamdanga, Amla, Kushtia, Magura and Shailkupa. The 
corresponding outcomes of several well points under these zones are demonstrated respectively. 
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3.1  Alamdanga  
Alamdanga is an upazilla of Chuadanga district in the division of Khulna, Bangladesh. It covers an area of  
360.4 square kilometres (139.2 sq mi).Alamdanga is located at 23.7583°N 88.9500°E . It has 44,699 households 
and total area 360.4 km².  
 
Alamdanga upazilla contribute a station for G-K irrigation project and the station id is R452 Alamdanga. There 
are about five effective well points in Alamdanga upazilla. And those are GT1815001, GT1815004, 
GT1815501, GT4414001 and GT4414002. The estimated GW recharges of these well points are demonstrated 
below in table 3. 

Table 3: Estimated GW recharge of several well points of Alamdanga 

Water Year 
Recharge of Well points of Alamdanga (mm) 

GT1815001 GT1815004 GT1815501 GT4414001 GT4414002 

1999 1232.79 1979.50 1391.31 1360.57 2168.18 

2000 1353.36 1545.24 941.49 1079.58 1458.30 

2001 945.71 1381.89 1598.93 666.36 715.41 

2002 1428.96 1692.65 1481.28 1327.51 1375.76 

2003 869.15 1051.22 1512.42 1509.33 1293.21 

2004 1792.60 1883.88 657.75 1773.79 1904.04 

2005 1926.57 2003.41 2007.23 2079.58 2069.13 

2006 2199.30 1891.85 2221.76 1881.23 1904.04 
   

3.2 Amla 
Amla is an upazilla of Chuadanga district in the division of Khulna, Bangladesh. Amla upazilla contribute a 
station for G-K irrigation project and the station id is R214 Amla. There are about eight effective well points in 
Kushtia district. And those are GT5015007, GT5015009, GT5094027, GT5094028, GT5094030, 5094031, 
5094511 and 5094512. The estimated GW recharges of these well points are demonstrated below in table 4. 

Table 4: Estimated GW recharge of several well points of Amla 

Water 
Year 

Recharge of well-points of Amla  (mm) 
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1999 1552.62 1573.60 1746.23 1754.73 1267.17 1579.78 1702.01 1536.84 

2000 1109.37 1094.73 1107.18 1062.79 1047.99 1111.03 1112.82 1066.64 

2001 1309.37 1352.94 979.37 1238.15 1274.02 1400.09 1393.90 1185.84 

2002 1466.13 1310.69 752.16 825.82 1137.03 1361.03 788.50 1142.80 

2003 1022.87 1000.83 610.15 797.39 767.17 1048.53 1058.77 752.07 

2004 1585.05 1658.11 1689.42 1659.95 1465.80 1587.59 1712.82 1662.67 

2005 547.21 1827.12 1973.44 1830.56 1883.61 1782.91 2015.52 1834.85 

2006 682.35 681.58 1078.78 982.22 1034.29 907.915 1102.01 1073.26 
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3.3 kushtia 
Kushtia district has an area of 1621 square kilometers and is bounded by Rajshahi, Natore and Pabna districts to 
the North, by Chuadanga and Jhenaidah districts to the South, by Rajbari district to the east and by West Bengal 
and Meherpur district to the west. Kushtia district contribute a station for G-K irrigation project and the station 
id is R19 Kushtia. There are about five effective well points in Kushtia district. And those are GT5079024, 
GT5079026, GT5079505, GT5071506 and GT5071507. The estimated GW recharges of these well points are 
demonstrated below in table 5. 
 

Table 5: Estimated GW recharge of several well points of Kushtia 

 

3.4 Magura  
Magura is a district of Khulna Division.in the South-Western Bangladesh. Its area is 1048 km2.It is bounded by 
Rajbari district on the north, Jessore and Narail districts on the south, Faridpur district on the east and 
Jhenaidaha district on the west. Magura district contribute a station for G-K irrigation project and the station id 
is R460 Magura. There are about seven effective well points in Magura district. And those are GT5557001, 
GT5557002, GT5557004, GT5595009, GT5595010, GT5595011 and GT5595012. The estimated GW recharges 
of these well points are demonstrated below in table 6. 

Table 6: Estimated GW recharge of several well points of Magura 

Water 
year 

Recharge of Well-points of Magura   (mm) 
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1999 866.85 1459.56 1415.48 1420.74 1402.04 699.53 1301.29 

2000 799.67 1601.79 1636.41 1640.879 1683.78 1704.75 1838.08 

2001 580.26 1184.01 898.04 1131.43 1072.67 489.14 960.64 

2002 618.78 1384.01 1229.43 1200.62 1564.73 2032.03 1838.08 

2003 614.16 1215.12 1188.74 1081.12 1191.72 1143.70 1249.68 

2004 885.34 1557.34 1851.53 1867.28 1540.92 1634.62 1290.97 

2005 566.39 1188.45 816.65 1043.38 1167.91 816.42 650.95 

2006 483.18 890.68 1025.95 1074.83 1223.46 1050.19 888.38 

Water 
Year 

Recharge of Well points of Kushtia   (mm) 

GT5071506 GT5071507 GT5079024 GT5079026 GT5079505 

1999 1804.03 1964.49 1501.86 1885.81 1913.10 

2000 1698.77 1528.49 1359.97 1469.97 1324.49 

2001 1407.27 1673.82 1684.30 1702.64 1577.66 

2002 1609.70 698.03 1164.03 1370.96 1299.18 

2003 136.01 1009.45 1224.84 999.67 1223.23 

2004 1548.97 1736.11 1839.70 1836.31 1818.16 

2005 1293.91 1092.50 934.30 1628.37 805.51 

2006 1261.52 864.12 927.54 1167.99 1261.20 
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3.5 Shailkupa 
Shailkupa Upazilla contribute a station for G-K irrigation project and the station id is R463 Shailkupa. There are 
about nine effective well points in Magura district. And those are GT4480014, GT4480015, GT4480016, 
GT4480017, 4480018, GT4480019, GT4480020, GT4480021 and GT4480022. The estimated GW recharges of 
these well points are demonstrated below in table 7. 

Table 7: Estimated GW recharge of several well points of Shailkupa 

4. CONCLUSIONS 
The goal of this study has been a synthesis of the results which can be obtained by analysis of water level 
fluctuations. The present work suggests the recharge estimation of G-K (Ganges and Kobadak) irrigation 
project. The irrigation project area consists of several well stations (which have been described earlier) from 
which the irrigation areas receive water. And the recharge of the GW in this area is from precipitation. It is clear 
from the previous discussion that the GW recharge of the areas takes place in the wet period, especially in the 
monsoon (wet period) season due to heavy rainfall when plants are dormant and the evapotranspiration rates are 
comparatively less. 
 
In this study the GW fluctuation method has been used because of the ease of this method with shortest possible 
data and information that are available in hand. From the analysis of all the well points and station of the project 
area through water level fluctuation method it is undoubtedly visible that the project areas are recharged from 
precipitation and the amount of this precipitation have been shown in the results and discussion chapter. 
Nevertheless, by using this method other hydrologic variables such as evapotranspiration and runoff can be 
obtained indirectly, which can be used as an initial value for any detailed study in future. Eventually from the 
whole system analysis, amount of GW recharge in every single station and areas have been estimated. The 
estimated recharge database can be useful for numerical GW model study to estimate future GW use potential of 
G-K (Ganges and Kobadak) Irrigation Project. 
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