oul PART Bl WATER QUPPLY

A5.3 OBJECTIVES OF WATER SUPPLY

The brosd objectives underlying any water supply system are to :
e supply water in adequate quantity,

* supply safe and wholesome water to the consumers;

e make water easily available to consumers.

To supply water in adequate quantity means that the water supplied to the Community
should meet all the requirements for water and be available when required, Water is
ssfe when it does not cause any harm upon consumption. Wholesome water js unpol-
luted, significantly free from toxic substances as well as excessive amounts of min-
eral and organic matters that may impair its quality. The water should comply with
the requirements of water quality standards developed on the basis of knowledge of
harmful effects of the impurities present in water. The third objective means that the
water is accessible and within easy reach of the consumers so as to encourage the use
of adequate water for personal and household cleanliness.

/I+5.4 ELEMENTS OF WATER SUPPLY

The essential elements of a water supply are:
» source of supply,
" » collection system,
s reatment, and
¢ distribution system.
The elements of a surface water-based water supply system are shown in Figure 15.1.
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Figure 15.1 Essential é.lgigggzits of a surface water based water supply system

gpurces of Supply BB B v § ]
All fresh waters on earth come in the form of precipitation ei{dboratcd,mainly~ﬁ; :; 1
oceans, seas and other surface water sources. A part of this precipitated water flOtW ¥
surface water and remains trapped in depressed areas and another part enters in glam
earth to form groundwater, Therefore, surface water and groundwater are the 1< |
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qurces of water for water supply. Rainwater, being relatively free from contamina-
on, can b¢ good source of water supply. The main considerations for the selection
fa source of water supp_lv are:

quaﬂtll)’s

quality and
‘ cost. !
The quantity of water available at all times of the year should meet all the requirements
of the community and the quality of water at the source should be such that the require-
qent for treatment is minimum. The cost involved in development, operation and main-
enance of the water supply system should be reasonably affordable to the consumers.

(zmlection system

The collection systemn is dependent on the source of the water supply. An intake with
pumping facilities is required if the water 1s to be collected from a surface waef
source. Dug wells or tubewells are common collection devices for groundwater, while
a permanent roof or an uncontaminated ground surface is needed for collection of
anwater for water supply. ~ ‘ '

Treatment

Natural waters usually contain impurities which require treatment to make the water
sitable for domestic water supplies. The type and degree of treatment required is de-
pendent on the quality of water. In case of most surface waters, the treatment processes
hay involve removal of turbiditv. color, taste and odour, and removal and destruction of
pathogenic (disease producing) micro-orgamsms.Groundwaters are relatively free from
disease-producing bacteria but rich in mineral substances and may require removal of
on, hardness, arsenic, fluoride etc. If the dissolved minerals in groundwatess are within_
“oeptahle Jimits, the water may be supplied without any treatment. The most common
methods used for treatment include screening, sedimentation, aeration, treatment wilh

themicals, filtration, demineralization and disinfection.

| _mStribution system , e '
Adistribution system is needed to deliver water to individval consumers. j['he_piped
Yater supplies require distribution networks of pipes with storage reservoirs, purnp-

g devices, standposts, valves, and other appurtenances. In unpiped water supplies,
® S0urces of water are o be distributed to make them easily accessible to.the con-
| ally operated tubewells does not te-

-IS. The rural wate lv based on manu Al

/qyue.a distribution net\[\.fcfurkp Eut_ihe mbewells are required to be distributed over the
in Such a way that the distances from the households are_reasonable and each
Well serves an optimum number of households. In the-location of community .

e Eatment plants, accessibilty and distances from the commnity ate equired (©

- “€ninto consideration. PR e e e
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SOURCES OF
WATER

Introduction/Hydrological Cycle/Surface water/Groundwater/
Groundwater in Bangladesh/ Rainwater

16.1 INTRODUCTION

 Water exists in solid, liquid and gaseous forms. Oceans and seas are the main sources
of water on earth, but this water is salty. The fresh liquid water sources on land sur-
 faces and in the ground constitute only about 1% of the total water on earth. These
 fresh water sources have been formed by condensation of water evaporated mainly
from the oceans and seas. The main sources of water in Bangladesh are surface waters
nrivers, reservoirs, lakes, canals and ponds, and groundwater in shallow and deep
4uifers. The rainwater is an alternative source of water, and has good potential for

Water supply in Bangladesh. |

62 HYDROLOGICAL CYCLE

Hyd“"ogical cycle refers to the éirculation of water in its liquid, vapor or solid states
m oceans g air, air to land, over land surfaces or underground, and back to the

"%ans as shown in Figure 16.1.

eEvvaPoration' takes place from the surface of oceans, sas and open water bodies and
~ OS":“Splration from plant surfaces, resulting in the transfer of water vapour 1‘° t(‘i‘:
i Pere. Under certain conditions this water V?POU[CQDdQDSCS;‘w fm.m Cl ouds,
gy, TS; bsequently release water as precipitation in the form of rain, hail, sleet O
® Moisture-laden air or clouds transported by winds towards land may cause

A
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precipitation over land surfaces. PfCClpll;llu’n] may also occur 0N e,

seas,. returning some of the water directly to }hcm. A part of the r;:in‘f.(']'n:, ing
carth evaporates with immediate return of moisture to the atmosphere. l? g 1
reaching the ground wets 1t and runs off into surface streams !f,f’.,,mef
discharging into the oceans. Another part infiltrates into the gr('n’mmany
percolates to join existing groundwater and ultimately flows to the Occr[ an
water accumulated as snow and ice on hills and mountains ajgq me]mdnﬂ The
surface and groundwaters. Evaporation returns some of the water froy, o joiy
surfaces to the atmosphere while plants extract some of the water thmuvjﬁt lan
roots and return most of it to the atmosphere through leaves by 4 pro BN thejr

A . Cess ‘
as transpiration. knowy

Most of the water available on earth is saline and found in oceans a
amount of fresh water is less than 3%, about two-thirds of which is
caps and glaciers. Less than 1% of the world’s water stock is found i r

and surface water sources. Most of the liquid fresh water, amount?nOund
8,000,000 km™ is in groundwater storage, of which about 6,000,000 kr%)’ g
available within a depth of about 50m below the ground surface. The remalindls
Is available at greater de!)ths. The fresh water contained in surface water sourc:;

amounts to 200,000 km" and the atmosphere contains only about 13,000 kr’ of
fresh water.

nd seas, Ty,

1/ . 4
ranspi
ranspy ration

Mppimed

16.3 SURFACE WATER ' |

BB : | ap cestimd?
In the 'wet season in Bangladesh. ‘Al O e

Surface water is abundant :
l ion VQ,UblC meter,_(MmJ)o__f surface water is dis.chaf_ged,__".‘,,’ﬂ‘:"-gﬁgi

795,000
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prahmaputra - system, rip'thlc downstream of the confluence of the -
@t d the Brahmaputra. This is equivalent to 5.52 m deep water over a
G 5ol 144,000 km’. There are other rivers in Bangladesh discharging
d M ater into the Bay of Bengal. An average annual rainfall of 2.30 m
all y““w country partly replenishes surface water sources. Each year about’
“""‘l'ﬂ.m of Bangladesh is submerged in a normal flood, and the area
“”; qerged may increase (o about two-thirds during severe floods. In the dry
fl.ll\n water scarcity persists in many areas. In this period surface water is only
;‘\fulahlc i part of the 22,155 km g)f major rivers, 1,922 km® major standing
or bodies and about 1,475 km® of ponds in the country. Surface water
mgation systems in the country compete for this available water in the dry

cason.

n Bangladesh, ground and surface water sources are dependent on each other.
Many streams receive a major portion of their flow from groundwater.-
fewhere, water from surface streams is the main source of recharge for
qoundwater. In general, groundwater flows into the surface water sources in the
iy season and surface water enters into ground' during the monsoon. The two
surces of water are interrelated and the use of one usually affects the water
pailable from the other source. In recent years, large-scale use of groundwater
for irrigation purposes has caused a lowering of the groundwater level and

drying up of surface water sources. -

Surface waters are polluted by agricultural, industrial, domestic and fnunicipal‘

' sources. The concentration of silt in turbulent water in the monsoon is high.

ﬁ_imilar]y‘al,g:ae growth in stagnant water bodies in the dry season is also very
igh. People's unsanitary practices have greatly contributed to the deterioration

o the quality of surface water sources. The faecal coliform concentration in_

most surface water sources lies in the range of 500 ‘to several thousand per 100

1l The rivers and surface water sources around densely populated urban areas

2)" four to ten times more ‘polluted than the similar water sources in the
cl;:"'lfl‘r)ts{de' The use "of surface water for drinking purposes Tequires
fification and disinfection by elaborate and extensive treatment processes.

I}r;tditionally, before and during the early stages of tubewells installation, rura]
r supply was largely based on protected ponds. Sinking of tubewells under

“mmunity “water supply schemes in rural Bangladesh began in 1928. . There are =~

U 1,288,227 ponds ‘in Bangladesh (BBS, 1997) having an area of 0.114 ha
Probp%lld and 21,5 pond per mauza. About 17% of these ponds are derelict and
ably dry up in dry season. The biological quality of water in these ponds. is

i CXt il « . L - §
Sanrif;ndy poor due to unhygienic sanitary practices. and absence of any

'Y protection. Many of these ponds are chemically and bio-chemically

| gnMinated for fish culture. If one pond per mauza could be protected from

lrealanunation, it would provide a source of drinking water with minimal -
. of protected pond-
t-receive. any surface
dwater infiln

basﬂ?"g‘.‘ld.esh has greatly emphasized the developme
Water supply systems. The .frotecte'd ponds should:

“harge and should only be replenished by: rain and grou

of ment and water. for other domestic uses without treatment, The Government -
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7”‘{6.4 GROUNDWATER

Groundwater aquifer etely il
ilable in the saturation zone (pores completely filled wj .
( The water available in the saturation (lcntioned 2Bove. 18 avg bh Water) |
known as groundwater. Groundwater, as m ; ilable i |

quantities in shallow depths and constitutes the r(?\(;stt;ngoélaﬂ.tnsourqe Of fregy
water supply. The soil strata which contain groundwa “t Wi readl_lx yield j
to wells are called aquifers. The impervious formations orfs rata containip
litle groundwater are termed aquicludes. The amount o ~ groundwater which
can be obtained from an arca depends on the characteristics of the U“,deflying
aquifer and the extent and frequency of recharge. An aquifer " pye
interconnected pores filled with water which may be considered as a network of
interconnected pipes through which water flows at a very slow rate. Thege
interconnected pores provide both storage and flow, or conduit functjopg in ap

aquifer7

Storage function: The storage function of an aqui.fer IS related to
important properties known as porosity and specific yield. _The porosity of 3
formation is the percentage of the total volume of the formation, which consists
- of openings or pores. It is therefore an index of the amount of groundwater tha
can be stored in a saturated formation. The yield of a formation is less than that
it can store and is represented by specific yield, defined as the volume of water
released from a unit volume of aquifer materials when allowed to drain freely or
by gravity. The remaining volume of water, which cannot be removed by
gravity drainage, is held by capillary forces and by other forces of attraction

and is called specific retention. The porosity p, the specific yield p, and specific
retention p, can be correlated by the expression

P=p.tp, (16.1)

An aquifer with a porosity of 0.25 or 25%. and specific yield of 0.15 or 135%
has a specific retention of 0.10 or 109, Such an aquifer, having 1,000 m’ in

volume, can store 250 m’ of water of which only 150 m’ of water can be yielded
by gravity drainage, ’ ' ;

%ondun function: The Property of water related to the‘éonduit function s
nown as permeability. Permeal?lhty is the measure of the capacity of an aquifer

to transmit water, The velocit w : bulent
" . ) -0 -turou
conditions is refated to ¢ y of flow under laminar or non i

auli : : in
equation, known as Darc-yhe slope of the h_ydraullc gradient by ;he fqllqw g

's Law:
e i o e B d e (162
Where V is the g | L th
coeficient, o velocity of flow z.1§ the hydraulic gradient, and K is known as
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o water (ransmitted per unit time through unit area of the aquifer

| ‘\ # ‘
Wn“hﬂ” hvdraulic gradient,

. aquifer. the size of the pores and their continuity are very important
| In-x‘or\ for PCl‘mCﬂb'l“_)’, and capacity of the aquifer for yielding watet. The
o cient of I)Cfmcab'“l)’ depends on the particle size of the aquifer materials

Jistribution and can be correlated with effective size of the particles bY

ess1on:

\\‘C N
an s
(he eXPT

K=CDiy

nstant and D,, is the effective size of the particles of the aquifer.

epresents a particle size corresponding to 10% finer in the
f the aquifer

(16.3)

Where C 15 @ €O

 ffective size TCPres: . ding
aaticle size distribution curve of the aquifer material, 1.e., 10% o

- qaterial i finer than that size.

f flow per unit time O, through a given cross-sectional area 4,
d by multiplying the velocity in equation (16.2) by the area as:

(16.4)

' The quantity O
' may be obtaine

0=AV=KAi

re also be defined as the quantity of
ctional area of aquifer in unit time
rature (usually 60°F). The
f m can be written from

' The coefficient of permeability may therefo
water that will flow through a unit cross-se
ider a hydraulic gradient of unity at a specific tempe
 flow per unit width of the aquifer having a thickness 0

 the equation (16.4) as:

q = Kmi (16.5)

- The product Km in equation (16.5) is termed as coefficient of transmissibility or
gapsm:ssibility T of the aquifer. The coefficient of transmissibility is, therefore, -
by d"led as the rate of flow through a vertical cross-section of an aquifer of unit
Vidth and whose height is the total thickness of the aquifer when the hydraulic

 gadient is unity. The unit of transmissibility is expressed in m'/day.

,g\zz}f:f? may be classified as wafer table and artesian aquifers. A water table
s alsor is one, which is not confined by an upper impermeable layer. Hence, it
Pressu,ca“ed an unconfined_aquifer. Water in this aquifer is under atmospheric
abe, Teh and the upper surface of the zone of saturation 1s.called~ the _water
e Je e water level in a well constructed in a water table aquifer will be at the
°°"fine(\1/e] as the water table. An MIS one m_whlch the water IS
erlyip Unde[ a pressure greater than the atmosphgnc pressure by an
n is'g' relatively impermeable layer. The name artesian owes its orgin to
une 2, the northernmost province of France, where the first deep wells to tap
aquifers were known to have been drilled. These aquifers are also

Sian ."flned‘ or -pressure - aquifers. U . . :
. LA i 1 level above the surface of water beneath

Mining layer because of the p_ressure.crea’ted by the confining layer. The

Unlike water table aquifers, water in
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imaginary surface or level t

. ‘ : Sk
is called pie’:nwcrru‘;vu_rfac<’ or level. it

lEVe] hEts
to as 1
}’drau]ic
ifer ang

o which water will ri;r{ to- wells located thyg,

the aquifer , _ i ”"‘3“'3 (‘jhe_ plezometric
above ground level water will ﬂpw qulonm-llca y an 1.1 is referreq
flowing artestan well. The types of aquifers are shown in Figure 16.2. H
cradient is equivalent to the slope of the water table for water table aqu

slope of the piezometric surface for an artesian aquifer.

. © Watertable )
Piezometric well

Non-flowing level

artesian well Flowing o] B
artesian well T Tk . 3
Discharge /

e et

. ~ e K 3 1 ' R J
B PRI HE NN 29.2 T PP A SV Py Rt B b LI S ST Pt I

i T e NS e+ - ikt e e

Figure 16.2 Types of aquifers

¥4l

Flow towards wells

lin ¥ : :
When the well is at rest, the water level in the well is called the static water level

which coincides with the water table of a water table aquifer and the piezometri©
surface of an artesian aquifer. Pumping the well causes lowering of the p}essure
and induces a flow from all directions into the well due to the difference if
pressure. This lower pressure within the well is also accompanied by a lowef
water level/piezometric level in the aquifer around the wel]. In'a converging flo*
?flwz_;ter in a tbewell, the velocity close to the tubewell is higher than the
“: gic:); c«c’élofdit:llnstancg fron,1 the tubewell because of the higher. area of flow.
ve%ocity The ingc éo Jarcy’s law, the hydraulic gradient varies directly with the
ansincreasine: hvd asing velocity towards the well is therefore accompanie
1SIng yrralullc gradient. The water surface or the piezometric surface
called the conep: | jeolig towards the well and takes the form of an inverted € »
pumping W{i’ﬁﬂd‘he lowest water level in the well is known &
Surfa water level. The difference between the stat; ' the
urtace of the cone of depression s c: T , : Al refore
s called the: drawdown, Drawdown ther m.

increases from. zerg ~ (13 the: g,
= 'M-2ero at the outer limits of the cone of depression to a maxi™
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ell. The radius of influence is the distance from the centre of

(he pumping well. The ta .
i ter limit of the cone of depression,

he well 10 the ou
(

ofined steady flow: Dupits’s formula for the flow into an ordinary well i
. Darcy's law, presented in cquation 16.4. The hydraulics of flow for 4
wconfined aquifer is presented in Figure 10.3.

ynco
“_‘d Ol

(oIl through an uf

pa

Diameter of Circle of Influence = 2R
Ground surface A T

Impervious layer

Figure 16.3 Hydraulics of ﬂow. in a well through unconfined aquifer

g
'Centrzsf)l;mﬁd that the flow of groundwater is horizontal and radial towards the
' the well. The slope of the cone of depression and area of flow at a

- distap,
ce x from the centre of the well is respectively given by:

i=dy |
- E and A= 21txy .

Ubstity: ;

Wting these values in equation (16.4)
? Q= ZKRXy.gX -
dx : L
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dx .
or Q— = 2nKydy (16.6)
X
by integration  Q Logx = nKy’+ C where C'is a constant,

Fory =datx =r, r being the radius of the well and'y =D atx =g p being
the radius of the circle of influence or distance of the outer boundary from the
centre of the well, the equation (16.6) becomes:

_ K(D’ - d%)
loge (%)

Where Q = well discharge, m’/d
K = coefficient of permeability, m/d
D = depth of the aquifer, m
= static head, m
R = radiu$ of circle of influence, m
r = radius of the well, m

Q

(16.7)

The equation 16.7 shows that if the term (D-d) is small as compared to (D+d),
the flow O varies approximately as (D-d) for a well installed in a particular
aquifer. This linear relationship between the rate of flow and drawdown leads to
the definition of specific capacity of a tubewell installed in an aquifer. Specific
capacity of a tubewell, therefore, is the rate of flow per unit drawdown, which
may be expressed as m’/d/m of drawdown. 3

Confined steady flow: The flow condition in an artesian or pressure well has
been illustrated in Figure 16.4.

In an artesian tubewell the drawdown occurs in the piezometric surface and the
depth of flow remains constant and equal to the thickness of the pressure or
artesian aquifer m. In the case of an artesian tubewell:

. _ dy

1= and A=271xm
dx

Substituting the value of i and A in equation (16.4)

Q= 2K1txm(d—y)
dx

or Q9‘7= 2nKmdy | ' (16-8),
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[ o is the thickness of the confined aquifer. Integrating equation (16.8)
A IHLyn e limits x = rfory=d and x =R fory =D
E et
T Km(D —d) 16.9
Q=" "R ka0t

Log
":c r

e nate of flow @ of an artesian well sunk in a confined aquifer is proportional
’3 o the drawdown (D-d).

2R

| Ground surface y  Well of radius, I

Figure 16.4 Hydraulics of flow in a well through confined
(artesian) aquifer

Doy ; s
iy zr(;’l;‘ec: of well; Ipterference between two or more mbewglls occurs when
I ting t0l§ depression overlap. Interference reduces the discharges of the
Herene ubewells, Ideally the tubewells should be spaced enough to avoid
€. Small diameter tubewells installed in fine sand will produce too

e d
i drawy .
fiDWn to cause interference.

T -
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16.5 GROUNDWATER IN BANGLADESH

Importance

Groundwater is the most important source of water supply in Bangladesy,

Except for few hilly regions Bangladesh is entirely underlanc(li by "/atcr’:bcariné
formations at depths varying from zero to 20 m below gfroun surfacg, The 5oi]
is mostly stratified and formed by alluvial deposits of sand and silt, hayip,
occasional lenses of clay. The main constituent of the aqu1fer' materials is the
medium-grained sand deposited at the lower reach by the mighty rivers ¢,
Ganges, the Biahmaputra and the Megna with their tributaries. Groundwater cyp,
be easily abstracted by installation of wells for development of water supply
systems. The water abstracted for various purposes is replenished in the

monsoon.

Physically groundwater is generally clear, colourless with little or no suspended
solids and has a relatively constant temperature. Groundwater is also free from
disease-producing micro-organisms which are normally present in large
numbers in surface waters. The slow filtering action of fine-grained soil through
which the surface water percolates to join the groundwater removes almost all
suspended impurities. Moreover, the lack _ of oxygen aqd nutrients in
groundwater makes it an unfavourable environment for disease-producing
micro-organisms to survive, grow or multiply. On the other hand, being a
universal solvent, water dissolves many of the minerals present in earth’s crust
during its slow travel through the ground. Anaerobic conditions in soils in some
flood plains, and the presence of organic acids and carbon dioxide increase the
solubility of groundwater. As a result, groundwater may contain minerals in
varying concentrations depending on soil conditions.”

In the context of high prevalence of diarrhoeal diseases in  Bangladesh,
groundwater received priority as a source of water supply because it is generally
free from pathogenic micro-organisms. Almost all rural water supplies and most
of urban water supplies are groundwater based. Groundwater collected by
tubewells is fit for consumption. Groundwater abstracted from shallow aquifers
by hand tubewells has received acceptance in rural areas for drinking purposes,
but due to its high iron content, hardness, etc. people do not want to use hand
fubewell water for other domestic purposes like cooking, bathing and washing.
_ The high iron in groundwater makes the cooked food blackish in colour and
produces stains on utensils. The hard water requires more soap-for washing.

Aquifer characteristics

The available geological information and related studies have shown that tv0
types of aquifers exist in Bangladesh. A shallow aquifer which has been termed
main aqugfer’_’ lies within 100 m from the surface with an overlying clay/silt
‘blanket which is less than 2 m thick in the northwest and generally inc
southvyarq to more than 50 m. Other deep aquifers whose water development
potenua_l 1s not known occur at depths between 300 and 2500 m. In the majonty
of alluvial basins, the, thickness of top clay and silt layers varies between 5 an
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o the extreme northwest this layer does not exist and silty to fine sand
" gt the surface, while in the Madhupur and Barind Tracts as well as in
‘ff,i!{;ong District, the thickness of this layer is greater than 35 m.

w aquifer groundwater flows from north to south with localized

the major TIVers. Groundwater gradient varies from 1:1,000 in the
“ west 10 1:1‘3',000 in central_Bangladesh to less than 1:20,000 in the coastal
e rmeabilities of the aquifers are very high and vary from 10 to 200
P, Transmissibilities of the main aquifer range from 100 to 10,000 m’/day
:: ‘an average value of 2,000 m?day. Although the aquifer has high
—psmissibility the horizontal flow of groundwater is very low because of the
4 groundwater gradient. The storage capacity of the aquifer in Bangladesh
- o depth because of the increase in the size of aquifer materials. The
2 d varies from 0.02 to 0.25. The two main aquifers with intermediate

f;r:/‘:]ﬁc )'1 .
meable layers and three main modes of tubewells for water supply are

mpe

Jueated in Figure 16.5.

-
&

-

Jow into

i
b
-

Manually operated Manually operated

Power operated - deep tubewell . shallow tubewell
deep tubewell A 5
' =i =i \
ama | I
Very low permeable layer I

P A

2t el 0l 0l 2’
PO LRI DERER

hroudir;g 'materlals

Figure 165 The main aquifers and the wells for water supply

P

y
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 Groy;

Gr:: :dwater situation : : ‘ : :

depth' Wrzter in Bangladesh, except in some: places, is available at a shallow
_ Undwater Jevels are at or near ground level during the period August-

L
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October and lowest in April-May. C.irounk(lwuu’:r‘rljscls as :L fi"“.m fechayy,
during May and usually reaches its highest in |dllf, (u'y (nln m“l\ : r:tll);(.nr. Betwee,
July and October groundwater levels are co.n.sl.u} and f Main - balgpe,
between surface water levels and the fully' rcchn!gc(l aquifers, Grountlwntcr
levels fall from October in response to rapid drainage (?f surfncc waler gpq
changes in base levels. The rate of fall is Ill[?'IICSt in Ocuil)‘cl-qucmhcr but
equally large changes may take place after January \:Vl(,[!] w:lhglrnwn! of
groundwater for irrigation starts. During the dry season most of the minor Mvers
are sustained by groundwater outflows.

There are several areas of Bangladesh where grpundwmcr withdrawals 4ye
causing a large decline in groundwater levels during dry seasons. Recharge
during the wet season enables the groundwater levcls_ except in Dhaka ang
Comilla areas to recover to their normal level. The groundwater wnthdrpwal and
recharge characteristics suggest that the actual recharge can be increaseq
approaching the potential limits by creating additional storage through
increased abstraction during the dry season. This process severely restricts the
development of suction-mode tubewells, however. According to MPO (199])
estimates, out of 42,543 Mm’ total useable recharge, 40% is available through
shallow tubewells. A study shows that 349 upazilas can ‘adequately allow
groundwater development by handpump tubewells of _ which 197 upazilas
having groundwater level within 4.5m of the surface in dry season allows
groundwater abstraction by suction mode No.6 pump. In 60 Upazilas, the
groundwater level lies within 4.5m to 6.5m, the marginal range for forced mode
Tara pump. In 92 Upazilas the water level falls below the limit of suction mode
pumps in the later part of dry season, but it is suited for forced type
handpumps.

//P.roblems in groundwatei' development

Groundwater is the main source of water Eupply in urban and rural areas of
Bangladesh. Groundwater in Bangladesh is available abundantly, but the
availability of groundwater for drinking purposes has become a problem for the
following reasons: »

e arsenic in groundwateli&.

excessive dissolved iron;

salinity in the coastal areas:

lowering of groundwater level:

rock/stony layers in hilly areas.

Arsenic in groundwater: The concentration of arsenic in drinking water In.
excess of permissible limit is toxic to human body. According to the WHO
guideline value the desirable maximum concentration of arsenic in drinking
water should be 0.0l mg/l. In Bangladesh the maximum acceptable
concentration in drinking water is considered to be 0.05 mg/l. Symptoms (_’f
arsénic toxicity leading to cancer may occur due to excessive intake of arsenic
in the human body over a longer period of time. In Bangladesh the presence of .
arsenic in groundwafer was first detected in 1993 at Barogharia union of Chapal
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abganl district. Appreciating the gravity of the problem, water sample
N g activities started in 1995 by various organizations and agencies. The
™ “vere collected from different parts of the country and examined for
sa*_f i content. It has been gbscrvcd that about one in every three shallow
-’*f;:“.e | is producing water with arsenic in excess of acceptable limits, A ma
wb ™ " cenic contamination of groundwater in different parts of Banglades

n g d Y ‘
hoo\; ”é»e ptember, 1998 is shown in Figurel6.6.

cessive d_iSSO'VEd iron: In Bangladesh, the permissible limit of iron in
- undwater is 1 mg/l but iron content up to 5 mg/l is acceptable for rural water
il;ppl"- It has been observed that iron content exceeds this limit in many
APt bewells. People are reluctant to drink this water mainly due to its

- pandpump . . p . |
had 535{6_ water with high iron content is not used for cooking, washing and

other Jomestic purposes.

[t has been observed from a survey in 1993 that 1,230 unions in Bangladesh
content of more than 5 mg/l. The map showing the iron problem

fave an iron all Mg =
eas of Bangladesh 15 given in Figure 16.7. It may be observed that dissolved
bewell water in about 67% areas of Bangladesh is in excess of

iron in shallow fud I
) mg/l. However, iron content in deep tubewell water is comparatively lower. In

uban areas iron removal plants have been constructed and in rural areas
community-type iron removal units attached to handpumps are provided.

areas: The concentration of dissolved minerals in

salinity in coastal
groundwater is higher than that in surface water. The distribution of chloride in
in Figurel6.8. The coastal belt of

oundwater in Bangladesh is shown i
Bangladesh, extended over 86 upazilas, is identified as a problem area where
complex hydrogeological conditions and adverse water quality make water
supply difficult as compared to other parts of the country. Unlike other areas of
‘Bangladesh, groundwater of acceptable quality at relatively shallow depths,
which can be easily withdrawn by conventional handpump tubewells is not
available in most parts of the coastal area. In some places low salinity water has
been found in deep aquifers. Exploratory drillings with borehole logging have
.been conducted in many places to locate sweet water aquifers. Based on the
;vanlgb;hty of fresh groundwater, the Department of-Bublic Health Engineering
: 3 divided the coastal regions into three types of .areas shown in Figure 16.9.
Owever, there are still many areas in coastal belts where low salinity
f{)‘l’“‘!dwater s not available within a depth of 1,100 ft. In rural water supply
aride “content up to 1,000 ppm is acceptable for coastal belts where the

1omal acceptable limit is 250 ppm.

L

L Mering of groundwater level: Although ‘groundwater in Bangladesh is said
Wour abunda‘m,. a considerable areas of the country faces scarcity of
] gml\lﬂater within suction limit in the dry season. Due to the over-exploitation
VOUSangdWa’ter for irrigation purposes, the water level declines, rendering
i feasis' of suction mode no. tubewells inoperable. These areas are
The: sn?g with abstraction of more groundwater for rrigation in the dr{ season.
Bang g, y conducted to forecast the decline of “groundwater levels in
toyry-oesh indicated the trend in the chanée of low water table areas in the

Y as shown in Table 16.1 (DPHE and UNICEF, 1994):
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Figure 16.12 Monthly distribution of rainfall in a normal
Year in Bangladesh

6.6 WORKED EXAMPLE

Example - 1

4100 mm diameter tubewell is sunk 35 m below static groundwater level. The
| dpth of water in the tubewell while pumping is 33 m. The radius ofzdrawdown
530 m and the coefficient of permeability of the aquifer is 0.5 Vs/m". Calculate

Gz probable discharge of the well.

_ nK(D?-d?)
=————*
Log (1)

'.Ss!u!ion;

Q’g'm“ng the values in the above equation:
231405 x (351~ 33 )/ Log , (30/0.05)

0s;
X055 x 136/6.3969 = 33.4 Ips
i"amme -2
n m d.'ameler tubewell is.sunk to withdraw water from a 10 m thick

%If
gr
| h‘:')‘}f‘i’quer having coefficient of permeability equal to 0.75 Ips/m’. The
‘ .’aler Pelow‘lhe piezometric level is 30 m and it falls 2 m in the
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tubewell while pumping. Calculate the discharge of the tubewell when the radiug

of the circle of influence 1s 30 m.

2l (D —d
Solution: Q = 2K —d)

loge( ll?)

K =0.75 Ips/m’;, m = 'l()m; D =30m;, d=30-2)m =28m; R=30m ,=
0.05m

0 =2x3.14x0.75x 10 (30 -28 ) / (log, 30/0.05)
0 =94.2/6.3969 = 14.73 Ips

Questions:

1. Make a comparative statement of different sources of water for water supply in
Bangladesh. Mention the importance of groundwater for water supply in Bangladesh.

2. State the hydraulics of groundwater flow in wells. Deduce mathematical expressions for
yield of artesian as well as ordinary wells.

3. Describe the aquifer characteristics and groundwater situation in Bangladesh.
4. Explain the problems in groundwater development in Bangladesh.

7" A 150 mm diameter tubewell produces 100 Ips with a drawdown of 3 m and a circle of
influence of 120 m in diameter. The static depth of water in the well is 40 m. Calculate
the coefficient of permeability of the aquifer in which the tubewell is sunk.



