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Bangladesh, a landmass of 147,500 sq. km is sandwiched inside the neighboring country of India.
Three big river systems, all originating outside her boarder, dominate the human life, economy,
environment and eco-system of Bangladesh.

(1) The Ganges river system having its origin in the foot of the Himalyas has a length of 2510 km,
(2185 km in India and 325 km in Bangladesh). (ii) The Brahmaputra river system is 2840 km long with
only 410 km in Bangladesh. (iii) The Meghna river system with a total length of 946 km, travels 669 km
within Indian territory. These river-systems have altogether 1.72 million sq. km catchment area of which
only about 8% is within Bangladesh. Apart from these 3 river-systems, another 51 rivers enter into
Bangladesh from India. In the monsoon, all the rivers having origin in India force about 1250 billion cubic
meter water annually over the territory of Bangladesh to drain into the Bay of Bengal. This amount of
fresh water is mainly generated by monsoon precipitation (about 80% of the total amount) in four months
from June to September of the year. On the other hand, Bangladesh faces acute shortage of surface water
in the dry season from November to April period when rabi and staple food boro paddy (HYV) are
produced with irrigation water. Previously, prior to 1975, Bangladesh had enough water in the rivers in the
dry season too that was generated on melting of glacier in the Himalayas, and partly from groundwater at
shallow depth released mostly in the Indian territory. But gone are those days! India commissioned a
barrage on the Ganges at Farakka in 1975 and started diverting surface water towards Kolkata port in the
dry season which otherwise would reach the lower riparian Bangladesh. In fact, such withdrawal of river
water by India forced Bangladesh to engage in irrigation practice with groundwater sinking shallow tube
wells. At the same time, about 95% population of the country could have access to groundwater as potable
water through shallow tube wells. This has become a practice within India bordering Bangladesh. But a
serious setback struck in the 1990s when scientists detected large scale contamination of groundwater with
arsenic element.



This situation led to severe health problems in Bangladesh and also in regions of India bordering
Bangladesh; and of late scientists reported that crops caught up arsenic contamination. Now Bangladesh
and India are going for abstraction of groundwater from deep aquifer for irrigation and drinking. In the
past for about last three decades, there was insignificant cooperation between India and Bangladesh on
sharing of common rivers’ water. For this reason sufferings of the Bangladesh citizens were more
compared with Indians. Similar situation will develop for people of both the countries in the future in
areas of shared aquifers.

This paper will highlight some aspects of conflict of interest, the possible impact of the conflicts, and
possible means of cooperation between Bangladesh and India for negotiation and resolution of the shared
aquifer.

1.0 INTRODUCTION

While debates about the management of trans-boundary river basins have been taking place for many
years between upper and lower riparian countries, there are also internationally shared, or trans-boundary
groundwater resources hidden below ground surface, in all parts of the world. Some trans-boundary
aquifers contain huge fresh water resources, enough to provide safe and good quality drinking water for
the needs of all humanity for many years. But these trans-boundary aquifer systems cannot be stated in the
same way as that of the internationally shared river basins, The environmental issues that affect trans-
boundary aquifers are wide ranging and can be viewed both from local and global perspectives. If the
conventional definition of sustainable development, i.e. “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” can be applied to aquifers
within a nation, then there is no reason why the same cannot be applied to trans-boundary aquifers.

Groundwater, though not visible as surface water, is ubiquitous in the global landmass and is contained
in the pore spaces of rock formations (aquifers). Aquifer systems, due to their partial isolation from the
surface impacts, on the whole, contain excellent quality water. In many countries these systems have been
fully evaluated and extensively used to meet municipal and other demands. Such resources represent a
substantial hidden global capital that still needs prudent management.

2.0 TRANSBOUNDARY AQUIFERS

However, the hidden nature of trans-boundary groundwater and lack of legal frameworks indulges to
misunderstandings by many policy makers. Not surprisingly, therefore, trans-boundary aquifer
management is still in its infancy, since its evaluation is difficult; suffering from a lack of institutional will
and finance to collect the necessary information. Although there are fairly reliable estimates of the
resources of rivers shared by two or more countries, no such estimates exist for trans-boundary aquifers.

The key features of trans-boundary aquifers include a natural subsurface path of groundwater flow,
intersected by an international boundary, such that water transfers from one side of the boundary to the
other. In many cases the aquifer might receive the majority of its recharge on one side, and the majority of
its discharge would occur on the other side. The subsurface flow system at the international boundary
itself can be defined to include regional, as well as the local movement of water.

Very few international geographical boundaries follow natural physical features, and water resources
can cross them unhindered. For good management and fair share of these resources by riparian countries,
scientists estimate the resources that cross these boundaries should warrant urgent attention. In hydro-
geological terms, these crossing resources can only be estimated through good observations and



measurements of selected hydraulic parameters, analogous to the estimation process of other trans-
boundary resources; such as fisheries and wildlife, each requiring statistically sound observations.

Even where international boundaries may follow such features as rivers, the aquifers underlying them
may not reflect the true transfer of groundwater flows from one side to the other. In any legal agreements
to be drawn up for the equitable share of trans-boundary underground water resources, the initial stage
must be the correct identification of flow and movement of water followed by its quantification. In reality,
socio-economic pressures may have either already initiated withdrawal of water, or have such a priority
that legal agreements cannot keep pace. Institutional weaknesses and political pressures may fail to
address all the relevant issues potentially leading to severe environmental impacts and unsustainable
development.

3.0 FACTORS AFFECTING AQUIFER BEHAVIOUR
Many factors may affect the behavior and the development potential of aquifers, which may include:

hydraulic parameters;

rainfall and recharge zones;

confined and unconfined areas;

natural discharge zones;

present and planned groundwater development zones;
water quality, potential risks of its deterioration; and
vulnerability to polluting agents.

In trans-boundary aquifers, one or more of these factors may receive a different weighting on either
side of a boundary. There are several examples of trans-boundary aquifers where recharge is received on
one side while the natural discharges (and sometime better yields) take place across the border. Water
abstraction from an aquifer transforms and re-organizes the groundwater flow in proportion to the
piezometric adjustments induced.

This has a number of practical consequences, which are explained below.
Modification of the groundwater flow pattern

Groundwater flow passing an international boundary cannot be measured directly. It is estimated from
parameters and calculated through mathematical models. Abstraction on one side of the border may alter
the flow through the border.

v" The underground outflow of the deep aquifer is a source of recharge for the coastal aquifer;
v Additional development from the deep aquifer may
reduce the outflow to the coastal aquifer;

v" Sitting and pattern of production from wells in trans-boundary aquifers can be planned to ensure
equitable share of the resources.

Modification of the piezometric surface

Groundwater abstraction from wells results in modifications of piezometric heads in the form of a
concentric cone of depression. Cones of depression may spread beyond international borders.



Deterioration of the water quality

Water quality deterioration may take place as a result of development of a well in an aquifer. Poorer
quality water from the coastal area or inland saline water-bodies can be mobilized as a result of
groundwater abstraction. The impacts could be transmitted from unilateral actions in one of the countries
sharing the trans-boundary resources. Vulnerability of aquifer is higher when groundwater moves through
formations where large interconnected fractures or cavities are present and encourage rapid flow.

Determining the sustainability of a trans-boundary aquifer with any degree of confidence can only be
conducted in a resource planning context having detailed information and understanding. Ultimately,
though, resource development policy involves tradeoffs. Most aquifer systems have ecosystems, landscape
elements, or pre-existing water users that are dependent on current discharge or recharge patterns. Further
development may require trading off these dependencies in favor of new plans or policies. If dependencies
are not well understood or considered, management changes may have major unanticipated impacts.

4.0 CONFLICTS OF TRANSBOUNDARY AQUIFERS

Examples of ecosystems that depend partly or totally on groundwater are numerous. There is often no
inherent conflict between preservation of these ecosystems and withdrawals from trans-boundary aquifers
for socio-economic development. Since an aquifer system is essentially located below the ground,
biodiversity issues generally relate to the regions where aquifers discharge through rivers, lakes or swamps.
Such water bodies frequently have specific characteristics, related to the physical and hydro-chemical
features of the aquifer that create special ecosystems.

The impact of climate change on trans-boundary aquifers of the world is yet to be fully evaluated in the
same way as it has been done for agriculture and land use. In some regions, climate change will result in
increasing recharge and in other regions reducing resources and increasing groundwater salinity. The
consequences of either of these impacts on abstraction, maintenance of wetlands, and discharge to water
bodies could be very serious, especially where well developed infrastructure has been established. Global
sea level changes may impact marine saline intrusion — the hydraulic reference point change could mean
that many aquifers may extend inland intrusions, thus affecting groundwater quality.

The earlier discussion about aquifers with and without contemporary recharge is relevant to climate
change. The approaches that have been developed for managing non- recharging aquifers may need to be
revised in the context of climate change. Conversely, aquifers currently being recharged, may suffer
‘surcharges’ due to increased recharge. This could have an impact on existing infrastructures, such as, a
building with deep foundations. Swamps, wetlands and lakes that are supported by aquifer recharge may
extend in area, possibly flooding surrounding infrastructures, such as roads and highways, etc. These
impacts could be gradual and problems may not be noticeable until damages are physically detected.

5.0 ETHICAL PRINCIPLE OF TRANSBOUNDARY AQUIFER

An UNESCO Working Group on the ethics of freshwater use reported its activities in June 2000
(Llamas et al., 2000). A major output of the Working Group was a declaration of ethical principles for
water management. Although this declaration concerns all waters, it can be made specific to trans-
boundary ground waters as well. The key underlying statement is drawn from the universal Declaration of
Human Rights and it states that “Every human being has the right to life sustaining resources, including
water for drinking, food, industry and well- being.” Access to safe drinking water and sanitation, as well
as water for economic development is essential for alleviating poverty and sustaining peace and stability.



In the application of these principles to trans-boundary aquifers, it is clear that water resources that pass
through one country are to be utilized and developed ethically — that should not be knowingly abused such
that human beings, be they in the country of the development or outside of it, may suffer. Ethical
principles should be adopted when trans-boundary ground water resources are devoted to multiple uses, in
the situation of natural and humanitarian disasters, such as drought, irrigation, and agriculture, industrial
and municipal uses. The links between water and ecology need to be directly maintained.

6.0 BANGLADESH-INDIA TRANSBOUNDARY AQUIFER

Bangladesh is bordered by the Republic of India on three sides: the west, the north and the east (on her
south is the Bay of Bengal). There exist some regional aquifer systems in both India and Bangladesh
territory. Layers of these aquifer systems have the lateral extension crossing the border from either side
and that also have evidence of trans-boundary flow. Such trans-boundary flow is more manifested in
North-Western part of Bangladesh.

A Dbrief description of Indo-Bangladesh trans-boundary aquifer systems is presented below.

e In Bangladesh, Major lithological units of the aquifer systems are unconsolidated ‘Recent’ to
‘Sub-Recent’ Piedmont Alluvial sediments deposited by rivers draining from the foothills of the
Himalayas. Only south-eastern part of this region is occupied by older, somewhat compact,
‘Barind’ tract of Pleistocene age. Within the depth limits of water well drilling, the lithological
change is always found lateral. Tectonic activity in the region may develop in such boundaries.
The relict status of the western ‘Teesta Fan’ in Bangladesh bordering India, reflects tectonic uplift,
and a southward tilting of the apical fan segment, which developed southward longitudinal
hydrologic divide between Tangon and Karatoya rivers system in the country. In addition,
multiple faulting and tilting of the blocks affect the control of movement and distribution of
groundwater resources in this region. One of such smaller but prominent lineaments is quite
interesting although it lacks any major tectonic significance. The river Punarbhaba in Bangladesh
is a small south flowing stream that joins River Dhepa near Dinajpur (a district) town. It is
conspicuous even on satellite images because of its straight reach and unusual bend near Kamar
Digho, Birgonj that contrast with the pattern of other streams in the area and also with its
upstream — downstream alignment as well as river bank sediments of both sides. This unusual
river bend occurred due to faulting; and restricts southerly flows of groundwater along the fault-
line traversing south (of village Barsha of Birganj Upazilla), where groundwater remains at or
near the surface even during the dry season.

7.0 COOPERATION BETWEEN BANGLADESH AND INDIA

In Bangladesh, Groundwater elevation contours ranges from (+) 27 mPWD in the south to (+) 70
mPWD in the north. The general trend of groundwater flow is from north to south of the region. A
regional flow is observed from central-southcentral region to west-southwest direction and groundwater
flows away from the region towards Indian Territory (through Baliadangi and Haripur Upazila) from
Bangladesh. The region’s groundwater has also flow direction towards the inland major rivers from their
vicinity. The average surface slope of the area is 0.45m/km from north to south; and from the groundwater
elevation contour map it was seen that the gradient of groundwater level is steep in northern area, where
the average value is 0.65m/km. In the southern part of the region, average gradient is 0.34m/km indicates
comparatively slow movement of groundwater in the area. This is small area, where some investigations
were carried out by the Institute of Water Modelling, a Trust Body under the Ministry of Water Resources
of Bangladesh. From this very small study it is evident that withdrawal of ground water, or contamination
or abuse of ground water from the aquifer, which is of course a shared one, will have a repercussion on the



other side of the border. For ethical principle, and also for the mutual benefit of citizens of the both the
countries, it is quite desirable that a mutual understanding and cooperation in respect of sharing the trans-
boundary aquifer will be very much beneficial to both the countries.

Towards this end, development of a common monitoring and information management systems for
facilitate cooperation in protecting regional aquifer and optimum utilization of groundwater resources in
long-term integrated water resources management among these two sharing countries is a must. The
output from such collaboration will come from the combined efforts of the key and non-key experts and
the beneficiaries.

RECOMMENDATION:

The possible outputs of an initiative in respect of trans-boundary aquifer between Bangladesh and India
may be achieved in the following manner:

e Review on the baseline situation based on the data available;

e Joint monitoring programmes designed and agreed by both the countries:

e Report on the joint monitoring be carried out in the selected locations;

e Assistance provided to the national water monitoring establishments of both countries where
appropriate to help to address the key concerns;

e Common GIS database platform be established to facilitate information management and data
exchange between the countries;

e [Initially a draft Regional Aquifer Management Plan (RAMP), including tentative programme
of measures, may be prepared for the selected pilot areas in each country;

e Proposals can be developed for the future international projects to help address priority

IWRM problems in India and Bangladesh.
Acknowledgement:

Mr. Mizanur Rahman, Senior Groundwater Specialist, Water Resources Planning Division, IWM, Dhaka,
Bangladesh.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /FRA <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



