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ABSTRACT:  This study describes a contemporary methodology for investigating existing 
hydrogeological framework for delineating underlying aquifer system and assessment of available 
groundwater (GW) resources in Faridganj municipality of Bangladesh. Based on the available 
borelogs, the analysis of individual lithology and developed hydrostratigraphic columnar sections 
demonstrates that top most layer is aquiclude, which is followed by three composite aquifer layers 
alternatively arranged within different depths separated by clay (aquitard and aquiclude layer). 
However, there is an evidence of a prominent aquifer just below the composite layer pinched out at 
Char Mathura under Faridganj upazilla covering the entire municipality area. The thickness of this 
aquifer layer varies within the depth from 186 m to 265 m. Specific yield of this aquifer varies from 
0.13 to 0.18 indicating that the aquifer contains distinctive mixtures of medium to coarse sand. 
Analysis of storage coefficients and individual hydrostratigraphic sections demonstrate that the 
underlying aquifer in the study municipality is semi-confined in nature. However, development of 
numerical GW modelling as well as simulation of GW flow has been performed in an integrated 
MIKE-11 and MIKE-SHE platform. Based on the simulation and water level fluctuation analysis, 
availability of GW resource has been assessed for the design year. In selecting design event, most 
weight has been considered for 80% dependable of annual rainfall, because this is considered most 
generally significant for domestic requirement considerations. The design year (2002 in this study) 
is selected based on the return period analysis of rainfall from the precipitation records for a period 
of 30 years spanning over 1980 to 2009 obtained from 22 rain gage stations located in and around 
the study municipality. According to water table fluctuation approach, GW resource availability in 
the shallow aquifer on May 01, 2002 for 6m and 7m depths are estimated as 11.40 MCM and 13.30 
MCM, respectively, whereas on November 01, 2002, it is calculated as 11.12 MCM and 13.73 
MCM for 6m and 7m depths, respectively. Long-term simulation and water balance indicates that 
deep aquifer GW recharge is found as 593mm in 2002, which mostly comes from the horizontal 
flow, and the corresponding available annual aquifer storage is estimated as 14.14 MCM. 

 
Keywords: Aquifer, Hydrogeological Setting, Hydrostratigraphic, Groundwater Modelling, 
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1. Introduction 
 
Groundwater (GW) is usually the major source of potable water supply in most of the developing 
countries in world due to its abundant availability in nature and natural protection from 
contamination. Globally, irrigation activities and industrial as well as domestic water supplies are 
largely dependent on the GW reserve (Adhikary et al., 2011; Hoque et al., 2007). However, this 
resource, like many other valuable natural resources, is being exploited at an alarming rate all 
over the world. Therefore, development and management of this useful resource is an important 
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subject matter in the field of modern hydrogeology (Hoque et al., 2007; Elango and Sivakumar, 
2005; Butler, 2000). Nowadays, it is apparent that the sustainability of existing GW supply 
structure and supplementary use of surface water depends on the reliable assessment of available 
GW resources in any area or watershed under consideration. This specific purpose can be 
fulfilled by an integrated distributed hydrogeological model that has numerous advantages. 
However, this numerical model serves as a useful tool to simulate the recharge mechanism, flow 
characteristics and potential head distributions of GW system within the pre-defined 
hydrogeological boundary (Kumar, 2012; Sinha, 2005). In this way, it can help in estimating the 
existing GW resources and thereby assist in predicting the potential impacts on GW system under 
different water allocation options in future (El Yaouti et al., 2008; Wahid et al., 2007; Sinha, 
2005; Anderson and Woessner, 1992). It is now well known that aquifers are naturally occurring 
underground reservoirs and very convenient sources of fresh water, which usually contain a huge 
storage capacity. Worldwide, they are being used as sources of drinking water supply as most of 
them contain high quality waters. In addition, they can afford a continuous supply of water even 
in dry periods with very low precipitation along with depleted surface water flows. Therefore, 
their utilization in drinking water production and human consumption is obvious in most 
countries of the world. However, it is often indispensable to understand the system dynamics 
within the aquifer system under consideration subjected to natural and artificial stresses before 
implementing any water resources management practices (El Yaouti et al., 2008).  
 
GW is a major source of supplying irrigation and drinking water requirements in Bangladesh. 
Until recently, 97% of the population used to rely on GW for drinking purposes while more than 
70% of the total irrigated area is served with GW sources (Hasan et al., 2007). In Bangladesh, 
GW occurs in the extensive alluvial aquifers at shallow depths and meets most of the water 
demands for drinking and agricultural uses. Development of the GW resource for irrigation and 
other uses is a vital component of the government’s agricultural strategy to achieve food self-
sufficiency in the country (Wahid et al., 2007). This issue is also emphasized in the national water 
management plan of the country (WARPO, 2001). Thus, a suitable framework for appropriate 
assessment and development of GW resources in a developed aquifer system under consideration 
is essential. In this study, existing hydrogeological framework and available GW resources in 
Faridganj municipality under Chandpur district in Bangladesh have been investigated. Although 
domestic and irrigation activities in Faridganj municipality is largely dependent on GW, currently 
there is no management plan in action and consequently uncontrolled GW exploitation is taking 
place. Lack of proper understanding about the GW system dynamics in terms of resource 
utilization, is one of the key limitations towards successful management of this valuable resource. 
Therefore, the present study has been undertaken for investigating the existing hydrogeology and 
underlying aquifer systems in Faridganj municipality as well as quantifying available GWR in 
relation to natural GW recharge and withdrawal options.  

 
2. The Study Area: Faridganj Municipality in Bangladesh 
 
2.1.   Location 
 
Faridganj municipality (Figure 1) is located at Faridganj upazilla (sub-district) of Chandpur 
district under Chittagong division in Bangladesh. It was established in 2005. Now, it is classified 
as a “C” category municipality. It covers an area of about 20.74 sq. km. and consists of nine 
wards. The municipality is bounded by north Faridganj union at the north, north Rupsha union at 
the east, south Faridganj union at the south and south Gobindapur at the west. 
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2.2.   Climatic conditions 
 
The study area has a typical tropical monsoon climate, with hot wet summer from May to 
September and cool dry winters. The main rainy season prevails approximately from May to 
October and almost 90% of the total annual rainfall in the region occurs during this period. Both 
temperature and relative humidity remain high in this season. Mean daily temperature in the 
region is reasonably constant between the months of April and September, and show little 
variation across the region with a mean temperature of 280C. From October, temperatures begin 
to decrease, and mean daily temperature reaches to a minimum of about 190C in January. In April, 
maximum daily temperature in the area can often exceed 350C, while in January minimum daily 
values can be below 100C. The rainfall distribution in the study area is not uniform. The lowest 
mean annual rainfall is about 1900mm, which is observed in an east-west stretched strip at 
Kashba upazilla in Brahmanbaria district. The mean annual rainfall increases towards northern 
and southern directions from the lowest record zone and reaches to about 2200mm and 3200 mm 
in Brahmanbaria and Noakhali district, respectively. 
 
2.3.   Topography and soil characteristics 
 
A well-prepared digital elevation model (DEM) is often required for visualizing the floodplain 
topography and for accurate modelling. A DEM of 300m resolution has been developed to define 
the topography in the study area and used in the model. Topographic data for the study area has 
been extracted from the topographic database developed by FAP-19 based on irrigation planning 
maps available. However, roads alignments and homestead coverage information have been 
collected from Roads & Highway Department (RHD) and Local Government Engineering 
Department (LGED). Utilizing these topographic data, road alignment and homestead coverage, a 
DEM of 300m resolution has been developed to define the topography of the study area. DEM of 
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the study area indicates that topography varies from 0.93 mPWD (meter above public works 
datum in Bangladesh) to 73.8.0 mPWD. Middle part of the study area is relatively flat, in which 
the topography varies from 2.0 mPWD to 6.0 mPWD. Soil is the product of different physical 
and chemical processes of several environmental variables, such as geography, physiographic and 
climatic condition etc. Soil texture of the municipality area is mainly sandy loam. Soils are 
naturally fertile and acidic in condition which pH value ranges from 5.5 to 6.8. 
 
2.4.   Geomorphological and hydrogeological features 
 
The study area is under the physiographic unit of lower Meghna floodplain in Bangladesh. The 
plain land consists of mainly fluvio-deltaic sediment deposited by the Meghna River. The 
Meghna flood plain merges with the southern part of the Old Brahmmaputra flood plain in the 
northwest and with the Sylhet depression in the north. Landform of the flood plain is 
characterized by the natural levees distributed in a mottled pattern that forms shallow depressions 
and small ridges. The maximum height of the levees is 30m above the mean sea level. There are 
numerous small depressions (locally called as Beels and Haors) observed in the flood plain. The 
levee of the rivers gently slopes towards these depressions. Silty clay, clay, sandy silt with local 
peat beds are the major constituents in the flood plain area. Hydrogeological investigations had 
been undertaken to assess aquifer information of sedimentary formation. Recorded information 
gives an idea about the depth and thickness of the aquifer layers in the study area. 
Hydrogeological parameters of this area are governed by the litho-stratigraphic and prevailing 
tectonic activities, which is part of regional hydrogeological setting and tectonic features. The 
quaternary sediments, composed of sand, silt and clay, constitute the surface geology of the 
Meghna basin area. The sediments are heterogeneous in both texture and mineral composition. 
The unconsolidated alluvial sands of Holocene age form the aquifer system in the delta plains 
and flood plains in the western part of the area. The delta building activities are still going on in 
the south, which is attributed to the Ganges- Brahmmaputra-Meghna (GBM) River systems. The 
quaternary sequence provides excellent aquifers, which have been extensively exploited in 
Bangladesh. The aquifers are generally thick multilayered with high transmissivity and storage 
coefficient. In addition, the aquifer systems can broadly be distinguished in the study area is 
recent sand forming both confine and semi-confine aquifer. 
 
2.5.   Status of Agricultural practices 
 
Land use and vegetation are used in the model to calculate actual evapo-transpiration depending 
on the actual crops grown in the area under consideration. Major part of the model area (present 
study) includes agricultural land. It has homestead, pond and forest covers as well. Under the 
present study, the cropping types and cropping pattern have been simplified for modelling 
purpose considering the major crops that require water for irrigation activities. A crop database 
for each crop defining the leaf area index (LAI), root depth and other properties of each crop are 
developed based on FAO reports (FAO, 1979) and used in the model. Crop calendar reveals that 
T. Aman, HYV-Aman, Boro, potato are the main crops in the study area. 
 
 
3. Setting of Hydrogeology and Aquifer Delineation 
 
3.1.   Establishing hydrogeological framework 
 
Hydrogeological investigation for the Faridganj municipality area has been carried out to 
establish the hydrostratigraphic layers. Seventeen lithological data were collected from 
Department of Public Health Engineering (DPHE) and Bangladesh Water Development Board 
(BWDB) for lithological characterization of sub-surface sedimentary formations as well as for 
producing hydrostratigraphic cross-sections and for preparing input data of GW model. The 
available borelogs indicate that maximum depth of the borelog is 265m. Figure 2 depicts the 
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distributions of seventeen borelogs locations and hydrostratigraphic cross-section alignment 
along A-Á  in Faridganj municipality. Subsurface lithological characterization of the study area 
and configuration of the hydro-stratigraphic units has been prepared by analyzing lithology and 
depth of different aquifers. The customized software “depth-storage model” developed by IWM 
has been applied for producing lithological columnar sections and determining the specific yield 
of sediment formations. Spatial distributions of thirteen striplogs and their locations projected all 
over the study area are presented in Figure 3. Hydrostratigraphic columnar sections represent the 
nature and extent of aquifer in and around the municipality area. The striplogs distribution 
demonstrates that a productive aquifer exits below the alteration of aquitard and aquiclude layers. 
 
3.2.   Delineating aquifer system 
 
Hydrostratigraphic section along A-A´ cross-section (Figure 2 and Figure 4) represents the 
hydrostratigraphic layers distributions in the Faridganj municipality and its surrounding area. It 
reveals that top most layer is aquiclude. Below the aquiclude layer, three composite layers of 
aquifer are evidenced within different depths and are separated by clay layer. However, a 
prominent aquifer is evidenced just below the composite layer and pinched out at Char Mathura 
under Faridganj upazilla. The thickness of the aquifer varies within depth from 200m to 265m. 
The analysis of storage coefficient and hydrostratigraphic sections indicates that the aquifer in the 
study area is semi-confined in nature (Table 1). Figure 5 demonstrates three sample columnar 
sections and estimated specific yield of three borelogs lithology, which indicate top most clay 
layer varying at different depth from place to place. A prominent aquifer at Faridganj upazilla is 
evidenced within the depth from 186m to 261m throughout the area. Specific yield of this aquifer 
varies from 0.13 to 0.18, which indicates that the aquifer consists of medium to coarse sand. 
 

 

Figure 2 Borelog locations and hydrostratigraphic sections along A-A/ alignment in study area 
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Figure 3 Striplogs and spatial borelog locations in and around Faridganj municipality 

 

 

Figure 4 Hydrostratigraphic section along A-A´ in Faridganj and its surrounding area 
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Figure 5 Three sample columnar sections and estimated specific yield borelog lithology 

 
By analyzing the stratigraphy of the area, major hydrostratigraphic units are established and 
thereby the underlying aquifer systems have been delineated. The average thickness of 
hydrostratigraphic units in and around the study municipality is present in the Table 1. 

 
Table 1 Summary of different hydrostratigraphic units and their thickness 

Depth (m) 
Hydrostratigraphic unit 

From To 
Average thickness 

(m) 

1st Aquiclude 0 12 12 
1st Aquitard 5 35 30 
1st Composite Aquifer 15 80 65 
2nd Aquiclude 75 120 45 
2nd Composite Aquifer 80 140 60 
3rd Aquiclude 135 165 30 
2nd Aquitard 140 180 40 
3rd Composite Aquifer 165 220 55 
1st Aquifer 220 265 45 
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Figure 6 Model domain used for groundwater model development 
 
4. Modelling Groundwater System 
 
In this study, the GW model has been developed to understand the GW flow dynamics and to 
evaluate the available GW resources at the present condition as well as considering future 
development scenarios. However, for the GW modelling study, a larger study area has been 
considered to avoid the boundary influence in model computation (Kumar, 2012; Anderson and 
Woessner, 1992). For hydrogeological study and GW resource assessment in the present study, 
specific emphasis has been given to the Faridganj municipality area and its vicinity, at least the 
area of concerned Faridganj upazilla. Based on this criterion, the developed GW model domain 
(Figure 6) covers a larger area of about 10, 716 sq. km., although Faridganj municipality covers 
only about 20.74 sq. km. It is bounded on the east by the Indian border, by the Bay of Bengal on 
the south and by the rivers Meghna on the west and by the district boundary of Brahmmanbaria 
on the north, and the district boundary of Narayanganj and Narsingdhi on the northwest. The 
model domain includes Brahmanbaria, Comilla, Feni, Chandpur, Noakhali, and Chittagong 
districts in Bangladesh covering the sixteen upazillas (sub-districts). 
 
4.1.  Data collection and processing 
 
For the purpose of groundwater source identification and resource assessment, large numbers of 
hydrogeological and meteorological data have been collected from BWDB, DPHE, BMD. The 
model has been developed based on the secondary data and primary data collected from the field 
and with the data available in IWM. To quantify the GW resources precisely, the primary data 
such as hydrogeological and geophysical investigation to identify the geological formation and 
aquifer test data to determine the aquifer properties is needed. The model has been calibrated 
based on secondary data that needs to be validated with the primary data collected in the field. 
 
4.2.  Model discretization and simulation specification 
 
In the model development phase, different outputs such as various hydrostratigraphic layers, 

MODEL 
DOMAIN 
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aquifer hydraulic properties, GW level data etc. obtained from the hydrogeological study carried 
out in the study area are used in GW modelling and simulation. Development of a GW model 
involves a geometrical description and specification of physical characteristics of the 
hydrological system of the area under consideration. In this study, the model has been developed 
using MIKE-SHE mathematical modelling software tool, developed by DHI Water and 
Environment Pty Ltd. (DHI, 1999). MIKE-SHE is a comprehensive mathematical modelling 
system that covers the entire land-based hydrological cycle, simulating surface flow, infiltration, 
flow through the unsaturated zone (UZ), evapotranspiration and GW flow; it is designed to 
address dynamic exchange of the water between these components. Major components of the 
model setup include evapotranspiration, unsaturated zone, saturated zone, overland flow and river 
systems. The model has been developed based on the secondary as well as primary data collected 
from the field along with the own data available in IWM data bank. In order to evaluate the GW 
resources accurately, the primary data such as hydrogeological and geophysical investigation are 
indispensable to identify the geological formation. However, aquifer test data is often required to 
obtain the aquifer hydraulic properties for the studied aquifer. Finally, the model has been 
calibrated based on secondary data that needs to be validated with the primary data collected in 
the field. 
 
The study area has been discretized into 1000m x 1000m square grids in horizontal plane. The 
model has 4812 grid cells in each layer, where 239 grids are the boundary cells and the rest are 
computational cells in the model domain. The grid cells are the basic units to provide all the 
spatial and temporal data as input for obtaining corresponding data as output. The coupling of 
surface water (SW) and GW model involves a number of specifications. The river reaches where 
the coupling will take place have been defined in the river model. In the present study, all the 
major rivers and khals within the study area have been coupled with GW system. Type of river-
aquifer exchanges and the flooding conditions have also been defined. The flow exchange 
between the SZ component and the river component is mainly dependent on head difference 
between river and aquifer and properties of riverbed material such as leakage coefficient (Nobi 
and Das Gupta, 1997; El Yaouti et al., 2008). For river-aquifer exchange, leakage coefficients 
along with the hydraulic conductivity of the saturated zone (SZ) are taken into account for most 
of the river reaches. The default time step control and computational control parameters for 
overland flow (OL), UZ and SZ have been used for entire simulation period. However, 
simulation periods of the calibration, validation and prediction models were different and user 
specified. In this study, the developed GW model has been simulated for a total of 10 years from 
1998 to 2009 by using the available data from the secondary sources.  
 
4.3.  Model calibration  
 
The purpose of model calibration is to achieve an acceptable agreement with measured data by 
adjusting the input parameters within acceptable range (Anderson and Woessner, 1992). As a 
coupled SW-GW model contains large numbers of input data, the parameters to adjust during the 
calibration could be numerous. During the calibration, it is therefore often necessary to adjust the 
parameters within the acceptable range determined from field measurements, and to minimize the 
number of adjusted parameters. In this study, the initial input parameters, however, have been 
obtained from secondary sources. The model has been calibrated for the period 1998 to 2005 
where as the model has been verified for the period of 2006 to 2009 with the existing data 
available from the secondary sources. In the present model, calibration has been done against 
observed GW levels. During model calibration, 20 observation wells have been used for the 
calibration and validation purposes. Sample calibration plots are presented in Figure 7. 

 
4.4.  Model verification 
 
It is usual that the calibrated model should be validated outside the calibration period (Anderson 
and Woessner, 1992). In order to increase the reliability of the developed model, it should be 
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verified by using another set of observed data. The period of validation was taken as 2006 to 
2009. Sample examples of model validation results against observed GW levels for representative 
monitoring wells are shown in Figure 8. The results indicate the similar trend of GW fluctuation 
and acceptable matching of GW levels between observed and simulated values in the validation 
periods. From the results of the model validation, it can be concluded that the parameters used in 
the calibrated model are reasonably acceptable. Thus, the developed model can be applied for 
further prediction purposes. 
 

 

Figure 7 Observed and simulated plots of GW levels representing GW model calibration 
 

 

Figure 8 Observed and simulated plots of GW levels showing GW model validation 
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5. Assessment of Groundwater Resources 
 
5.1.  Establishing technical assessment framework  
 
For GW resource assessment, rainfall data are analyzed to estimate the rainfall event for different 
return periods. In selecting design event, most weight is given for 80% dependable of annual 
rainfall, because this is considered generally most significant for domestic requirement 
considerations. Accordingly, analysis is concentrated on rainfall event for 5–year return period 
and corresponding design year is determined. Observed annual rainfall for 26 stations falls in and 
around the study area among which 22 stations has been considered for the statistical analysis for 
a period of 30 years from 1980 to 2009. According to the recommendation of FAP25 study in 
Bangladesh, data have been fitted to 3-parameter Log-normal distribution to find out the average 
and extreme dry year. The obtained results from the statistical analysis are presented Table 2. It is 
evident from the estimated results that due to the randomness of rainfall events, all rainfall events 
for each station will not represent a unique design year and it is necessary to select a design year 
on the basis of stations, those represent a unique design year. However, Table 2 reveals that 4 
stations namely Comilla, Laksam, Nabinagar, and Sonaimuri represent the year 2002 as 5year 
return period event. As such, the year 2002 has been selected as the design year for technical 
evaluation and assessment purpose in this study. 
 
5.2.  Setting up technical evaluation options  
 
In this study, two different options have been considered and model simulations are performed 
accordingly. Results of the option simulations are analyzed, presented and compared with the 
base condition (existing situation) in the two distinctive manners such as analysis of (i) GW level 
hydrographs and (ii) spatial distribution map of depth to GW table. 
 

Table 2: Annual average rainfall (mm) for different return periods in and around study area 

Station 
2 yrs 

Return 
Period 

Year of 
Matching  

5 yrs 
Return 
Period 

Year of 
Matching 

10 yrs 
Return 
Period 

Year of 
Matching 

Bancharampur 1720 2000 1385 1999 1206 2008 
Barura 2053 2005 1662 2001 1455 1999 
B.Baria 2161 2003 1688 2000 1434 2009 
Chandpur 2206 1999 1836 2006 1617 2006 
Chagalnaia 2993 2005 2340 2000 1922 2007 
Comilla 2048 2000 1595 2002 1350 2006 
Daudkandi 2123 2009 1723 2000 1498 2000 
Feni 2842 2005 2279 1999 1974 2006 
Gunbati 2045 2001 1592 2009 1351 2009 
Hajiganj 1931 2002 1454 1999 1173 1999 
Kashba 2243 2009 1781 2000 1539 2008 
Laksam 2280 2008 1908 2002 1711 2002 
Lakshmipur 2661 1999 2051 2005 1731 2008 
Mirsharai 3322 2001 2847 2009 2524 2009 
Muradnagar 2065 2006 1621 2009 1379 2000 
Nabinagar 2061 2008 1691 2002 1482 2000 
Narayanhat 2868 1999 2343 2005 2053 2008 
Noakhali 3467 2000 2936 2006 1649 2008 
Parshuram 2642 2003 2064 2006 1754 2006 
Raipur 2108 1999 1694 2008 1470 2008 
Senbag 1508 2007 879 2001 544 2008 
Sonaimuri 2687 2006 2000 2002 1639 2002 
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Option I: Base Condition (Existing Situation): The base condition includes hydrological 
situation and other existing situations that prevail in the field in the design year (2002). The main 
purpose of the base option is to understand the present status of the study municipality under 
design year in terms of volume of water presently being used, whether it crosses the potential 
recharge of the aquifer, present state of GW table, crop coverage and scope for further irrigation 
expansions considering the water availability. Crop coverage under different crops in existing 
condition has been considered in base option. Total amount of water required for irrigation 
activities is abstracted from the aquifer. 
 
Option II: Long-term Simulation:  Option II is the future development option, which mainly 
includes future abstraction of water from groundwater to meet the domestic and industrial 
demand for Faridganj municipality. The purpose of this option is to assess the impact of future 
development on the present state of water and environment with respect to the groundwater tables 
whether it will crosses the safe yield of the aquifer. For simulating this option, 5 nos. of tube 
wells have been included in the model domain considering the criteria. 
 
5.3.  Spatial map of simulated groundwater head  
 
Hydrographs of simulated GW levels are obtained at some pre-selected locations, which show the 
maximum and minimum depth to GW table occurs at the end of April and end of October, 
respectively. Hydrographs of observed GW level also supports the above findings. Based on these 
findings, spatial distribution maps of depth to phreatic surface on May 01, 2003 and November 
01, 2003 within Faridganj municipality area (Figure 9). It is observed that during the peak time, 
GW level almost regains to its original positions due to recharging of aquifer system. The long-
term simulation of the developed GW model reveals that GW level drops down by about 0.5m 
compared to the GW level of base condition. It limits the sustainable use of the underlying 
aquifer system. However, the GW level becomes steady within 24 months. 
 
5.4.  Groundwater resource assessment in shallow aquifer  
 
In the study area, GW is being used to meet the irrigation as well as domestic water demands. 
Accordingly, GW resource for the unconfined aquifer has been assessed based on available 
resources before irrigation period. However, the data analysis suggests that only two geological 
layers exist within 7m depth. Saturated thicknesses of these two layers have been calculated 
based on the three different considerations: 
 

• Case (a): if thickness of first layer exceeds 6m or 7m depth, entire saturated thickness lies 
only in first layer.  

• Case (b): if thickness of first layer remains above GWL, entire saturated thickness lies 
only in second layer. 

• Case (c): if case (a) & case (b) do not occur, then saturated thickness lies in both first and 
second layers. To find out the thickness of first layer within the saturated thickness, simply 
depth of water table is subtracted from the thickness of first layer. Then, part of first layer 
within the saturated thickness is subtracted from the entire saturated thickness to find out 
the thickness of second layer within the saturated thickness. 
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Figure 9 Contour map of depth to phreatic surface for Faridganj municipality at base condition 
 
The availability of GW resources within the 6m and 7m depths are estimated based on the 
available saturated thickness up to 6m and 7m depths multiplied by the specific yield (SY) of the 
area under consideration. The volume of the available GW resources is calculated using the 
equation as = area x ∆h x SY, where ∆h is the saturated thickness within 6m and 7m depths. By 
using this procedure, model grid wise GW availability on 1st May and 1st November of 2003 
(design year) have been estimated. Saturated thickness of first and second layers are multiplied 
by the corresponding specific yield (SY) values and summed up to get the depth of water 
availability of a grid. Availability in volumes is calculated by multiplying the depth of water 
availability by the area of the grid. Finally, the available GW resource is estimated based on the 
number of grids that lie within the study area. By using this procedure, GW availability in 
Faridganj municipality has been estimated on May 01, 2002 and November 01, 2002 for 2 
different depths of 6m and 7m. The result shows that available GW resources on May 01, 2002 
for 6m and 7m depths are 11.40 million cubic meters (MCM) and 13.30 MCM, respectively 
whereas GW resources on November 01, 2002 found as 11.12 MCM for 6m depths and 13.73 
MCM for 7m depths, respectively. 
 
5.5.  Groundwater resource assessment in deep aquifer  
 
The GW resources in the deep aquifer is estimated based on the water balance study for the 
period from January 01, 2002 to December 31, 2002 in Faridganj municipality for the individual 
layers because water supply for domestic uses mainly depends on the available water resources in 
the deeper aquifer. The net recharge for the deeper aquifer is estimated based on the final water 
balance study and presented in Figure 10. However, this assessment is based on the secondary 
data with an assumption that considers the aquifer properties and boundary data for the deeper 
aquifer similar to the upper aquifer. The key limitation of this assessment is that this obtained 
result need to be verified with the availability of pump test data obtained in field, which is not 
available at hand right now. The net recharge for the deeper aquifer is calculated as net recharge = 
16mm (from upper layer) – 2mm (for outflow) + 579mm (for inflow) = 593mm. This amount of 
recharge mostly comes from the horizontal flow. For this amount of GW recharge, the 
corresponding annual aquifer storage volume is estimated as 14.14 MCM. 
 
 

(a) 1st May 2002 (b) 1st November 2002 
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6. Conclusions and Recommendations 
 
Based on the analysis and obtained results, following conclusions can be drawn: 
 
• In Faridganj municipality, there are four major aquifers are evidenced within 265m depth 

beneath the ground. Three of them are composite in nature located in upper layers 
sequentially. However, the rest one is the most productive aquifer within depth from 200m to 
265m, which is evidenced just below these three composite layers and pinched out at Char 
Mathura under Faridganj upazilla. In addition, the whole aquifer system is semi-confined in 
nature and consists of medium to coarse sand.  

• Maximum depth to GW table occurs at the end of April because of irrigation abstraction 
mainly and natural drainage that recovers almost to its original position due to natural 
recharge at the end of September.  

• The present study also estimates that GW resources in the shallow aquifer for Faridganj 
municipality at the date of May 01, 2002 for 6m and 7m depths are 11.40 MCM and 13.30 
MCM, respectively whereas the GWR at the date of November 01, 2002 found as 11.12 
MCM for 6m depths and 13.73 MCM for 7m depths. 

• Based on the deep aquifer simulation and water balance studies, the present study concludes 
that the GW recharge is about 390mm for the year 2002 for the deep aquifer, which comes 
mostly from the horizontal flow. For this amount of GW recharge, the corresponding annual; 
aquifer storage volume is estimated as 14.14 MCM. 

For the purpose of aquifer sustainability, following suggestions are recommended: 
• Conjunctive use of SW and GW to meet the domestic, irrigation and industrial demand 

should be promoted and a conjunctive water allocation plan should be established.  
• GWT and quality monitoring should be conducted regularly. The production well monitoring 

should also be done periodically to minimize the operation and maintenance cost of the 
project as well as to optimize the resource utilization. 
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