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SOURCES OF
WATER
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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
in rivers, reservoirs, lakes, canals and ponds, and groundwater in shallow and deep
aquifers. The rainwater is an alternative source of water, and has good potential for

water supply in Bangladesh.

16.2 HYDROLOGICAL CYCLE

lation of water in its liquid, vapor or solid states

Hydrological cycle refers to the circu
land surfaces or underground, and back to the

from oceans to air, air to land, over
oceans as shown in Figure 16.1.

Evaporation takes place from the surface of oceans, s€as and open water bodics and
evapotranspiration from plant surfaces, resulting in the transfer of water vapour to the
atmosphere. Under certain conditions this water vapour condenses to form clouds,
which subsequently release water as precipitation in the form of rain, hail, sleet or
snow, The moisture-laden air or clouds transported by winds towards land may cause
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Figure 16.1 Hydrological cycle
18.3 SURFACE WATER

e P
Surface

795,000

water is abundant 1
Million cubic meter

n the wet
(Mm’) of

. imated
S€ason in Bangladesh. An &:“gh
urface water is discharged throug

CamScanner



- T———

CHAPTER 16 : SOURCES OF WATER am

es-Brahmaputra system, in the downstream of the ¢
gj:gcs and the Brahmapultra. This is equivalent to 5.52 m (?:cr[l)u‘isgl(::r ((ic:-h:c;
Pod arca © ]44,000 km®. There are other rivers in Bangladesh discharging
S face water into the Bay of Bengal. An average annual rainfall of 2.30 m.
within the country partly replenishes surface water sources. Each year about
one-third of Bangladesh is submerged in a normal flood, and the area
ybmerged may increase to about two-thirds during severe floods. In the dry
ce2s0n waler scarcity persists in many areas. In this period surface water is only
available in part of the 22,155 km g)f major rivers, 1,922 km' major standing
water bodies and about 1,475 km® of ponds in the country. Surface water
irrigation systems in the country compete for this available water in the dry

season.

In Bangladesh, ground and surface water sources are dependent on each other.
Many streams receive a major portion of their flow from groundwater.
Elsewhere, water from surface streams is the main source of recharge for
groundwater. In general, groundwater flows into the surface water sources in the
dry season and surface water enters into ground during the monsoon. The two
sources of water are interrelated and the use of one usually affects the water
available 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 municipal
sources. The concentration of silt in turbulent water in the monsoon is high.
Similarly algae growth in stagnant water bodies in the dry season is also very
high. People’s unsanitary practices have greatly contributed to the deterioration
of 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
ml. The rivers and surface water sources around densely populated urban areas
are four to ten times more polluted than the similar water sources in the
countryside. The use of surface water for drinking purposes requires
clarification and disinfection by elaborate and extensive treatment processes.

Traditionally, before and during the early stages of tubewells installation, rural
water supply was largely based on protected ponds. Sinking of tubewells under
community water supply schemes in rural Bangladesh began in 1928. There are
about 1,288,222 ponds in Bangladesh (BBS, 1997) having an area of 0.114 ha

per pond and 21.5 pond per mauza. About 17% of these ponds are derelict and
ter in these ponds is

probably dry up in dry season. The biological quality of wa
extremely poor due to unhygienic sanitary practices and absence of any
Sanitary protection. Many of these ponds are chemically and bio-chemically
contaminated for fish culture. If one pond per mauza could be protected from
contamination, it would provide a source of drinking —water with minimal .
grcaémenl and water for other domestic uses without treatment. The (?ovemmegt .
as,t!bdc':lngladesh has greatly emphasized the development of p.rgtumfi pofnc:
eharater supply systems. The protected ponds should not receive any surface
arge and should only be replenished by rain and groundwater infiltration.
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16.4 GROUNDWATER

Groundwater aquifer

ater available 1 the saturation zone (pores completely filled pgp
he water ¢ Groundwater, as mentioned above, is avajze,. “¥er);
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known 23 Sm‘;:;li[‘;:,teéép(hs and constitutes the most important soy... &
q“am'?‘f‘\ ';:. ?]‘he soil strata which contain groundwater and wil raad-':glv,-l‘-t -
::\A\t\e';lis :F;Ee'called cqm}'ers.‘ ghe 1mpervio 5_{_';:’"':3“0"5‘0' Strata CO::ai:‘,E:‘;w'
little groundwater are terme aquicludes; thi “;naqflp Of  groundwaz,, -,
can be obtained from an area depends on the CRAractensucs of tha .
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‘de ; e - ey
: - o4 I - -
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Storage function: The storage function of an aquifer is relatag o, e,
important’ properties known as porosity and specific vield. The porpsin, oz .
po & ~y Cr 3

formation is the percentage of the total volume of the formation, which conei.
of openings or pores. It is therefore an index of the amount of groundwass; =,
can be stored in a saturated formation. The yield of 2 formation is lass thas 1.,
it can store and is represented by specific yield, defined as the volume of gap.
released from a unit volume of aquifer materials when allowed to drain fresfy .
by gravity. The remaining volume of water, which cannot be removed &,
gravity drainage, is held by capillary forces and by other forces of amracrion
and is called specific retention. The porosity p, the specific yicld p, and specise
retention p, can be correlated by the expression: .

pP=p.+p, ' - (16.1)
An aquifer with a porosity of 0.25 or 25% and specific yield of 0.15 or 15%
has a specific retention of 0.10 or 10%. Such an aquifer, having 1,000 = &=
volume, can store 250 m’ of water of which only 150 m® of water can be yislds:
by gravity drainage. ]

Conduit function: The property of water related to the conduit function
known as permeability. Permeability is the measure of the capacity of an aguifar
to transmit water. The velocity of flow under laminar or non-rerbulest
conditions is related to the slope of the hydraulic eradient by the follow
equation, known as Darcy’s Law: ’ N ’

V= Ki (!é_:-\"

Where.V is the velocity of flow, i is the hydraulic gradient, and K is known =
coefficient of permeability (often referred to sfmpl\' as permeabiliy). T5
coefficient of permeability can be referred to as the \‘eiocit\'rf;d-'r unit hydras®
gradient and usually expressed as mWday. It can also be measured BY ©
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Cwater teansiitted per unit
py of water | COPEE Uit time it area of i
qu;}g:'ignil hydraulic gradient, " hough unit arca of the aquifer
ne

aquifer, the size of the potes and their continui . -

o an sguifer, £ POre L helr continuity are very important

qactors 107 pr‘.mmnlnll”,%’,!"”‘,L capicity of the aquifer for yicldinpywatclr, The
nt of permeability depends on the particle size of the aquifer materials

' il
peflICIE o o iy e A
fnd its distribution and can he correlated with effective size of the particles by

(he expression;

' !
K (, I)l“ (]6,3)
where C is a constant and 12, i the effective size of the particles of the aquifer,
¢ represents i particle size corresponding to 10% finer in the

fffective Siz¢, = ,
aticle size distribution curve of the aquifer material, 1.e., 10% of the aquifer

material is finer than that size,

antity of flow per unit time (), through a given cross-sectional area A,
btained by multiplying the velocity in equation (16.2) by the area as:

' (16.4)

The qu
may be 0

Q=AV=KAi

The coefficient of permeability may therefore also be defined as the quantity of
water that will flow through a unit cross-sgctional arca of aquifer in unit time
under a hydraulic gradient of unity at aSpecific temperature (usvally 60°F). The
flow per unit width of the aquifer having a thickness an_Ein be written from

the equation (16.4) as:

_g.=Kmi V- (16.5)
The product Km in equation (16.5) is termed m%@w or
iransmissibility T of the aquifer. The coefficient of transmissibility 1, ore,

defined as the rate of flow through a vertical cross-section of an aquifer of unit

width and whose height is the total thickness of the aquifer when the hydraulic
gradient is unity. The unit of transmissibility is expressed in m*/day.

Afuifers may be classified as water table and artesian aquifers. @. water table
agkifer 1s one, which is not confined by an upper fmpermeable layer. Hence, it
isalso called an unconfined aquifer)Water in this aquifer is under atmospheric
pressure and the upper surface of ‘the zone of saturation is called the water
tablg) The water level in a well-constructed in a water table aquifer will be at the
samé level as the water table/ An artesian aquifer is one in which the water 1S

confinéd” under a pressure greater tjan the atmospheric pressure by an

overlying, relatively impermeable layer) The name artesian owes its origin to
m"glf , the northernmost province of France, where the first deep wells to tap
nfined aquifers were known to have been drilled. These aquifers are also

“lled confined or pressure aquifers. Unlike water table aquifers, water in
of water beneath

#esian wells will rise in the well to a level above the surface of
confining layer because of the pressure created by the confining layer. The
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g 11 rise to wells located
; face or level L0 RBPWEE Wl”I r ehcr(: the ﬁcmmctr:i1 r|0u Bhou
imaginary surkace B8 " ric surface OF level. & e evel Jjg.
a r is called piezomer™ ally and it is referred 1o .

aquife automatic e
the aquiic water will flow &0 hown in Figure 16.2, HYdFHUIiz

VCIO : - . q

above ground e . of aquifers arc

) el e types O ) :

flowing artesian \xlvclll ;E)hg]\cYE:IOI)C of the water lab]_c‘ for water table aquifer 5, y
uivale urface for an artesian aquifer.

radient is g B
metric $

slope of the piezo

____/—-——/— T Watertable |
Piezometric

oer ‘ ' well
artesian well ~ artesian wel
o Discharge /7

Figure 16.2 Types of aquifers

_Flow towards wells ,

s
\Vh_en the well is at rest, the water level in the well is called the static water leve_EJ
which coincides with the water table of a water table aquifer and the piezometric
surface of an artesian aquifer. Pumping the well causes lowering of the pressure
and induces a flow from all du"ecglons into the well due to the differencein
pressure. This lower pressure within the well is also accompanied by a lotver
:rfat‘i’r {evg[/plezometnc level in the aquifer around the well. In a converging flow
Veloc?te*r in a tubewell, the velocity close to the tubewell is higher than th¢
Again)a atoad_dlstance fron‘1 the tubewell because of the higher area of flow.
velocitvﬁf[hre Tngc rteoasli)narcz ? law, the hydraulic gradient varies directly with the
an increaSing h draul'g elocity towards the well is therefore accompani€ J
devel Y ic gradient. The water surface or the piezometric SUrfe
Ops a steeper slope towards the well B ne
called he cone of depressron JThe towent e cs e form of an imert
Sspwe Seater vl Th:'l"; fe lowest water level in the well is known & the
surface of the cone of depressiczareigce l})e{wem bs san peaterBrEie fore
increases from zero at the outer limit Cafed the drawdown) Drawdown s u
its of the cone of depression to a maxim
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amping well. The radius of influence
)

. the |

in

. . is the distance
Il to the outer limit of the cone of depre
we
the

. from the centre of
ssion.

ed steady flow: Dupits'§ fonnu!u for the flow into an ordinary well is
unc:”"":" Darcy's law, presented in cquation 16.4. The

0 .
bas¢

LS hydr.;ulics of flow for 3
| through an unconfined aquifer is presented in Figure 16.3.
\l‘C]

Diameter of Circle of influence =2R
Il of radius,
Ground surface We .

Impervious layer

d aquifer
i hrough unconfine

i f flow in a well t

Figure 16.3 Hydraulics o

1 ial towards the
is horizontal and radia
' of groundwater is T o e i a
?ewt asm;n:;:g :?ltl (’}I,'?leﬂ'gl‘:)/pe ogf the cone of d_eprlessli(‘)’r; nag;i:
di?tz::c: x from thé centre of the well is respectively g

TR R I T
dx

Sbstituting these values in equation (16.4)

dy
Q=2Knxy —
dx




(l(),())

x .
C where C 15 4 constant,

wcllandy=l)atx=R,R b

— .o the radi _ ) : ) ein
Fory=datx=" r ﬁcg'fgi;ﬂucmc or distance of the outer boundary from ‘hi

~K(D? -d°) (16)

| = well discharge, m/d
hert l% - coefficient of pcr_mcablllty, m/d

D = depth of the aquifer, m

d = static head,'m ]
R = radius of circle of influence, M

r = radius of the well, m

At if the term (D-d) is small as compared to (D+d)
the flow Q 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.

The equation 16.7 shows th

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

In an artesian tubewell the drawdown occurs in the piezometric surface and the

depth of flow remains constant and e i
‘ ‘ qual to the thickness of the pressure of
artesian aquifer m. In the case of an artesian tubewell: e

. dy
i=— and A=21Xm
dx

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

Q= 2K1txm(d—y)
dx

dx
o1 Q—= 27thdy
’ (16.8)
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m is the thickness of the confined 'a'qlllifer Iniégrai'
. in

p the limits x =._r fory=d and x=R T, g equatioh (16.8)

betwe ory=D:

/2nKm(D —d)

®7 Log B | . (169)
rate of flow O of an artesian well sunk in a ' D

;?fhe drawdown (D-d). mkin a confined aquifer is proportional

- 2R

— >
Ground surface ¥y Wellof radius,

/

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

't;‘eeirference of well: Interference between two or more tubewells occurs when

ime;fCt}nes of depression overlap. Interference reduces the discharges of th;

ime[f::nng tubewells. .Ideally the tubewglls shoul(_i be spaced eqoug:uodto av tmc

it rence. Small diameter tubewells installed in fine sand will produce to
rawdown to cause interference.
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s with little or no suspendeg

y cleat, colourles 7 ‘
{ temperature. Groundwater is also free from

disease-producing _which, I8 'w";“‘z‘l!‘v. ltmiiclllﬂi'.‘ large
pumbers in surface waters. The slow filtering actien 0: '_":F_“%“t‘“i\v\b‘\l‘ !th‘r@gh
which the surface water percolates to joi lht" grouncw 1 ‘H l}"’lit (S a\t-uou all
suspended impurities. Moreover, the lack of 0:\) gen .3!\‘ ?}xmmu in
groundwater makes 1t an unfavourable c:.gl\'xronuu.m tfor 1.\;.}.\;1_\:\:@“%
micro-organisms to survive, grow or multiply. On the mhn‘r‘h.\nd, tjemg 3
universal solvent, water dissolves many of the mmf:mls present m c;x\rth § crust
during its slow travel through the ground. r\puemblc conditions 1n soils in some
flood plains, and the presence of organic acids and carbon dioxide wncreass the
solubility of groundwater. AS & result, groundwater may contamn minerals in

varying concentrations depending on soil conditions.

water is generall
Jatively constan

solids and has a retalt ant temper
micro-organisms W hich

of diarthoeal diseases in Bangladesh

In the context of high prevalence
f water supply because it s genenally

groundwater received priority as a source ©
free from pathogenic micro-organisms. Almost all rural water supphies and mest
ofurban water supplies are groundwater based. Groundwater collected by
tbewells is fit for consumption. Groundwater abstracted from shallow aquiic‘;i
by hand tubewells has received acceptance in rural areas for drinking purpc\‘-‘:
but due to its high iron content, hardness, ete. people do not want (:x ﬁc-\ b::_:-\;
tubewell water for other domestic purposes like cooking, b uhin‘c and \;‘:\":?'::
The high iron in groundwater makes the cooked food bl ckish in colowr a8
produces stains on utensils. The h . ed food blackish in colour ad
ensils. The hard water requires more soap for washing.

Aquifer characteristics

The avail: S .
types OEI:Ittlltt’zliet‘cgrS(::ISi%':m é‘}torm"“‘o" and related studies have shown that e
s exist in Bangladesh. A shallow aquifer which has been termad

“main aquifer” hes withi
q les within 100 m from the surface with an overdving clayisit

blanket which is les
1s less than 2 m thick i
an 2 uck in the = .
southward to more than S ¢ northwest and generally ineraEss
potential is not krt“iz“?»cég m. Other deep aquifers whose \:\\u: developmest
rat depths between 300 and 2300 n; \ln tf" ) u\:?""‘
- - - w v AR
. ottty

of alluvial basins. the thick !
asins, the thickness of top clay and silt layers varies between 3 a8
: silt layers varies between 3 38
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néc aﬁtll;wi'gstthllnleaﬂcr docs not exist and silty to fine sand
, whi ¢ Madhupur and Barind Tracts as well as in
the thickness of this layer is greater than 35 m =

X the extre
15 I:I'S at the ‘sur.fnc
ot ong District,

Chittag
the shallow aquifer groundwater flows from north to south with localized

n v the major rivers. Groundwater gradi aries » '
w into ¢ . gradient varies from |: :
0u:1f10v to I 13,000 In central Bangladesh to less than 1:2(),0(?0 lir:':‘;?cocl:a:t}:ﬁ
no pemwzlbll'ltlffs_c?f. the aquifers are very high and vary from 10 to 200
3‘%5),_ Transnnsmbllmes of the main azqunfcr range from 100 to 10,000 m’/day
?\'ilh an average value of 2,000 m’/day. Although the aquifer has high
transmismblht)’ the horizontal flow of groundwater is very low because of the
w groundwater gradient. The storage capacity of the aquifer in Bangladesh
h depth because of the increase in the size of aquifer materials, The
to 0.25. The two main aquifers with intermediate

increases wit
ayers and three main modes of tubewells for water supply arc

gpeciﬁc
ustrated in F1gure !

yield varies from 0.02

Manually operated Manually operated

Power operated deep tubewell shallow tubewell

deep tubewell

|
—-"

|
-—-"

-’Q:

'l Very low permeable layer

A A S R

—— Shrouding material

S

Figure 16.5 The main aquifers and the wells for water supply

Groundwater situation .
le at a shallow

G 2 _ '
efgtti!]ndwmer in Bangladesh, except in some places, 1S 'avmlab )
. Groundwater levels are at or near ground level during the period August-
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water rises as a result of rech
hes its highest in late July In eaqh year. Bey arge
ter levels arc constant and maintain a balwce"
recharged aquifers. Groung ance
drainage of surface Watewater
hest in October-No\,ember d
January when Withdraw;lbu
most of the minor meor
s

ril-May. Ground

during M d
r groundwa
wz;gter levels and the fully

October in response to r_aplq

changes 1 evels. The ratc of fall 1s fl;ng

equally Jarge changes may take placehade i

roundwater for irrigation starts. During the dry S

are sustained by groundwater outflows.

re several areas of Bangladesh where groundwater withdrawals 5

a large decline in groundwater levels during dry seasons, ReChargz

during the wet season enables the groundwater levels except in Dhaka =
evel. The groundwater withdrawa ang

Comilla areas to recover to their normal I
recharge characteristics Suggest that the actual recharge can be increaseq

- approaching the potential limits by creating additional storage throygp
increased abstraction during the dry season. This process severely restricts 1%
ewells, however. According to MPO (1991§

development of suction-mode tub
[ useable recharge, 40% is available through

estimates, out of 42,543 Mm’ tota
shallow tubewells. A study shows that 349 upazilas can adequately alloy

groundwater development by handpump tubewells of which 197 upazila
having groundwater .level within 4.5m of the surface in dry season allowS
abstraction by suction mode No.6 pump. In 60 Upazilas [hz

betwee
levels fall from
in base |

There a
causing

groundwater

groundwater level lies within 4.5m to 6.5m, the marginal range for forc

Tara pump. :1“ 912 Upazilas thfe :;valer level falls below the limgil of suctif)cril mg:
pumps In the later part o season, but oy 3 :

handpumps. 2 ut it is suited for forced type

Problems in groundwater development

Groundwater is the main source of water 1

N : . supply in urban and ru
av;]giﬁ?ﬁtsy.ofC:grroOL‘l]r:](é\:vz;t&rr fglr dB?nl(gladesh is available abundantlrya,l %rlftasll(:g
e rinking purposes has become a problem for the
arsenic in groundwater; |

excessive dissolved iron:

salinity in the coastal aréaS'

lowering of groundwater level;

rock/stony layers in hilly areas,.

Arsenic in grou
ndwater: Th
_excess of . er: The concentrati RO e ;
guideline Szlrl;‘:sst:ble limit is toxic to hun?;;1 O[E arsenic in drinking watef '
water should btc:t:odesu'able maximum cong Od)f' According 10 the_\_
concentration i 0.0 mg/l. In B entration of arsenic in drinkiné
centration in drinking water angladesh the maxi cceptable
arsenic toxicity leading to can ris considered to be 005 i imum  acceps 0
f )
;n the human body over a loncgr may occur due to exces _mg{l. S? mpft(;l:lmic
rsenic in groundwater was fig r period of time. In B: essive intake of A%
rst detected in 1993 4 B:nglladqsll the prc;‘c&l;‘:wi
arogharia union 0 2

[ Tad
|
e
-
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district, Appreciating the pravi
. pHvity ol the problem, water sample

H
N'“'"m' iies started n 1995 '
it “‘u\-m(,\ sl 2Dy vRnous organizati
A ““r, i . ey 1 i A 4 u'"”[:"”j”b r“l( ; . Eaia e | X
e were collected from different parts of the country .'mtl ;y;:::!t" lfhr,
f cxamined for

amp't ot It has been observed -
b’ ontent, ! wrved that about one |
qsenic O J o wi ke W me inevery three shallos
! el i roducing witer with atsenic in excess of mm,m.mf |::nm vflM”uI/
N grsenic contamination ol groundwater in different ,,,mu',,f 'J'fi;';df‘i‘id{)

: 6 of Bangladesh

\““‘,' t o [ 74
J“on geptembety 1998 is shown in Figurel 6,6,

caslve dissolved lron: In Bangladesh, the permissible limit of iron i
is 1 mg/l but iron content up to 5 mg/l i m‘('(:ptall)lc fe : -llmna o
b [t has been observed that iron content exceeds this lirlnr:i(mi'r;i deir
p tubcwu!ls, lfuuplp are reluctant to drink this water krminly due r;l:u:t/
pad taste: Vater with high iron content is not used for cooking, waahi;w st
other domestic PUIposes. ’
been observed from a survey in 1993 that 1,230 unions in Bangladesh
‘have an iron content of 1.'norcltluu'| 5 mg/l. The map showing the iron problem
arcas of Bangladesh is given in Figure 16.7. It may be observed that dissolved
iron in shallow lul?cwcll water in about 67% arcas of Bangladesh is in excess of
7 mg/l. However, tron content in deep tubewell water is comparatively lower. In
yrban arcas 1ron 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
coundwater is higher than that in surface water. The distribution of chloride in
groundwater in Bangladesh is shown in Figurel6.8. The coastal belt of
Bangladesh, extended over 86 upazilas, is identified as a problem area where

complex hydrogeological conditions and adverse water quality make water
r parts of the country. Unlike other areas of

supply difficult as compared to othe

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
drillings with borehole logging have

been found in deep aquifers. Exploratory
been conducted in many places to locate sweet water aquifers. Based on the

availability of fresh groundwater, the Department of Public Health Engineering
areas shown in Figure 16.9.

tas divided the coastal regions into three types of ini

However, there are still many areas in coastal belts where low salimity
groundwater is not available within a depth of 1,100 ft. In rural water supply
chloride, content up to 1,000 ppm is acceptable for coastal belts where the
hormal acceptable limit is 250 ppm.

t has

Salinity In coastal

(L°We'i"9 of groundwater level: Although groundwater in Bangladesh .iS,md
0 be abundant, a considerable areds © the country faces scarcity O
groundwater within suction limit in the dry season- Due to the over-explotation

ter level declines. rendernng

of gro Sl

Eroundwater for ir the wa

t rirngation purposes, _ -

in(c)?smdS of suction mode no. tubewells inoperable. jheseda{eagasigc
eﬁasslm with abstraction of more groundwater for irrigation (xjn ;Itxcr ry season-

i ndwate

Banolo o) conducted to forecast the grou 3

ngladesh indicated the trend in_the change of low water table areas il the

¢
ountry as shown in Table 16.1 (DPHE and’ AP
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In the low water table areas the force mode Tara and Tara-11 pumps an
provided. To make the existing shallow no-6 tubewell operable throughout the

3 - A N ! ERYS
vear, the Mint Tara has been designed. Howeve his technology is st | tln\«k:
T maj

evalvation for its technical viability and acceptability. The
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Figure 16.9 .Zoning of coastal area’ of Bangladesh by tubewell type
Table 16.1: Projection of water table lowering in Bangladesh
1995 2000 | 2010 Full
_ Development®
Handpump [ No.of No. of No.  of No. of
technology | Upazila | % Upazila | % Upazila % | Upazila |%
covered covered covered covered
[No6 197 | 57 | 160 46 | 132 38 | 114 3
Dit < 6m 2
Magnd Tara | 60 177158 16 | 49 14 |36 10
' fm<D<8m : .
Tora gz 237 128 37161 46 | 178 5
Bm<D<15m : N
Marginal 00 1|14 -
00 |3 1 5
Super Tara - " _ '
-Sm<D<tém 1 ' L
Uper Tar, 1 At
M 00 00 | 00 00 |2

| ere
development means when the whole area will be. cover

i
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in hilly areas: ] i
stony layers in * In_Chittagong H; o o
;;o;:‘{a desh, dnn(xjngf of n:pewel_ls for rural water sup%ly lilsl d?;gccglt?llsmm .
Blénx of hard formations in the subsurface. |p most cas ue o the
pesC . methods for the installation of handpumps can € conventional

grilling ™. ns. This situation also prevails ; POt penetrate these hard
. formations. prevails in some parts of Chj ’
rock " Sylhet, in the north of Mymensmgh, Netrokona and in P:cl;::grn%igggt:

Bazd the situation and provide potable

overcome . s : water through hand
T'%e“'cus’ mechanical dnlling rigs are used. This, hOWever,gincrcasegumg
-r;qa]lation cost of a water point.
ins

5.6 RAINWATER

desh is a tropical country and receives heavy rainfall due to north-easterly
winds during the rainy season. Rainwater can be a potential source of water
apply in Bangladesh. In the coastal districts, particularly in the offshore islands
of Bangladesh, -ramnwater has been used for drinking purposes since time
immemorial. The protected ponds annually replenished by rainwater are a main
urce of water supply in the .coastal area. Since various uses an_d unhygienic
practices pollute these ponds rainwater harvesting can be an altemative option for
zood quality water supply. In some areas having a high salinity problem, as many
2 36% of households have been found to harvest rainwater in the rainy season
for drinking purposes. But the collection, storage and use of rainwater are nor

oreanized and need development through adoption of appropriate technologies.

pangh

. averace vearly rainfall in Bangladesh varies from 2,200 to 2,800mm, 75%
?:\'ﬁ;fl?g:cgrs bgtween May and geptember. The spatial distribution of normal
minfall in Bangladesh is shown in Figurel6.11. The high rainfall occurs in thg
esstern part of Bangladesh, including the eastern part of the coastal aﬁa, zlm
hishest rainfall occurs in the north-eastern region of the countrly.d he T(;:;
ramfall, less than 1,500 mm, occurs in the westemn part.of_ Bﬁnghz; }?Srz;infall
coastal and hilly areas with high source problem intensity lie in the hig

i i i ity 1 e difficult areas provides good
o Harvesting 'llphettllliiqual monthly rainfall distribution

opportunity for rainwater harvesting. The ul stem
oggr the ))/Iear shown in Figure.16.12 indicates that ?or;vaéerresil:sg}gs- sy
completely based on rainwater requires large rainwater Storag
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Figure 16.12 Monthly distribution of rainfall in 2 normal
Year in Bangladesh

6.5 WORKED EXAMPLE

example - 1

4 100 mm diameter tubewell is sunk 35 m below static groundwater level. The
of water in the tubewell while pumping is 33 m. The radius of drawdown

% 30 m and the coefficient of permeability of the aquifer is 0.5 Vs/m’. Calculate

the probable discharge of the well.

=K(D* -d%)

Solution: Q= R
Log ()
[=05 Ips/m®; D =35m; d =33m; R =30m; r=005m

Substituting the values in the above equation:
0=314x05 x ( 35° - 33° )/ Log . (30/0.05)

0=3124
¢=314x 0.5 x 136/6.3969 = 33.4 Ips

Eample -

Al : . " 10 m thi
'.mgl) edmm dlamexer tubewell is sunk to W 5 fg% i; lps'm:- The
Spth of aquifer having coefficient of perme and i falls 2 m in the

water below the piezometric
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bewell while pumping. (;alculate the discharge of the tubewell whep i
of the circle of influence 1s 30 m. : € 1y s

D-d
Solution: Q= 2nKm( R )
loge(’i")

K =075 lps/m’ m=10m; D= 30m; d = (30-2)m = 28m; R= 3
0.05m m

0=2x3.14x075x 10(30-28)/ (log. 30/0.05)

N

0 =94.2/6.3969 = 14.73 lps

v \‘JL.

Questions:

1. Make a comparati\?e statement of different sou
i : rces of water for water :
Bangladesh. Mention the importance of groundwater for water supply in Bangs;:gi)sl}yu_ i

2. State the hydraulics of groundwater flow i
S in wells.-Ded . &
yield of artesian as well as ordinary wells. uce mathematical expressions fo

3. Describe the aquifer characteristics and groundwater situation in Bangladesh
4. Explain the problems in groundwater development in Bangladesh
A 150 mm di ! '
mm diameter tubewell produces 100 Ips with a drawdown of 3 m and a circle of

influence of 120 m in diamet :
) er. The static depth :
the coeffi e epth of water in th i
icient of permeability of the aquifer in which the nibeew:;fli‘is l:u:(l)c o Calc‘}la“




