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EXECUTIVE SUMMARY

Access to water is basic human right antlis a crosscutting issue for sustainable development.
Water resources have unlimited importance including human survival-esommmic stability and
environmental sustainabilitp/Vater is right or economic goétas been a mait of discourse since
industrial revolutionin the Eighteenth centuryDhakacity dwellers following anunsystematic urban
spraw| aredeprived of basiaurbanamenities where water supply has appeared as the most critical
issue.The theoretical propagatio on O0access to waterd has recei
pace of water pollution and resultant freshwater scar@ging a crosscutting resource, water
experiences sociecological mismatch in resource managenvemere the scale at which decisson
are made for water managemedbes not match the scale at which it functiofis. address the
existing problems of water demand and supphdto draw future scenarigshe current study has
employed both qualitative and quantitative research technifaetscular attention has been given to
elucidate access and inequality in getting an adequate amount of water inNDétagpolitanArea
(DMA).

Water supply of Dhaka city is heavily dependent on groundwater extraction wioeeetiman87
percent of the wgplied wateris being extractedfrom this source.Such extensive dependency
enhances very high depletion rate of groundwater tallbaka city has been experiencing a sharp
declination ingroundwatetable with more than 20 metdmsver downduringthe last seven years at
a rate of 2.81 meter per ydgan/y). Considering thexistingdepletion rate, the study predicts that the
groundwater table willgo down to 120 meters by05Q The study shows that thepotential
groundwater recharge of Dhaka city only 1.33 m/yin contrast t02.81 m/y of groundwater
depletion rate Such finding impliesthat despite sufficient amountforainfall, Dhaka city is
experiencing1.48 m/y groundwater recharge deficit every yesloreover, increased rate of
urbanization, illegaoccupationand encroachment reduce the amount and volume of surface water
bodies around theity thatdeterioratehe presensituation.

The study has attempted to draw three scenarios considstistgng water supply sittian, future
roadmap, unacunted for water (UFW), downtimkss, or production loss (Cs) to project water
demand and supply up to 2050. Allthie three scenarioshowed a mismatch in water demand and
supply. The first scenario, whidtas takennto account the current productios statusquo, projects

that the gap would be 2451 Millidritre per Day (MLD) by 2050 against the demand of 45390ML

The second scenario considefetlire roadmap of DWASA and current trend of system loss or UFW
that ended up with a gap of 1012.4 MLD. §kcenario also suggestttht unless reducing the UFW
from current 31.68 percent to less than 15 percent, DWASAI not be able to fulfill thduture
demand. The final and highambitious scenario considered both 10 percent UFW and 10 percent
productia loss arisingrom regular maintenance, power shggaand other technicgkoblems that

also project a gap of 704.3 MLD. Such evidences give a murky future for the water supply of Dhaka
city.

DWASA hasprojected water demand as 1ki@es per person peday (l/p/d). Empirical evidence

shows that on¢hird of the city dwellers receivenly 40 I/p/d and they have to manage their daily
activities with this little amount of wate®©nly 5.1 percent of total population of Dhaka city receives
more than 60 I/p/dOn an average, 42.8 percent of the respondents can receive basic requirement of
50 I/p/d and the re$b7.8 percent) are suffering from water scarcity despite piped connection.
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Poor people, mostly living ithe slum areasare beingneglected both atesinand and supply side

and aremore deprived of having acceess to potable water. The study reveals that 31.43 percent
households in Dhaka city do not have access to piped connection and they have to rely on NGO or
other sourceg¢standpipe)Despite little onsumption, theyave to pay more than mideilecomeor

high- incomegrouppeople. The study finds that a poor household (whose total household income is
less than 10000 BDT) has to spend 500 BigT monthfor 30 I/p/d while a middlencome or high

income group family (whose total household income is more than 10000 BDT) has to pay 400
BDT/month for water supply of 450 I/p/d or morePoor people have to buy additional water to
maintain their daily activities.This extra spendingf water hindersto improve the livelihood status

of them

Despite dominance of uncontaminated groundwater in DWASA water supply system, teadiser
water quality exceedgVorld Health Organizatiah §WHO) prescribeddrinking waterpermissible
limit due to poor maintenance. Thearrent study foundhat about 22.86 percent city dwellers could
not use the DWASAupply fordrinking purposedue to bad smell and have to rely on bottlegaor
water thatis of dubious quality On the other handg6 percentof the consumers boil DWASA
supplied water for drinking purposand they have to boil the water at least for halfiiour to make it
potable. Among them, at least pOrcentalso use water filter to ensure maximum safety.

The study found that twthirds of the Dhaka city dwellers behe that current water supply
maragement system coufbt fulfill their demand. In additionrregular monitoringand inadequate
supply make peopleely on privately owned watesupply thateventually lead$o huge deadweight
loss.
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1. INTRODUCTION

Waterconstitutes twehirds ofthe surface of thearthandis a crosscutting resourdéis an essential
component of all organismend usually a good solvent for a large variety of substadasover,

its being necessary for most biologicafocessesnakesit one of the major components of sacio
economic development and poverty alleviation. The Third World Water F@A08 hasentitled
water as a o6driving f or c astrategic todtafight againmstapbvery. d e v
Water resources have unlimited importanoe human survival, socteconomic stability and
environmental sustainability.

Water covers71 percentof the earth'ssurfacebut only threepercentis freshwater out of which 69
percentis "trapped" as icemainly in the two polar regions The remaining freshwater occurs in
rivers, lakes and aquifera/hich human being, plants andother animal species camse. The
distribution must be carefullymanaged toavoid irreversible depletion of he resource
(WHO/UNICEF JMP, 2010).

Water scarcity hasbheen causing conflict since the beginning otivilizations. Kjellén and
McGranahan (1997) prededthattwet hi r ds of the worl dbés popul at
condition by 2025 and some waries would experience high water stress condition where water
withdrawal against available resources exceedgetfent The alarming news is that in South Asia

the withdrawal rate against available resources ispd&ent(Ariyabandu, 1999)Bangladel, as
beinga riverine countryhas been facing dual challenges from water: firstly, unlimited flood water
during wet season and secondly, increasing scarcity during dry seeseever, one in eight people
doesnot have access to safe drinking water amol of five people do not have adequate sanitation
worldwide (Water Aid, 2010). Life cannot sustain beyond a few days without water. Moreover, lack
of access to adequate safe water leads tepheadingof diseases. Children and women bear the
greatest hdth burden associated with poor water and sanitatdorld Health Organizatio2002)
estimatedthat 1.73 million deaths occur each year due to diarrheal diseases attributed from poor
water supply, sanitation and hygiene.

Dhaka city has been increasingthvian annual rate of 3.5 percefuilowing an unsystematic
approach(lslam et al, 2009)to accommodate huge population influx of more tkamenmillion

(BBS, 2009) peopleSuch urban sprawl exerts immense pressure on the infrastructures of the city.
The city inhabitants, therefor@redeprived of basic amenities of urban life where water supply has
appeared as the most critical issue. At present, water demand has surpassed the water supply where
25 percent of the total population of Dhaka city has nectliaccess to potable water (Nisleital.,

2008). Dhaka Statistical Metropolitan Area (DSMA) covers an area of 1353, kit of which
Dhaka Metropolitan Area (DMA) constitutes g@&rcent(360KM?). Until 1989, Dhaka Water Supply

and Sewerage Authority INASA) operation was limited to DMA burt 1990;it extended operating

area to adjacent Narayangonj metropolitan as well. Even though this paper will focus on DMA but
will alsoconsiderthetotal demand and supply of DWASA as a whole.

Being a crosscuttingesourcewater experiencesocicecologicalmismatch in resource management
where the scale at which decisions are made for wassragement, doasot match the scale at

which it functions. Scale is a term used to describe the sp&tmporal, organizai o n a | 0l ev
which some being exisgr process occur. (Cagt al, 2006 cited in Rathwell, 2009). The urban

water management involves cpheated and systematigrocess thatncludes planning, research,
design, engineeringegulation,and administtion. Under the circumstances, the current study has
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attempted to understand the trend and extent of water demand and supply both at spatial and temporal
scale through analyzing status of surface gmodindwaterand proposing management options based

upan future demand and supply projecti®articular attention has been given to elucidate access and
inequality in getting an adequate amount of water in Dhaka Metropolitan Area (DMA).

1.1. Wateris Right or Economic Good: A Discourse Beyond Scale

AWaterhti ©orriegonomic goodo has been a mathd er o
Eighteenth centuryT he t heor et i cal propagation on O0acces
the accelerated pace of water pollution #reresultant freshwater sty .

Drawing examples frontragedy of commonsg groupof people, industries, farmeasid governments

have warned that unregulated O0free access to
life sustaining resourc@Hardin, 1968) These poponents consider water as an economic good, not a
"free” limitless resource by arguing that adequate supply of safe water involves a complex mixture
of social, economic and environmental issues where there should have a range of quality and level of
wate delivery depending on o6freedom .Whter,asaoi c e 0
socially vital economic goodequires careful management for sustainable developmenfoand
reducing poverty. Bein@gn apparentiyabundant but critical natural rasge, water demands much
attention in allocation and distribution, equity, conservation, pricing, regulation, participation, and
sustainabl e use. Thus, water i's considered ne
economic goodod.

Ontheothe hand, the O6rightsé discourse on wéader a
sold for profit in the market place to the highest bidder rathéers a &ér i ght 6 t hat
earth. Water has been recognized not only universally botreligiously as an invaluable resource

and every living being has right to access it. United Nations (UN) has also acknowfe@®edp h t
Wateb as f undament actordingly UN Euman RigptsrDeclaration (002) states

"The human right to wat entitles everyone to sufficient, safe, acceptable, physically
accessible, and affordable water for personal and domestic uses. An adequate amount of safe
water is necessary to prevent death from dehydration, reduce the risk ofrelated
disease, andprovide for consumption, cooking, personal, and domestic hygienic
requirements”.

|l nspired by O6right based approaché the curren
human right through extendiripe recognition from narrow economigconsideation to broader
social and cultural perspective.

1.2. Right toWater. BangladeshPrespective

Water right, inherently linked to otherrfdamental human rights not merely a right issue rathier

is ahighly political and policy issue. The constitution cdrigjladesh reserves the rights of its citizen
and acknowledges countryods obligation to provi
shelter, education and medical care. It sedms thewater rightis considered under food, but no
articleor clause deduces the water right issue conspicuously.

Water Supply of Dhaka City: Murky Future Page p



AT STE]

Unnayan Onneshan
The Innovators

aantrs for ressarch and adiion on developmant

01t shall be fundament al responsibility of
growth, a constant increase of productive forces and a steady improvement in the material
and cultural standed of living of the people, with a view to securing its citizémsugh the
provision of the basic necessities of life, including food, clothing, shelter, education and
me d i c a. [Banglades#&ConstitutionArticle 15, clause (a)]

In Bangladesh, the @&ional Policy for Safe Water Supply and Sanitation (1998) declares state
ownership to water. Even though the policy acknowledges that acceafetater is essential for
sociceconomic development of the country but no special provie@ms beenmade toensure
citizenbds right to water. Rat her , the policy
6economic goodd by keeping provision of confe
provide secure, defensible and enforceable owi@rsufructuary rights for attracting private

i nvest ment . Mor eover, the proposed Water Act
acquired access and use rights. I n addition, t
st at e atien tmshpdply safe water; rathérencourages privatization of water through a general
aut horization or |l i cense. These provisions co
rights to the basic necessities. The Government of Banglade#) (fas also planned to develop and
manage water resources efficiently in Poverty

issueremainedoverlooked there as well. Under the umbrella of PRSP and sectoral development
policies, many projectsave alreadybeen implemented or some are at the implementing stage, but
6right to waterdé has remained an under treated

2. AIM SAND OBJECTIVES

The present study aims to know the prevailing scenario of urban water sungjilye demandof
Dhaka city. Inaddition, some other specific objectives are as follows:

To project future water demands and supply scenario of Dhakapcity2050

To project the groundwater depletion rate up to 2050 and to know the potential groundwater
recharge rate for Dhaka city

To explore access and equality in water supply of Dhaka city
To elucidate possible remedies for water governance

1
il
1
il
3. METHODOLOGY

The current study has employed a #track methodology. In the first track, secondary datee been
collected frombooks, journalarticles and reports of different government and +gmvernment
organizations. On the other hand, therond track intended to gather empirical data through a
mixture of research techniques such as Key Informant Interview (KHjlepth Interview using
semkstructure questionnaire and Case Stdadymake projection for water demand and supigito
calculate the potential groundwater rechatygho Gr oRva the @Simgple EydrologicalBalance

Eq u a t have be@mised respectively.

3.1. Key Informant Interniew

Key informant interviews are qualitative -depth interviews with resource persamcluding
community leaders, professionals, or residevit® have firsthand knowledge about the concerned

issue. The purpose of key informant interviews is to coll&riation on particular issue anal
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understand the nature of problems amdecommendor solutionsas well To understand present
trend of water supply and possible future scenario, three experts from DWASA, BUET and Dhaka
Universitywere beingnterviewed respectively. Both fade-face interview and telephone calave
beenarrangedo gather key informanssiews and knowledge regarding water demand, supply and
management options in Dhaka city.

3.2. In-depth Interview

To understand the status asegtent of water supply and demand problems faced by Dhaka city
dwellers, 80 inrdepth interviews wereconducted throughsemistructured questionnaire in two
phases. In the first phase, 60 househeoldse being interviewed based upon locality and income
group.Employing apurposiverandom sampling techniquiaterviewswerecarried out in Azimpur,
Bashabo, Dhanmondi, Farmgate, Kamalapur, Mirpur, Mohammadpur, and Uttara depending on
higher, middle and lower income group pk&sd dominance. On the other hand, 2tbgs (hotel,
restaurant, and café who use jar and bottled whgarg beersurveyed and interviewed titain a

clear picture ofdrinking water consumption pattern of the peopier shop selectignFarmgate,
Gabtoli bus terminalMirpur, and Sayedabalus terminal areas were considered depending on
peopl esd gathering r egar diutusingthesdmesamgpéngteciniquef e s s |
as appliedor thehousehold.

3.3. Projection

To make projection for demand and supdyGr o wt h R a has bekRugadaThe famuta was
Growth Rate (r) = 1/t[(C-B)/C]*100, where, t= time period, C= Current year, B=Base yearlaad
projectionwasestimated by manual calculation.

On the other hand, to estimate tpetential groundwater rechargesimple hydrologichbalance
equation Re= P-Pc.-U) has been used wheR~= Potential Recharge, P= Rainfallc-=PPotential
Evapotranspiration, and U= Surface Raffi During calculation ofthe ground water recharge,
potential evapotranspirationas beenc al cul at edCrb yddoé BD B pgd46Ter8)ja |
where, Pe= Potential Evapotranspiration, P= Mean Daily Percentage of Annual Daytime Hours, and
T= Mean Daily Temperature.

Limitation of the study

This study aimed at exploring the demand and supply scenario, and acdesscuality in water
consumption. However, shortage of information relategremndwatereserve, ignorance of people
regarding their right to water, difficultly in accessing service provaiganisatiorforcedto rely on
projection and information fra secondary literature. To address the limitation, the study made three
projections for three different scenarioghe case of water demand and supply.

4. WATER SUPPLY: A SITUATION ANALYSIS

Water supply including adequate sewerage system is the singlénmpostant determinant of public
health. Destruction of water supply after major calamities (e.g. earthquakes, floods, war, etc.) poses
the immediate threat of severe epidemicsvaterborne diseasek 2010, about 84 peent of the

global population (64 billion people) had access to piped water supply inclustangdpipes
protected springs, and wellENICEF, 2010).Safe water includes treated surface water, as well as
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untreated but uncontaminated water from sources such as natural springs anggalstaDespite

being renewable resources, water scarcity has stricken many parts of the world due to unregulated
depletion, surface androundwaterpollution and insufficient water infrastructureshe United

Nations Medium Population Projection (1998gdgiced that more than 2.8 billion people in 48
countrieswould face water stress (less than 170Dper person per year) or scarcity (less than 1000

m? per person per year) by 2025. The number of countries facing such water stress or scarcity would
riseto 54 by 2050. (UNFPA, 19%ited inMahbubet.al, 2007).

Bangladesh, as in the lower riparian, has limitedtrol over upstream rivers that reduce water
availability during dry seasons which largely influesid®®od anddrought accompanied with the
inflow of low quality of water (National Water Policy, 1999). The progressive rate of urbanization
and industrialization make the situation worse. Theresult is that per capita supply of renewable
water is declining throughout the basins tBaingladeshshares with India. In such a condition,
reduced water availability in the Gangdspendent arsaof Bangladesh arebeing affected in a
number of ways, including salinityntrusion, changes of river morphology, and increased
environmental hazards. Riveasd watersheds ateing polluted by dumping of waste and garbage
into them and thus safe watsupplyis reducing. People are using water faster than nature can
replenish. Abundance of rainfall in this delta influehpeople to make wastage of water hsyt
neverhaveconsideedthe costs to treat the water after it is used.

Without safe water, people cannot lead heakimg productive lives.More than million people
worldwide suffer from waterelated diseases, such darrhoea, bilharzias,cholera, etphantiasis,
andhookworm (World Bank, 2001).Most of these people live in low anehiddle-income group
countries, and childreand elderly peopleare at the greatest risknong themDue tothe lack of
hygienic water supply, a considerable number of peapé experiencing stunting from diavela
causednalnutrition thareducedife expectancy. lll health, lack of available sanitation and extra time
incurred from water collection are contributing to increase dropout rate, particularly in rural areas.
Furthermore,the increased cost of safe drinking water exerts additional burdémetpoorpeople,
vulnerablealready.

Getting water is more difficuland often more expensivier the poorest peopldn developing
countries, women and childrer both ruraland urban settinggpend hourg extremecases up to six

to eight hourgach day to collect water from different sources. In such cases, the poor do rtbehave
access tahe piped wateiin their propertyratherthey haveto buy or take water from otheources.
Peoplewho buy water from other sources may have to pay three to ten times moréhthasual
price ofpiped water.

In Bangladeshthe water supply coverage hasenincreasng both in the urban and rural areas since

t h e . ldovéver, almost 8percentof water is withdrawn foirrigation, livestock while only 10
percent,and two percentuse itfor household and industmespectively (FAO, 2010)Nearly 97
percentof the rural population is using over hflllion hand tube wells to fulfiltheir drinking water
demands. However, arsenic contamination of g
(micrograms per liter), has affected an estimaie@5 percentof the shallow tube wellghat has
reducedsafe water coverage in rural areagtound 76oercent To attain the supply coverage levels

at 100percentby 2010, many programs have been initiating which deal with the massive task of
rehabilitation, i mprovement and extension of
Management Bn, 2001).
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At presentmore than 15 milliorpeople are living in Dhaka cityhile 35percentof themareliving

in slums/squatter settlements. In the slums of Dhaka city, the average user tpoidteatio is

1,000:1 and only 2@ercentpeople have soe form of sanitary latrine (Ahmed, 2006). Lack of
sanitation, long queuing times for water collection amthygienic surroundings are the most
important environmental concerns in the slums of Dhaka city. Other than these squatters, permanent
residents oDhaka cityarealso experiencing yeafroundwater scarcitynore acutely in dry season.

In response to water scarcity, many affluessidentsand wateivendorshave establisked illegal

private deep tube walland pumpgroundwater thatontribute tothe downward groundwatertable.

Another major concern of Dhaka water supply systeits iguality. Even though DWASAlaims of
maintainingthe quality according to WHO requirementise consumers amoubtful regarding the

quality and seldom drink untreated @gowater. The city dwellers usually boil supplied water to kill
dangerous bacteria to make it potable. For this purpose, they use gas and in some cases (slum anc
squatting households) wood or charcoal. The fuel they burn may cause severe indoor &n.pollut
Moreover, in the case of wood oharcoal usagedestruction of forests will take platieat will be

causing aditional environmental problemscluding erosion and loss of top soil. This also has a
severe negative impact on human health.

Over the yars, surface water sourchave beerconsideredas unreliable for drinkingwater that
requires more capital input to serve the population denmanti hence emphasis given to
groundwater extraction. Througbnormous authorizeénd unauthorizeddeep tube wils, the
groundwater table is goinigelow the extraction level. Moreover, recharge rate is decreasing and
surface ruroff is increasing which make the situation more vulnerdblke to rapid urbanization

4.1. Surface Water Resourcesf Bangladesh

Beingthewo | d6s | argest del t a, B a plgirds afdhees dreatirigers:ithe c a t «
Ganges, Brahmaputra and Meghna (GBM) and their tributaries. The combined discharge of these
rivers is the highesh theworld thatthey draininto the Bay of Begal through Bangladesh as:

1 The RiverGangesflows (discharge rate 75000°%s) eastsoutheast for 212 km from the
Indian border to its confluence with the Brahmaputra, then as the Raggnafor about a
further 100 km to its confluence with the Rivdeghraat Chandpur;

1 The RiverBrahmaputrantersinto Bangladesh from the north and flovessouth for 270 km
to join the RiverGangesat Aricha, about 70 km west of Dhaka in central Bangladesh and
discharge at a rate of 100006/

1 The RiverMeghnaflows to the southwestraining eastern Bangladesh and the hills of
Assam, Tripura, and Meghalay of India to join Reer Padmaat Chandpur. The Meghna
then flowsto thesouth for 160 km and discharges at the rate of 160008 tonthe Bay of
Bengal.

Total lengthof the river courses in Bangladesh is approximately 24000 km and the total catchment
area of the GBM is about 1.75 million knout of whichonly severpercentiies within Bangladesh.
Among the large network of 230 rivers, teeare 57 tranboundary rives, 54 of which areshared

with India and the rest one with Myanmar. @maverage 1106 kiof water crosses the borders of
Bangladesh annually, of which 85 perctakes placdetween June and October. Aroundpgfcent

(599 kn?) is contributed by the Brahaputra, 3Ipercent(344 kn?) by the Ganges and nearly 15
percent (163 ki) by the tributaries of the Meghna and other minor rivers. (Banglapedia, 2006).
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Endowed with numerous rivers and sufficient rainfall, Bangladesh has an excess of surface water in
the summer (July to October). However, dry winter months experience relative scarcity of water.
Most of the surface water in Bangladeshich is contributed throughniflowing transboundary
riverswhere they provide 1,100 km3 watercourse annuallhe integnal renewable water resources

are about 105 km?3 per year. Moreov&angladesh receivesufficient amount ofrainfall that
contributes to enrich count.rByabnsg | iamveragh ella s ur
precipitation rate is 2320 mmwhich varies from 1110 mm (norvest) to 5690 mm (northast)

(FAO, 2010).

About 1015 percento f Dhaka cityés |l and areas are compr
number of rivers, canals, lakes (Isl&@m al.,2010). Major surface water bodies of Dhaks are the
Buriganga, Turag, Balu, Tond{hal, Dhanmondi Lake, Ramna Lake, Gulshan Lake and Cresent
Lake. There were more than 35 canals within Dhaka city area (Khan, 2001) even though most of
them are now fully encroached or polluted to a level thatatdmn useavenfor washing purposes.

4.2. GroundwaterResource®f Bangladesh

Groundwateresourcesredetermined by properties gfoundwateistorage reservoir and volume of
annual recharge. Mainly rainfall, flooding and stream flow in rivers penetrate sanface and
rechargegroundwaterreservoirs. Although Bangladesh has been considered rigmosmdwater
resourcesthe total groundwaterstorage data is absent. National Water Plan Phasstimated
averagegroundwateras 21 Kmi in 1991 (FAO, 2010). bwever, withthe increased trend of
urbanization and irregular rainfall behavior, surface-otfnhas increased in recent times, which
reducegyroundwaterecharge considerably.

Groundwatestorage reservoirs are composed of three aqtifeBangladesh:

1. Upper aquifer or composite aquifer
2. Main aquifer (it is at depthsix metersn northrwest and to 83 m in the Soutmd
3. Deep aquifer

An upper clay and silt unit underlie the composite aqui@mposed of very finéo-fine sand. The

main aquifer and theverlying composite aquifer are hydraulically interconnected. Clay layers of
varied thickness distinguish the main aquifer from the deep aquifer. The thickness of this part ranges
from a few meters in the northwest to as much as 60 m in the south of titeyc@eneath the
composite aquifer, medium and coagsained sandy sediment@re found commonly. These
sedimentareform the main aquifer and occur up to depths of about 140 m below the ground surface.
In Bangladesh, it occurs at depths ranging frora tkan 5m in the northwest to more than 75m in the
south. The transmissigroperty of the main aquifer is good to excellent over most of the country but
it is deteriorating twardsthe south and the east. Underlying the main aquifer, there is a deeper wat
bearing unit separated by one or more clay layers of varied tisskaterred as the deaguifer that

has been exploited by tube wellsivaka and in the coastal areslsere water table idescending

due to over extraction or salinity contaminatidrupper or man aquifer. (Banglapedia, 2006)

! Geological formations containing useable groundwater resources
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5. WATER PRODUCTION SYSTEM AND GROUNDWATER TABLE OF DHAKA
CITY

5.1. Current Water Demand and Production

Water supply in Bangladesh relies mainly on groundwater. In rural areas, more than 97 percent of the
populaton extracts groundwater to fulfilrinking water demands. Whereas, 87.72 percent of the
Dhaka <cityob6s water supply is dependent i®n gr
surrounded byhe four rivers namelyBuriganga, Balu, Turag and Tonighal but anly 12.28 percent

of supplied water is obtained from these rivers. Dhaka city faces two major problems in supplying
water to its residents: i) gradual decrease of raw water sources and ii) discharge of large quantities of
polluted water (Serajuddin, 1993urface water sources from surrounding rivers and lakes

already exceeded the standard limits of many water quality parameters because of the discharge of
huge amount of untreated and municipalste materialsTreatment of this water has become so
expensive that water supply agencies have to depend on groundwater aquifer for drinking water
production (Biswaset. al, 2010). Other than these four oymlluted rives, the nearest water body

is theriver Padma and thé&leghna that have acceptabbater quality and ability to fulfill the

demand However,those rivers are located within a distance of 17 km and 50 km respectively from
Dhaka.

Box-One: Basic Water Requirement

Water requirement (e.g. drinking, removing or diluting wasigerials producingmanufactured goods, growin:
food, producing and using energy) varies witbather lifestyle, culture, tradition, diet, technology, and wealth. T
type of access to water is an important determinant in gross water use where use of water is the commi
withdrawal (intake), recirculation, and reuse (Gleick and IWRA, 1996).

Minimum Drinking Water Requirement

The National Research Council of the National Academy of Sciences in the USA estingateidimum human
water requirements by correlating thewith energy intake in food. They recommend a minimum water intak
between one and oranda-half milliliters of water per calorie of food {1.5 ml/kcal). With recommended dail
diets ranging from 2000 to 3000 kcals, an adult person has to drink unini2nto 4.5 liters per day (Natione
Research Council, 1989 citedGleick and IWRA, 1996).

Basic Requirements for Sanitation

There is a direct link between the provision of clean water, adequate sanitation services and improved healt
and IWRA (1996) recommend a minimum of 20 liters per person per day for the maximum benefits of conr
waste disposal and related hygiene, and to permit for cultural and societal preferences

Basic Water Requirements for Bathing

In industrialized nations, waterse for bathing raresfrom 45 to 100 |/p/d with an average of 70 I/p/d, while
developing countries the requirement is ranging from 5 to 25 I/p/d with and without showering. A recomn
basic level of water supply for bathing is 15 I/p/d.

Basic Requirement for Food Preparation

For food preparation, 10 to 50 liters per person per day wadersad in developed countriggh a mean of 30 I/p/d.
On an average, 10 I/p/d will satisfy the basic needs of food preparation in most of the regions #BdoBlesters
cited inGleick and IWRA, 1996).

Using a minimum level of 15 I/p/d for bathing and 10 I/p/d for cooking, the international organisations anc

providers recommended adopting an overall Basic Water Requirement (BWR) of 50 liters perpeerday for
meeting domestic basic needs, irrespective of climate, technology, and culture (Gleick and IWRA, 1996).
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DWASA projects total water demand considering per person per day water demand as 150 liter and
accordimgly suppleswater to the city dwellers. Total water demand in Dhaka city varies from 2100

to 2300 MLD with seasonal variation. Howevental production capacity of DWASA is 2247.47
Million Liter per Day (MLD) (both groundwater and surface water). Apptye DWASA is able to

fulfill current water demand through their capacity. However, DWASA has never reached its
production target and actual production for groundwater and surface water is 1831.20 MLD and
256.30 MLD respectively (Table) ith a demangupply gap of 160 MLD. Moreover, if we account
31.68 percent Unaccounted for Water (UFW) or system loss between production arstelavel

then real supply would be 1428 MLD. The statistics implyhat almost half of the population in
Dhaka cityare deprived of getting DWASA projected standard water requirement (150 I/p/d). To
supply water in Dhaka cifyDWASA runs 560 deep tube wells (DTWSs) and four surface water
treatment plants (SWTPs). The total length of the water line across the Dhaka city .i832683

(Table 2) including 286911 household connections and 1643 standpipes. Moreover, there are also
1330 and 150@TWs thatare under operation by private agencies and other unrecognized sources
respectively.

Table 1: Water production scenario of DWASA

Source Production Actual Production Source wise %| No. of DTWs
Capacity - of production and SWTP
MLD % of capacity in operation
Groundwater 1948.30 1831.20 93.99 87.72 560
Surface water 299.17 256.30 85.67 12.28 4
Total 2247.47 2087.50 92.88 100.00

Source: DWASA, 2010

Table 2: Water Production System of DWASA

Water connection 286911 no.
Daily water production 2087.50 MLD
DTW in operation 560 no.

DTW of other agencies 1330 no.
Overhead tank in operation 38 no.

Water tratment plant 4 no.

Public stand pipe 1643 no.
Strom water drainage 185 Km
Strom water pumping station 3 no.
Religious institutions 1898 no.

Source: MIS Report, DWASA, 2011
5.2.  Groundwater Table of Dhaka City

In Bangladesh, the depth of water tables vafiem less than a meter to more than 30m. The
shallowest water table occurs in the coastal region whereas the deepest water table occurs in the
Barind Tract and Dhaka City (more than 30m from the ground surface) (Banglapedia, 2006). The
depth to the wateable moves seasonally with annual recharge and discharge conditions. The amount
of seasonal fluctuation varies from less than a meter to more than 10m depending on the local
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hydrogeological conditions, amount of groundwater abstraction and natural desclodr
groundwater. In recent years, there is a declining trend in the water table due to larger amount of
groundwater withdrawal.

Geologically, Dhaka city is under the category of the Pleistocene terraces mostly composed of the
Madhupur clay deposits. Tteeis little variation in the surface elevation of the city. The thickness of
the Madhupur clay ranges froeghtm to about 45 m with an average thickness of 10 m in this city.
The under |l yi ng Dupahlar ciosnp b s earticlesftratseaansidered as the

main aquifer of Dhaka city. The impermeable clay layer of variabl&rnbgs overliethe sandylayer

that makes the groundwater aquifer mostly confined in nature. The total thicknessxigh&ila

aquifer varies from 100 m to aboA00 m with an average thickness of 140 m. Some scientific
studies on the groundwater of the city revealed tti@tquifer piezometric levelhich is the natural

water level of a confined aquifer of the city main aquifexs gone down significantly indafew

years due to ovewithdrawal of groundwater (Akther, Ahmed and Rasheed, 2009).

5.3. Groundwater Depletion of Dhaka City

In Dhaka city, groundwater extraction started frandepth of100 meters and in some extreme
condition the well goes up to 300 metéwsreach the main aquifer. The depletion rate varies from

area to area as in Mirpur the groundwater level dropped 53.75 meters between 1991 and 2008 at a
rate of 3.2 meter per year. While the decline was 1.1 m/y in Mohammadpur, 2.2 m/y in Sabujbagh,
0.5 mk in Sutrapur, and 0.8 m/y in Dhaka Cantonment during the same period (The Daily Star,
2010). The cityds groundwater | evel has droppe
2.81 meter per year, and from the year 2000, the rate is inaisasigh.

Taking into account the current groundwater depletion trend at 2.8Jarpfgjectiorhas beemade

for 2050 and it predicts that the groundwater tableb@lbwering down to 120 meters by 2050 from
the existing water table (Figure 1). This tgn will hamper the constant water supply as many of
the operating deep wells may shut down due to watavailability The production cost mayise at
the highest peak.

Figure 1: Groundwater Depletion Trend of Dhaka City
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Sour ce: Aut hloased édn Dhakd CityuState bfiEmvironment 2005, 2011
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Box-Two: Causes and Consequences of Groundwater Depletion

Causes of Groundwater Depletion

There are various reasons that are responfiblgradual declination of groundwater level in Dhaka city of which h
groundwater withdrawal from the aquifer is the most crucial. In addition, rapid urbanization including construc
roads, buildings, other engineering structures, flood protedéons, and embankments are continuously hindering
natural groundwater recharges from rainfall and perennial water sources existing in and around the city (Rah
Alam, 2005). A network of 22 lakes, canals, and small rivers facilitate the natainhge for the floodwaters an
groundwater recharge in this city. lllegal encroachment and disappearances of them also depreciated grc
recharge over the last four decades.

Consequencesf Groundwater Depletion

a) Lowering of the Water Table
The mos$ severe consequence of excessive groundwater pumping is lowering thewgroundwater table. If
groundwater levels decline too far, then the well owner might have to deepen the well, drill a new well, or
attempt to lower the pump. In addition,\aater levels decline, the rate of water yield may decline.

b) Increased Costs
Water production cost increases with decreasing groundwater\léadr musbelift ed higher to reach the land surfac
than before if the water level go down. If pumgre usedto lift the water, more energwill be required to drive the
pumpthatwould eventually increase the expense of the users.

Figure 2: Impact of over pumping of groundwater

Dry Land A

Well Subsidence
Cone Of
WATER Tag Depression

Source: USGS, 2003

¢) Reductionof Water Flow in Streams and Lakes
A great deal of the water flowing in rivers comes from seepage of groundwater into the streambed. H
groundwater pumping can alter water circulation between an aquifer and a stream, lake, or wetland by either int
groundwater flow thats dischargel into the surfacevater body under natural conditions or by increasing the rat
water movement from the surfawater body into an aquifer. A related effect of groundwater pumping is the lowt
of groundwater levels below the depthich is regired by thestreamside or wetland vegetation to survive. The ove
effect is a loss of riparian vegetation and wildlife habitat.

d) Land subsidence

The basic cause tdnd subsidencis the loss of support below ground. Indiscriminate groundwater exinatrtom
main aquifer may contribute to land subsidence.

e) Deterioration of water quality

Under natural conditions, the boundary between the freshwater and saltwater tends to be relatively stable. Ovel
can cause saltwater to migrate inland and ugyw&sulting in saltwater contamination of the water supply.
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5.4. Potential Groundwater Recharge in Dhaka City

Assessment of future groundwater development potential [erequisite for the proper and
sustainable use of the resource. Teyriblluted surface water resources and increased urbanization
exacerbate the depletion rate of groundwater in Dhaka city. Initiatives have already been taken by
DWASA to recharge groundwater artificially as a pilot basis (DWASA, 2009). However, it is
important to know the natural recharge rate to prepare a sustainable development plan in this regard.

Groundwater availability for pumping in terms of potential recharge estimated by simple
hydrological balance as follows:

Re=P-P-Uéeeceééeeeeééee (i)

Where,

Re= Potential Recharge

P= Rainfall

Pe= Potential Evapotranspiration
U= Surface Ruroff

Potential recharge is the excess of rainfall overafiirand potential evapotranspiration. To make the
estimation more comprehensive, monthly basis is preferred smasonal basis. Surface +foif
estimated as a percentage of rainfall-820percent depending on the amount and intensity of
rainfall, topography or land use pattern, and-ggdrological condition. As an urbanized area with
much paved structures, theface runoff for Dhaka city has been estimated as 50 percent.

Evaporation is the primary process of water transfer in the hydrological cycle. The evaporation
including transpiration form vegetated surface is known as potential evapotranspiration. Tadecalcu
the potential recharge rate, potential evapotranspiratignsfuldbe taken into consideration. To
calculate Rt he 06-Bt ad dl e bas beerrsedunitha current study:

P p (0.46T+8)eééeeéeeéeeéeeceeéee(ili)

Where,

Pe= Potential evapotransption

p= Mean daily percentage of annual daytime hours
T= Mean daily temperature

The mean temperature for Dhaka city has been estimated through averaging monthly maximum and
minimum temperature and the mean temperatas 26.08 CT.o determine the valuef p (Mean

daily percentage of daytimg) he val ue of | atitude is necédssary
N, p has beemrstimated as 0.27.

Now, from equation (ii),

Pe=p(0.46T+8) Where, p= ®7%
=0.27(0.46%x26.06+8) T= 26.06¢eC
=5.40

a 5.40 mm/ day
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Putting the value dP.into the equation (i),

Re= P-Pe-U Where, P= 2666 mm/year
= 26665.401333 Pe= 5.40 mm/day
=1327.6 mm U= 1333 mm/year

=1.327 m/year
a4 1.33 m/year

The finding shows that potential groundwaterheege for Dhaka city is 1.33 m/while the
groundwater depletion rate is 2.81 meter per year. Therefore, despite sufficient amount of rainfall
Dhaka city experiences 1.48 m/y groundwater recharge deficit every ipeaeasingrate of
urbanization and deeasing surface water boddl worsenthe situation.

6. FUTURE WATER DEMAND AND SUPPLY OF DHAKA CITY

Social weltbeing, economic development and environmental quality are dependent on water
resources and a meager change can largely affect the developoergsp Besides management
efficiencies, water supply in developing countriesalso suffering from climate change through
disrupting hydrological cycle in the form of increased flood in wet season and drought in dry season.
Climate change has twiold impacts: supphside and demanside pressure. The supgdide
pressures include reducing or increasing the amount of water associated with environmental
degradation. On the other hand, demaitd pressures include urbanization leading to increased
water denand for domestic, industrighgricultural (irrigation), and environmental demands (Arnell,
1999).

With rapid urbanization, the paved area of Dhaka city is increasing without following any regulated
and structured trendffectingthe percolation of rwoff into the subsurface water. In addition, paved
area increases the total raff, which also affects the drainage system. In many parts of the city, the
condition of the main aquifer has changed from confined to an unconfined condition. Such change in
the hydrodynamic condition can make the aquifer vulnerable to possible groundwater contamination.
Moreover, groundwater reserve will decrease that results into producsisraihd contribute tthe
increasinggap between demand and supply.

To understand futre water demand and supply status in Dhaka city, the study has attempted to draw
three scenarios based on existing situation and future roadmap. The second and third scenario also
considered Unaccourddor Water (UFW) and Downtimedssor Machine Loss (€).

6.1. Scenario 1(Obscure)

Based on empirical data on demand and supply, considering 2010 as status quo in water production, a
projection (Figure2) has been made which illustrates that by the year 2050 the supply gap would be
2451 MLD if current supply doesot increase. The supply gap implies that 16 million people of
Dhaka city will suffer from acute water crisis in 205fhless the production increases
comprehensively.
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Figure 2: Demand and Supply Scenario Up To 2050 Considering Supply of 2010 as Maximum
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6.2. Scenario 2(Enigma)

To addresgshe increasing pace of present and future dem@@ASA has takena number of
initiatives. Even though many of those initiatives are stithatplanning stage, the second phase of
Saidabad Surface Water Treatment Plant will be completed by 2012 with supplying capacity of
additional 225 MLD. Moreover, several other projects are under consideration to kdesen
dependency on groundwater and enleahe surface water extraction. The current study has made
another projection for 2050 based DWASA future roadmap. Taking into accouhe Unaccounted

for Water (UFW) or system loss as percentfrom production to endiser level the projection
shows hat in spite of huge investment plan in water productidVASA will not be able to meet
future demands without reducing UFW to 15 percent orffess thecurrentpercentage a31.68.
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Box- Three System Loss or Unaccounted For Water (UFW)

System los comprises of wastage and illegal connection for which the supply cannot att
100 percent During field survey, it was observed that somkndownersmaintain duel
connection illegally and sell water to the poorest people at a high rate. They wallecfrom
the mainline without permission or in contract wttie corrupted person of the supply author
During the financial year 2082003, almost 5percentsystem loss was accounted that indisé
very poor management scenario. The situation heen Hluctuating but nevetome to an
admissible limit. Present Government has ta&dew initiatives to lessen system loss in wa
supply With this and bythe increasing effortof the DWASA officials, the system loss i
gradually decreasing.

Figure 3: System Loss in Different Financial Year
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During the FY 2002201Q the system loss was accounted for 3%@dcentwhile in FY 2010
2011 the UFW goes down to 31.p8rcent(Figure3). It is an indication that if Goveament and
authority show their willingness to improve managemém situation becomes well off.
addition, awareness campaign regarding misuse of water also contribthliesotwering down
of the system loss.
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Table 3: Water Production Road Map to Meet Future Demand

Year

Total water requirement 2012 2015 2020 2025 2030 2035 2040 2045 2050
Total userend demand (MLD) 2179 2474 2769 3064 3359 3654 3949 4244 4539
UFW (%) 30% 30% 30% 30% 30% 30% 30% 30% 30%

GW (MLD) 2088 2088 2088 2088 2088 2088 2088 2088 2088
Sayedabad SWTP | (MLD) 225 225 225 225 225 225 225 225 225
Sayedabad SWTP Il (MLD) 225 225 225 225 225 225 225 225 225
SWTP Il (Khilkhet) (MLD) 500 500 500 500 500 500 500 500
SWTP IV (Padma) (MLD) 500 500 500 500 500 500 500
SWTP V (Sayedabad) (MLD) 500 500 500 500 500 500
SWTP VI (MLD) 500 500 500 500 500
SWTP VIl (MLD) 500 500 500 500 500

Total production capacity (MLD) 2538 3038 3538 4038 5038 5038 5038 5038 5038

Total userend gap (30% UFW)  -402.4 -347.4 -292.4 -237.4 +167.60 -127.4 -422.4 -717.4 -1012.4
(Total pioduction30% UFW
Total userend demand)

Source:Authorsdcalculation based on DWASA, 2011
6.3. Scenario 3(Utopia)

The third scenario is a mixture of ambition and reality. This scenarioishagedln DWASAG6s f
production roadmap and perceives that DWASA has improved their management system so that they
have been able t@duceUFW or system losap to 10 percent from current 31.&rcent However,

due to power shortage, downiagter tablepumpoverhauling timethe pump cannot operate to its

full capacity. The scenario, thereforge,considered 1@ercentdowntime or loss of production (Cs).

The groundwatetable is declining at a rate of 2.81 m /y, the udpepi Tila aquifer has reachdts

limit, and it is likely that 223 numdrs of DTW will need to replacas the existing ones will go out of
service by the year 2013 becausethoé falling of groundwatertable. Under the scenario, it is
assumed that DWASA will be able to fulfil Dhaka¢ y 6 s wat er d doymamtdiningy 20
increased trend ofrpduction status and managemsgstem DWASA supply will supersede the
demand in 2022. However, unless new treatment plargerected or come into operation in
response to increased dewdastarting at 2040, DWASA will experienc®4.3 MLD (Figure 4)

supply deficit by 2050 even in this highambitious scenario.
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Figure 4: Demand and Supply Scenario Considering 10% Productiohoss(Cs) and 10% UFW
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7. CHALLENGES REGARDING ACCESS TO WATER

Challenges regarding water vary from area to area andthgtichanging soci@conomic status.
Thereis variation of water consumption rat@e differentregiors. The DWASAdemand projection
taking into account the wateonsumption at a rate of 150 I/p/d wher#asinternationally accpected
standard is 110 I/p/d. DWAS produced few scenarios to fulfiluture demands considering water
demand as 140 |/p/d for residential consuemrs in 2010 with provision of reducingdestand to

110 I/p/d by 2025 through incresaing water use efficiency. On the other hand, for slum dwellers
current water demand has been protecte2bdfp/d with the aim of incasing the amount to 50 I/p/d

by 2050. Poor people, mostly living in sluneas,areneglected both alemand and supply side as
well as more deprived of having access to potable water. In addition to existing inequality,
unplanned rapid urbanization, climate change, and over extractiogroohdwatermake the
inhabitants magvulnerable to access safe water.

To maintain daily life, a substantial amount of water is required. At least 50 I/p/d of water
considered as basic water requirement as suggested by @GlackWRA (1996). During field
survey, questionwere asked to theity dwellers regarding water availability based on basic water
requirement. The study findsut that one third of the respondents receive less than 40 I/p/d and
somehow they manage their daily activities with this minimum amount of water. On the ottler han
31.5 percentrespondentsadjusted their daily activities with minimum &0 |/p/d, but amog
thempnly 8.6 percentreceivesthe required amount. Those who desired to get water supply of more
than 60 I/p/dcan get access to such amount by onlypgrcent. On an average, 42r@&rcentof the
respondents can receive basic requirement of 50 |/p/dtlendest 57.2 percent respondents are
suffering from water scarcity despit@vingpiped connection.
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CaseOne

Halima Khatun, age 38, a midellecome homenier lives as a tenant in Mirpur sectir She has
been living in this area fathe last 8 years with her husband and two sons. She explaine
misery regardingvater despite havingaccess tdhe piped water connectionShe facecho such
problens even five yearsago untillast summer. Landowner controls water supply to accommc
theincreasing demand with limited water asdpplieswater to thetenants two times in a dafpr
an hour gerytime. This is terrible for her to manage the household wailts limited water in a
specific time binding. She receives water at a rate of 45 |I/p/d while she needs at least 6Q
fulfill the dailyrequirement. She hastobuyativa t er wat er bottl e d
drinking water demand at astoof 25 BDT (Bangladeshi Taka). She pays 400 BDT per mon
the landowner for supplied water. Including bottled drinking water, her watds nearlyl200
BDT, whichis six percentof her total family income. Despite huge watelatedcost, the quality
has been far from satisfactorgometimes shis supplied withwater ofobnoxious quality. Mrs
Khatun argued that illegal connection, poor management and less production coimpiEimand
are responsible for water crisis.

Figure 5: Water Requirement and Demand Fulfill of the Respondents

Water Demand and Supply by Water
Requirement

40
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40 1/pid 41-501/pid 51-601/pfd  AbovesOlip/d

Source: Field Survey, 2011

Most of the poor people do not have direct piped conneciioce shey are living in slums.
Households with no water connection have to spend more time and money to collect water.

Table 4: Water Connection and Distance from House

Connection type % of connection Distance from house
<20m 20-40m >40m

Piped 68.57 0 0 0

Standpipe 31.43 14.3 8.6 11.5

Source: Field Survey, 2011

The study reveals that 31.4#rcenthouseholds in Dhaka citgio not have access tbe piped
connection and they have to rely on standpipe connection or other sources to fulfithitiienum
water demand. Peopleho collect water from standpipe, have to wait in long queue but madisé of
times they fail to collectthe required amount of water. In case of water collection distance, 11.5
percentpeoplewere identifiedwho have to travel 40 megor more to collect drinking watdi able
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4). Such water collectioconsumes oné threehours ofa day that lessarthe duration of other
income generating activities. Moreover, inadequate amount of water does not allow them to
accomplisthousehold activities in a hygienic manner.

Figure 6: Water Collection Responsibility

Responsible person to collect water (%)

 No need to collect water
® Housewife
Children

Source: Field Survey, 2011

Nevertheless,dmemakes (20.1percent and childrer(14.3percent those who do not have access to

the piped waterare primarily responsible for collecting water for drinking and household purposes
(Figure 6). During field survey, women and childrevere asked about their expence regarding
watercollectiontime and they burst into angethile replyingand said that this is an extra burden for
them to collect water besides managing the family or school or play. They further added that waiting
in a long queue under the hot weat condition is hazaodisfor them. Howard and Bartram (2003)

found a strong correlation between health risk and water consumption pattern. They showed that very
poor or no access to water possesses very high level of health risk both from collection and
consumption point of view (Tab.

Table 5: Correlation betweenWater Access and Health

Service level Access measure Needs met Level of health
concern
No access (quantity More than 1000m or 30 Consumptiori cannot be assured Very high
collected often minutes total collection tiem | Hygienei not possible (unless
below 5 I/c/d) practiced at source)
Basic access Between 100 and 1000m or| Consumptiori should be assured High
(average quantity to 30 minutes total collection Hygienei hand washing and basic
unlikely to exceed 20 time food hygiene possible; laundry/
I/c/d) bathing difficult to assure unless
carried out at source
Intermediate access Water delivered through ong Consumptiori assured Low
(average quantity tap on plot (or within 200m | Hygienei all basic personal and foo
about 50 l/c/d) or 5 minutes tail collection | hygiene assured; laundry and bathi
time should also be assured
Optimal access Water supplied through Consumpioni all needs met Very low
(average quantity multiple taps continuously | Hygienei all needs should be met
100 l/c/d and
above)

Source: Howard and Bartram, 2003
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7.1. Inequality in Access to Water

More than 35percentof the population of Dhaka city livesn slum areas who are deprived of
adequate water supply. Moreovpoor people have to pay more ththat ofmiddle-income or high

income group peoplein orderto get access to potable water. The study fiodsthat a poor
household (whose total household income is less than 10000 BDT) has to spend 500 BDT monthly
for 301/p/d whereasa middleincome or highincomegroupfamily (whose total household income is

more than 10000 BDT) has to pay 400 BDT/month for water supply -®04i5p/d or moreThis
inequality in both expense and access to watds anextra pressurerothe poor to impede spending
money f or c hi lodetacacessso healthcareafdcilitimsmake household assetnd to
improve their socieeconomic status as a whole.

CaseTwo

Abdul Zobbar, age of 45, a daily laborer lives in slum in Bash&le has to go for wor
early in the morning and coméate at night. Bythe whole day &ard work, hds able to
earn 4500 taka penonthout of which he has to spend 1200 taka for house rent. H
two sons and three daughters. Two sons are engagecbme generating activitieshile
one of his daughterd 3 years ofage,is engaged as house cleaner. She wakes up b
sunrise to collect water by waitirig a long queue for at least one and half an hour.
collects two jars (10 liter each at a ratefive takg of water thatshe usess drinking
water. For bathing and washing, they used to go to the nearby highly psllutadewater
bodies(pond of industrialwastematerials Mo st of ten, Mr . Z
suffers from water borne skases like diardea and scabies. However, he had to rely
traditional healerKobiraj) due to his inability to beahe regular medical expenses. M
Zobbarblameshis economic condition for suctufferings andegrets for a pipedvater
connection.

7.2.  Quality of Supplied Water by DWASA

Contamination of drinking water with humé#aecalorganisms is a common phenomenon throughout
the South Asia. Dumping of industrial and household wassteerialsto open sources is aggravating

the situation. Moreover, miobiological contamination is deteriorating the surfaegerquality that
eventually reduces the cognitive development of children, lessens educational achievement,
declination in economic growthnd increasethe childhood deaths. In addition, contantio@ of
groundwater through the exposure of high level of arsenic reduces child survival and cognitive
impairment, increasecardiovascular diseases and cancer. Therefore, quality of supplied water is a
matter of great concern.

DWASA relies on both grounénd surface water for maintaining water supply in Dhaka city.
Groundwater qualitys generally examined during the installation of a new pumpamdmonthly
basis.Sometimes, howeveemergency tesimay be carri ed out I n case
DWASA claims that supplied groundwater is pure and does not contain heavy metal but due to illegal
connection leakage, contaminatioannot be cast out of probabilityMoreover, the water quality
maybedeterioratd for storing water for a long time arficom unclean overhead tanks.
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Table 6 Quality of Water Served by DWASA

Parameters Standard quality prescribed Deep Tube Well Water Reservoir at
by WHO consumer level

Color (Pt./Co. Unit) 15 4 20
Turbidity (N.T.U) 5-10 1.17 8.28

p" 6.5-8.5 6.7 7.06

TDS (mg/L) 1000 117 231
Conductivity (uS/cm)  memememeee 233 461
Ammonia-N (mg/L) 0.51.5 0.001 7.615

Source: Microbiology and Chemical Department of DWASA, 2011

Apparently, different parameters of DWASA supplied groundwater are under permissible limit.
Howewer, water quality in reservoir has been deteriorated due to irregular clearance or intrusion of
waste in the pipelines (Tab&. On the other hand, four SWTPs are in operation to purify the river
water in Dhakecity. Nevertheless, the rivesurrounding he city, are so polluted that three times
chlorination and excess use of Aluminum Sulphe;$8&)) cannotpurify themproperly Consumers
alleged that the supply water smells bad due to excessive chlorination and presence of Ammonia.
Even though presencd beavy metal in DWASA supplied water is still under admissible lithi,
National Drinking Water Quality Survey 2009 showed that about 40 percent drinking water €ontain
more than one milligram of iron per liter and 35 percent contaimilliggrams mangnese per liter

which may affecboth the humaraste and health (BBS, MICS and UNICEF, 2011).

Despite dominance of uncontaminated groundwater in DWASA water supply system, teadiser
water quality exceeds WHO drinking water admissible limit due to pmintenance. The current
study finds that 22.86 percent city dwellers could not use the DWg\Alyfor drinking due to bad
smell and rely on dubious quality bottled or jar wat&hout twothirds (66 percen} of the
respondents rely on supplied wateorir DWASA (Figure 7) To remove micrebecteria and bad
smell they have to boil the water at least for lamhour. Among them, at least p@rcentuse water
filter as wellto ensure maximum safety. Those who rely on N®Oother sources (3$¢ercen} for
drinking water are mainly resides of slum and squatting households. They never boil or filter their
drinking water. To havéhe minimum access to drinking watehey haveto maintain a long queue
for minimum anhour to maximum three hours.

Figure 7: Souces of Drinking Water and Other Household Reasons in Dhaka City

Sources of dl‘il‘lkil‘lg water Sources of water for other HH reasons
EDWASA B Pond

® Boiling of
DWASA
supplied water

B NGO and other
sources

Source: Field Survey 2011
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In the case of water for other household purposes, the scenario is almost identichfthSo(80
percent) of the respondents directly rely on DWASA suppater system for other household
activities. Rest of the respondents (20 pencehb have no such supply opportuntiyanintain their
household activities by exploiting pond water or any other open water hasli®scheven though
those water bodies an®t safeguarding their health condition properly (FigQre

7.3. Water Related Diseases

There are several transmission routes to spread out water related diseaseswé&iestlyorn route
where water brings the pathogens to become infected (e.g.odiasttlysenteries). Secondlyater-
washed route spreasl diseases because tife failure of carrying the pathogens away like skin
diseases. Thirdlywater-basedtransmission where pathogens spend part of their life cycle in aquatic
animals and finallywater-related insect vectorswhere diseases spread by insects that breed in or
bite near water like mosquitdjellén and McGranahan, 1997). In Dhaka city, poor people are
compelled to drink untreateslipplied waterConsequentlythey face immense health burdetth

the highest percentagé water borne diseases like vomiting and dieedn (30percen}, skin diseases
(24.3 percen), weakness (24.percent and Hepatitis B (21.4¢ercent. Middle or higher income
group families seek medical facilities from privgbeactitioners (65.percen} while poor peoplare
used to go to the traditional hea€20 percenf) due to insufficient moey allocation and low literacy
which makethem more vulnerable to health hazs(féield Survey, 2011).

7.4. Public Pipe to Private JarThe Growing Water Business

One of the most important and controversial trends in the global water arena is the accelerating
transfer of the production, distribution and management of water services from public entities into
private hands (Morison and &tk, 2004). In many countries, private companies are inspired to take
over the supply chain management of public water supply through policy provision. In addition, due

to unreliable water supply and poor management by public entities, this trend &singrat an
alarming rate. Bangladesh draft water act 2010 encourages private sector to invest and control water
resources through buying concession from govVe
ensure equitable access to water. Interestingtgrnational development agencies also put emphasis

on privatization or sometimes force government
inefficient management in water supply.

To fulfill the daily water requirement from reliable source, efggency on private sector is increasing
day by day. Most of the people in Dhaka city buy filtered or bottled water though they are not well
aware of the quality of this water. There is a common perception of city dwejEdnreg DWASA
supplied watethatit is full of micro-bacterial organisms and contaminated with different chemical
and biobgical contaminant. Even thoughimost 87percentof the supplied water of DWASAs
retrieved fromgroundwater thats safe from microorganisms and heavy metal coimation it is

likely that the supplied water might be contaminated dubdteakagen pipelinesandreservois. In

reality, poor management, irregular monitoring, and inadequate supply make people rely on privately
owned water supply. In addition to tled and filtered water business, there is another business of
water filteing. The study finds that a retailer sells on an average 20 water filter per day of worth
60000 to 70000 BDT.

During household survey, was found that almost onthird (33 percent) of the respondents filter
their boiled water for maximum safety. Moreover, electronic and print nsuiev a tendency of
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highlighting the useof such filter and bottled water to lessen health risk. There are 40 authorized
including many unauthorized W& vendorswho are supplying jar water to the city dwellers. It is

highly unlikely to find any hotel, restaurant, café and offidech uses DWASA water fordrinking

rather than depenthg on such private water vendors. To catch benefit stream of growatgr w
business, DWASA also started marketing bottled water (Shanty) for consumers, eventheyugh

failed to ensure supplying quality water to its consumer. In such a condition, a qaes#m the

minds of peoplethatif they can ensure the purificah and safetyf bottledwater whycan not they

do it for the supplied waterThe answers from respondents reflect the reality of privatization. Most

of the cases, vendors who supply O6jard6 water |
water. They filedupthe6 j ar 6 wi t h WASA supply water and sel

7.5. Role of Donors

Many projects and initiatives have been taken so far to impte/iving conditionsof Dhaka city
dwellerswhere water quality and accesgnain as Ktical issues Deficiencies in water supply and
sanitation services have resulted in higher costs for businesses, slower urban economic growth, and
create social unrest.Being aleast developedctountry, Bangladesh faces immense problems in
implementing deelopment plans and thule major nvestments for different sectomare donor
supportedwhere Dhaka water supply and sanitation is one of the major domensectors.

Most of the donor financed projedsetargeted towards improving supply system ammhagement

of DWASA for better service delivery through Techniéasistance (A), Grants and Loan®oth
bilateral and multilateral donors are involved in water sector developeatDanish International
Development Assistance (Danida) and the Swethstrnational Development Agency (Sida) are
consideringhefundingto increasdhe intake and doubling the capacity of the existing surface water
treatment plant (SWTP) at Saidabadd minimizing system lossThe WorldBank has initiated to
assistDWASA in (i) wastewater management, (ii) storm water drainage, (iii) water supply and
sanitation serviceto low-income communities, (ivsocal and environmental safeguardsd (v)
DWASA performance improvement plaMoreover, World Bank has been maintaining lase
coordinationwith Asian Development BanlADB) to provide water supply and sanitation services to
low-income group communities and to improve the performance of DWASA. ARB modly
provides technical assistandes long-term solutions to augment vea supplies through preparing a
master plan to provide 24/7 supply to all zones of Dhakat@adhane public-private partnerships

to ensure the sustainability of the planned interventions. In addition, the organization provided TA
(2005) to the Peopld Republic of Bangladesh forgparing the Dhaka Water Supply Project that
aimed to (i) the master planning of Dhaka water supply including the feasibility of new water
sources; (i) advance action on detailed designs for tube well rehabilitation andutcsir
improvement; and (iii) the institutional development of DWASAwthermore, ADB is providing
loans and grants over the year to make the water supply scemaeocaccessiblelhe Department

for International Development (DFID) has shown their iat#rto work with DWASAfor slum
improvements or institutional development. The Government of Japan is actively supporting
Chittagong WASA and has expressed its willingness to assist DVWASiksh depends orthe water

aut horityds satingfactory capacity buil di

Besides bilateral institutional donprsome Non Govemental Organizations (NGOs) aadso

involved in watersector;however their intervention mostly concentrated on supply end, particularly
focusing poor peopl eVdaterAid,can stersational NGOhag establishedra t e r
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some water point in slum areas of Dhaka with their partner organization Dustha Shastha Kendra
(DSK) to provide potable wateorfthe slum dwellers.

However, nstitutional donors like World 8 n k a n d supp®tBrihe water sector is highly
criticized for their conditionality on privatization. In solution to current water crisis, they are
continuously creating pressure on government to privatieeservicesector thawill significantly

limit the potential technolical choies and the room for user chargb®reover, the tariff will go
high which may create another artificial wasénesscondition for the poor.
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Box-Four: Deadweight Loss

In economics, a deadweight loss (also known as excess burden or allaweffiegency) is a loss of economic efficiency th
can occur when equilibrium for a good or service is
marginal benefit than marginal cost are not buying the product or people whmbevenarginal cost than marginal benefit
buying the product. Deadweight loss can be beneficial where is a negative externalityhereit can k& considered &
deadweight gaims it would help thoseho were being hurt by the negative externality.

To estimate the deadweight loss, there should have two different markets i.e., a perfect competitive and a monopg
DWASA does not adior maintaining the principle monopolistic market rather their fundamental assertion is to maximize
welfare On the other hand, private vendors supply only drinking water at a high price. Providing the total water faciliti¢
city dwellers may not be possible for a private farm as the diseconomies of scale in the production process mighttheg
Average Total Cost (ATC) from statevned industry like WASA. For that reason, to estimate the deadweight loss, this
has drawn two examples. The first example considered the supply deficit by DWASA and the second one considered
2.15percenbof total supply as drinking water. In addition, to make supplied WASA vpatietble fuel cost and fixed costs alg
considered.

Table 7: Deadweiglt Loss in Drinking Water Supply

ScenaricOne:
Total supply deficit by DWASA is 212 MLD. Let us asse that his amount of wateprovided by private sector. |
this circumstances, total revenue:

WASA Private Sector
Price for 1000 liter= 23.565 BDT In case of Jar water:
So, price for 212 MLD= 4.9957 million BDT Price for 20 liter= 60 BDT
a5 million BDT Price or 212 M D= 636 million
BDT

If DWASA would be able to minimize the supply deficthe ci ty dwel |l ersd water
million BDT per day, but now they have to spend 636 million BDT each day to fulfill their wareartd other tha
DWASA supply.

ScenaricTwo:

In Dhaka city, considering an average consumption pattern of 3 I/p/d for drinking purpose, evagerddfor this
caegory require®.15 percent of supplied water i.e., 44.892 or 45 MLD. It is hardly possible to find a per
Dhaka city who drink supplied water directly without baig it and in most cases they use bottled or jar w
collected from privag water endors at high price.

WASA Private Sector

Price for 45 MLD considering fuel and fixed costs: In case of Bottled water

Price for 1000 liter= 23.565 BDT Price for 1 liter= 15 BDT

So, price for 45 MLD= 1.06 million BDT Price for 45 MLD= 15*45= 675 million BDT
In addition, In case of Jar water

Fuel cost to boil 40 liter of water= 20 BDT
So, fuel cost to boil 45 MLDf water= 22.50 million BDT Price for 20 liter= 60 BDT

Price for 45 MLD=135 millon BDT
Furthermore,

Fixed cost (cost of filter and its maintenance) for 40 litel
water= 25 BDT

So, fixed costs for 45 MLD= 28.13 million BDT

Cumulatively,
Total cost= (1.06+22.50+28.13) million BDT =51.69 milli¢
BDT

In caseof bottled water (Shanty)
Cost of 1 liter= 12 BDT
So, cost of 45 MLD= 54 million BDT
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The second example implies that due to lack of quality drinking water supipdka city dwellers have to spend 6
million or 135 million BDT each dafor bottled or jar water respectivety fulfill drinking water demand. On th
other hand, to mee the supplied water potablihey have to spend additional 50.63 million BDT for boiling 3
filtering other than DWASA revenue 1.06 million BDT. In case of DWASA supplied bottled water, city dw
would have to spend 540 million BDE&yen though DWAA has failed to maintain adequate supply of quality wg
The whole scenario reflects a poor management an

8. CONCLUSIONS AND RECOMMENDATIONS

Access to safe water is critical to econosras well asecoystems and a scarcity of safe water can
directly affectthe long-term prospects for sustainable development. Without an adequate water
supply, living organisms may die; factories depegdon water may have tbe closel down
temporarily; crop yields may dkne; workers may be unproductive; fisheries rhaylestroyd

The present water supply Dhaka city is heavily dependent gnoundwater thasignals a murky
future with acute water crisis. Though the WASA has already started to shift its presemvater
based production system to surface water productimnshift demands huge investment and time.
Moreover, the status of peripheral rivers of Dhaka cithighly degraded and a major portion is
under illegal encroachmenthat is why it is highly udikely to fulfill the future demand jusby
relying on these sources. Considerthg presentcrisis and future demand, it legh time to seek
additional sources.

Majority of the Dhaka city dwellers (74.2@ercent believe thatthe current water supply
management systemill not be able to fulfill their demand. Water scarcity during sunseason has
been regardeds thematter of immensesufferings by 42.8ercentrespondents. They argued that
power shortage coupled with water scarcity aggravate théfiermgs. On the other hand, 14.28
percentrespondentsdentified the illegalconnection as primary cause of inadequate water supply
(Figure8).

Fi

gure 8: Causes of Insufficient Water SupplyCi t y Dwel |l er 36 Point of

Causes of insufficient demand fulfillment

o

® Surface water scarcity

mIllegal connection

Water becomes insufficient during
summer

® Dirty and ill-smelling water

Load shedding or power shortage

Source: Field Survey, 2011

Whatcouldbe the solutions of this overwhelming water crisis? In response to the queséahird

(34 percen} of respondents emphasized on raising awareness atinecgmmon mass as well as
DWASA personnel to reduce the misuse of water. To eliminateadultill smelling, 23percent
respondents demand technologically improved water treatment plant. On the other hand, a significant
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proportion (17 percent of the respondents opined that efficient human resources and seeking
alternative sources of water midhtfill thedemandFigure9).

Figure9: Sol uti on to the Water Crisis from Cit)\

Probable solution

Establishment of water
treatment plant
23%

Source: Field Survey, 2011

Furthermore, some other recommendations to improve the water supply system of Dhaka bgy may
listedas follows:

1.
2.

Implementation of right based approach in water production and supply.

Devise and implement preoor water policiedy taking climate change, future urban growth,
consumeis water demand and prefereme® consideration.

Creation of an effective regulatory bottyensurgroper use of watetp consideic u st o mer 06 ¢
objections, ando penaize the illegalconnection

Prepaid billing system in order to lessen revenue lossaimtrease the accessibilitg the

poor.

Regular maintenance of overhead and service tanks in order to supply chdaa peatter
Surrounding rivers i.e. Buriganga, Shitalakkhya, Turag, Balu etc. and canals inside the Dhaka
city should be kept free from pollution and illegal occupation

Rainwater harvesting shouluk introducel at a massive scale to ensure supply of dngk

water to the households who still have no piped connection.

Private investment shoulte regulatel in such a way thatwould enhancethe capacity
building of governmentinstitutiors and in such a manner that people should rely only on
supplied water anaffordable cost

Sense of ownership is cructal manage water supply sustainalAgtive paticipation of key
stakeholders i.eofficials, representatives, individuals, community people etc. should be
ensured at all levels of planningmplementationyegulation,monitoring, and evaluation of
water supply scenario.

10. Sewerage treatment system should be more efficient so that effluents do not pollute their

destination.

11.New technologies shoulde incorporaté to improve the quality and efficiency of sack

water treatment plants (SWTPs).

12.Proper awareness campaign through print and electronic media should be carried out

inform and to awarg e opl e r egar di n gthedadudigrhof thetnosussvaft er 6
water.
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