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Abstract

Review of available literature, discussion with agriculturists and a questionnaire survey carried
out among farmers in 6 districts revealed that the failure of STW due to lowering of groundwater
level during the peak dry season (March-April) is a major problem being faced by increasing
numbers of farmers in different regions of the country. The problem became more pronounced
since 1992 when the tubewell sitting rule was suspended and huge numbers of STW were sunk
indiscriminately, which on one hand helped increase food production, while on the other hand
aggravated the groundwater lowering problem. Among the respondents of the questionnaire
survey, about 60% suffered from tubewell failure due to lowering of groundwater level; over 80%
of these farmers reported reduced crop yield and financial loss due to lowering of groundwater
level. No groundwater zoning map has so far been developed, which could be utilized by the
engineers and agriculturists working in the field for advising farmers regarding proper irrigation
equipment.

Since April is the critical period (panicle initiation and flowering stage) for bora rice cultivation
and during this month groundwater level usually reaches its lowest level, in this study
groundwater zoning map was prepared for the entire country using data from 3819 groundwater
level monitoring wells for the month of April 2004 (the latest year for which data were available).
Areas where groundwater table lies within 7.6 m during the peak dry season are suitable for STW
irrigation. According to the zoning maps, such areas, designated as "perfect STW zone" cover
about 70,564 sq. km. Areas where water table lies below 11.3 m during April, deep tubewells are
generally used to irrigate crops and such areas, designated as "deep tubewell zone" covers about
6,664 sq. km of the country.

In areas where water table remains within 7.6 to 9.8 m during the peak dry season of April,
farmers have to use Deep Set Shallow Tubewell (DSTW); areas where water table remains within
9.8 to 11.3 m are suitable for Very Deep Set Shallow Tubewells (VDSTW). Such areas have been
designated as the "critical STW zone" and cover about 23,389 sq. km, which is about 23.3 and
15.9 percent of the gross irrigated area and total area of the country, respectively. Areas under
critical zone could be found mostly in the north-western, central and south-central regions of the
country. The critical STW zone covers some areas of 31 districts. In 9 districts (e.g., Jessore,
Satkhira, Sunamganj, Dinajpur), the critical zone covers';; 10 percent of the total area of the
respective districts, while in 6 districts (e.g., Pabna, Comilia, Kushtia), the critical zone covers
greater than 50 percent of the area of the districts. An estimated 0.3 million STWs operate in the
critical STW zone during the dry season. But these STWs cannot irrigate the crops properly due
to lowering of groundwater during the peak irrigation period, resulting in reduced crop (mainly
bora rice) yield. The zoning map developed in this study could be used to clearly identify the
"critical STW zone" and the Govt. can take necessary measures to advice and encourage farmers
in these areas to use force mode pumps, instead of suction mode pumps (i.e., STW, DSTW and
VDSTW) to ensure proper irrigation and food production. Besides, in these critical areas farmers
may be advised to cultivate low water requiring crops like wheat, potato, maize, etc.

Critical STW zone covers large areas of the Rajshahi, Dhaka and Chittagong divisions. In
Rajshahi division, the areas of the greater Rangpur and Dinajpur districts are still safe for STW
irrigation, but almost the entire Barind tract area belongs to the critical zone. Significant parts of
Nawabganj, Rajshahi, Nagaon, Bogra and Pabna districts fall under the critical zone. The
Chittagong division includes the three hill districts of Khagrachari, Rangamati and Bandarban for
which no groundwater level data were available. This division also includes some of the coastal
districts, e.g., Cox's Bazar, Chittagong, Noakhali and Laksmipur, where surface water is mainly
used for irrigation due to high salinity in the groundwater (especially at shallower depths). The
critical STW zone covers about 8225, 6516, 5838 sq. km area in Rajshahi, Dhaka and Chittagong
divisions, respectively. In Khulna division, no groundwater level data were available for parts of
Satkhira district, almost the entire Khulna district, and the entire Bagerhat district. However,
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groundwater is not used in these areas for irrigation due to its saline nature. The groundwater level
is very close to the ground surface in most areas of the Sylhet division due to the presence of a
large number of hoors, beels and jheels that are constantly recharging the groundwater aquifer.
Most of the area of this division falls under the perfect STW zone. In Khulna and Sylhet
divisions, the critical zone covers 1,803 and 573 sq. km, respectively.

Only limited data are available for assessment of the trend of change of groundwater level in the
country. Evaluation of the available data of 6 monitoring wells located in Dhaka, Comilla and
Naogaon districts for the period 1973 to 2003 suggests that the lowest groundwater level did not
change significantly during the 70's. A sharp lowering of groundwater level has been observed
during the early 1980's. Rapid increase in bora rice cultivation using groundwater irrigation
during the early eighties could be responsible for this observed phenomenon.
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Chapter 1

Introduction

1.1 BACKGROUND

Bangladesh is the largest delta in the world. It has fertile agricultural land and abundant water

in the wet season, but limited water in the dry season. Agricultural productivity holds the key

to the country's overall economic growth and welfare of its people. In recent years,

agricultural production in Bangladesh has increased significantly, primarily through a rapid

expansion of shallow tubewell (STW) irrigation during dry season. In 2005, the total annual

food production of the country was 26.133 million tons out of which bora or dry season

irrigated crops accounted for about 13.837 million tons (AIS, 2006). Thus, the country's food

production is heavily dependent on irrigation.

There are two major sources of irrigation water in Bangladesh - surface water and

groundwater. During dry season the availability of surface water is very low, and

groundwater is extensively used for irrigation. During 1970 to 1982, the contribution of

surface water was more than that of groundwater; during 1985-86 the contribution from the

two sources was almost similar. During the last two decades, the area irrigated by

groundwater increased significantly. For example, according to BADe (2005), in bora

season of 2004, the total irrigated area was 4043859.09 hectares, of which 3031948.85 ha or

about 75% was irrigated by groundwater and 1011910.24 ha or about 25% was irrigated by

surface water. But this groundwater based irrigation system of the country is now threatened

due to lowering of groundwater table.



Bangladesh Agricultural Development Corporation (BADC) introduced shallow tubewells

(STW) as irrigation equipment for the first time in 1968. Later in 1973 deep tubewell (DTW)

irrigation started. In Bangladesh, the pumps used in irrigation are classified as shallow

tubewell (STW), deep-set shallow tubewell (DSTW), very deep set shallow tubewell

(VDSTW), and deep tubewell (DTW). The STW, DSTW and VDSTW are scientifically

termed as suction mode pumps and DTW as force mode pump. Generally, the water pumps

used for irrigation are selected on the basis of the depth of water table. The distance between

the pump base and the depth of water table dictates whether the pump would be a force mode

or a suction mode type i.e., whether it would be STW or DSTW or VDSTW or DTW of low,

medium or high head. Basically suction mode pump cannot operate economically in areas

where water table goes below 7.6 m (25ft.) from pump base. According to BADC (2005), in

boro season of 2004, a total of925152 shallow tubewells, 24718 deep tubewells, 77784 low

lift and floating pumps (for lifting surface water), and 64235 other equipments were used for
irrigation all over Bangladesh.

Up to 1992 a tubewell (irrigation well) sitting regulation was in place that required obtaining

government permission for sinking irrigation wells. In 1992, a total of 0.389 million STWs

were used in irrigating 1.392 million hectares of land; on an average each STW covered

about 3.58 hectares of land. In 1992 the Govt. suspended the sitting regulations and

responsibility of procurement, storing and selling of STW were handed over to the private

sector. As a result numbers of irrigation wells used in irrigation increased rapidly, much of

this increase has been accomplished through installation of shallow tubewells. In the year

2005, 1.129 million STWs were used for irrigating 3.160 million hectares ofland and each

tubewell covered about 2.80 ha of land. During the last 13 years, the number of STW has

increased by about 2.90 times, but the area irrigated by each STW has decreased by 22%.

Though there are several reasons for this phenomenon, but lowering of groundwater table is

the main cause of this reduction. Excessive diversion of water by upper riparian countries

from the international rivers and unplanned withdrawal of groundwater within the country

are the main reasons for the lowering of groundwater level.
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Though the country's food production is heavily dependent on STW irrigation, the shallow

tubewell irrigation is becoming problematic in many regions of the country. In many areas of

the country, STWs become inoperative during the peak irrigation season of March-April,

which is also the peak dry season in Bangladesh. The major problems with STW irrigation
are as follows:

(i) In some areas (located in estimated 120-150 upazilas) of the country, water table goes

down below the suction limit of STW (i.e., beyond 7.6 meter) during March-April

and as a result STWs become inoperative.

(ii) Sometimes water table goes further down and remains between 7.6m tol1.3 m. In this

situation, the farmers usually dig a pit and place irrigation equipment in it for getting

water. But, water from the surrounding irrigated lands is often collected in the pit

through seepage and it becomes difficult to operate the diesel or electric STWs.

Failure of STWs during the peak irrigation season often results in loss of yield and put extra

financial burden on the farmers who need to go for alternative irrigation arrangements for

their fields. Since the lowering of groundwater level appears to be continuing, STW

irrigation in more and more areas are coming under the threat of tubewell failure during

March-April. However, there is no systematic database on such critical areas (where STWs

fail during the peak dry season) and only limited work has been done to predict progression

of such critical areas. It is believed that about 0.2 million hectares of land falls under such

critical zone, where annual production of about 0.6 million tons of food grains are at risk due

to uncertainty in the availability of irrigation water. Small and medium size farm holders are

the owners of about 70% of the total net cultivable area of the country as well as the owner of

STWs (DAE, 1999). Hence if these STWs do not work properly or go out of order during the

critical months of April-May, a large number of farmers will be deprived of the desired yield

and the economy of the country will be affected seriously.

As noted earlier, STWs cannot pump water from a depth below 7.6m (25 ft), hence they

become inoperative when water level drops below this suction limit. If water level goes

3



beyond suction limit for two weeks (and up to 30 ft.) farmers use deep-set shallow tubewell

(DSTW), and if it goes further down for longer period then they have to use very deep set

shallow tubewell (VDSTW). Digging pit and placing irrigation equipment in it is a risky,

troublesome and costly job. On the other hand, if this information on the groundwater level

was known to the irrigation engineer working in the area, then farmers could be informed

ahead of time not to buy and install shallow tubewell in such critical area. Besides, if it is

possible to identify areas where groundwater table goes down below the suction limit of

STW, then farmers may also be advised to cultivate low water requiring crops in these areas
instead of rice.

Thus, a prior knowledge of the groundwater level during the peak dry season in a particular

area would also enable engineers/agriculturists to advise farmers about the proper choice of

irrigation equipment. Such information will also help policymakers as well as project

planners to select pumps of correct types and sizes for irrigation projects in such critical area.

Due to lack of such information, ongoing projects are not being implemented properly as the

planning and preparation of the project was based on wrong or inadequate information. As a

result, most of the projects have to be revised during the implementation phase.

However, the engineers/agriculturists who are working in the field of agriculture and are

responsible for advising farmers do not have the tool to identify and locate the critical areas

for STW irrigation. They do not even have a basic map on the basis of which they could

identify suitability of an area for STW or DTW irrigation. A zoning map indicating the areas

suitable or unsuitable for a specific type of irrigation equipment may the best tool to solve
these problems.

But due to several reasons groundwater zoning map for the entire country has not yet been

prepared. The Bangladesh Agricultural Development Corporation (BADC) has been

collecting data from its monitoring wells since 1973. At present 3,700 manually operated and

109 auto water level recorders are being used to collect data. During the 1980's, the Survey

and Investigation Division of BADC collected required number of data to form a zoning

map. A team 01'7 Engineers and Geologists headed by a Deputy Chief Engineer worked for 8
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years to prepare a zoning map. At that time a contour map was prepared manually based on

pencil and tracing paper. It was a very difficult, laborious and time consuming work. But it

was not possible to complete the map for the entire country.

At the beginning of the 2151 century application of computer based Geographical Information

System (GIS) technology has made it easy to calculate and prepare contour maps accurately

and quickly. A Digital Elevation Model (OEM) may be prepared based on the contour map

for groundwater table. From this Digital Elevation Model (OEM), commonly known as

groundwater zoning map, it may be possible to determine the suitability of a particular area

with respect to irrigation technology. Such a zoning map for the entire country could be an

invaluable tool in the irrigation sector of the country.

1.2 Objectives of the Study

The major objectives of this research work are:

(I) To assess impact of lowering of groundwater table during dry season on STW

irrigation.

(2) To collect available groundwater level data from different sources and develop GIS

based maps showing groundwater levels.

(3) To develop maps identifying areas where STW irrigation are likely to fail during the

critical months (e.g., April-May).

(4) To estimate rate of lowering of groundwater level, based on analysis of available

data.

Among others, results from this study i.e., depth of water table could be used: (i) to advise

and assist farmers for development and expansion of ground water irrigation through

identification of critical areas; (ii) to assist irrigation wing of BADe to estimate how many

numbers of STW are to be replaced annually due to lowering of groundwater table; (iii) to
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provide basic information for groundwater related project planning, and for national

agricultural, water and irrigation policy planning.

1.3 METHODOL GY

In order to assess the impact of groundwater lowering on the farmers, a questionnaire survey

was carried out in 6 districts of the country. Besides, available literature on the issue was

reviewed and discussions were held with agriculturists working in the Department of

Agricultural Extension (DAE) and scientists of the National Agricultural Research System
(NARS).

Different organization;, e.g., BADC, BMDA, BWDB, DPHE, and DWASA are collecting

groundwater level dat" regularly from their monitoring and observation wells. These records

are generally preserve,1 at upazila and district level offices. These secondary data have been

collected from different parts of the country (e.g., from zonal and regional offices of BADC,

and offices of BMDA, BWDB). The water level data were critically analyzed and a set of

data was selected for preparing a groundwater contour map for the entire country for the

most critical time (i.e .. during the dry season when groundwater level reaches it lowest level

from the ground surLce and the demand for irrigation water also reaches its peak). From

available information (J.L No. and Plot No.), the coordinates (latitude and longitude) of the

monitoring wells have been estimated for use in GIS Arc-View software. The contour map

prepared was finally converted into a three dimensional digital elevation model (3D DEM),

commonly known as groundwater zoning map. The zoning map was then divided into

different areas based (.n groundwater levels and capacities of different types of tubewells to

withdraw water from the subsurface. This map could be used to identify areas of different

groundwater levels during the critical irrigation period and therefore could be conveniently

used to indicate the su:tability of the types and heads of pumps to be used for irrigation.
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1.4 ORGANIZATION OF THE THESIS

This thesis has consisls of five Chapters. The first Chapter describes the background of the

study and sets out its major objectives. Chapter 2 (Literature Review) briefly describes the

aquifer system of the entire country and provides an overview of the status of groundwater

irrigation in the country. The literature review provided in this Chapter identifies the

information gaps and highlights the importance of this research work. Chapter 3 provides an

assessment of the impacts of groundwater lowering on the farmers, primarily based on the

information gathered from a questionnaire survey carried out in 6 districts of the country,

which suffer from groundwater lowering during the dry season. The assessment also took

into consideration available literature on the issue and information gathered during

discussions held with agriculturists working in the Department of Agricultural Extension

(DAE) and scientists of the National Agricultural Research System (NARS). Chapter 4

presents the most impOliant output of this research work, which is the groundwater zoning

map for the entire country. It describes the preparation of the groundwater zoning map and

presents different aspects of the groundwater zoning map, including the "critical" zone for

STW irrigation. This Chapter also describes the potential use of the groundwater zoning map

in the irrigation sector of the country.
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Chapter 2

Literature Review

2.1 INTRODUCTION

As the irrigation and hence food production is becoming more and more dependent on

groundwater resources, groundwater exploitation and utilization has become a very important

issue throughout the country. For a particular area and aquifer, judicious, careful and

economic utilization of the groundwater depends on reliable data and information on the

aquifer. Future national agricultural policy, national water policy and national irrigation

policy and strategies for implementation of these policies should be based on the present and

past information regarding the concerned ground water basin. As surface water infiltrates and

is stored in soil formation through surface percolation and deep percolation, judicious use of

groundwater needs good understanding of some of the basic information of soils, sub soils
and aquifers.

In Bangladesh, groundwater is the major source of water for irrigation of crops in the dry

season. Over the last few decades, the irrigation scenario in Bangladesh has been changing

with more and more use of groundwater from the shallow aquifer in irrigation. Shallow

tubewell is low-cost irrigation equipment and its technology is comparatively simple. That is

why the number of shallow tubewell has been increasing tremendously in last thirteen years

without proper consideration of its impact. As a result more and more shallow tubewells are

being inoperative due to lowering of groundwater level beyond their suction limit during the

later part of the irrigation season. A good understanding of the irrigation water sources and

irrigation equipment used in Bangladesh are needed in order to assess the effect of lowering

of groundwater level on shallow tubewell irrigation.
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This Chapter provides an overview of the lithology, aquifer systems and aquifer properties in

Bangladesh. It also provides an overview of the irrigation practices in Bangladesh, with

major emphasis on the use of groundwater from shallow aquifer and its implications.

2.2 LITHOLOGY

Bangladesh is almost entirely an alluvial delta plain with hills in the north and eastern belt.

Three fourth of the country lies within 29 m elevation above the mean sea level. Three major

geological zones are recognized as hill areas, terrace areas and flood plains. The flood plain

covers the major portion of the country. The character of these soils changed laterally and

vertically owing to the frequent shifting and meandering of the streams and deposition of

sediments. The thickness varies from a few hundred to more than 1000 meters. Over much of

the area, silts and clays predominated on the top 15 to 25 meters, whereas fine sands and

medium to coarse sands is the major constituent in the deeper part. Gravels and pea gravels

are also found in same locations (Morgan et ai, 1959).

Bangladesh is mostly covered by unconsolidated to poorly consolidated sediments deposited

by rivers passing through which are thick over most areas and form good water bearing

formation (Curray et aI., 1971). In Dinajpur district the top 10m from ground surface

consisted of fine sand and below this a coarse sandy layer of 84 m thickness mixed with

gravel was also present (Biswas et aI., 1976). Medium coarse sand mixed with coarse sand

and fine sand was found in the main aquifer in alsmost all places studied. A continuous layer

of permeable formation existed in Dinajpur district between the depths of 10m to 100m. The

vertical distribution of ground water was found unequal, there being much less water

available in the upper soil profile which consists mainly of silt and clay. But in the lower part

of the soil profile, fine to coarse sand with good water yielding formations were common in
Bangladesh (Pitman et aI., 1984).
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From the hydro-geologic study on a regional basis, three aquifers were identified; an upper

aquifer (also called composite aquifer), the main aquifer, and a deep aquifer which existed

below the main aquifer and separated from it by clay layers (UNDP, 1982). The main aquifer

generally existed within 100 m of the surface under a cover of clay which generally increased

in thickness southward. The thickness of upper clay layer varies from 2 m in Dinajpur-

Rangpur area to more than 50 m at the southern districts. While deep aquifers were present in

most areas of Bangladesh but occurred at depths between 300 m and 2500 m (UNDP, 1982).

In Muktagacha upaila of Mymensingh district a hard clay layer of 20 m thickness was found

above a 5 to 10m thick fine sand clay layer. Below the hard clay layer the formation was

layered with fine, medium coarse, coarse sand and gravels up to 100m from the surface

(Ahmed et a!., 1991). It was also reported that the aquifer was semi confined in nature. Since

most of the deep tube wells were installed within this (100 m) depth, information beyond this

was not known. In Comilla sadar upazila, the thickness of the upper layer is between 3 m and

25 m, the main aquifer is at a depth of about 35 m to 50 m from ground surface. The

thickness of the main aquifer varies from 40 to 80 m (Rashid et a!., 1990). Two aquifers were

found by them within 91.5 m from the ground surface, an upper aquifer and a lower main

aquifer which is hydraulically interconnected with the upper aquifer.

In the southern part of the Mymensingh district it was reported that surface clay averaged 10

m in thickness but increased rapidly to over 30 m in the north. This was accompanied by a

reduction of thickness of aquifer materials within the top 100m, as extensive aquiclude clays

existed from 20-50 cm and 7.6- 9.6 m (McDonalds and Partners Ltd., 1983). Habib (1999)

reported that the lithology of Fulbaria upazila in Mymensingh district was stratified as upper

clay and silt layer, composite aquifer and main aquifer. He also found that the upper layer

extends from 3.0m to 31.5 m below the ground surface having on average thickness of21.82

m. The second zone is composed of fine sand, medium sand and medium to fine sand. The

thickness of this zone varied from 3.00 m to 30.15m, having the average thickness of

24.37m. The lower i.e. the third zone (main aquifer) is ranging from 24m to 69.5m having an

average thickness of 46-30m and he commented it as main aquifer. Eusufzai (1999) reported

that in Mirzapur upazila of Tangail district, the uppermost zone is mainly clay extended from
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3 m to 36 m below ground surface having an average thickness of 10.33 m. The second zone

mainly is composed of fine sand and medium sand. The thickness of this zone varied from

28m to 58.9 m with an average thickness of 48.75 m. The lower most zones composed of

medium to coarse sand, coarse sand and gravels having an average thickness 36.05 m. He

commented it as the main aquifer.

2.3 AQUIFER POSITION AND PROPERTIES

Generally the location, depth, size and composition of aquifers are determined by highly

sophisticated methods of surveying like seismic survey. But due to non availability of such

facilities, BADe prepared aquifer map for a few parts of the country on the basis of

lithological data and soil profile collected from International Development Agency (IDA)

deep tubewell project. Depth to the top of main aquifer of the north central and north east

hydrological region was prepared on the basis of the data of IDA project that has been shown

in Fig. 2.1. From this figure it is observed that in Gouripur of Mymensing district and Tarail

of Kishoreganj district the top of main aquifer is within 30 m. depth and that of old

Brahmaputra flood plain and young Jamuna flood plain is within 30 to 40 feet from the

surface of the soils. In major parts of Kapasia, Gazipur, Narshingdi, Sonargaon and

Narayangonj upazilas are in the areas where aquifer lie below 40-50 m from top of the

surface.ln major parts of Kishoreganj and Joydevpur main aquifer lie at a depth of 50-60 m

from the top of soils.
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Thickness of aquitards above the main aquifer in IDA project area has been shown in Fig.

2.2. From this figure it is observed that the thickness of aquitard varies from a few meters to

a maximum of 60 m. In Manikgonj district and in entire old Brahmaputra flood plain and

young Jamuna flood plain the thickness of the aquitard is about 10 m and it is more than 60

m in a few areas ofModhupur tract i.e. in high land of Mymensingh and Gazipur districts.
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The lithological cross sectional view of different areas ofNetwkona, Kishoregonj, Habigonj,

Sylhet and Moulovibazar district has been shown in Figs. 2.3, 2.,1 and 2.5.
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These maps have been pr,';-,rcd under The North East Minor Irrigation project. In Habigonj,

Sylhet and Moulovibazar ( "tricts (Fig. 2.4) there are no suffcicnt screenable aquifer for

tubewell sinking but ill Nctl ,kana, and Kishoregonj districts screenable aquifer is available

(Fig. 2.3). Depending on the characteristics of soil formation of the IDA project area, the

aquifers have been divide'"~ into four units namely Modhupur aquifer unit, Brahmaputra

aquifer unit, Jamuna aquil~'r lInit, and Piedmont aquifer unit.
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2.4 STATIC WATER LEVEL OF AQUIFER

Static water level is one of the main indicators of knowing the quantity of groundwater

reserves. The depth of ground water level is affected by the abstraction, rainfall, quantity and

duration of both standing and flowing water, hydraulic conductivity and storage co-efficient
of the aquifer, etc.

The maximum depth of static water level below the ground surface over the entire country

was between 3 to 6 m in the year 1966 and it remained unchanged up to 1976. Ten years

hydrograph from 1970 to 1979 indicated that there had been no significant decline in ground

water levels with the exception of Dhaka City (Hyde, 1979). It was also reported that the

ground water system in Bangladesh was considered to be in dynamic equilibrium. The static

water level that goes down during March-April is recovered fully during rainy season and

ground water level increases during the dry season i.e. discharge exceeds recharge and water
table decline (Hyde, 1979).

In Mymensingh's aquifer ground water was adequate and dependable source for irrigation

and that whatever depletion occurred in dry season, was completely replenished in the wet

season (Rahman et a!., 1979). In Bogra, Jamalpur, Pabna, and Chittagong districts ground

water level failed to return to previous year's level at the end of recharge period (Bhuiyan,

1977). At the Bangladesh Rice Research Institutes (BRRI) farm, Joydebpur, static water level

during the dry season over a six year period progressively declined as much as I. 7m (Haq et

a!., 1987). Permanent declination of ground water level in Comilla sadar upazila was not

observed (Rashid et aI, 1990). Complete replenishment of the depleted aquifer during

monsoon was also noticed for the Muktagacha aquifer (Ahmed et aI, 1991).

Static ground water level of Trishal upazila showed the dynamic equilibrium nature. Though

lowest water level falls below the suction limit at some location, it was completely recharged

during the monsoon and rejection of recharge found there (Mojid et aI, 1997). The maximum

and minimum depths of static water level from ground surface were 6.52m and 0.19m

respectively at Tangail sadar upazila. The average fluctuation of static ground water level
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was found to be 4.4lm in the same area (Kabir, 1993). Ahsan (1997) found that in Netrokona

sadar upazila the static water level started rising just after the month of April and continued

to rise up to the month of September. The water level continues to decline during the period

from September to March. The average annual fluctuation was 4.49m. Eusufzai (1999)

reported that the water level in Mirzapur upazila of Tangail district was in declining trend.

He observed that the annual maximum groundwater level fluctuation was 7.01m in 1996.

2.5 HYDRAULIC PROPERTIES OF AQUIFER

Groundwater, although a renewable resource, can be temporarily depleted when aquifers are

over pumped. Good management practice demand adequate information on how much water

is in storage and how this volume varies with time. As a source of water, importance of an

aquifer depends upon two major properties of soils formation namely coefficient of

transmissivity (T) and coefficient of storage (S). These two properties are used to evaluate

the aquifer potentiality in respect of storing and transmitting groundwater. The yield of a well

also depends on these properties to a great great extent.

Initially, tubewells in Bangladesh were installed without proper consideration of aquifer's

hydrological characteristics and properties. Problems relating to aquifers as well as poor

design and construction of tubewells hampered the proper service of a tubewell (Morton,

1989). Most of these tubewells which were constructed in the early stage are now facing

problems especially in March-April. This unplanned development of ground water not only

cause failure of tube wells but also might tend to alarming environmental situation (Khan,

1988). In Jamalpur, Ranpur, Bogra and Rajshahi districts Chowdhury (1978) evaluated the

aquifer characteristics. This study revealed that the coefficient of transmissivity vary from

654.54 m2 /day to 4440.90m2/day in Jamalpur district.

Hyde (1979) reported that the storage coefficient of Bangladesh was between O.I0 and O.I5.

He also observed that the hydrologic properties of Bangladesh aquifers are favorable for

groundwater resources development. High rainfall and large surface inflows are the major
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sources of potential recharge to the thick alluvial aquifer underlying most of the places of the

country. In Mirzapur upazila of Tangail district, the coefficient of transmissivity and storage

coefficient were determined by Eusufjai (1999) at 8 selected locations. He found the co-

efficient of transmissivity varied from1553.90 m2/day to 2974.0 m2 Iday by Jacob's time

draw down method. It varied from 895 m21 day to 1849.28 m21 day by Theis time recovery

method. Diversity of coefficient of designing well separately depending on local data, he

found the storage coefficient varied from 0.00242 to 0.00831. He mentioned the aquifer as

potential. At Mohadebpur upazila of Naogaon district, the transmissivity and storage

coefficient values were found to vary from 1468.91 m21 day to 2143. I6m2/day and 6.92xI0-4

to 3.9xlO-6 respectively (Rahman, 1996).

Mojid et al (1997) observed that the aquifer of Trishal upazila of Mymensingh district was of

leaky semi confined type. The hydraulic properties of that aquifer such as coefficient of

transmissivity, coefficient of storage and specific yield ranged between 922 m2/day to 3995

m2/day, 0.00 I5 and 0.03 to 0.05 respectively. And the properties of the overlain aquifer such

as hydraulic resistance and leakage factor ranged between 55 day to 266 day and 170 m to

866 m respectively. For most places, the transmissivity values were more than 1500 m2/day.

They also commented the aquifer as good and potential for large capacity (28.3 Ips and 56.6

Ips) wells.

Bhuiyan et al. (1977) evaluated the aquifers hydraulic properties of Mymensingh- Tangail

area. It was found that the transmissiviy varied from 1409.00 to 1681.81 m2/day for

Dewanpur, 1327.27 to 2090.90 m2/day for Lucia (Nagbari), 1327.27 to 1681.81 m2/day for

Jamalpur and 1327.27 to 1927.27 m2/day for Modhupur, while the storage coefficient varied

from 0.0434to 0.0556 for Dewanpur, 0.0110 to 0.0175 for Lucia, 0.0183 to 0.0445 for

Jamalpur and 0.0710 to 0.0250 for Modhupur. Habib (1999) reported that the coefficient of

transmissivity varied from 1110.38 to 2278.28 m21 day by Jacob's time draw down method in

Fulbaria upazila of Mymensingh district. It varied from 726.57 to 2100.25 m21 day by Thesis

time recovery method. He also determined the storativity values 0.00233 to 0.00954 for the

same area. Ahsan (1997) found that the values of transmissivity varied from 1043 to 2993

m2lday in Netrakona sadar upazila. Storage coefficient in the same area varied from 0.00006
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to 0.0097. During the year 18':0-85 the permeability of the main aquifer of IDA project area

has been estimated. Geological section from Shivalaya of Manikgonj district to Haluaghat of

Mymensing district via Joydevpur showing the composition of soil formation up to ISO m

depth has been shown in Fig. ::.8. From the figure it is observed that in Modhupur tract from

Joydebpur to Mymensingh there is a good aquifer for tube well irrigation. The thickness of

this aquifer is about 70 m aI'd is composed of medium sand (Dupi Tila Formation) and

underlined by a silty clay layer of average thickness of 50 m,

2.6 RECHARGE AND Dn'LETION OF GROUNDWATER

The dynamics of a ground waler system in a basin is govcrned by several factors. Recharge

and depletion are the two key Llctors of them. Information about the availability of ground

water resources in different months of a year may be calculated from the aquifer dynamics.

Numerous factors both natur~" and man made govern the complex recharge process. The

recharge rate of different regions of our country was estimated by many researchers (UNDP,

1982; Karim, 1984 and MPO, 1984) by simplifying proecss in various ways. Karim (1984)

on behalf of Bangladesh Water Development Board, applied ground water level fluctuation

method for estimating upazib wise recharge covering tk major parts of the country. The

calculated annual recharge of different study areas varied from 50 mm to 700 mm per unit

area with an average annual rel"!large 320 mm per unit are~l.
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Fig. 2.8: Geological section from Shivalaya to Haluaghat
(Source: MOA, 2000)

Hyde (1979) estimated the average annual recharge of Bangladesh to be as 30 to 91 em.

Karim (1984) observed that the average rise in water levels during the monsoon and an

average decline in groundwater levels prior to the irrigation season were recorded. The

number of examined hydrographs was however limited to 90 to 100, and in some cases water

levels for the period of 1978-83 were used. The hydrograph of the groundwater level at

different areas of Bangladesh indicates that part of the available rainfall is being lost through

evaporation as well as by runoff into the streams and rivers before it is used in irrigation

season particularly in the month of January. Ground water level is declined during the

periods from August to December where it amounts to a few meters. The resultant
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fluctuation in groundwater level is however multiplied by the specific yield value of the soil

strata to estimate the available recharge. But it varies from 30 mm to 300 mm per unit area.

Ahmed et al. (1991) made a simple approach to assess groundwater recharge in Muktagacha

aquifer under Mymensingh district where rainfall was considered as the single source of

recharge. An empirical relation known as Shegal's method was used for calculating recharge.

In this investigation recharge was physically considered as the result of the annual rainfall.

Accordingly an average recharge of 596 mm was estimated from an average annual rainfall

of 2654 mm in the study area. It was found that the recharge of the aquifer started in May and

continued up to October. Using soil moisture balance method, the potential recharge of

201.07 cm was obtained from the total annual rainfall of 1077.57 cm during the period of

January, 1998 to May 1993; which was about 18.66% of the total rainfall (Kabir, 1993).

Hasan (1994) reported that the annual recharge rate varied substantially among the different

districts such as Kustia, Rajshahi and Jessore have much lower recharge rates than others.

These districts can not support full development of agriculture from groundwater alone. On

the other hand, Sylhet, Mymensingh, Dinajpur and Rangpur districts have comparatively

higher recharge rates and agriculture in these districts could be supported significantly by
groundwater.

Islam (1997) determined the annual groundwater recharge USIng groundwater level

hydrograph analysis method at Dhunat upazila of Bogra district. The annual recharge to the

aquifer was found to be 546 cm which was about 27.7% of the total rainfall of 1982.01 cm

during the period of 1986 to 1995. Ahsan (1997) made an assessment in Netrakona sadar

upazila and found that the recharge and depletion characteristics were found almost In

equilibrium condition. The long term trend of ground water level was found to be In
declining trend in the last decade.
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2.7 WELL SPACING

According to The Ground Water Management Ordinace, 1985 (XXXVII of 1985) the

minimum distance between two wells would be:

(i) 2500 feet between two DTWs

(ii) 1700 feet between a DTW and a STW

(iii) 800 feet between two STWs

On 5 October, 1989, The Ground Water Management Ordinance, 1985 (XXXVII of 1985)

was suspended vide memo no.SRO- 040/89 of THE Ministry of Agriculture. As a result

tubewells were sunk indiscriminately causing reduced well discharge during irrigation
period, especially during peak water demand.

Well discharge not only depends on the static water level but also on well spacing. If wells

are sunk within the radius of influence of another, then static and pumping water level of

both the tubewells go down more causing reduced yield. In many areas of Bangladesh

improper well spacing is also a major cause of less discharge and pump failure especially

during peak water demand period of March-April. Inadequate spacing produced deeper

pumping levels, increased regional drawdown and decreased well discharge which increases

pumping costs and thereby turned the irrigated agriculture uneconomical (Heath,1984).

Bangladesh Agricultural Development Corporation (BADC) provided well spacing for entire

country for various pumping capacities and different operating hours but those were very

crude approximation for specific location as wide heterogeneity in the controlling factors

exists in the country. An equation for spacing between water wells was developed (Mojid et

al. 1991) which provide well spacing for Comilla Sadar upazila. Similarly (Ahmed et ai,

1991) estimated the optimum well spacing for Muktagacha upazila.
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Mojid (1993) calculated the optimum well spacmg for wells of different capacity and

operating hours. For 8 hours operation of two wells having capacity 28.31 Ips the calculated

spacing was 399 m. If discharge is increased the spacing is also to be increased. He

calculated 654 m for two wells of capacity56.6 LPs. These spacing were determined

assuming uniform aerial distance of wells and utilization of entire safe yield of the aquifer

(Mojid, 1993). It was also reported that shallow tubewells in north western part of

Bangladesh were facing problem primarily due to uncontrolled installation with improper

spacing (Alam, 1984).

2.8 IRRIGATED AGRICULTURE

When irrigation is available farmers prefer to cultivate winter rice (bora) and to a lower

extent wheat, pulses, etc. Boro is planted during January/ February and harvested in

AprillMay. Pulses are rarely irrigated and wheat is irrigated when irrigation is available. As

the cultivation of HYV and highbred rice (which requires comparatively large quantity of

water), maize and wheat are expanding the demands for irrigation water is increasing

accordingly. Supplementary irrigation is also needed in draught prone area for T-aman.

In order to reduce misuse of irrigation water and thereby increasing irrigation efficiency and

improving water productivity the actual quantity of irrigation water required by a crop should

be measured by an internationally acceptable method. BADC's IDA deep tubewell project

carried out an experiment on crop water requirement for rice in different parts of the country.

Table 2.1 shows the water requirement for rice in different regions of the country.

23



Table 2.1: Water requirement for rice
Climate Rain-fall Representa- Trasplant Effective Percol- Crop Irrigation Deep PumpiStation Station tive iog Rainfall, ation (Eto) Require- Percolati ngArea Date mm Rate, Require ment, on hour

mm/d -menl, mm Rate, in
mm mm/d MarchComilla Comilla Old 10 Feb. 285 5.0 509 886 505 14Meghna

Esrt. Fp
Mymensi Mymensin Old 28 Jan. 228 2.5 473 660 253 10-ngh gh Brahmaputr

a Fp (NW)
Dhaka Dhaka Modhupur 18Jan. 188 3.5 4(J9 734 354 10Tract (S)
Narayan- Narayango Old 04Feb. 257 5.0 444 847 507 13gonj nj Brahmaputr

a Fp (S)
Sylhet Sylhet Sylhet 10 Jan 256 1.5 371 430 152 6Basin

Source: BADC (BADC, 1992)

2.9 IRRIGATION DEVELOPMENT SCENARIO

The transformation of traditional monsoon dependent rain fed crop into irrigated agriculture

has been the centerpiece of the government's agriculture development strategy. During the

past three decades, minor irrigation development has been the primary instrument for

achieving self-sufficiency in cereals; BADe is the pioneer in introducing minor irrigation

technology throughout the country.

Since 1960s minor irrigation has been the main source of growth in irrigation command area.

Minor irrigation consists of (a) motorized suction (centrifugal) pumps lifting water from

shallow tubewells (STWs), (b) power operated low lift pumps (LLPs), (c) power operated

force mode pumps (i.e. turbine pumps, submersible pumps) extracting water from deep

tubewells (DTWs), (d) power operated barge mounted floating pumps diverting water from

major rivers to small rivers, canal, etc (e) manually operated pumps lifting water from

shallow tubewells (MOPSs) and (f) traditional manually lifting devices such as doons and

swing baskets. The LLPs, barge mounted floating pumps get water from surface sources,

while the STWs, DTWs and MOPs extract water from ground water aquifers. The
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development of irrigation equipment in minor irrigation is shown in Table 2.2 and 2.3 and in

Fig. 2.9.
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Fig. 2.9: Year-wise number of different types of pumps used

2.9.1 Sources oflrrigation Water

The two major sources of irrigation water in Bangladesh are surface water and groundwater.

During boro (dry) season due to shortage of surface water groundwater is extensively used as

a source of irrigation. Figures 2.10, 2.11 and 2.12 and Table 2.2 show the increase of

groundwater irrigation and at the same time decrease of surface water irrigation during 1970-

2004 (Source of data: GoB, 1998, Harvey et aI., 2005, and BADC, 2000-2006). As shown in

Fig. 2.11, during 1970 to 1982, the contribution of surface water was more than that of

groundwater; during 1984-85 the contribution from the two sources was almost similar.

During the last two decades, the area irrigated by groundwater increased significantly (Fig.

2.10). For example, according to BADC (2006), in bora season of 2006, the total irrigated

area was 4759717 hectares, of which 3849510 ha or about 80.87% was irrigated by

groundwater and 910207 ha or about 19.13% was irrigated by surface water. The

contribution of groundwater to total irrigated area has increased from 41% in 1982-83 to 71%
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in 1996-97; to about 75% in 2004 and to 80.87% in 2006. The contribution of surface water

has declined from 59% to less than 20% during this period.
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Fig. 2.10: Percent of area irrigated by surface and groundwater sources
(Data Source: NMIC, 1999/2000, GoB, 1998, Harvy et aI., 2005, and BADC, 2005)
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(ella Source: NMIC, 1999/2000 and BADC, 2002-2006)

2.9.2 Irrigation E!,lJipment

In Bangladesh irrig:'lion of boro crops is heavily dependent on groundwater. This water is

mainly abstracted by shallow tubewell (STW), deep set shallow tubewell (DSTW), very deep

set shallow tubewell (VDSTW), deep tubewell (DTW), artesian well, dug well, and non-

mechanized tubewl'! is. Among them STW with motor pumps are very popular irrigation

equipment. Mainly ,hallow tubewells having a discharge of about 141/s capacity are used in

irrigation. Special emphasis was given on the use of STW in irrigation in view of the

availability of water at shallow depth, comparatively lower unit cost and relatively easy

drilling, operation and maintenance technology. All shallow tube wells including deep set

shallow tubewell (D';TW) and very deep set shallow tubewell (VDSTW) abstract water from
shallow aquifer.
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Table 2.2: Irrigation equipment and irrigated area in different years
(Data Source: BADC, 2001; BADC, 2002; BADC, 2003; BADC, 2004 and BADC, 2005, BADC, 2006)

Season Equipment/ Type of irrigation
Area DTW STW LLP&FP Other

Year 2000 No. of Equipment 23536 707574 58058 135263
Irrigated Area(ha) 529640 2122511 581801 322578.34

% of area 14.89 59.68 16.35 9.08

Year 2001 No. of Equipment 23182 865213 71309 130719
Irrigated Area(ha) 538264 2295067 603787 321090.17

% of area 14.29 60.94 16.24 8.52

Year 2002 No. of Equipment 23001 893359 77007 88242
Irrigated Area(ha) 530291 2355033 628748 335695.37

% of area 13.77 61.17 16.33 8.73

Year 2003 No. of Equipment 23434 924023 79872 72562
Irrigated Area(ha) 587937 2409407 664018 356876.52

% of area 14.63 59.96 16.53 8.88

Year 2004 No. of Equipment 24718 925152 77784 64235
Irrigated Area(ha) 589482 2429127 630668 38912.41

% of area 14.58 60.07 15.80 9.55

Year 2005 No. of Equipment 271 17 1128991 99255
Irrigated Area(ha) 654189 3159899 838377 134881

% of area 13.66 66.00 17.51 2.83

Year 2006 No. of Equipment 28289 1182525 119135
Irrigated Area(ha) 700662 3120607 803170 135278

% of area 14.72 65.56 16.87 2.85

Figure 2.13 shows irrigated area by different technologies during 1970-2006 (Source of data:

Harvey et ai., 2005, WARPa, 1999 and BADe, 2000-2006). From this figure it is clear that

during 1970-1980 contribution of shallow tubewell was less than that of deep tubewell and

surface source equipment. During 1983-2006 the area under irrigation by surface water has

varied froml5% to 22%; while the area under irrigation by deep tubewell varied from 13%to

17% and that of shallow tubewell has increased from 24% to 65%. Much of this increase has

been accomplished through installation of shallow tubewells and it was possible due to

privatization of minor irrigation equipment.
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Fig. 2.l3(a): Area irrigated in Bangladesh by different technologies
during 1983- 2004 (Source: Saha, 2006)
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Fig. 2.1 J(b): Area irrigated in Bangladesh by difle:rent technologies
during 2005- 2006 (Data Source: BADC, 2005, BADC, 2006)

According to the report of Ministry of Agriculture (MOA, ::!006), in bora season of 2006, a

total of 1182525 shallow tubewells, 28289 deep tubewells, 119135 low lift and floating

pumps, and other equipments were used for irrigation all over Bangladesh. Table 2.2 shows

that contribution of STW is increasing day by day and the number of STW have increased by

55.71% during last six year period. Figure 2.14 shows distribution of shallow tubewells in

Bangladesh in the year 2004. The contribution of surface and groundwater sources to total

irrigated area has changed considerably over time. From table 2.3 it is found that most of the

deep tubewells and a very small part of shallow tubewells are electrified and in percentage

these are 88.53% and 11.14% respectively. Out of total 28289 deep tubewells 25045 numbers

are electrified and 3244 number are diesel operated.
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Table 2.3 Technology wise and Agency wise Report on Irrigation Equipments Used, Area
Irrigated and Benefited Farmers, 2005-06

Type of Name Operated by Electricity Operated by Diesel Tola!
Equip ofOrg. Unit Irrigated No of Unit Irrigated No of Unit Irrigated No of
ment rDB REB TOTAL Area (ha) Farmers Area Fanners Area (ha) Fanners

(ha)
BADC 931 6708 7639 203345 579301 1792 33809 98177 9431 237154 677478
BMDA 591 8486 9077 205890 381297 45 661 1605 9123 206551 382902

DTW Others 607 7722 8329 228173 608331 1406 28784 79637 9735 256957 687968
Total 2129 22916 25045 637408 1568929 3244 63254 179419 28289 700662 1748348

BADC 0 8 8 198 1270 0 0 0 8 198 1270
BMDA 0 0 0 0 0 0 0 0 0 0 0

STW Others 10322 121458 131772 536731 1591537 1050745 2583678 7311046 1182517 3120409 8902583
Total 10322 121458 131780 536929 1592807 1050745 2583678 7311046 1182525 3120607 8903853

BADC 10 270 280 12280 21993 1685 25670 47016 1965 37950 69009
BMDA 1 6 7 200 224 0 0 0 7 200 224

LLP Others 781 8768 9549 132176 394323 107614 632844 1535563 117163 765020 1929886
Tota! 792 9044 9836 144656 416540 109299 658514 1582579 119135 803170 1999119

TOTAL 13243 153418 166661 1318993 3578276 1163288 3305446 9073044 1329949 4624439 12651320
(DTW+STW+LLP

)
Source:MOA, 2006

2.9.3 Irrigation Coverage by Crop

Cultivation of Rabi crop is not possible without irrigation because of very low rainfall during

this time. Specially for high yielding variety and highbred bora rice and wheat cultivation

more irrigation water is required. Besides, some parts of the country grow other crops like

potato, oil, pulses, vegetables, etc., which require much less irrigation water compared to

bora and wheat. Table 2.4 shows division-wise irrigated area for the year 2004. Of the total

irrigated area, bora accounts for about 88.2 %, wheat 5.20 % and other crop about 6.57 %.

Rajshahi and Dhaka division covers 38.37% and 28.25% land under bora cultivation. Whereas

in Barisal and Sylhet division it is only 2.348% and 6.99%, respectively.

Total production of paddy in the year of 2003 was 251.88 lac metric tons, of which

production of aman, aus, and boro varieties were 18.51, 111.15 and 122.22 Lac metric ton,

respectively (GoB, 2004). Figure 2.15 shows the percentage of different variety of paddy

grown in the year of 2003. It shows that boro accounted for over 48.53 % of rice production

in the year 2003.
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Fig. 2.14: Distribution of shallow irrigation wells in Bangladesh in bora season of2004
(Source: Saha, 2006)

Table 2.4: Division-wise irrigated area for the year 2004

Name of Crap
Others

Name of Bora Wheat craps Total
Division (hectares) % (hectares) % (hectares) % (hectares) %
Dhaka 1069651.5 29.98 41846.86 19.87 30894.27 11.624 1142392.7 28.25
Chittagong 470360.69 13.18 2855.22 1.356 12641.1 4.75 485857.01 12.01
Rajshahi 1278327.1 35.83 120837.47 57.39 152697.19 57.47 1551861.7 38.37
Khulna 374480.18 10.49 43053.98 20.45 68169.87 25.66 485704.03 12.01
Barishal 92672.18 2.59 1566 0.74 738 0.27 94976.18 2.348
Sylhet 282179.49 7.90 363 0.17 525 0.19 283067.49 6.99
Total 3567671.1 100 210522.53 100 265665.43 100 4043859.1 100
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Fig. 2.15: Percentage of different varieties of paddy grown in the year of 2003

2.10 SUMMARY

Over the last few decades food production in the country has increased significantly mainly

due to the success of the irrigated agriculture during the dry season. Agriculture during the

dry season is heavily dependent on groundwater; groundwater irrigation covers about 75% of

the total irrigated area and shallow tubewell irrigation alone covers about 60% of total

irrigated area. Thus the success of shallow tubewell irrigation is vital for sustaining the food

production in Bangladesh. However, lowering of groundwater level during the peak dry

season (March-April) and failure of shallow tubewells is becoming a common phenomenon

in many regions of the country. Since more and more areas experiencing such problems with

passage of time, this phenomenon may have an adverse impact on the food production and

the lives of farmers. Thus it is very important to identify areas which may experience

problems related to groundwater lowering, assess the impacts of groundwater lowering on

farmers, and develop appropriate strategies to overcome the problems based on available

information related to lithology, aquifer position and properties.
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Chapter 3

Assessment of Impact of Groundwater Lowering
on STW Irrigation

3.1 INTRODUCTION

In many areas of Bangladesh, water table is going down gradually due to increased use of

groundwater for irrigation during the dry season. In order to assess the impact of

groundwater lowering on the farmers, a questionnaire survey was carried out in 6 districts of

the country, which suffer from groundwater lowering during the dry season. The purpose of

the survey was to collect opinion of the farmers regarding the impact of groundwater

lowering. Besides, available literature on the issue was reviewed and discussions were held

with agriculturists working in the Department of Agricultural Extension (DAE) and scientists

of the National Agricultural Research System (NARS). Data gathered from questionnaire

survey were analyzed to assess the nature of the problems faced by the farmers resulting

from lowering of groundwater level and to know what the farmers are doing to cope with the

problems. Impact of lowering of groundwater level on irrigation cost and crop yield were

also analyzed from the survey data. This Chapter presents an assessment of the impact of

groundwater lowering on the farmers based on the questionnaire survey, review of literature

and discussions held with agriculturists and irrigation engineers.

3.2 METHODOLOGY

In order to assess the impact of lowering of groundwater level on STW irrigation,

information were collected through: (l) a questionnaire survey among farmers in 6 districts

of the country, (2) collection and review of literature, and (3) discussions with agriculturists

working in the Department of Agricultural Extension (DAE) and scientists of the National

Agricultural Research System (NARS).

34



A questionnaire survey was conducted in 6 districts, which are known to suffer from

lowering of groundwater during the dry season. Figure 3.1 shows the districts where the

questionnaire surveys were carried out. The districts were chosen in such a way that they

represent the irrigated areas of all major soil types of the country. Mymensingh district

represents the Modhupur Tract as well as the New and Old Brahmaputra floodplain; Tangail

district represents the Modhupur Tract as well as the Young Jamuna Floodplain. Natore and

Pabna districts represent the High Ganges Floodplain as well as the areas under the impact of

the Farakka barrage. Comilla district represents Medium and Low Old Meghna Estuarine

Floodplain and the eastern part of the country. Sirajgonj district represents the Young Jamuna

Floodplain. The survey covered a total of 384 number randomly selected irrigation well

owners (farmers) belonging to different farmer categories (e.g., landless, marginal, medium,

large, etc.); 27 from Pabna, 21 from Natore, 25 from Sirajganj, 102 from Mymensingh, 109

from Comilla and 100 from Tangail district. The questionnaire survey was carried out during

March-April, 2006. In these 6 districts total number of STW used in the year 2006 was

229154. Due to time and resource constraints it was not possible to conduct the questionnaire

survey covering a statistically significant number wells within the study area. The

questionnaire survey conducted in this research work gives only indicative information. The

BADC officials and staff in the respective areas assisted with the questionnaire survey. A

sample questionnaire used in this study is shown in Appendix A.
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Fig. 3.1: Bangladesh map showing the districts where questionnaire survey
was carried out

3.3 RESULTS AND DISCUSSION

3.3.1 Category of the Respondents of the Questionnaire Survey

In the questionnaire survey, respondents (i.e., irrigation well owners) were classified into 5

farmer categories, depending on the amount of land they owned (DAE, 1999). Farmers
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owning up to 0.02 ha of land were classified as "landless", those owning 0.02 to 0.20 ha of

land were classified as "marginal", those owning 0.20 to 1.0 ha of land as "small", those

owing 1.0 to 3.0 ha of land as "medium" and those owning above 3.0 ha of land were

classified as "large" farmers. Category wise numbers of farmer/tube well's owner are given

in table below. Table 3.1 shows number of respondents (i.e., irrigation well owner) under

different farmer categories for each of the 6 districts where the questionnaire survey was

carried out. Table 3. I also shows that among the respondents, 10 were landless, 34 were

marginal, 123 were small, 144 were medium, and 73 were large farmers. Figure 3.2 shows

the overall distribution of the respondents under different farmer categories. Among the well

owners surveyed, small and medium farmers were dominant in number, accounting for 32%

and 37% of the respondents, respectively.

Table 3. I: Number of respondents (tubewell owner) of the six districts under different farmer
category

Name of
district

Pabna
Natore
Sirajgonj
Mymensingh
Camilla
Tangail
Total

Nos. of
tubewell
owner
surveyed

27
21
25
102
109
100
384

No. of irrigation well owner under different farmer category
Landless Marginal Small Medium Large
(0.00-0.02 (0.02-0.20 (0.20-1.0 (1.0-3.0 (> 3.0 ha)

ha) ha) ha) ha)
2 7 15 3
I 7 8 5

4 7 10 4
J 2 30 50 19
4 21 43 40 1
1 1 26 27 45
10 34 123 144 73

o Class _ Landless 0 Marginal 0 Small _ Medium 0 Large

t:l 190/0

032%

Fig. 3.2: Distribution of respondents based on land holding
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3.3.2 Farmers Affected by Groundwater Lowering

Table 3.2 shows the number of the surveyed tubewells that were affected (i.e., became

inoperative) in the past by the lowering of groundwater level during the dry season in each of

the 6 districts. Overall, 59.4% of the surveyed irrigation tubewells (STW) were affected by

the lowering of groundwater level. Table 3.2 shows that Mymensingh district has the highest

percentage (93.1%) and Sirajgonj a district has the least percentage of surveyed wells

affected by lowering of groundwater level during the dry season (March-April).

16 (59.30)
16 (76.20)
12 (48.00)
95(93.10)
37 (33.90)
52 (52.00)
228 (59.40)

27
21
25
102
109
100
384

Pabna
Natore
Sirajgonj
Mymensingh
Comilla
Tangail
Total

Table 3.2: Tubewells affected by lowering of groundwater level in 6 surveyed districts

Name of district Total no. of Number (%) of Number (%) of
tubewell (owner) tubewells affected by tubewells not affected

surveyed groundwater lowering by groundwater
lowering
II (40.70)
5(23.80)
13 (52.00)
7 (6.90)
72(66.05)
48 (48.00)
156(40.62)

Table 3.3 shows the number of affected tubewells for each farmer category. It shows that

there is no particular relationship between the percentage of affected tube wells and the

farmer category. Groundwater lowering affected farmers of all classes to about the same

extent. For each category of farmer, about 60% of wells were affected by the lowering of

groundwater level.
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Number (%) of tubewells
not affected by groundwater

lowering

Total no. of
tubewell (owner)

surveyed

Farmer
category

Table 3.3: Tubewells affected by lowering of groundwater level in 6 surveyed districts for
each farmer category

Number (%) of
tubewells affected by
groundwater lowering

Landless 10 6(60.00) 4(40.00)
Marginal 34 19(55.88) 15(44.12)
Small 123 73(59.34) 50(40.66)
Medium 144 85(59.03) 59(40.97)
Large 73 45(61.64) 28(38.36)
Total 384 228(59.38) 156(40.62)

3.3.3 Trend of Groundwater Lowering

Table 3.4 shows the number of tubewells reported (by the respondents) to be affected in

different years for each of the 6 districts. Figure 3.3 shows number of wells affected by the

lowering of groundwater level in different years. Table 3.4 also shows that among the wells

surveyed in the 6 districts, the problem of tubewell failure due to groundwater lowering first

occurred in Pabna in the year 1984. Groundwater lowering causing tubewell failure appears

to be a recent phenomenon for the well surveyed in the districts of Natore and Comilla, with

the first incidence of tubewell failure (due to groundwater lowering) reported for the year

2002. In the districts of Sirajganj, Mymensingh and Tangail, the first incidence of tubewell

failure due to groundwater lowering have been reported for the year 1996, 1996, and 1988,

respectively. For each affected tubewell which became inoperative due to lowering of

groundwater level in a certain year, the problem continued in the following years, though the

severity of the problem varied from year to year.

Table 3.4 and Fig. 3.3 show that most reported incidences of groundwater lowering occurred

in recent years. Although lowering of groundwater level is often strongly related to rainfall or

flood events, the problem of tubewell failure due to groundwater lowering appears to be

increasing with time.
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Table 3.4: Year-wise number of tubewells affected by water table lowering
Year Tubewells affected by groundwater lowering

Pabna Natore Sirajganj Mymensingh Comilla Tangail Total1984 1 11985 2 21986 2 2
1987 2 2
1988 2 2
1989 2 2
1990 2 2
1991 2 2
1992 2 2
1993 2 2
1994 3 3
1995 5 5
1996 6 2 4 12
1997 7 2 9 18
1998 7 4 16 3 30
1999 7 6 24 5 42
2000 9 7 37 19 72
2001 10 7 48 30 95
2002 12 2 9 62 5 40 130
2003 14 5 10 72 8 49 158
2004 IS 8 I I 77 18 50 179
2005 16 12 12 84 25 52 200
2006 16 12 12 84 37 52 213

Year not 4 II IS
mentioned
Total no. of 16 16 12 95 37 52 228
wells affected

EI Addition of respecti-...e year _ Total of that year

250

200

150
Number

100

50

o
1984 1987 1990 1993 1996 1999 2002 2005

Year

Fig. 3.3: Number of well affected by groundwater lowering in different years
(Source: NMIC, 1999/2000 and BADC, 2000-2005)

Figures 3.4(a) through 3.4(f) show the number of tubewells affected (i.e., inoperative

tubewells) for each of the 6 districts as a function of time (year). These figures also reflect
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the same trend, that is, with time more and more tubewells are suffering from lowering of

groundwater level.

fJ .Pddition of respective year. Total of that year

16

14

12

10

Number 8

6

4

2

o
1984 1987 1990 1993 1996 1999 2002 2005

Year

Fig. 3.4(a): Number of inoperative well in Pabna district in different years

CJAddition of respective year _ Total of that year

16

14

12

10

Number 8

6

4

2

o
1984 1987 1990 1993 1996 1999 2002 2005

Year

Fig. 3.4(b): Number of inoperative well in Natore district in different years

CJAddition of respective year _ Total of that year

12

10

8

Number 6

4

2

o
1984 1987 1990 1993 1996 1999 2002 2005

Year

Fig. 3.4(c): Number of inoperative well in Sirajganj district in different years
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Fig. 3.4(d): Number of inoperative well in Mymensingh district in different years

EI Addition ofrespecti-..e year. Total of that year

40
35
30
25

Number 20

15
10
5
o
1984 1987 1990 1993 1996 1999 2002 2005

Year

Fig. 3.4(e): Number of inoperative well in Comilla district in different years

D Addition of respective year. Total of that year

60
50

40

Number 30.

20

10

o
1984 1987 1990 1993 1996 1999 2002 2005

Year

Fig. 3.4(f): Number of inoperative well in TangaiI district in different years
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This phenomenon of increasing incidences of tubewell failure due to groundwater lowering

appears to be related to the practice of sinking of irrigation wells. Up to 1992, tubewells were

sunk only after obtaining sinking permission from the upazila Irrigation Team (UIT),

following certain rules and regulation. After privatization of minor irrigation equipment, the

sitting rules were suspended in 1992 and since then tubewells are being sunk

indiscriminately. Before 1990, owners of irrigation wells were mainly medium and large

farmers. A very small number of small farmer owned irrigation wells. But after withdrawal

of sitting rules and regulations in 1992, the irrigation wells ownership pattern has been

changed and many small and marginal farmers now own irrigation wells. In fact, among the

tubewell owners surveyed in this study, 10 were landless.

From 1992 to 2005, the numbers of shallow irrigation tubewells increased from 3.89 lakh

to 11.29 lakh (MOA, 2005) and these tubewells were mostly sunk without any judicious plan

and program. Table 3.4 shows that before withdrawal of the sitting rule (i.e., before 1992),

only 2 tubewells in Pabna district (Fig. 3.4a) and I in Tangail district (Fig. 3.4f) were

inoperative out of the 228 inoperative wells reported by the respondents. The rest of the

reported tubewell failures occurred after 1992.
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Fig. 3.5: Trends in irrigated area per unit of STW
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During the late 1980's and early 1990's, there was huge demand of shallow tubewells in the

rural area. But due to slow delays in approval of irrigation schemes, as well as problems in

procurement, storing and sale of minor irrigation equipment by the government

organizations, the rate of sale of shallow tubewell was too slow to meet the demand. That is

why the GoB suspended the sitting rules as stipulated in the Groundwater Ordinance, 1985.

After suspension of the sitting rules and privatization of minor irrigation equipment, the

irrigated area increased from 13,92,000 hectare in 1992 to 31,59,899 hectare in 2005 (NMIC,

2000, BADC, 2005). The increased number of STW used in irrigation contributed much in

increasing food production and in attaining self sufficiency in food production. On the other

hand, irrigated area per STW decreased continuously since 1992, as shown in Fig. 3.5. Figure

3.5 prepared with data from BADC (2005) and NMIC (1999/2000) shows that irrigated area

per STW has been decreased from 4.4 ha in 1992 to 2.79 ha in 2005.

Unplanned sinking of STW is the main cause of the reduction of irrigated area per unit of

STW. Not only that, indiscriminate and unplanned sinking of tubewells also contributed to

the rapid fall in groundwater table, less discharge, under-utilization of equipment potentiality.

In many cases, the high investment in the irrigation equipment was unnecessary. In many

areas, these resulted in high irrigation cost and unprofitable agriculture. Only judicious

sinking can increase irrigated area using minimum number of irrigation equipment

(tubewells). Suspension of sitting rules, privatization of minor irrigation equipment and

unplanned sinking of tubewell have both positive and negative impacts, as summarized
below.

Positive Impacts:

I. Rapid increase in irrigated area

11. Increased rice production and self sufficiency in food production

iii. Increased employment opportunity in rural area

IV. Quick dissemination of farm machinery technology
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Negative Impacts:

1. Water table is lowering rapidly

11. More and more shallow tubewells are becoming inoperative

111. Sustainable agricultural development is being threatened

IV. Unnecessary sinking of tubewells close to each other

v. Under-utilization of irrigation equipment

vi. Misuse of foreign currency

3.3.4 Impact of Groundwater Lowering on Cost, Crop Yield and Irrigated Area

Scientific literature on the impact of groundwater lowering and tubewell failure on crop yield

is almost non-existent. But many agriculturists believe that formation of empty grain in boro

rice is mainly due to the shortage of irrigation water. It has been reported that in some areas

of Modhupur tract and Barind tract, the amount of empty grain in paddy less in the years

when there were sufficient rainfall in the month of October, but in the years when drought

occurred more paddy grains turned into empty gain [personal communication with Dr. A. N.

M. Waliullah, D.O. (Soil), DAE, GoB]. In the past it was thought that the reduction in rice

yield in these areas might have occurred due to shortage of fertilizer or excess use of urea or

due to the poor quality of seeds. However, it is widely believed now that lack of

photosynthesis due to shortage of water during panicle and flowering stage is a main cause of

empty grain formation [personal communication with Dr. M. A. Razzaque, M.D. (Soil),

BARC, GoB]. Dr. Wais Kabir, Director, SAARC Agricultural Information Centre, Dr. M. A.

Sattar, PSO and Head of The Irrigation and Water Management Division, BRRI and Dr. M.

A. Rashid, PSO, BRRI expressed similar opinion about the impact of groundwater level

lowering on boro crops. According to them, two types of situation may result from the

lowering of groundwater level during the peak irrigation season: (i) If farmers desire to

irrigate their crop land they have to spend additional money to lift water from lower depth by

using force mode pumps, abandoning their suction mode pumps, and (ii) If farmers are poor

45



and unable to replace the low cost suction mode pumps by the costly force mode pumps, they

will get reduced crop yield.

According to information gathered from the questionnaire survey, the 228 affected tubewell

owners surveyed expressed different opinions regarding the impacts of groundwater lowering

on irrigation cost and crop yield, as shown in Table 3.5. From the Table 3.5, it is observed

that 187 (82.0%) tubewell owner said that they suffered from loss of yield and high cost, 18

(7.9%) owners reported high cost but no loss in yield, 8 (3.5%) reported loss of yield, but no

additional cost, while 15 (6.6%) reported no particular impact. It has been found that

relatively affluent farmers suffering from tubewell failure could arrange for alternative ways

of irrigating their fields during the peak dry period, but the poorer farmers could not do that

and hence suffer from greater losses.

Table 3.5: Opinions of farmers regarding the impact of groundwater lowering

Type of suffering / opinion Number tubewell owner (%)
Less yield and high cost 187 (82.0)
High cost and same yield 18 (7.9)
Less yield and same cost 8 (3.5)
Same yield and same cost 15(6.6)

3.3.5 Coping with the Groundwater Lowering Problem

When tubewells fail due to lowering of groundwater level during the peak irrigation season

in March-April, farmers try various means to overcome the problem, depending on their

ability and resources. During the questionnaire survey, farmers (tubewell owners) were asked

how they cope with the situation, and the responses are summarized in Table 3.6. It shows

that among the 228 farmers who faced tubewell failure due to lowering of groundwater level,

78 used deep-set shallow tubewell (DSTW), 113 used very deep-set shallow tubewell

(VDSTW), and the rest 37 waited for rainfall. Out of these 37 farmers, 4 were large, 18

medium, 13 small, I marginal and I belonging to the landless group. In other words, out of

228 farmers who faced tubewell failure due to lowering of groundwater level, 34% used deep
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set tubewell, 50% used very deep set tubewell, and 16% waited for the rain to come (Fig.
3.6).

Table 3.6: Number of tubewell users adopting different options
Alternative Number of Landless Marginal Small Medium Largeoption used Respondent (0.00- (0.02- (0.20-1.0 (1.0-3.0 (> 3.0

during tubewell 0.02 ha) 0.20 ha) ha) ha) ha)failure
Deep set shallow 78 8 39 26 5tubewell
Very Deep set 113 2 27 43 41shallow tubewell
Dependent on 37 3 17 14 2rainfall
Total 228 13 83 83 48

16%

I [J Deep set •• Very deepset 0 Rain water I
Fig. 3.6: Percentage of tubewell users adopting different alternative options

A project titled National Minor Irrigation Development Project (NMIDP) was implemented

by the Ministry of Agriculture during the period of 1996 to 2000 in an effort to introduce

deep set and very deep set shallow tubewells to overcome STW failure during the dry season.

Several NODs also worked in different projects of the same nature. They tried to popularize

the deep set and very deep set STW. But these attempts did not bring in the desired results.

Use of electric motor or diesel engine in a pit has been found to be both unsafe and difficult.

Seepage water from the surrounding irrigated land enters into the pit. Collapse of muddy

walls of pit is another problem. Moreover when water table goes down below 35 ft or more,

these systems become almost ineffective. Replacement of these STW by costly force mode
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pump (OTW) is the only dependable solution. However, without active Government

intervention, such an option would be difficult to implement.

In general, STW of our country is sunk up to a depth of 30-35 m. From the lithological cross-

sections shown in Figs. 2.3, 2.4 and 2.5, thickness of aquitard (shown in Fig. 2.2) and depth

to the top of main aquifer (shown in Fig.2.1), it appears that all the STW are in the top

(composite) aquifer. If the depth of these STW is increased to reach the main aquifer beneath

the aquitard, the pressure on top aquifer may be reduced and the situation may improve.

3.4 SUMMARY

Irrigation well failure due to lowering of groundwater level during the peak dry season, when

irrigation water requirement is also the maximum, is a major problem being faced by

increasing numbers of farmers in different regions of the country. The problem of tubewell

failure appears to have become more pronounced after 1992 when the tubewell sitting rule

was suspended. As a result, huge numbers of shallow irrigation wells were sunk

indiscriminately, which on one hand helped increasing the food production, while on the

other hand aggravated the groundwater lowering problem.

Among the 384 farmers (irrigation well owners) surveyed in this study, 59.4% suffered from

tubewell failure due to lowering of groundwater level. Over 80% of these farmers reported

reduced crop yield and financial loss due to lowering of groundwater level. Many farmers

used alternative options, e.g., OSTW and VOSTW, for irrigating their fields when STW

failed.
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Chapter 4

Preparation of GIS Based Zoning Maps and Assessment
of Critical Areas for Groundwater Irrigation

4.1 INTRODUCTION

With the increased use of groundwater by tubewell for irrigation, water table in Bangladesh

is going down gradually. In some areas, the water table goes down below the suction limit of

shallow tubewells during March-April and the number of such tubewells is increasing day by

day. As a result, due to shortage of water, irrigated area per shallow tubewell is being

reduced in some areas of the county. In order to identify these areas as well as to classify the

entire country into some convenient regions based on depth of water table, groundwater

zoning map need to be prepared. A zoning map would indicate the groundwater level in an

area during the critical months of the year. Engineers working at upazila level and

responsible for advising farmers about judicious use of groundwater need such zoning maps,

from which they can advise farmers about the type and capacity of tubewell to be used by
them.

In the past, groundwater zoning map has not been prepared for entire country though data

were available with organization like the Bangladesh Agricultural Development Corporation

(BADC) and Bangladesh Water Development Board (BWDB) due to the following reasons:

• It was difficult to prepare a contour map with hundreds of thousand of data using

pencil and tracing paper until 1998, when the Environmental System Research

Institute (ESRI) of USA developed a software named Geographical Information

system (GIS) Arc-View that could handle huge data to prepare a map accurately.
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• BADC did not publish Data Book on groundwater level before 2002. That is why

most of the scientists/engineers were not aware of the databank of BADC that covers

data from a large number of monitoring wells all over the country.

• GIS Arc-View uses data that has geographically referenced position, but the

positions of BADC monitoring wells are recorded on the basis of J.1. number and
Plot Number.

One of the prime objectives of this study was to develop a groundwater zoning map for the

entire country based on available data. For this purpose, water table data have been collected

from the Bangladesh Agricultural Development Corporation (BADC), Bangladesh Water

Development Board (BWDB), and Dhaka Water and Sewerage Authority (DW ASA). From

available information (J.L No. and Plot No.), the coordinates (latitude and longitude) of the

monitoring wells have been estimated for use in GIS Arc-View software. The water level

data were critically analyzed and a set of data was selected for preparing a groundwater

contour map for the entire country during the most critical time (i.e., during the dry season

when groundwater level reaches its lowest level from the ground surface). This contour map

was finally converted into a three dimensional digital elevation model (3D DEM), commonly

known as groundwater zoning map. The zoning map was then divided into different areas

based on groundwater levels and capacities of different types of tube wells to withdraw water
from the ground surface (subsurface).

The groundwater map could be used to identify areas of different groundwater levels during

the critical irrigation period and therefore could be conveniently used to indicate the

suitability of the types and heads of pumps to be used for irrigation. This Chapter describes

the preparation of the groundwater water zoning map and then describes different aspects of

the maps and its possible uses in the context of the groundwater lowering problem in
Bangladesh.
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4.2 METHODOLOGY

4.2.1 Data Collection

BADC has been collecting groundwater level data fortnightly from its monitoring wells

located in different upazila / thana since 1973. Initially, there were only a few monitoring

wells. But with the increase in the number of irrigation equipment and irrigated area, the

number of monitoring wells also increased. Except for the saline belt and hilly areas, there

are 10 monitoring wells in each of the 370 upazilas all over the country. Besides, BADC has

109 auto water level recorders (AWLR) in different areas of the country. Bangladesh Water

Development Board (BWDB) also has 36 groundwater monitoring wells all over the country.

Besides, OWASA has some data on the water level of its production wells in Dhaka city, and

the Department of Public Health Engineering (DPHE) has water level data from some

selected districts and upazilas. The Barind Multipurpose Development Authority (BMDA),

which was fonnerly a project of the BADC, has some data on groundwater level within the

area under its jurisdiction, which is also covered by the BADC.

Among the organizations that record/collect/compile data, BADC has the most

comprehensive data on groundwater level. Except for 3 hill districts and southern saline

region, groundwater level data for entire country are available at the BADC offices, located

at district and upazila level. In this study, data on groundwater level were collected from the

BADC for 3700 monitoring wells and 109 auto water level recorders (AWLR). The AWLR

data are most reliable and are used to validate the data collected from other manually

operated monitoring wells by BADC. Besides, data were collected from 36 BWDB wells.

Since BADC has only one monitoring well in Dhaka city, data were collected from 10
OWASA wells located in Dhaka city.

4.2.2 Data Selection for GIS Map

Figure 4.1 shows groundwater level hydrograph showing the depth of water table in Sadar

and Trishal upazilas of Mymensingh district along with monthly rainfall during 2000-2005 at
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the Mymensingh meteorological station. Figure 4.2 shows groundwater level hydrograph and

rainfall data for the Sadar upazila of Sirajganj district. Groundwater level hydrographs (based

on data from one monitoring well from each upazila) of Hosainpur upazila of Kishoreganj

district, Madarganj upazila of Jamalpur district, Nakla upazila of Mymensingh district,

Ulipur upazila of Rangpur district, Gabtoli upazila of Bogra district, and Devidwar upazila of

Comilla district along with the corresponding monthly rainfall data have been presented in

Appendix B. The hydrographs presented in Figs. 4.1 and 4.2 and in Appendix B show that

water level varies significantly with season of the year, primarily depending on the rainfall

pattern. The lowest groundwater level (i.e., highest depth of water table from ground surface)

is usually reached in March-April, towards the end of dry season and when groundwater

withdrawal for irrigation is the maximum. The highest groundwater level is reached in

August-September. The situation is somewhat different in Dhaka city, where heavy

withdrawal of water for domestic water supply by DWASA is causing water mining and
water level is continuously going down.

This study focuses on groundwater level during the dry season when groundwater is

extensively used for bora rice irrigation. The critical period for bora rice is the panicle

initiation and flowering stage, which occurs during April. Due to shortage of irrigation water

during the flowering stage, nutrient is not supplied to the plant leaves properly for

photosynthesis. As a result more empty grain is produced and consequently yield is reduced.

Moreover static water level in most parts of the country goes down to the lowest level during

April-May (see Fig. 4.1). The groundwater level usually reaches its maximum depth during

the first two weeks of April. Bora rice begins to ripen in May when irrigation is not required.

Thus, considering the seasonal fluctuation of groundwater level and requirement of irrigation

water for bora rice, it was decided that the groundwater zoning map will be prepared based

on groundwater level data for the month of April. Data from 3819 wells, including 3700

BADC monitoring wells, for the month of April 2004 (the latest year for which data were

available) were selected for developing the groundwater zoning map for the country.

Groundwater level data from the 36 BWDB wells were not used in the preparation of the

zoning maps because the areas covered by these wells were also covered by the BADC
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monitoring well network. For each monitoring well, the lowest groundwater level In the

month of April was used for the preparation of the zoning maps.
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Fig. 4.1: Groundwater level hydrograph showing the depth of water table in: (a) Sadar, and
(b) Trishal upazilas of Mymensingh district, and (c) monthly rainfall during 2000-2005 at
Mymensingh meteorological station [Hydrograph data from BADe, and rainfall data from
Bangladesh Meteorological Department]
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Fig. 4.2: Groundwater level hydro graph showing the depth of water table in Sadar upazila of
Sirajganj district along with monthly rainfall during 2000-2005 at Sirajganj meteorological
station [Hydro graph data from BADC, and rainfall data from Bangladesh Meteorological
Department]

4.2.3 Estimating GPS Coordinates of the Monitoring Wells

As noted earlier, a major obstacle in preparing a groundwater zoning map using the available

data on groundwater level was estimating GPS coordinates of the monitoring wells. The GIS

Arc-View software uses data with geographically referenced position, but the positions of

BADC monitoring wells are recorded on the basis of 1.L. number and Plot Number. A major

task of this research work was estimating as accurately as possible the GPS coordinates of
the monitoring wells from the 1L and Plot Numbers.
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At the BADC upazila and district offices, union-level maps are available identifying the

locations of the monitoring wells. These union-level maps were superimposed on a grid

showing latitudes and longitudes. Lines were then drawn through the location of the

monitoring wells parallel to the lines showing latitudes and longitudes. The approximate

latitudes and longitudes of each monitoring wells was then determined from this grid. In

order to avoid error of map projection the administrative maps (commonly used in

government office) were used to determine approximate value of latitude and longitude and

all the maps used followed the same projection method. The GPS coordinates of the

groundwater monitoring wells have been listed in Appendix C.

4.2.4 Preparation of Groundwater Zoning Maps

In our country the pumps used in irrigation are classified as shallow tubewell (STW), deep-

set shallow tubewell (DSTW), very deep set shallow tubewell (VDSTW), and deep tubewell

(DTW). The STW, DSTW and VDSTW are scientifically termed as suction mode pumps and

DTW as force mode pump. Generally, the water pumps used for irrigation are selected on the

basis of the depth of water table. The distance between the pump base and the depth of water

table dictates whether the pump would be a force mode or a suction mode type i.e., whether it

would be STW or DSTW or VDSTW or DTW of low, medium or high head (see Table 4. I).

Basically suction mode pump cannot operate economically in areas where water table goes

below 7.6 m (25ft.) from pump base. Hence during the later part of irrigation season (March-

April) when water table goes below this suction limit, farmers generally dig a pit of 5-8 feet

depth and install irrigation equipment it. In some areas, due to low rainfall or drought, water

table remains within 3D-35ft. In this case another pit is dug in the first pit. This practice is

risky, troublesome and costly. In these circumstances, a prior knowledge about the depth of

groundwater level during the critical months would enable farmers to make better decision
regarding the choice of pumps.

Available water level data for the month of April, 2004 of 3819 monitoring wells were

entered into GIS and a contour map is prepared. The contour map is then converted into a
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three dimensional Digital Elevation Model (3D DEM). So on the basis of depth of water

table the zoning map has been divided into 9 distinct regions for easy selection of pump

head. Finally, to evaluate the impact of unplanned withdrawal of groundwater on shallow

tubewell, these nine regions have again been classed broadly under three heads namely _

Perfect Shallow Tubewell Zone, Critical STW Zone and Deep Tubewell Zone (see Table 4. I)

based on the suitability of use of suction mode or force mode pump. From this map the total

area of each zone was also measured. These information have been shown in the

groundwater zoning maps. For ease of use, zoning maps have been prepared division-wise

and also for especial areas of interest, e.g., Barind tract, Modhupur tract, Dhaka city.

Table 4. I: Suitable pumps depending on the depth of the groundwater level, and groundwater
"zone" based on depth of groundwater level and technology used

Depth of water table

Upt05.3m
5.3 - 7.6 m

Suitable Pump

MOTW (manually operated
tubewell
STW ( shallow tubewell)

Zone Based on Technology
Used

Perfect Shallow Tubewell Zone

DSTW (deep set shallow tubewell)7.6 - 9.8 m

9.8 - 11.3 ill Critical Shallow Tubewell Zone----------------------
11.3 - 15.0
15.0 - 20.5
20.5 - 26.0
26.0 - 35.5
35.5 - 58.0

Deep tubewell of high head

Deep Tubewell Zone

4.2.5 Estimating Trend of Change of Groundwater Level

Data of groundwater table for a long period of time is generally required to study the trend of

groundwater lowering. Though BADC has been collecting data of groundwater table since

1973, these data were not preserved properly. The irrigation wing of this organization was

reorganized several times during the last four decades. Most of the field offices were

renamed with new jurisdiction, and office locations were also changed. During office shifting

documents were moved, displaced and also damaged. Some data are being persevered in
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printed form since 2001 when a new project named "Survey and Monitoring Project For

Development of Minor Irrigation" began to be implemented. No data have been preserved in

electronic format before 2004. That is why it was difficult to collect the data required for

analysis of trend of change of groundwater level.

After visiting different upazila offices of the BADC and communicating with BADC officials

in different offices, it became clear that regular records of groundwater level (since 1973) are

available only for a limited number of monitoring wells. For assessing the trend of change of

groundwater level, 6 monitoring wells were selected for which relatively better records of

groundwater level were available. Among these 6 wells, 2 were located in the western region

of Bangladesh (Naogaon Sadar and Atrai upazilas of Naogaon district), 2 in the eastern

(Kotwali and Burichong upazila of Comilla district) and 2 in the central region (Kaliganj of

Gazipur district and Tejgaon upazilas of Dhaka district). The locations of these 6 monitoring
wells are shown in Table 4.2.

Table 4.2: Location of 6 selected monitoring wells
Name of Name of Name of Name of J.L.lPlot Tubewell RemarksDistrict Upazila Union Mouza No. NumberNaogaon Naogaon Pourashava Chalkdeve 338/64

Atrai Shahagola Merapur 30/661
Comilla Katwali 60 LiftedBurichong Solanal Pawat 158/757 41Dhaka Kaligonj Jamalpur Jamalpur 262/1360 69

Tejgaon Lifted

Groundwater level data of these 6 wells were collected from the relevant district and upazila

offices of the BADC. Efforts were made to collect data covering the period form 1972 to

date. However, no data for any of the selected wells were available for the period from 1985

to 1997. Besides, groundwater level data for the period 1985 to 2006 were not available for

the monitoring wells located in Comilla and Dhaka districts, as these two monitoring wells

were lifted. It may be noted that during 1985-99, the irrigation wing of BADC was being

reorganized and staff strength was reduced from 13,000 to 2,044 and many offices were

abolished. During this reorganization process, many data were apparently lost or misplaced.
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In addition, efforts were made to collect available data from selected monitoring wells all

over the country for assessment of the trend of change of groundwater level. Groundwater

level data were collected from a total of 23 monitoring wells located in 23 different districts

covering all major regions of the country, including the Modhupur tract and Barind tract,

young and old flood plain and all division where groundwater is used as a major source of

irrigation. For these 23 wells, data were available for the period from 1998 to 2003.

4.3 RESULTS AND DISCUSSION

4.3.1 Groundwater Zoning Map of Bangladesh

Figure 4.3 shows the groundwater zoning map of Bangladesh, which has been prepared using

the groundwater level data from 3819 monitoring wells for April 2004. The map

distinguishes (with nine different colors) 9 different zones of Bangladesh depending on the

depth of groundwater level from the ground surface. The area covered by each zone is also
shown in Fig. 4.3.
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The light violet color represents the area (17,613 sq. km) where water table remains within

7.6 to 9.8 m during the peak dry season of April. In this area water table goes down below

the suction limit of STW for about two weeks during the dry season. To get water during this

time, farmers have to use Deep Set Shallow Tubewell (DSTW). The dark violet color

indicates the area (5,776 sq. km) where water table goes down the suction limit of STW for

about four weeks during March-April and remains within 9.8 to 11.3 m. Generally, Very

Deep Set Shallow Tubewells (VDSTW) have to be used in this area to get water. The total

area (23,389 sq. km) shown by light and dark violet colors are critical for shallow tubewells.

This area, shown separately in Fig. 4.5, has been designated as the "Critical STW Zone",

which covers about 23.3 and 15.9 percent of the gross irrigated area and total area of the

country, respectively. As shown in Fig. 4.5, areas under this zone could be found mostly in

the north-western, central and south-central regions of the country.

The yellow color indicates the area (4,812 sq. km) where during the peak dry period of April

water table lies within 11.3 to 15.0m. In such areas, deep tubewells of low head are generally

used to irrigate crops. The different shades of red color indicate the area (1,852 sq. km)

where only deep tubewell can be used. This area has been divided into four categories with

different depth ranges of groundwater level and has been shown by very light, light, dark and

very dark red colors. This distinction would help one to select the head of pumps to be used.

The area indicated by yellow and red colors is suitable for only deep tubewell and has been

designated as "Deep Tubewell Zone", as shown in Fig. 4.6. The gross area of this zone is

6,664 sq. km, which is about 6.6 and 4.5 percent of the gross irrigated area and total area of

the country, respectively. Like the "Critical STW Zone", areas under this zone could be

found mostly in the north-western, central and south-central regions of the country.

One interesting observation from Fig. 4.5 and Fig. 4.6 is that both the sides of the major

rivers (i.e., Jamuna, Meghna) fall under the Perfect STW Zone, except the Padma river; large

areas on both sides of Padma river falls under the Critical STW Zone and Deep Tubewell

Zone. This is most likely due to the effect of the Farraka barrage.
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The zoning map presented here could be effectively used for estimating the depth of water

table during the peak dry season of April, during which irrigation water demand is maximum.

A prior knowledge of the depth of water table would enable farmers to better select the types

of pumps to be used in a particular area.
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Fig. 4.6: Groundwater Zoning Map of Bangladesh showing the Deep Tubewell Zone
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4.3.2 Identification of Critical Areas

As mentioned earlier, shallow tubewells cannot pump water form a depth below 7.6m (about

25 ft). The area (70,564 sq. Ian) where groundwater table lies within 7.6 m during the peak

dry season has been identified as the "Perfect STW Zone" in the groundwater zoning maps

(Figs. 4.3 and 4.4). Usually deep tubewell is used in areas where groundwater level remains

below 40 ft during March-April. But the areas where groundwater level remains within 7.6 m

(25 ft) to 11.3 m (37ft) during the peak dry season are regarded as critical, because here

shallow tubewells fail to supply water during the peak irrigation season.

From Figs. 4.3 and 4.5, it is found that the total gross STW area (defined as the sum of the

perfect STW zone and the critical STW zone) covers a total area of 93,959 sq. Ian.

According to MoA (2005), the total irrigated area in the country in 2005 was 4.652 million

hectares (ha), out of which 3.160 million ha is covered by STW, i.e., STWs provide irrigation

water to 67.9 percent of total irrigated area. Numbers of total minor irrigation equipment

used in the 2005 bora (i.e., dry) season was 1.255 million, out of which 1.129 million was

STW. As shown earlier, the critical STW zone covers about 23.3% of the gross irrigated area

of the country, and it is estimated that about 0.3 million STWs are in operation within this

area. But these STWs cannot irrigate the crops properly due to lowering of groundwater

during the peak irrigation period, resulting in reduced yield of corps, mainly the dry season

rice called bora. According to BBS report for the year 2004-2005 annual food production of

Bangladesh is 26.133 million ton, of which bora rice alone contributed 13.838 million ton

i.e., 53 percent of the total annual food production. Hence, the country's food production

largely depends on STW irrigation. For this reason, it is important to identifY the critical area

for STW irrigation so that judicious use of groundwater resources could be made for
sustainable agricultural production.

The groundwater zoning maps prepared in this study could be used to clearly identify the

"critical STW zone" (Fig. 4.5) and the Gov!. can take necessary measures to advice and

encourage farmers in these areas use force mode pumps, instead of suction mode pumps (i.e.,

STW, DSTW and VDSTW) to ensure proper irrigation and food production. Besides, in
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these critical areas farmers may be advised to cultivate low water requiring crops like wheat,
potato, maize, etc.

Table 4.3: District-wise distribution of "perfect STW zone", "DTW zone" and "critical STW
zone" in 31 districts (expressed as % of total area of each district) under the "critical zone"

SI. Name of District Perfect STW DTW Critical STWNo. Zone Zone Zone(%) (%) (%)
1. Jessore 95 52. Satkhira 95 53. Sunamgonj 85 8 74. Dinajpur 92 85. Manikgonj 92 86. Rajshahi 10 80 107. Nawabgang 10 80 108. Kishoregonj 90 109. Munshigonj 50 40 1010. Sirajgonj 85 1511. Dhaka 25 60 1512. Narsingdi 85 1513. Natore 82 1814. Jamalpur 65 15 2015. Tangail 55 25 2016. Sherpur 72 2817. Jhenaidaha 70 3018. Chandpur 50 20 3019. Netrokona 40 30 3020. Gazipur 15 55 3021. Narayangonj 70 3022. Rajbari 65 3523. Bogra 55 4524. Joypurhat 52 4825. Chittagong 51 4926. Cox's Bazar 30 15 5527. Mymensingh 15 30 5528. Noagaon 10 30 6029. Kushtia 35 6530. Comilia 15 10 7531. Pabna 22 78

A detailed analysis of the zoning maps shown in Figs. 4.3 and 4.5 revealed that the critical

STW zone covers some areas of 31 districts. Using the GIS based groundwater zoning maps,

the types of areas (e.g., STW area, critical area, and DTW area) in each of these 31 districts
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have been estimated as percentages of total area of each district, as shown in Table 4.3. It

shows that in 9 districts (e.g., Jessore, Satkhira, Sunamganj, Dinajpur), the critical zone

covers :s; 10 percent of the total area of the respective districts. For example, in Jessore and

Satkhira, about 95 percent of the total areas of the districts belong to the "perfect STW zone",

whereas only 5 percent belong to "critical STW zone". On the other hand, in 6 districts (e.g.,

Pabna, Comilla, Kushtia), the critical zone covers greater than 50 percent of the area of the

districts. For example, in Pabna and Comilla, the critical zone covers 78 and 75 percent of

the total areas of the districts, respectively.

4.3.3 Groundwater Level in Five Divisions and Areas of Special Interest

The areas where groundwater is the main source of irrigation water include the Barind tract,

the Modhupur tract and the old and new floodplains. On the other hand, in the southern saline

region and in the three hill districts, groundwater is not used for irrigation. In order to assess,

groundwater level in different types of areas, division-wise zoning maps have been prepared

(Figs. 4.7-4.12); major observations from these maps are summarized below.

Figure 4.7 shows the groundwater level map for the Rajshahi division, which covers most of

the Barind tract area. From this figure it is observed that almost all the areas of the greater

Rangpur and Dinajpur districts are still safe for shallow tubewell irrigation, but almost the

entire Barind tract area belongs to the "critical zone", i.e., not suitable for shallow tubewell

irrigation. Figure 4.7 shows that significant parts of Nawabganj, Rajshahi, Nagaon, Bogra

and Pabna districts fall under the "critical zone". It also shows that significant portions of

Nawabganj, Rajshahi and some parts of Naogaon districts fall under the DTW zone. The

greater depths of groundwater levels in the Noagaon, Bogra, Rajshahi and Nawabganj

districts may be due to their higher elevation and that in Pabna district may be due to the

diversion of water by the Farakka barrage. From Fig. 4.7, it is estimated that in the Rajshahi

division, the areas belonging to perfect shallow tubewell zone, critical zone and deep tube

well zone are 23864, 8225 and 2305 sq. km, respectively; in other words, they cover about

69.4,23.9 and 6.7 percent, respectively of the total area of the Rajshahi division.
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Figure 4.8 shows the groundwater zoning map for the Dhaka division, within which the

Modupur tract is located. In the division, the areas of perfect shallow tubewell zone, critical

zone and deep tubewell zone covers 17184,6516 and 4211 sq. km areas, respectively, which

are about 61.6, 23.4 and 15.1 percent, respectively of the total area of the Dhaka division.

Relatively low groundwater levels could also be seen in the central parts of Mymensingh,

Gazipur and Netrokona districts and eastern parts of Tangail districts, possibly due to heavy

withdrawal for domestic and irrigation purposes and their higher elevation. The critical STW

zone could be found in the central region of the division in the districts of Gazipur,

Mymensingh and Netrokona districts. The perfect STW zone could be found mainly in areas

on the eastern and western boundaries of the division, in the districts of Faridpur, Rajbari,

Tangail, Jamapur and Sherpur (along the western boundary) and in the districts of

Kishoreganj, Narsingdi (except for the central part), and Narayanganj.

Figure 4.9 shows the groundwater hydrograph of Dhaka city prepared using data from auto

water level recorders (AWLR) of BADC. The almost continuous decline of groundwater

level in Fig. 4.9 indicates "groundwater mining" in Dhaka city, which is being caused by

heavy withdrawal by DWASA for domestic water supply. Figure 4.10 shows the

groundwater zoning map of Dhaka city, which clearly shows the very critical situation,

especially in the central parts of the city.
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Fig. 4.9: Groundwater hydrograph of Dhaka city prepared by using data from the auto water
level recorders (AWLR) of BADC
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Fig. 4.10: Groundwater zoning map of Dhaka city showing the lowest groundwater level
from the ground surface

Figure 4.11 shows the groundwater zoning map for the Chittagong division. It should be

noted that this division includes the three hill districts (Khagrachari, Rangamati and

Bandarban) of the country for which no data were available for the preparation of zoning

map. This division also includes some of the coastal districts, e.g., Cox's Bazar, Chittagong,

Noakhali and Laksmipur, where surface water is mainly used for irrigation due to high

salinity in the groundwater (especially at shallower depths). Within this division, the perfect

shallow tubewell zone, the critical zone and the deep tubewell zone cover 8156, 5835 and

157 sq. krn areas, respectively, which are about 25.4, 18.2 and 0.50 percent, respectively of

the total area of the Chittagong division.
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Figure 4.12 shows the groundwater zoning map for the Khulna division. In this division, data

on groundwater level were not available for parts of Satkhira district, almost the entire

Khulna district, and the entire Bagerhat district. However, groundwater is not used in these

areas for irrigation due to its saline nature. In Khulna division, the perfect shallow tubewell

zone and the critical zone cover 9,517 and 1,803 sq. km., respectively, which are about 25.4

and 0.50 percent of the total area of the division. No area in this division is under the deep

tubewell zone. The static groundwater level of this division is very close to the ground

surface. However, due to salinity problem groundwater is not used for irrigation.

As shown in Fig. 4.13, the groundwater level is very close to the ground surface in most

areas of the Sylhet division due to the presence of a large number of haors, beels and jheels

that are constantly recharging the groundwater aquifer. Figure 5.10 shows that most of the

area of this division falls under the perfect shallow tubewell zone. The areas under the perfect

shallow tubewell zone and the critical zone are 11,781 and 573 sq. km, respectively, which

are about 95.4 and 4.6 percent of the total area of the division.

Table 4.4 shows the division-wise distribution of perfect STW, critical STW and DTW

zones. It shows that critical STW zone covers much bigger areas of the Rajshahi and Dhaka

divisions, covering about 23.9 and 23.3 percent of the total area of these two divisions,

respectively. Whereas in Sylhet and Khulna division, area under the critical STW zone are

only about 2.2 and 8.2 percent of the total area of the divisions, respectively. Area of DTW

zone is highest in Dhaka and lowest in Chittagong division and they are 15.1 and 4.9 percent,

respectively of the total area of these divisions. Perfect STW zone covers about 97.8 percent

area in Sylhet division, 69.4 percent in Dhaka division, and 61.6 percent in Rajhsahi division.
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Fig. 4.13: Groundwater zoning map of Sylhet division showing the lowest groundwater level
from the ground surface

Table 4.4: Division-wise distribution of perfect STW, critical and DTW zones

Division Total area of the Perfect STW Critical Zone DTW Zone No Data
Name division (km') Zone (km') for STW (km') (km') (km')

Rajshahi 34394 23864 8225 2305
(69.4%) (23.9%) (6.7%)

Dhaka 27911 17184 6516 4211
(61.6%) (23.3%) (15.1%)

Chittagong 32119 8165 (25.4%) 5835 157 17962
(18.2%) (4.9%) (55.9%)

Khulna 22167 9517 1807 10843
(42.9%) (8.2%) (48.9%)

Sylhet 12043 11781 262
(97.8%) (2.2%)
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4.3.4 Assessment of Trend of Groundwater Lowering

The fluctuation of groundwater level depends on many factors, e.g., the rate and quantity of

groundwater abstraction, reduction in recharge area, drought, flood, diversion of water from

the perennial rivers by the upper riparian countries, etc. Again the rate of recharge depends

on many factors, e.g., vegetation, undulation of land, soil structure, texture, depth of aquifer,

hydraulic conductivity, storage capacity, aquitard position and its thickness, etc. The rate of

change of groundwater level is therefore likely to vary both spatially and temporally. It is

therefore difficult to estimate the rate of change of groundwater level in a particular area

without the availability reliable long-term data on groundwater levels.

However, as noted earlier, though BADC has been collecting data of groundwater table since

1973, these data were not preserved properly. No data have been preserved in electronic

format before 2004. In this study, available groundwater level data for the period 1973 to

2003 of 6 monitoring wells located in Dhaka, Comilla and Naogaon districts were collected

for assessment of change of groundwater level. In addition, groundwater level data for the

period from 1998 to 2003 of 23 monitoring wells located in 23 different districts covering all

major regions of the country were also collected and used for assessing the trend of

groundwater lowering.

4.3.4.1 Assessment of Trend of Groundwater Lowering from 1973 to 2004

Figure 4.14 shows the lowest groundwater levels for one monitoring well each in Naogaon

Sadar and Atrai upazilas of Naogaon district during the period from 1973-2004. According to

the groundwater zoning map prepared in this study, about sixty percent of the western part of

Naogaon Sadar upazila falls under the Critical STW Zone and rest under Perfect STW Zone.

The Atrai upazila falls completely under the Crtical STW Zone. For these two upazilas,

groundwater level data were available for the periods 1973-1983 and 1998-2004. Figure 4.14

shows that in these two upazilas, especially in Atrai, the lowest groundwater level did not

change significantly during the 70's (i.e., from 1973 to 1980). A sharp lowering of

groundwater level could be seen during the early 1980's. Rapid increase in bora rice

cultivation using groundwater irrigation during the early eighties could be responsible for this
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observed phenomenon. For the monitoring well in Atrai, the average rate of change of

groundwater level during 1973 to 1980 was O.Im/yr, whereas during 1980 to 1983, the

average rate of change (lowering) of groundwater level was 0.5m/yr.

Though groundwater level data were not available from 1984 to 1997 for these two upazilas,

from Fig. 4.14 it appears that the trend of lowering of groundwater level continued for the

Naogaon Sadar upazila up to about the year 2000. The groundwater level came back sharply

in the year 200 I, then declined again up to the year 2003 and then came up again in the year

2004. For the Atrai upazila, the groundwater level shows a slow gradual decline from 1999

to 2004. The heavy floods of 1998 and 2004 and the resulting higher recharge may have

played a role in restricting the rate of groundwater lowering. During the period 1973 to 2003,

the lowest groundwater level declined by about 4 m in the monitoring well at Sadar upazila

and by about 1.5 m in Atrai upazila ofNaogaon district.
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Fig. 4.14: The lowest groundwater level recorded in the selected monitoring wells in
Naogaon Sadar and Atrai upazilas ofNaogaon district during 1973-2004

Figure 4.15 shows the lowest groundwater level in the selected monitoring wells located in

Kotwali thana and Burichong upazila of Comilla district. According to the groundwater

zoning map prepared in this study, both the Kotwali thana and the Burichong upazila fall
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under the Critical STW Zone. As shown in Fig. 4.15, for these two upazilas groundwater

level data were available for the periods of 1978- 1984 and 1998-2003. The groundwater level

in Kotwali thana shows a steady rate of lowering. Withdrawal of groundwater for supply of

potable water in Comilla city may have contributed to the relatively sharp decline of water

level in the Kotwali thana. For the period 1978 to 1984, the average rate of groundwater

lowering in this monitoring well is about 0.68 m/yr.

The trend of fluctuation of groundwater level in Burichong upazila was similar to that found

for the Atrai upazila ofNaogaon district. Here groundwater level did not change significantly

during the late 70's; the rate of decline of groundwater level accelerated to some extent

during the early 80's along with the rapid increase of bora rice production using groundwater

irrigation. The average rate of change of groundwater level at this monitoring well during

1977 to 1980 was 0.23 m1yr, whereas during 1980 to 1984 it was 0.50 m1yr. The declining

trend of groundwater level continued during 1999-2004, with the exception of 2000 and

2004. As noted earlier, the floods of 1998 and 2004 may have contributed in reversing the

trend of groundwater lowering during the late 1990's and early 2000's. During the period

1978 to 2003, the lowest groundwater level in the monitoring well at Burichong upazila
declined by over 6 m.
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Fig. 4.15: The lowest groundwater level recorded in the selected monitoring wells in
Burichang upazila and Kotwali thana of Comilla district during 1973-2004
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Figure 4.16 shows the lowest groundwater levels in the selected monitoring wells in the

Kaliganj upazila of Gazipur district and Tejgaon thana of Dhaka district. According to the

groundwater zoning map prepared in this study, the Tejgaon thana falls under the DTW zone

and the Kaliganj upazila falls under the Critical STW zone. The groundwater level in

Tejgaon thana, located in central Dhaka, is much lower than that in the Kaliganj upazila.

Heavy withdrawal of groundwater by DWASA for water supply in Dhaka city is responsible

for the lower water level and steady decline in water level in Tajgaon. The groundwater level

in Tejgaon thana shows a steady rate of lowering; for the period 1978 to 1984, the average

rate of groundwater lowering in the selected monitoring well is about 0.55 m/yr; during the

period from 1978 to 1985, the lowest groundwater level in the monitoring well at Tejgaon

thana declined by about 4 m.
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Fig. 4.16: The lowest groundwater level recorded in the selected monitoring wells in
Tejgaon thana and Kaliganj upazila of Dhaka district during 1973-2004

The trend of fluctuation of groundwater level in Kaliganj upazila during 1978-84 was similar

to that found for the Atrai upazila of Naogaon district and Burichong upazila of Comilla
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district. Here groundwater level did not show any significant change during the late 70's;

groundwater level declined quite sharply during the early 80's; the average rate of change of

groundwater level at the selected monitoring well in this upazila during 1978 to 1980 was

0.40 m/yr, whereas during 1980 to 1984 it was 1.05 m/yr. However, during 1998-2003,

groundwater level in the monitoring well shows a reversal of trend; groundwater level in the

monitoring well came up sharply during this period. The groundwater level at the monitoring

well in 2003/2004 is comparable to those recorded during late 70's. It is not clear though

what might have caused this sharp increase in groundwater level, except for the possible

effect of the huge floods of 1998.

4.3.4.1 Assessment of Trend of Groundwater Loweringfrom 1998 to 2003

In this study, available groundwater level data for the period 1998 to 2003 were collected

from a total of 23 monitoring wells located in 23 different districts covering all major regions

of the country, including the Modhupur tract and Barind tract, young and old floodplains and

all division where groundwater is used as a major source of irrigation. Table 4.5 shows the

locations of the 23 monitoring wells. It should be recognized that lowest water level data for

a period of only 5 years is not enough for analysis of trend of groundwater lowering.

However, some indication of the groundwater level fluctuation could be obtained from these

data.

Figure 4.17(a) shows the variation of the lowest groundwater level during 1998 to 2003 for 4

monitoring wells located within Barind Tract. It shows that among the 4 wells, I (in

Godagary) experienced lowering of the lowest groundwater level during this period, I (in

Akkelpur) experienced little variation, while the other two experienced some elevation.

Among the three monitoring wells in Modhupur tract, the one located in Savar experienced

significant lowering of the lowest groundwater level during 1998-2003, while the other 2

experienced relatively minor change (Fig. 4.17b).
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Table 4.5: Location of the monitoring wells in 23 selected upazilas all over the country

SI. Name of district
No.
1 Godagary
2 Saphar
3 Nachol
4 Akkelpur
5 Sayar
6 Gazipur Sadar
7 Shakipur
8 Trishal
9 Chandina
10 Madapur
11 Modhikhali
12 Rajbari Sadar
13 Sarail
14 Bhangura
15 Badorganj
16 Aditmary
17 Lalpur
18 Jhikorgacha
19 Kolama
20 Sadar
21 Kaligonj
22 Nalitabari
23 Bianibazar

Name of Upazila

Rajshahi
Naogaon
Nawabganj
Joypurhat
Dhaka
Gazipur
Tangail
Mymensingh
Comilla
Habjigang
Faridpur
Rajbari
B.Baria
Pabna
Rangpur
Lalmnirhat
Natore
Jessore
Satkhira
Kustia
Jhenidah
Sherpur
Sylhet

Region

Barind tract
Barind tract
Barind tract
Barind tract
Modhupur tract
Modhupur tract
Modhupur tract
Old floodplain
Old floodplain
Old floodplain
Young floodplain
Young floodplain
Young floodplain
Young floodplain
Young floodplain
Young floodplain

----+-- Godagary Sapahar

.••..,---. Nachol ~Akkelpur

30.

25.

20 -

15 .

10 .

5-

o
109a 1999 2000 2001 2002 2003

Voar

Fig. 4. I 7(a) Groundwater level hydrograph of 4 monitoring wells located in 4 upazilas
located within the Barind Tract
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Fig. 4. I7(b) Groundwater level hydro graph of3 monitoring wells located in 3 upazilas
located within the Modhupur Tract

Among the 6 monitoring wells in the young floodplain, only one located in Badorganj

experienced some elevation in the lowest water level during 1998-2003, while the other 5

experienced lowering of the lowest groundwater level during this period (Fig. 4.17c). Among

the 3 monitoring wells in old floodplain, the one located in Chand ina experienced minor

change in the lowest groundwater level, while the other two experienced significant lowering

of the lowest groundwater level during 1998-2003 (Fig. 4.17d).
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Fig. 4.17( c) Groundwater level hydrograph of 6 monitoring wells located in 6 upazilas
located in the young floodplain
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Fig. 4. I7(d) Groundwater level hydrograph of3 monitoring wells located in 3 upazilas
located in the old floodplain

Similar variations in lowest groundwater level (that some experiencing minor change, some

experiencing lowering and some elevation in the lowest groundwater level) was also

observed for the other 7 monitoring wells listed in Table 4.5. Except for a few monitoring

wells (e.g., Savar and Trishal monitoring wells), no dramatic change in the lowest

groundwater level could be observed for the 23 monitoring wells for which data were

available for the period 1998-2003. However, as noted earlier, it must be recognized that data

over a period spanning only 5 years are not adequate for assessing trend of change of

groundwater level. Part of the fluctuations in the lowest groundwater level (see Fig. 4.17)

could be attributed to local conditions, e.g., rainfall, flooding, drought, etc.

4.4 SUMMARY

Data on groundwater level were collected from 3700 monitoring wells and 109 auto water

level recorders of the BADe, and 10 DWASA wells located in Dhaka city for preparation of

a groundwater zoning map covering the entire country. April is the critical period (panicle

initiation and flowering stage) for bora rice cultivation and during this month groundwater

level usually reaches its lowest level. Hence data from 3819 wells for the month of April

2004 (the latest year for which data were available) were selected for developing the
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groundwater zoning map. For this purpose, the GPS coordinates of all the monitoring wells

were estimated from available maps where the wells are identified by the JL and Plot
Numbers.

Areas where groundwater table lies within 7.6 m during the peak dry season are suitable for

STW irrigation. According to the groundwater zoning maps, such areas, designated as

"perfect shallow tubewell zone", cover about 70,564 sq. km, which is about 70.1 and 47.8

percent of the gross irrigated area and total area of the country, respectively. In areas where

water table remains within 7.6 to 9.8 m during the peak dry season of April, farmers have to

use Deep Set Shallow Tubewell (DSTW); areas where water table remains within 9.8 to 11.3

m are suitable for Very Deep Set Shallow Tubewells (VDSTW). Such areas cover about

23,389 sq. km and have been designated as the "critical STW zone", which covers about 23.3

and 15.9 percent of the gross irrigated area and total area of the country, respectively. Areas

under critical zone could be found mostly in the north-western, central and south-central

regions of the country. The critical STW zone covers some areas of 31 districts. In 9 districts

(e.g., Jessore, Satkhira, Sunamganj, Dinajpur), the critical zone covers :s; 10 percent of the

total area of the respective districts. On the other hand, in 6 districts (e.g., Pabna, Comilla,

Kushtia), the critical zone covers greater than 50 percent of the area of the districts.

Areas where during the peak dry period of April water table lies within 11.3 to 15.0m, deep

tubewells of low head are generally used to irrigate crops. If water level goes below this

limit, then only deep tubewells are the only option for withdrawing water. Such areas,

designated as "deep tubewell zone" covers about 6,664 sq. km, which is about 6.6 and 4.5

percent of the gross irrigated area and total area of the country, respectively.

The critical STW zone covers about 23.3 percent of the gross irrigated area of the country

where an estimated 0.3 million STWs operate during the dry season. But these STWs cannot

irrigate the crops properly due to lowering of groundwater during the peak irrigation period,

resulting in reduced crop (mainly boro rice) yield. The zoning map developed in this study

could be used to clearly identiry the "critical STW zone" and the Gov!. can take necessary

measures to advice and encourage farmers in these areas to use force mode pumps, instead of
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suction mode pumps (i.e., STW, DSTW and VDSTW) to ensure proper irrigation and food

production. Besides, in these critical areas farmers may be advised to cultivate low water

requiring crops like wheat, potato, maize, etc.

It has been found that within the Rajshahi division, the areas of the greater Rangpur and

Dinajpur districts are still safe for STW irrigation, but almost the entire Barind tract area

belongs to the "critical zone", i.e., not suitable for STW irrigation. Significant parts of

Nawabganj, Rajshahi, Nagaon, Bogra and Pabna districts fall under the "critical zone". Large

portions ofNawabganj, Rajshahi districts and some parts of Naogaon districts fall under the

DTW zone. In Rajshahi division, the areas belonging to perfect shallow tubewell zone,

critical zone and deep tube well zone are 23864, 8225 and 2305 sq. km, respectively. In

Dhaka division, the areas of perfect shallow tubewell zone, critical zone and deep tubewell

zone covers 17184, 6516 and 4211 sq. km areas, respectively. The Chittagong division

includes the three hill districts of Khagrachari, Rangamati and Bandarban for which no

groundwater level data were available. This division also includes some of the coastal

districts, e.g., Cox's Bazar, Chittagong, Noakhali and Laksmipur, where surface water is

mainly used for irrigation due to high salinity in the groundwater. Within this division, the

perfect STW zone, the critical zone and the deep tubewell zone cover 8156, 5835 and 157 sq.

km areas, respectively. In Khulna division, no groundwater level data were available for parts

of Satkhira district, almost the entire Khulna district, and the entire Bagerhat district.

However, groundwater is not used in these areas for irrigation due to its saline nature. In

Khulna division, the perfect STW zone and the critical zone cover 9,517 and 1,803 sq. km.,

respectively. The groundwater level is very close to the ground surface in most areas of the

Sylhet division due to the presence of a large number of haors, beels and jheels that are

constantly recharging the groundwater aquifer. Most of the area of this division falls under

the perfect STW zone. The areas under the perfect STW zone and the critical zone are 11,781
and 573 sq. km, respectively.

Available groundwater level data for the period 1973 to 2003 of 6 monitoring wells located

in Dhaka, Comilla and Naogaon districts were collected for assessment of change of

groundwater level. Evaluation of the available data suggests that the lowest groundwater
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level did not change significantly during the 70's. A sharp lowering of groundwater level has

been observed during the early 1980's. Rapid increase in bora rice cultivation using

groundwater irrigation during the early eighties could be responsible for this observed
phenomenon.

85



Chapter 5

Conclusions and Recommendations

5.1 MAJOR FINDINGS

Major observations, findings and conclusions from the present study may be summarized as
follows:

• Failure of STW due to lowering of groundwater level during the peak dry season (March-

April) is a major problem being faced by increasing numbers of farmers in different

regions of the country, which results in reduced irrigated area, reduced yield and financial
loss.

• The problem of tubewell failure became more pronounced after 1992 when the tubewell

sitting rule was suspended and huge numbers of STW were sunk indiscriminately, which

on one hand helped increase food production, while on the other hand aggravated the

groundwater lowering problem.

• Since April is the critical period (panicle initiation and flowering stage) for bora rice

cultivation, during which groundwater level also reaches its lowest level, data collected

for 3819 groundwater level monitoring wells for April 2004 (the latest year for which

data were available) were used for developing the groundwater zoning map for the entire
country.

• Areas where groundwater table lies within 7.6 m during the peak dry season are suitable

for STW irrigation and such areas, designated as "perfect shallow tubewell zone", cover

about 70,564 sq. km area of the country.
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• In areas where water table remains within 7.6 to 9.8 m during the peak dry season of

April, farmers have to use Deep Set Shallow Tubewell (DSTW); areas where water table

remains within 9.8 to 11.3 m are suitable for Very Deep Set Shallow Tubewells

(VDSTW). Such areas cover about 23,389 sq. km and have been designated as the

"critical STW zone", which covers about 23.3 and 15.9 percent of the gross irrigated area

and total area of the country, respectively. Areas under critical zone could be found

mostly in the north-western, central and south-central regions of the country.

• Areas where during the peak dry period of April water table lies below 11.3 m have been

designated as "deep tubewell zone", which covers about 6,664 sq. km area of the country.

• The zoning map developed in this study could be used to clearly identify the "critical

STW zone" and the Gov!. can take necessary measures to advice and encourage farmers

in these areas to use force mode pumps, instead of suction mode pumps (i.e., STW,

DSTW and VDSTW) to ensure proper irrigation and food production. Besides, in these

critical areas farmers may be advised to cultivate low water requiring crops like wheat,
potato, maize, etc.

• In Rajshahi division, the areas of the greater Rangpur and Dinajpur districts are still safe

for STW irrigation, but almost the entire Barind tract area belongs to the "critical zone",

i.e., not suitable for STW irrigation. In this division, the areas belonging to perfect STW

zone, critical zone and deep tubewell zone are 23864, 8225 and 2305 sq. km,

respectively; in other words, they cover about 69.4, 23.9 and 6.7 percent, respectively of
the total area of the division.

• In Dhaka division, the areas of perfect STW zone, critical zone and deep tubewell zone

covers 17184,6516 and 4211 sq. km areas, respectively, which are about 61.6, 23.4 and

15.1 percent, respectively of the total area of the division. In Chittagong division, the

perfect STW zone, the critical STW zone and the deep tubewell zone cover 8156, 5835

and 157 sq. km areas, respectively, which are about 25.4, 18.2 and 0.50 percent,
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respectively of the total area of the division. In Khulna division, the perfect STW zone

and the critical zone cover 9,517 and 1,803 sq. km., respectively, which are about 25.4

and 0.50 percent of the total area of the division.

• In Sylhet division, the groundwater level is very close to the ground surface in most areas

due to the presence of a large number of haors, beels and jheels that are constantly

recharging the groundwater aquifer. The areas under the perfect STW zone and the

critical zone are 11,781 and 573 sq. km, respectively, which are about 95.4 and 4.6

percent of the total area of the division.

• Only limited long-term data were available for assessment of the trend of change of

groundwater level in the country. Evaluation of the available data suggests that the lowest

groundwater level did not change significantly during the 70's. A sharp lowering of

groundwater level has been observed during the early 1980's. Rapid increase in boro rice

cultivation using groundwater irrigation during the early eighties could be responsible for
this observed phenomenon.

5.2 CONCLUSIONS

Unplanned withdrawal of groundwater has both positive and negative impacts. It helped

increase food production, but these days it accelerated lowering of groundwater table causing

high cost of production and lower yield in certain areas of the country. The major objectives

of this study were to assess impact of lowering of groundwater table during dry season on

STW irrigation and to develop groundwater zoning maps identifying areas where STW

irrigation are likely to fail during the critical months (e.g., April-May).

Tubewell failure was a common phenomenon in the 6 districts where a questionnaire survey

was carried out to assess the impact of groundwater lowering on STW irrigation. Among the

farmers who reported tubewell failure, over 80% of reported reduced crop yield and financial
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loss due to lowering of groundwater level. Many farmers used alternative options, e.g.,

DSTW and VDSTW, for irrigating their fields when STW failed.

With prior knowledge about the groundwater level during the peak dry season, engineers and

agriculturists working in the field would be able to advise the farmers regarding proper

irrigation equipment. The zoning map developed in this study could be used to clearly

identify the "critical STW zone" and the Govt. can take necessary measures to advice and

encourage farmers in these areas to use force mode pumps, instead of suction mode pumps

(i.e., DSTW and VDSTW) to ensure proper irrigation and sustainable food production.

Besides, in these critical areas farmers may be advised to cultivate low water requiring crops
like wheat, potato, maize, etc.

5.3 RECOMMENDAnONS

5.3.1 Recommendations to Overcome the Groundwater Lowering Problem

For economic and judicious use of groundwater and to avoid the losses resulting from

lowering of groundwater level during the peak dry season, the following recommendations

may are considered by the appropriate authorities:

i) Under no circumstances deep tubewell would be allowed to be sunk in shallow zone.

ii) Engineers working at upazila level should be provided with the zoning map, which could

be used by them as a tool for proper utilization of groundwater resources.

iii) Sitting criteria for DTW and STW, specifying proper spacing between and among wells

should be formulated and implemented.

iv) National policy on minor irrigation is to be established.

v) Importance and attention should be given on groundwater recharge.

vi) Studies should be carried out to assess safe yield of all aquifer, their hydraulic
conductivity and storage capacity.
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vii) Preventive measures should be taken against reduction of irrigated area due to lowering
of groundwater level.

5.3.2 Recommendations for Future Studies

• Since groundwater level in many regIOns of the country is quite dynamic, the

groundwater zoning map developed in this study should be updated on a regular basis
using updated groundwater level data.

• Efforts should be made to so that the groundwater zoning maps developed in this

study reach the field level engineers/agriculturists, who are responsible for advising

farmers regarding proper choice of irrigation equipment. The BADC authority should
be consulted in this regard.

• BADC should be encouraged to find out the accurate GPS coordinates of its

monitoring wells using appropriate GPS device, so that a more accurate database

could be developed. The groundwater level data from the monitoring wells should be

recorded electronically in the GIS compatible format so that groundwater zoning
maps could be easily updated in the future.
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(Sample Questionnaire)
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QUESTIONNIRE SURVEY TO KNOW THE IMPACT ON
GROUNDWATER LOWERING

1. Name and address of farmer
a) Name
b) Village
c) Upazila
d) District

2.Farmers Classification (Based on land holding)
Landless Marginal Small Medium Large

(0-0.02 ha) (0.02-0.20 ha) (0.20-1.00 ha) (1.00-3.0 ha) >3.0 ha

3.Name of Crop Produced and Per Acre Yield

Boro Rice Aman Rice Wheat Maize Others
Local HYV Local HYV Local HYV

4.Tvpe ofirrigation Equipment Used:
Shallow Tubewell Deep tubewell Low Lift Pump Others

5. a) Is there any shortage of water during March - April due to lowering of
groundwater table?

I Yes
~

If answer is "Yes"

For how many years
Every year

Mention Years

b) What option farmers group adopt

Use deep set Use very deep set Wait for raining Cultivate non
shallow tubewell shallow tubewell irrigated croP

C) Does it cost high?

I Yes
~

D) Does it reduce production?

I Yes
~

Signature: Date:
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APPENDIXB
(Hydrographs)
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Appendix B

Ground Water Level Hydrograph
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Fig. B-1: Groundwater level hydro graph showing the depth of water table in Hosainpur
upazila of Kishoreganj district along with monthly rainfall during 2000-2005 at Mymensingh
meteorological station [Hydrograph data from BADe, and rainfall data from Bangladesh
Meteorological Department]
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Ground Water Level Hydrograph
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Fig. B-2: Groundwater level hydro graph showing the depth of water table in Madarganj
upazila of Jamalpur district along with monthly rainfall during 2000-2005 at Mymensingh
meteorological station [Hydro graph data from BADe, and rainfall data from Bangladesh
Meteorological Department]
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Fig. B-3: Groundwater level hydro graph showing the depth of water table in Nakla upazila
of Mymensing district along with monthly rainfall during 2000-2005 at Mymensingh
meteorological station [Hydrograph data from BADe, and rainfall data from Bangladesh
Meteorological Department]
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Fig. B-4: Groundwater level hydrograph showing the depth of water table in Sadar upazila of
Din~pur district along with monthly rainfall during 2000-2005 at Dinajpur meteorological
station [Hydrograph data from BADe, and rainfall data from Bangladesh Meteorological
Department]
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Fig. 8-5: Groundwater level hydro graph showing the depth of water table in Ulipur upazila
of Rangpur district along with monthly rainfall during 2000-2005 at Rangpur meteorological
station [Hydro graph data from BADe, and rainfall data from Bangladesh Meteorological
Department]
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Fig. B-6: Groundwater level hydrograph showing the depth of water table in Gabtoli upazila
of Bogra district along with monthly rainfall during 2000-2005 at Bogra meteorological
station [Hydrograph data from BADe, and rainfall data from Bangladesh Meteorological
Department]
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Fig. B-7: Groundwater level hydrograph showing the depth of water table in Devidwar
upazila of Camilla district along with monthly rainfall during 2000-2005 at Camilla
meteorological station [Hydrograph data from BADC, and rainfall data from Bangladesh
Meteorological Department)
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Fig. B-8: Groundwater level hydrograph showing the depth of water table in Jhikorgacha
upazila of Jessor district along with monthly rainfall during 2000-2005 at Jhikorgacha
meteorological station [Hydrograph data from BADe, and rainfall data from Bangladesh
Meteorological Department]
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APPENDIXC
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Table Cl: GPS coordinates of selccted groundwater monitoring wells of Faridpur

district
District: Faridpur

Location

Location
Sl. TW

Mouza JUPlotNo.No. Upazila Union No.

Latitude Lonqitude

1. Faridpur Char Madhubdia 200 S.Char
142/136 89' 48' 06" 23' 41' 10"Madhabdia

2. Faridpur Krishnagar 267 Bhabanipur 49/1056 23" 33'
89° 44' 18" 17"3. Faridpur Kanipur 90 Mreeghe 44/377 89' 46' 03 23' 32' 08"

4. Faridpur Ambicapur 230 Char
137/64 89' 50' 13" 23' 37' 02"Krishnapur

5. Faridpur Koizory 77 Alalpur 99/512 89' 50' 19" 23' 31' 33"

8. Faridpur Machchar 209 Dhaldi
16/623 89' 47' 17" 23' 36' 18"Rajaapur

7. Faridpur Gerda 214 Joyar 90/2003 89' 53' 26" 23' 32' 18"
8. Faridpur Ishahgapalpur 258 Char

140/234 89' 45' 36" 23' 39' 04"Durgapur

Table C2: GPS coordinates of selected groundwater monitoring wells of Narsingdi

district
District: Narsingdi

location
51.

TWNo. Mouza JUPlot LocationNo. Upazila Union No.

Latitude LonQitude1. Narsingdi Panchdona 62 Batpara 259/1226 90'40' 15" 23'54'36"2. Narsingdi Shilmondi 1 Khidirpur 302/162 90' 42' 12" 23' 52' 14'3. Narsingdi Mcherpara 76 Chowa 232/817 90' 40' 22" 23' 52' 05"4. Narsingdi Mohishasura 65 Choddapaika 347/429 90' 42' 36" 23' 52' 20"5. Narsingdi Maddaldi 49 Rainadi 225/113 90'38' 45" 23' 48' 15"6. Narsingdi Porasava 7 Shalida 293/2086 90' 42' 02" 23' 54' 45"7. Narsingdi Chinishpur 55 0090r;a 279/104 90' 42' 30" 23' 6' 06"8. Narslngdi 78 Sonatola 282/300 90° 41' 45" 23' 15' 30"9. Narsingdi Hajipur 93 Badarpur 360/07 90' 44' 45" 23' 26' 10"
10. Narsingdi Amdia 26 Cholto

207/150 90' 36' 15" 23' 50' 10"Amdia
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Table C3: CPS coordinates of selected groundwater monitoring wells of Mymensingh

district

District: Mymensingh
Location

Location
51. TW

Mouza JLlPlot No.No. Upazila Union No.
La!i LonQ1. Mymensingh Bororchar 76 Bartipara 13/6602 90°17'18" 24° 49' 13"

~ Mymensingh Khagdahar 45 Mirzapur 95/690 90° 21' 28" 24° 47' 12"3. Mymensingh Kustia 60 Putiali 27/379 90° 16' 20" 24° 49' 30"-
Mymensingh Austadhar 102 Buglee 05/522 90° 14' 36" 24° 52' 32"

4.'--
Akua5. Mymensingh Akua 1

Mordoara 104/633
90° 23' 06" 24° 44' 18"6. Mymensingh Dhapunia 51 Gosta 110/1795 90° 20' 25" 24° 43' 09"7. Mymensingh Baira 132 Baira 71/910 90° 16' 16" 24°51'15"I---

90° 22' 25" 24° 41' 40"~ Mymensingh Gogra 72 Putialirchar 108/2355
9. Mymensingh Babkhali 126 Narayanpur 155/141 90° 27' 08" 24°40'36"

Table C4: CPS coordinates of selected groundwater monitoring wells of Rajbari

district
Districl: Rajbari

Location
Location

51. TW
Mouza JLlPlotNo. Upazila Union No. No.

Lati Long
~ Rajbari Ramkantapur 1 Ramkantapur 34/3347 89° 36' 08" 23° 44' 05'2. Rajbari 139 Balhulia 26/166 89° 38' 18" 23° 43' 22'f-
3. Rajbari Mizanpur 10 Mahdebpur 10/1173 89° 36' 36" 23° 45' 36"-
4. Rajbari 4 Bagmara 24/3510 89° 38' 14" 23° 47' 18"-
5. Rajbari 183 Nayendia 16/310 89° 40' 40" 23° 48' 12"-6. Rajbari Baniabaho 116 Bichatra 48/63 89° 37' 16" 23° 42' 12"'--
..!:- Rajbari Alipur 20 Kamorpara 37/65 89° 39' 45" 23° 42' 50"8. Rajbari 5hahidohabpur 13 Hatjoy pur 170/601 89° 41' 48" 23° 40' 18"-
9. Rajbari Basainlapur 22 Rajapur 74/69 89° 41' 36" 23° 38' 14"
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Table CS: GPS coordinates of selected groundwater monitoring wells of Manikganj

district
District: Manikganj

Location
Location51. TW

Mouza JUPlol No.No. Upazila Union No.
Lali Long1. Manikganj Jagir 1 Jayra 223/838 90° 03' 04" 23° 52' 09"~ Manikganj Salira 49 Nalora 362/195 90° 03' 45" 23° 49' 03"3. Manikganj Oighi 4 Oighi 222/1090 89° 58' 06" 23° 52' 16"4:- Manikganj Jagir 5 Jayra 223/24 90° 01' 26" 23° 54' 05"

5. Manikganj Powrosava 25 Boro
353/760Shururdi 90° 01' 07" 23° 51' 03"

6. Manikganj Krishrapur 26 Sarahir
321/2246Char 90° 04' 16" 23° 51' 08"7. Manikganj Selila 48 Solandi 409/55 90° 01 '22" 23° 50' 08"8. Manikganj Putail 52 Kaphalia 432/237 90° 3' 18" 23° 48' 24"'g:- Manikganj Powrosava 54 Dashora 333/210 90° 01' 42" 23° 52' 06"-

10. Manikganj Aligram Oighi
280/302Kaligram 90° 06' 15" 23° 52' 19"
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