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プレゼンター
プレゼンテーションのノート
Good afternoon everybody. 
Today/Now, I am going to present my Master’s thesis which is entitled as 
“Hydrological Understanding of Groundwater Resources in Dhaka City, Bangladesh”. 
In my presentation I want to talk about groundwater; present and historical data of groundwater resources of Dhaka and will explain some experimental results as well.
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 Groundwater (GW) is an almost ubiquitous source of generally high-quality 
fresh water. (Taylor et al., 2013) 

(P. Doll et al., 2008) 

Fig: Per-capita groundwater resources in administrative units, in m3/(capita yr). 
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 GW in Highly Populated Area: Have lower per-capita groundwater resources  
        < 1000 m3/(capita yr)         (P. Doll et al., 2008) 

プレゼンター
プレゼンテーションのノート
It is said that all living being is created from water. (Al-Quran 24:45). Water covers 71% of the Earth's surface. But only 1.7% of it found in Groundwater. Majority of the planet is composed of water, but, of the water resources on earth only 3% of it is not salty and 30% of total fresh water occurs as groundwater which is 0.8% of all earths’ water. About 80% of world’s total population (7 billion) lives in areas with threats to water scarcity.
Groundwater (GW) is an almost ubiquitous source of generally high-quality fresh water. (Taylor et al., 2013) 
This figure represents the per capita groundwater resources in cubic meter in different countries of the world. If we go through it we can see, Egypt has the only 8 cubic meter per capita GW resources whereas in Falk land Island we can see, it is more than a million. This is due to the difference of population density. If we look at the low density countries for instance USA, Canada per capita GW resource is more than 2000. Likewise in Australia it is around 13000. Conversely if we go towards the highly populated country like, china it is 490, in India 273, Bangladesh only 87 cubic meter per capita. Thereby, It is found/discovered that
in Highly Populated Area per-capita groundwater resources is less than 1000 cubic meter even though it is humid.

Renewable groundwater resources, at that scale of aggregation, range from 8m3/(capita yr) for Egypt to more
than 1 millionm3/(capita yr) for the Falkland Islands. Please note that recharge from surface waters to the groundwater
is not counted as groundwater resources here. All countries in Northern Africa and the Near East except Libya
have average per-capita groundwater resources of less than 500m3/(capita yr). Even humid countries can have per-capita
groundwater resources below 1000m3/(capita yr) if population density is high, like The Netherlands, Vietnam, Japan
or Germany. Per-capita renewable groundwater resources for countries are tabulated in Appendix B. Figure 6 shows
that except for Canada and Australia per-capita groundwater resources vary strongly within the large countries that
were subdivided. In the USA, the lowest values occur in the Southwest, while in Mexico, the northern parts and the
densely populated states in the central part show the smallest per-capita groundwater resources. In Brazil, the difference
between the water-rich and population-poor Amazon basin and the rest of the country becomes visible. In
Argentina, only the semi-arid western states have low percapita groundwater resources because the semi-arid south ern states have low population densities. In Russia, Mongolia, Australia and Canada, population density dominates
the spatial pattern. Of the large countries, India has the lowest per-capita groundwater resources, with 273m3/(capita yr)
on average (Appendix B), while most federal states are below 250m3/(capita yr). The average value for China
is 490m3/(capita yr), but some densely populated northern states as well as the semi-arid Northwest show per-capita
groundwater resources below 250m3/(capita yr). In 2000, average per-capita groundwater resources were
2091m3/(capita yr) globally (Table 1). Australia and Oceania, due to the low population density, shows the highest continental
value, while Asia has the lowest value due to its high population density, even though it is the continent with the
second highest groundwater resources (in km3/yr)



December 15, 2014 3 

 GW in Flood Plain Area: 
 Groundwater resources are significantly influenced and extensively 
recharged by flood plain areas.  
 Extensive floodplains along large rivers play an important role in the 
hydrological cycle and water resources. 
 Reduction of inundation area reduce the GW recharge. (So Kazama et al., 2007) 

 
 
 

 
 GW in Tropical Area: 

In tropical landscapes where land-cover and land-use change have 
been rapid and complex; (J. Krishnaswamy et al., 2013) 

 

 

 
 GW in Developing World: 

 Preferred as a source of potable water: 
ready availability and  
natural protection from contamination. (Hoque et al., 2007) 
 

 Developing countries in the tropics  Rapid Urbanization. (A. Gupta et. 

Al., 1997) 

 

プレゼンター
プレゼンテーションのノート
Groundwater on other aspects
In developing country GW is preferred as a source of potable water: for its ready availability and natural protection from contamination;
 
Countries which both developing and located in tropics are experiencing rapid urbanization;
 
More study tropics find that, In tropical region change of land cover and land use is rapid and very much complex.
 
Study In Flood Plain Area results:
 Groundwater resources are significantly influenced and extensively recharged by flood plain areas. 
 Extensive floodplains along large rivers play an important role in the hydrological cycle and water resources.
 Reduction of inundation area reduce the GW recharge.
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 GW in Delta Area: 
 Shallow aquifers underlying Asian mega-deltas  
are characterized by strong seasonal variations  
associated with monsoon rainfall. (M. Shamsudduha et.al. 2009)  

In Ganga Delta aquifers,  
Rainfall and Floodwater  Groundwater 

(Ratan K et al., 2011) 

Image: Wikipedia  In Humid region: 
 

Solved Issues 
Evolution of Groundwater chemistry 
with rapid urbanization. 
Groundwater and Surface water 
interaction 

Unsolved Issues: 
 Contribution of Climate Change  towards 
Groundwater. 
Groundwater Recharge process in two 
different aquifer system of floodplain 
alluvium and Pleistocene clay zone.  

 During the 20th century, precipitation : 

 increased In high northern latitudes  
 decreased  in some sub-tropical and lower mid-latitude regions. 

                                                  (Bovolo et al. 2009) 

プレゼンター
プレゼンテーションのノート
In shallow aquifers underlying Asian mega-deltas 
are characterized by strong seasonal variations 
associated with monsoon rainfall. (M. Shamsudduha et.al. 2009) 
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Populated 
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Delta Flood 
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Tropical 

Humid 

Bangladesh 

Suffering from GW issue for quantity and quality  specially in the central region! 
  Dhaka is a vital central region of BD for its political and economical importance 
 

In Dhaka it is projected that  
 

 Water demand will double in next 15 years; 
 Land subsidence from 2000 to 2020 would be 
  6.4 cm; (IWM, 2008)  
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Despite In Bangladesh, it has  
 

  Sufficient rainfall (2400 mm) 
  Tropical humid climate (10 ~ 35 °C) 

 

  
 Alluvial flood plain 
  Abundant surface water (800 River; 

24,140 km)  (BMD, 2013) 

So it is very much essential to 
understand the hydrology of 
Dhaka city to study the reasons of 
its rapid GW drawdown; 

プレゼンター
プレゼンテーションのノート
During the 20th century, precipitation totals have mainly increased over land in high northern latitudes and decreased in some sub-tropical and lower mid-latitude regions. (Bovolo et al. 2009)
2. The picture represents the Natural setting of the study area (Dhaka), with surface geology



 In Bangladesh decreasing tendency of annual 
rainfall was indicated in Madhupur Tract 
(central region of Bangladesh). (Kazi, 2001) 
 

 Systematic groundwater development began 
in the city of Dhaka in 1949. (Ahmed et al. 1999) 
 

 More than 79% population of Dhaka relies on 
groundwater. (Dhaka WASA, 2013) 
 

 Due to the over extraction of groundwater, 
last 15 years the groundwater table declined 
@ 3.5 meter/year. (Sultana, 2009) 
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Fig: Surface Geology of Dhaka 

Hoque et al., 2007 

 Upper parts of the aquifer are already 
dewatered throughout the Dhaka city; 
Mohammad A. Hoque et al., 2007) 
 

 Due the intensive pumping, vertical leakage 
of relatively poor quality water may occur. 
(Sultana, 2009) 

 

 

For better understanding the 
hydrology  

of Groundwater of Dhaka it is 
inevitable  

to know its recharge process! 

プレゼンター
プレゼンテーションのノート
1. During the 20th century, precipitation totals have mainly increased over land in high northern latitudes and decreased in some sub-tropical and lower mid-latitude regions. (Bovolo et al. 2009)

2. The picture represents the Natural setting of the study area (Dhaka), with surface geology




Area: 360 km2;  
Water body: 48.56 km2  
Avg Altitude from Sea Level: 4 m 
Climate: Tropical Monsoon  
(Hoque et al. 2007) 

Temperature: 12~34 °C 
Annual Rainfall: 2150 mm 

Densest Megacities 
of the world  

density  45,000 
pop/sq-km. (Joel Kotkin, 

2011) 

 

Population: 14.6 
million (World Bank, 2013)  

Dhaka city is situated in the Pleistocene uplifted 

block (Madhupur Tract) within the passive margin 

surrounded by subsiding floodplains. (Miah & Bazlee, 1968)  

December 15, 2014 
Source: Bangladesh Bureau of Statistics(2011),  
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 To Identify the recharge sources of groundwater in Dhaka; 

 

 River and canal 

Fig: Topographic map of Dhaka 

プレゼンター
プレゼンテーションのノート
 the hydro-chemical char may be performed for the determination of the components of polluted water.
Dhaka’s aquifer: Pleistocene sandy, alluvial type
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Annual Rainfall and Humidity in Dhaka 
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Annual Avg Temperature of Dhaka 
1982~2012 Aquifer and aquitard layers do not have similar gradient as surface topography. 

 Overlying and underlying aquitard / aquiclude units separate all three aquifer 
units. 
 Abrupt change of hydrostratigraphic unit thickness in places without following 
usual gradient. 

Fig: Hydrostratigraphic cross section under Dhaka aquifer. 
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B Chemical Analysis 
A. Statistical Analysis 

Field Survey: 
 

Sample Collection: 
SW, GW, Rain water 
Time: 
Wet season 
Dry Season 
 

pH, EC, Temp 
 

• Isotope Analysis 
d18O, dD 
• Inorganic ion analysis 

Organization: 
•Bangladesh Meteorology Dept: 
Meteorological data 
•Dhaka WASA: GW depth (production 
well), Water production, Usage; 
•BD Water Dev. Board: GW depth 
(Monitoring well) 
•Inst. of Water Modeling: Geological 
data, Assessment report 
•BD Bureau of Statistics: Demography 

Recharge Source Anthropogenic & CC Issues 

December 15, 2014 
9 

Prim
ary Data 

Se
co

nd
ar

y 
Da

ta
 

A. Existed Data 

B. Experimental 
date 

プレゼンター
プレゼンテーションのノート
Divide the next presentation into two section: 1. existed data 2. primary data
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Source-wise Daily Water Production 

Total Production

Groundwater

Surface Water

Declining 
production 
in Zone 5 

The number of private 
boreholes has also increased 
substantially and abstraction 
through these wells remains 
unquantified but is likely to be 
significant. (Hoque et al. 2007) 

プレゼンター
プレゼンテーションのノート
The third figure represents…… it seems that the although recently so many surface water treatment plant has been established, the gap between the GW and SW seems to be diverging.
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Reasons might be: 
Higher demand/pumpage 
comparatively to other; 
Higher discharge; 
Lower replenishment; 

 
“Abstraction is the main 
discharge from underlying 
aquifer system.”  (IWM, 2008) 

 
 
 

 River and canal 

プレゼンター
プレゼンテーションのノート
……
This slide is very important for mr to understand the GW hydrology of Dhaka
……

Reasons might be:
Higher demand/pumpage comparatively to other;
Higher discharge;
Lower/poor replenishment;

“Abstraction is the main discharge from underlying aquifer system.”  (IWM, 2008)
On theotherhand here GW table is lower than the river bed;

So I may assume that there is no discharge from the aquifer other than abstraction.  In that case I need to consider the pumpage/demand and the recharge process. 

Comparing the graph of Sutrapur and Mirpur, the sutrapur graph has a zigzag trend which ensures the recharge of GW during the rainy season. But, in case of Mirpur after 1995 the line is smooth and its falls down dramatically.  So here, there is no rainfall effect. This is due to the rapid urbanization  i.e engineering construction ie. Pavement, roads, building infrastructures as I menttioned in the beginning of my presentation which reduces the  possibility of infiltration. So lets have a look at the pumpage, 
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Fig: Distribution of production Well 

Need to consider the  
 Chemical Analysis of Groundwater and Surface water; 
 Contour lines of the GW table; 

プレゼンター
プレゼンテーションのノート
Before the 3rd image:
But the pumpage distribution shows a different story; Pumpage is maximum where the rate of GW draw down is maximum. Here, I am considering the distribution of the production pump house.

After showing the 3rd image:
Here we see that pump are not equally distributed. Three water stressed zone can be Identified;

Another  matter that can affect the rate of GW draw is the peripheral river. (now sow the peripheral river) which may contribute to the recharge process of the GW table.

At this stage I need to conside Chemical experiment to know the SW GW relation and contour line diagram to get the flow direction of GW..




 

August  2014 (Rainy Season) 

 Water Sample collection: GW: 39; SW: 14; 

Fig: Sample Location 

• Groundwater 
• River water 
• Lake Water 

December 15, 2014 13  River and canal 

HCO3 Electrical Conductivity pH 

プレゼンター
プレゼンテーションのノート
pH value of ground water varies from 6.6 to 7.2 (slightly acidic to slightly alkaline towards downstream) may why???, Rainwater Ph varies from 6.0 to 6.2;
Electrical conductivity of GW in the central region found from 200 to 300 uS/cm which is little bit higher in the peripheral region beside the river, around 500 us/cm. 
Due to the rainfall the E. conductivity of the rivers water was found around 160 uS/cm.




Na+K 
Ca 

Mg 

Cl 
HCO3 
SO4+NO3 

Groundwater (deep) 
Lake water 
River water 
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Fig: Piper diagram of water samples of Dhaka. 

Fig: Stiff diagram of water samples of Dhaka. 

プレゼンター
プレゼンテーションのノート
A.Trilinear Diagram
Water samples are dominated by bi-carbonate with a very low concentration of chloride. Sulphate and Nitrate are almost nil.
It is Ca-Mg-HCO3 type;
Cl- shows a linear trend;

Draw a graph of cl- according to distance.

B. Hexa Diagram;
Ions are higher in the downstream region than that of upstream; this indicates a possibility of GW flow from upstream to downstream. Because while flowing it absorbs the mineral from the geology.
 River water has lower ion concentration this is because of rainy season




Static Water Level 

Pumping  Water Level 
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Stream 

Production 
Well 

Aquifer 

Recharge Abstraction 

 

For downstream region: 



 Extensive groundwater abstraction  may be the primary reason of rapid GW 

drawdown; 

 Groundwater flow from the peripheral region towards central region leads 

the possibility of GW recharge from the river bed; 

 Water quality varies significantly from the down stream region to central 

and upstream region;  

 GW is mostly Ca-Mg-HCO3 type; 

 Water samples are dominated by HCO3 with a very low concentration of Cl-. 

SO4 and NO3 are almost nil. 
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 Performing the Isotope (d18O, dD) analysis of the water samples ; 

プレゼンター
プレゼンテーションのノート
Summary 1st two from the existed data
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