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LOW-COST WATER SUPPLY
TECHNOLOGIES

Technological options/Dug well/T ubewell technology/Design,
y construction and maintenance of tubewells/Alternative water
supply technologies

21.1 TECHNOLOGICAL OPTIONS

The low-cost options available for water supply systems in rural and peri-urban areas
depend on the hydrogeological conditions, availability of a water source ana the qual- -
iy of water in thé particular aréa. All the options are not considered suitable or fea-
sible in all areas. Drinking water supply.is mainly based on groundwater sources in
Bangladesh. Groundwater js free_from_ pathogens and requires no treatrnent 1or do-
mestic water supply. But groundwater is rich in dissolved salts, Dissolved iron con-
tent and hardness in groundwater in relatively shallow aquifers are quite high, re-
stricting other domestic uses of tubewell water. Now, the presence of arsenic in ground-
water has become a great concern in Bangladesh Considering the abundance of ground-
Water, manually operated handpump tubewells are the most common low-cost option
in rural areas. However, various alternative technologies for problem areas have been-
developed in;Bangladesh to meet the local demand.wThe technological options can be
grouped under three categories: A s e ' ¥

4 dugwells, SR T
« tubewellsand U oo
- # altemative water supply technologies.

e dugwelts te oldest method of groundwate withdrawa i which a holois dug in

‘?3‘9‘.’,"9 to adepth below the ‘gr.qur_:ldwgter\t_able. The flow in dug wells is acrasted |
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by the lowering of the water table in the well due (o withdrawal ol water. Tt i

widely used in many countries for domestic water supply.

s required for the construetion ol dug
ping, (he wells should be at least 1.2
metres in diameter, Large dinmetor wells may be constructed for community
water supplics. The depth ‘of the well is dependeat on the depth of the water
table ml(\ its seasonal fluctuations. Wells should be at least e deeper than the
lowest water table. Community dug wells should be deeper 1o provide larger
qurface area for the entry of water to meel higher water demand. Private dug
wells are less that 10m deep but dug wells for communal use are usually 20-30
metres deep. |

Usually no special equipment or skill i
wells. For construction by muanual dig

Construction: Dug wells are lined with brick or stone masonry, cast-in-situ
concrete or pre-cast concrete rings. Lining provides protection against caving in
and collapse of soil during construction, and a geal against polluted water
seeping from the surface into the well during operation. The most common and
low-cost method of construction of dug wells is manual excavation from the
inside. Removal of soil beneath the well allows the well to sink down due to its
own weight. A circular wedge-shaped concrete shoe under a pre-cast concrete
ring or masonry work as shown in Figure 21.1 prevents uneven settlement and a
slightly larger shoe facilitates sinking without friction along the outside faces of
the rings or masonry works.. The sinking- of the well is continued until the
desired level is reached.  The construction of a well under the water table
requires drying of the well by pumping. The wall below the water table may
have perforations for entry of water in the well. The dry season, having the
lowest water table, is the ideal time for construction of a well.

In case of loose materials, the space between the outer wall of the well and the
soil is filled by itself, but in cohesive soil the space is to be filled by appropriate
materials. If the walls are made perforated for the entry of water, the space
should be filled with coarse sand up to the height of the perforated wall. The
upper part of all wells must be filled with impermeable clay to prevent entry of

. .

contaminated surface water. Placement of 100 mm. of . coarse sand' below 100

mm of gravel at the bottom of the finished well will provide clear water even
during turbulent conditions. | : o

Sanitary protectlon: It is very difficult to protect dug W

from bacterial contamination. Percolation of %ontamitr?:tezlvaéirrfgzeﬂxatil:gis“t/glel
most common route of pollution of well water. The upper part of the well lining
qngi the space between. the wall and soil should be properly ‘sealed. The well
lining should be extended at least 0.5 m above the ground to form a ‘head wall’ -
around the outer rim of the”well. A concrete apron, about 2 m iR diddi shauld

then be constructed on the ground surface extending all around the olute'; rim of
the well. The apron prevents entry of contaminated used water at the well site by
seepage into the well. Water in'a dug well ‘is very easily contaminated if the. weil
is open and the water is drawn using bucket and rope. Satisfactory protection
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(a) Conventional Dug Well " (b) Well with _Sa.nit'a\ry‘ Protection

Figire 21.1 Conventional dug well. and’ dug well with sanitary p’rotectionv:

?Ngams.t bacteriological -contamination is possible by sealing the well top with a
oatertlght concrete slab. Water may be withdrawn by installation of a rpanua_lly
Faaded handpump. Water in the well should be chlorinated for disinfection

¥ construction. Disinfecion of well water may be continued during operation -
Y Dot chlorination as stated in section 18.5.4. A conventiongl dug well andﬂa i
: Vh/ell with sanitary protection sunk in most common soil strata in Bangladesh
i, o%n in Figure 21.1 (a) and 21.1(b) respectively. In a completely' closed
Wi d‘rVell, the inflow of water may ‘be actuated by suction created ‘due to.
[ Wal of water from the well. £l e e
°0ns?§,cshma80ng hilly areas, Sylhet and northern parts of Bangladesh,
hYdrggeoll"“, of handpump tubewells is not always possible- due ‘to - adverse
“ be , o8Il and stony soil conditions. Construction of protected dug wells
~© 800d option for water supply in these areas. Dug well ‘water is free
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from iron and arsenic, hence dug wells are a potential source of groundwater iy
acute arsenic and iron problem areas in Bangladesh.

i .
¥+.3 TUBEWELL TECHNOLOGY

A large variety of tubewells have been designed for abstraction of groundwater,

and are being used all over the world. The tubewells designed and developed,

including those being used in Bangladesh, may be grouped under three

categories: :
s Shallow tubewells, ;

»' Deep-set intermediate technology and

v deep tube wells. | '

-
e

" Shallow tubewell technology : C-

* In shallow tubewell technology, handpumps are operated in a suction mode. A
suction pump draws water from a shallow depth by creaung a vacuum in the
suction pipe. The suction handpumps can practically extract water from up t a
depth of 7.5 m static water level. This category of handpumps includes:

.~ No. 6 handpump tubewell,

« ' Rower pump tubewell and

_» Disco pump tubewell.

7’

;. No. 6 Handpump tubewell:  In Bangladesh the most common. and popular
- technologv used for abstraction of ‘groundwater is the .No. 6 . handpump
_ woewell. The name of the tubewell is-based on its. barrel diameter mn inches.
About 3-4 milliop_pubiic and private No.6 handpump tubewells are already in
use throughout the country and a very high percentagé of these tubewells is in
opeérational_condifion’ at any time. Before the lowering of the water table was
encountered, the No.6' handpump was considered to be ‘the ofily_Tow-cosroption
fc')-; potable drinking water supply in rural, peri-urban and urban areas where
piped water supply system were not introduced. A typical No.6 handpurtip
tubewell is shown in Figure 21.2. There are also No.4 and No.2 handpump
tubewells but their use is limited to.private tubewells within family prémises., ‘

AWorking S’rinr_.:lplg: The No,_6 handpump is a gjgjidnﬁqugghandpum SA .vacuufn
i Within the cylinder of the pump by raising the pistori- In order to
fill-up the vacuum, water enter in the cylinder. In the second stroke when the

piston is lowered down, the water enters in the uppe ; mes out
of the pamp. throngh the L spciit civhe, ; upper chamoer, and comes Ol

out when_the piston is raised i

. i s L WEn_the | s raised to create vacuum
agaln. Thiﬁ;'.‘?.‘@.le'ﬁglh_ﬁ.&m Inertia effect exists but the mechanical
advantage of pumping helps to overcome this effect. The atmospheric

‘therefore  the- theoretical lifting capacity of the pu

However, due to yacuum. pressure and friction 1

mp 5y suction is_32.8 ft-
e tubewallithe Tifein Al frctuon losses' in different” sections

of g,.e‘ tﬁbewei!_lathg lifting ‘capacity ranges from 22-25 ft in_ Wof{?;gnf;ondi'ti(m? _

The discharge. Ifom 2 pump o a great extent depends on the aquifer condition
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Handpump

Platform

:Silty clay

PV blind pipe

- Strainer -

Sand trap

Figure :21}.2 A No.6 handpump tubewéll

HOWever the average discharge ¢ of the pump is_30-40 litres/minute. A No. 6
andpump, if installed properly. can serve tor 15 to 20 years or more.

ghe general components of a No 6 handpump tubewell are: handpump; blmd”
'Pe (rising pipe), stramer (screen) and sand trap.
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.

Fgrdpump: The function of a handpump 15 10 Lap - water from the wel
ngemlly No 6 handpumps are made of casf iron. ‘The component parts of 4
handpump are base, barrel, head cover, handie, piston rod, plunger, valve weigly
bolts and nuts. The bucket and seal valve are nm('h: u.! I(,::tll)(:f or PVC (plastic),
The major components of handpumps are shown in Figure 21,3,

Pistonrod —— ),
o
Head cover - %
’{%‘1 Handle
Mouth W ¢ Plunger '
Barrel L
Foot valve

Base —p T |—
<4— Gl pipe

LT r”

Figdre 21.3 : The No.6 Handpump
piichl g : : )

s pe/: TIPes used betwee screen and ‘the handpump are
ﬁiltlengbllTl\l;g Elngrsn tr I5Ing pipes, or well pipes. Different sizes of h;ipt::arclagbepused .
pipes (GI) were hze%rbpltpes e most common, Previously galvanized iron
to five feet as sh ut nowadays, to reduce costs, GI pipe is only used for the
re& aiing. oipes a’rem"ﬁelgffﬁ"ﬁnzf'zh to take the external forces, and the
resistant, easy to handle ahd.inexypénsyiv; loride (PVC), PVC pipes are corrosion

oo 18 3 perforated  port , L
ggugg aler rﬁﬂﬁg;ﬁ ; lgmp s’.t;he‘i%?e‘gergt In 'Bangll)adels?\n 3§f 'rﬁmvfﬂilaigg?:rgsgir:vigérs
commonly made of PVC. Dependins ramers. are usually 2 m long and ar¢

; G dis ~oEenading on'the prair gy ee slot
sizes of Strainers are used in Bang] o Brain size of the aquifer, three Si%
0.010" (slot no. 10) and 0.012° 5o The openings are.0,008" (slot no. %

n
s
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eare made with perforated mild steel (MS) or GI pipes covered with 60 to
MesC 1 “prass/copper wire net and a brass perforated sheet (jacket). Stainless

nes
0 [I (rainers can also be used, but these are not common in Bangladesh.

§
(ee
~ ap: The sand trap 1s an extension of a blank pipe of about 4 to 6 ft lon
Wgnfiin[;’ on the depth of the tubewell, fixed at thg %ottom of the ﬁ]éter' Th§
deEn end of the p1pe 1S sealed with a cap. Generally PVC sand traps are used in
However, when the well is very deep (800'-1000°) sometimes a GI
nd trap 1S used to facilitate lowering the tubewell. The purpose of the sand trap-
N modate the incoming fine sand, which ultimately settles at the bottom

s 10 accom ! : :
Jf the well. The sand trap prevents blocking of the strainer.

.Opgtubewells.

fower pump tubewell: The rower pump is a manually operated reciprocating
ump With a 54 mm diameter PVC pipe as the pump cylinder. The piston inside

e cylinder operates by pulling
nd pushing a T-handle
atached to the end of thp
piston  rod. The pump = IS ‘
installed at- a 45-60° angle Surge tank
yith 2 vertical tubewell -pipe
trough a ‘Y’ ~connector
ece. The operator pulls and
puishes the piston back and
foth by moving the ‘T°-
shaped handle and withdraws
goundwater by means of
siction. The operation of a . L
fower pump is like rowing a ' : :
boat, hence the name ‘rower |

mp’. The components of a - __L_,, |
lwer pump are shown in T]

Figure 21 4. pad S ;
i n | [« Bindpipe

igw high - ‘water table areas
ifrigeart' pumips are used for
0ccasii)0n1 purposes  and .
vy oy for Cdomentic s
of * SUuPply. The operation .
b _rower ump | is
bugtot?fmlcally cgmfgrtable e
Rowe, & OVer longer periods. .
D to aP‘lmps can lift water
of g ¢ Maximum suction lift
%)~ M- The stroke length s
dlscharmm ~and  maximum
Asurges apacity is 0.8 Ips,.
eng 20K is fitted with th

*d part of a 38 mm

Handle

o

OO

"
L)

‘
"
01
'1
‘4
:‘
3

]
+.

R R TTS

\J

-

< | St“raihe}

-
o

- Sand»t_rap'! o

gy ;

a\

- Figure 214"
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Pistonrod  —p
Head cover
- Mouth
Barrel —p»
Base
FCasing

Figure 21.5 Disco vhﬂ!ldp'ump. mﬁ“"'

ﬂ<— Piston

e g— Foot Valve

4f Blind Pipe

]

94— Strainer

— Sand Trap

ik

tube well as shown in Figure 21 4
The inertia effect in a rower pum;i
is partially eliminated by the surge
tank. The pump is not  very
suitable for domestic vater supply
due to poor sanitary protection.
The lifetime of rower pump is 3-5
years.

Disco pump tubewell : There are
some areas where the water level
goes beyond the suction limit for a
short duration. The lowest leve]
reached to such a depth that if the
~piston of a No 6 pump is extended
to about 3 m; the pump could be
kepf operational for the whole
year, To meet the water supply
requirements of these areas the
disco pump has been developed
locally and is in use in various
places. In Gazipur, it is known as
‘half cylinder pump’. The 75 mm
diameter GI pipe is -used as the
casing up to 3m below the ground
surface. The suction action is
extended by increasing the length
of the piston rod.

The discharge

- from the pump is equal to that of a
0. andpump _ but _requir

comparatively " more force to raise

the water. The limitation of the
disco pumpis That it can only be
used--whereThe water _level Wil
“femain _within 10— from _the

ground surface. A further increast

~in Tift head will increase the costot
€ pump._A-dtagram of a typical

0

"disco pump is shown in Figure
LA : ] b

21.5.,

4 ;
’ i I

o Dpép-,aet’ Intérmedlat’e tech
s pology.. . T

| Shfillow tubewells operated under
_+*'the suction mode are not able 10

withdraw water in low water table

- areas, The low water table area s~ .
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increasing with the increase in the use of groundwater

water can be abstracted from a depth ot
intermediate lechnolqu. Deep-set handgumpbse)c,;(z)ll:]dalbtstt];':actS uxggt?r] frgrrgltasul?;n-g ‘
as 30 m from the static water level, depending on the technological advancemegnt
of the handpump. Handpumps in this category include: e B
. Tara handpump tubewell, | E
/""" Moon handpump tubewell,
' Bangla handpump tubewell,
~Mark-II handpump tubewell and |
other locally produced, improvised deep-set pumps. i

%fahandp_ump tubewell: In Bangladesh; the groundwater “table . during
/monsoon 1n most laces remains within the suction limit. But due o extensive
use of groundwater for irrigation, the groun water fable 1s falling and in the dry

ceason it goes beyond the ~uction limit in many parts of the country, a5 stiown
: pump 1 able in

in figure 16.10.As a result the No. 6 suction-mode handpump 1s 1nopera
| the Tara handpump has been developed

dry season. Tn averco e i B has
in Bangladesh_by_LjNICEF and the UNDP-World Bank Program, to_tap water
_fr'n’rrT up 15 m below the groun face. A standard direct action lara
‘handpump designed in 1984 is shown in Figure 21.6, indicating the main parts
of the pump. : i . ‘

/

"a @ = e

Working principle: The Tara handpump is_a force mode’ pump in ‘v.vhljchthe
piston of the pump. operates below the -static water Tevel fo eliminate the
limitations of suction mode handpumps to. operate in low water table areas. The
cylinder of the pump is set_at18 m below the ground surface and a PVC hollow
_pump rod set vertically operates the piston. The pump is ,operated by a person
holding the nandle fitied “at"The [Op of the pump rod and _pulling. and
pushing the pump, rod vertically. Hence the pump 1S also. galled .direc on
handpump. The attrﬁCtii/eifcaturé'" of the pump is' that the buoyancy of the pump
' ¢ ‘ the pump. -A Tara pump can

rod reduces, the manual'-fo‘r_cb--required ‘to operate p. A r
e-We d down strokes. The lifting capacity of ‘a

draw water ‘from the-well in both up anc € 5 |

standard Tara puﬁi‘p,‘,is‘x'lim_i_ted: to 15 m. Thg,'avera e dls_char € 0 the pump 1S

24 litres/min. An advantage of. the Tara pump is that 1t ls‘ext,r.a‘;.table‘ Thl; means
fhe pump assembly can’ be replaced when the. tubewell shows defects within the

“cylinder.

Componénts: The main components of the Tara handpump as shown in Figure.  \"
~'21.6 are pump heéd;‘"h'addlé;"j'_top;"Conncc;;o' ‘pum rod, bottom convector, piston
“Sembly;"foat'val"\}éf}aisié"mbly-,a’ndv cylinder. The fower well casing, strainer and

‘sand trapare the same,as in the No.6 handpurTp: g

A Tara el is insalled within 75 mm diameter casing in which a 80 mm
 diameter cylinder and rising main are set. The lower well casing is made of 38"
.. mm diameter PVC pipe ached with the filter or well screen, T

—

radE & . e ymapin g ; i
FEH R R
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or well screen is a 38 mm diameter. slotted and internally ribbed PVC pipe, A
32 mm diameter PVC pipe is used as pump rod to operate the piston, A sand

mnﬁcnn——- Handle
[ Top guide bush
Spout ? | Pumphead
Flange

?

3

[
i Platform

7

770
Pump rod Rising main
AN
Cap seal
Riser main
centralizer .
——— Piston.
Cylinder Assembly
Borehole i
casing - | :
- -. Footvalve -
Rubber seal Assembly
ik Lower wall

B swner

o | Sadyap

Figqre 21.6 Tara handpump tubewell

"~ o Tara

Hh casing

trap closed with an end cap j
attached at the end of the well and
allows the sand coming with the

water to accumulate  withoy
clogging  the  screen. A] .
components of the Tara pum

except the pump head and handle
are made of PVC. A properly
installed and maintained Targ
handpump should work about 10
years without major problems.
Maintenance - of Tara- hanpump

“does not require additional tools.
- The long flexible pump rod, when

withdrawn for 'maintenance and
repair, needs support to - prevent
damage. The pump is yet to be
proved user friendly.

¥ .The broblem‘s of Tara pump are
- "given below. woe

e Because of the direct action, the

© force is to ‘be appiied directly
by the operator without having
-any mechanical advantage.

..« _Buoyancy force is not always

~“available for the "operator- due
to leakage in the pump rod.
hand pump provides
moderate  output . (max. 4
~ m/day) for 7 metre lift 'z;nd
‘'very low output (max. 1.5m"/d)
- for 12 metre lift.

__ Failure of key components is

~likely at moderately high daily
output. e

~* Repair or replacement of any

parts below ground level needs
o open a major portion of the
- .assembled pump, which is often
Inconvenient. S

\

.. Tarall handpump tubewsll: 10 .
7 Edep some areas of the country: the
~water level in dry season goes down
~~_below 15 m, which is the lowest
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normal functioning range of a Tara handpump. In order to withdraw water from -
a deeper aquifer, the standard Tara pump is modified. The piston assembly is set
at 30 m, and all other aspects of the Tara handpump, remain the same. However
due to the long length of the pump rod, the pump requires a lot of force to

operate far beyond the capacity of
direct pull and push. This problem
s resolved by installing the head
of a No.6 pump through
modification of the bottom flange.
This modified Tara handpump,
with a lower pumping mechanism
and a No.6 pump head with lever
action handle, is called the Tara-II
handpump. It is suitable for lifting
water from a depth of 30 m below
ground level and able to produce

about,0.5 Ips.

4obn handpump tubewell: The
moon handpump tubewell is a
. modified version ~ of  tara
fiandpump tabewell. .'[Re direct’
sction tara fianapump tubewell is

fonnd. to_be uncomfortahle to the %
sers articularly = to . ~women. Sk :   ¢ : _Piston.assembly~

u
Cﬁ?ﬂ#iﬁ? this _difficulties, e

head of the tara handpump
wbewell has been replaced by that
of a‘-I\[o’._Q,Mgpumputo get the
: advénf_age of the Tever action and
PVC pump rod has been: replaced
by steel rod in the moon pump.
‘good .. number ‘of 1, moon
handpumps has been installed 1n
Noagaon, -Chapai Nawabganj and
Manikganj  under the Dutch
assisted 18 District Town Project

«—— Cylinder pipe '

Foot valve
assembly

The main components of the

moon ~ handpump - tubewell drée. . .

shown in Figure 21.7.:No. 6 pump

has ‘been as’head assembly. The ‘
* upper- well casing_is:made of 75
'mm diameter 'PVC ipe. - The

pump rod :is: made - of - steel, the.
~_“piston’ assembly ‘and :foot valve .
' assembly are made ‘according 0. .

the inner diameter of 75 mm
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Inspection
cover

<— Handle

Axel - cpain
Water tank

Connecting
o rod
Casing pipe . — Riser pipe

| :

r/ 4 ~ — Platform
- |— -

| |
VA7 7 P iz M//ﬂ//ﬂ///

Spout

1l
|

Piston rod

Piston

Pump

Foot valve

and trap

Figure 11.8 Mair'kl_l'&h:an_‘dpkump ‘,ghbeIWell»“ '

R ’4.".

duration of two years and it

o] -[——— Blind pipe

- countries of the world. It has a

Strainer \, . deep-set pump capable of: -

- _similarities with a Tara
... pump. However, the piston In

diameter PVC pipe working as
cylinder. The lower well casing
is made of 38 mm diameter
PVC pipe, PVC well screen and
sand trap similar to tara
handpump  tubewell.  The
maximum discharge of a
moon handpump 15 0.6 Ips. It
is suitable for Tiffing water

upto 25 metre.

Bangla handpump tubewell:
This is a modified version of

the moon  pump.  The
difference with the moon

pump is_that the upper

‘Fmvgg-u—af—mercliu@@r,_
C pipe. The lifting capacity

~of—the—pump is limited to 135
m. The pump is not widely
used as it is being tested and
not commercially
manufactured. A performance
evaluation of the Bangla pump
was conducted for a short

was found to be functioning
satisfactorily.

-Mark Il handpump Tubewell:
The Mark II handpump
tubewell, widely known as the
Indian Mark II is the most
popular tubewell in India and
widely used in many other

lifting water from .a depth of
over 30 m.. Although the Mark

- II handpump - tubewell has not

yet © been installed = and
familiarizéd in Bangladesh, 1t

“may serve the demand of a

robust. hand tubewell in low
water table areas. A Mark Il
handpump tubewell has many

CRESSTT . wmmne —,

- . e R

\

ks

w.’mﬁmf D ~

.

=
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glsggg O‘; tﬁgt;i?i;dv | b)"_:l connecting rod instead of a PVC pump rod. The
ot , = 5 main is 1qglplcccl to reduce the lond of water on the piston,
: gth of the handle is increased. to enhance the lever action, The main
components of the tubewells are pump head assembly, blind pipe a i filter and
the cylinder assembly, ' pipe and HHer 4

The plé:l_]paheag assembly consists of a !mndle, head, water tank, stand, riser pipe,
connecting rod, spout, leg, etc. A typical diagram of a Mark 11 tubewell with
different components 1s shown in Figure 21.8.

‘The Mark III is an improved version of the Mark II handpump tubewell A Mark
I pump has an improved connecting rod made of fiberglass. The other parts
are mostly the same as those of the Mark IL. : .

Manuaily operated deep tubewell

A tubewell installed to withdraw water from a deep aquifer  is called a deep

ubewell. Usually a deep tubewell penetrates more than one aquifer, but in

Bangladesh a tubewell deeper than 75m is called deep tubewell. The deep
tubewell operates under the suction mode exactly in the same manner as a
shallow tubewell, the only difference is that the depth of a deep tubewell is more
than 75m. In most saline zones (coastal belt), the depth of a tubewell is about
300 m. The No.6 tubewell can-be made into a manually operated deep tubewell
by adding more blind pipes to reach the desired aquifer. In Bangladesh, deep
mbewells are usually installed in saline areas to extract water from deep fresh

water aquifers. Since the water level lies very close to the ground level in the
coastal areas, a suction pump having a No.6 pump head operates satisfactorily
nces between shallow and deep tubewells have

throughout the year. The differe
been illustrated in Figure 16.5. As.deep bore holes are required for installation
ethod of deep tubewell is different from

of deep tubewells, the construction m ) \
that of No.6 shallow tubewells. Sometimes.mechamcal dévices are necessary for

construction of ‘these tubewells: -

21.4 DESIGN, CONSTRUCT
TUBEWELLS .

Well design =~ = .

The design of. tubewells-mainly involves the selection of length, diameter, and
slot opening of the:screen and .design of the shroud materials, on the basis of the
available aquifer v.ChafaCtCﬁStics'.'«,_The;;thlckness;and particle size distribution of

aquifer sand are essential for the d

analysis must be carried out. Aquifer miat co’
hole undergo sieve analysis. The results are.

during the drilling of the bore hole . :
presented in the form of cumulative percent finer against grain size as shown in~-
~Figure 21.9. ‘The results may al

ION ANDMAINTENANCE OF

fer miaterials collected at definite intervals

e

Versus grain Size. ;oo i s

esign of the screen. For thie a particle size '

so-be presented as cumulative percent retained .

| —— — g, 7

R
PESUSS S
*
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The size corresponding 1o 10% finer is called the elfective size, which governs
the permeability of the aquifer. The ratio of the size corresponding 0 60% finer
and the effective size is called the uniformity cocllicient, which defines the
uniformity of the grain size. Thus uniformity coefficient can be expressed as:
U=Do(/Dm (21.1)
ient, D,, = grain size corresponding 60% finer

finer, i.c. effective size. The aquifer
and a similar uniformity coefficient

Where U = uniformity coelfic
and D,, = grain size corresponding 10%
malterials having twice the effective size
have four times higher permeability.

The best aquifer for screening is determined by comparison of the grain size
analysis curve of the materials along the depth of bore hole. The slot of the
screen should be such that it will retain only 40 to 60% aquifer sand. The grain
size corresponding to 60% or 50% finer as shown in Figure 21.9. will determine
the slot size of the strainer. If the slot size is required to be increased, the
tubewell has to be shrouded with coarse-grained materials.

i 100
1‘ 80 |_
S 60
g
.OQ
.faf 40 |
3 20
B
DeoSize v\ D10 Size
Strainer Size
Grain size —p»

Figure 21.9 Grain size distribution curve

pIeh;nil:s?igbtlg antd diametler_of the strainer will be determined on the basis of
entrance velocity, percent opening of the strainer and thickness of
the aquifer. The length and diameter of the strai :

p stra
from the expression: ‘ iner ngunred may be calculated

0=7nDL00Ip)v, e Y

Where 0 = design discharge of the tubewell, D = diameter of the screen, L =

length of the screen, p = percent openi S
: ot t opening-of‘the screen, generally dependent on
slot size and available from specification, v, = permissiblg entrange veliocity.
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The enttance velocity while the water is entering into the screen should not
exceed 0.03 /s An entrance velocity less than 0.03 m/s results in low frictional
head loss in-the sereen, low enerustation and corrosion, The entrance velocity
should be maimtained in the range between 0.03 and 0,010 m/s

The lenpth Ql‘ the strainer should also satisfy the requirement corresponding the
lhic.k.ncss of the aquifer, /Only about 70 to 80% of a homogeneous artesian
aquifer can be screened provided that the pumping water level does not fall
below the top of the aquifer. In the case of a water table aquifer the bottom one-
third to half of the aquifer can be screened.

If the particle size of the aquifer material is very fine or the-depth of the aquifer
is insufficient to provide a suitable screen, the tubewell may be shrouded. The
tubewell may also be shrouded to obtain higher discharge. The shrouding
materials retain the aquifer sand and prevent it from entering into the large
slotted strainer. Theoretically, the maximum pore size of spherical granular
material is one-sixth of its size. The shrouding materials selected must be 4 to 6
times larger than the size of the aquifer sand corresponding to 70% retained or
30% finer, and must have a uniformity coefficient less that 2.5. The procedure
for the design of the shrouding materials is as follows:
Draw particle size distribution curves of all the visible different strata of the
aquifer sand where strainer of the tubewell will be located. Select the particle
size distribution curve of the finest sand for the design of the shrouding
material. |
 Multiply the 70% retained size of the sand by a factor 4 if the sand is fine
and uniform or 6 if the sand is coarser 6r non-uniform. Locate the result of -
multiplication as 70% retained size of the shrouding material. This is the
 first point of the curve that represents the artificial shrouding material.
» Draw a smooth curve representing a shrouding material ‘with a uniformity
coefficient of 2.5 or less through this 70% retention point of the material. It
is to be done by trial and error. - " . T T R
» Prepare specifications for the shrouding material by selecting four ‘or five
standard sieve sizes that cover the spread of the curve and then set down the
* permissible range for percent retained on each of the selected sieves. The
permissible range may be 8% above and below the percent retained at any
point on the curve, | £s
* Finally, select the size of the slot o

~of the shrouding material.

A very thin'-lﬁyéf*of'shrOuding material less than 25 ‘mm thick can re'tain”th'e_r‘f

f the screen that will retain 90% or more

aquifer sand, but it is impractical to place a thin gravel pack in a well and expect i

the material to completely cover: the. surrounding of the screen. A minimum
thickness of 75 mm is considered practical for installation in the field to ensure
an envelope of shrouding material around “the screen along the entire length. ©*

In case of shallow and very shallow. shrouded tubewells a shrouding sand having
o Size or 90% retention size of 0.008 inches, fineness modulus of 1.6 and
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\"'*]’:‘1:')':”“:“:1 ;'(('I’Ullty of a person. The tubewell must be developed by continuous
“wl l{‘h(';(&/,c” 1 desanding for several hours until sand free water is discharged by

Re-sinking: Re-sinking of tubewell is needed when restoration of choked u

‘}.‘h“":“’“ by desanding fails. Shallow tubewells installed with properly connecteg
GI pipes can be easily withdrawn for re-sinking by direct vertical pull but
weaker PVC pipes usually tear off under high pull. Boring by the side of the
pipe is usually employed to the extent required to withdraw a tubewell without
tcaring. A metalic ring attached to the boring pipe slides around the existing
pipe of the tubewell to make it free from surrounding soil. The technique is
known as side digging. The process reduces the friction between pipes and soil
during withdrawal of the pipes by vertical pull. Sometimes side digging is
required along the total length of the pipes to make the weak pipes free but it

may not be cost effective. The re-sinking procedure of a tubewell is similar to
sinkipg of a new tubewell. :

Z/Ifa ALTERNATIVE WATER SUPPLY TECHNOLOGIES

{
Technological options

The fype of handpump techno
groundwater level, water quality .
some areas like the coastal belt in t

logy suitable for a particular area depends on the
and hydrogeological conditions. There are
he; southern part of Bangladesh] where the

conventional shallow and deep tubewells technologies are not successful due to
the high ‘salinity. Alternative water supply options are needed for those areas.
The important alternative water supply technologies include: .

s Shallow shrouded tabewell (SST) /...~~~ '

¢ Very shallow shrouded tubewell (VSST)

"¢/ Pond sand filter (PSF) A

¢ Household filters '

~ v:. Solar desalination =~ &

. &" Rainwater harvesting. ~ BERIG Y et g e

Shallow shrouded tubewell (SST) / e
In the high salinity coastal areas it has been found that fresh water is available in
shallow aquifers composed of fine sand at 15 to 20 m depth. This is due to
accumulation of rainwater in the topmost aquifer. However, the particle size of
soil and the depth of the aquifer are not _su1table for installing a normal
tubewell, To"get water through "these very fine-grained aquifers, an artificial
sand packing is required around the screen of the tubewell. This. artificial sand

ncreases the yield of the tubewell and ‘prevents-entry

]
i 7

packing, called shrouding, i ! _
of fine sand into: the screen, The: 15 to, 20.m deep tubewells, iinstalled with this
technolo 6y-1,.ar';e “called shallow. shrouded bewells (SST). The SSTs are fitted

~ with No§ handpumps .operating under suction- mode. - A typical - SST with
COmPOnents155hown|n Figure 21.10; - it o e ey e R

A7 e 5
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fresh water in shallow aquifers remains beneath the pond. Immobile preserved
aquifers are also found at shallow depths at various locations in the coastal area.
A VSST 1s a convenient method for withdrawal of fresh water in limited
quantities. In many places, the water produced by VSSTs becomes saline due to
rising of water caused by over-pumping. Installation of low capacity pumps
may prevent over exploitation of shallow aquifers. The system is considered
suitable for dr.mkmg water supply for small settlements where water demand is
low. A VSST is not different from an SST except in the depth of well.

Pond sand filter (PSF)

An alternative and popular option of potable water supply in coastal problem
areas is the pond sand filter (PSF). It is a package type slow sand filter unit
developed to treat surface waters, usually low-saline pond water, for domestic
water supply in the coastal areas. Slow sand filters are installed near or on the
bank of a pond, which does not dry up in the dry season. The water from the
pond is pumped by a manually operated hand tubewell to feed the filter bed,
which is raised from the ground, and the treated water is collected through
tap(s). It has been tested and found that the treated water from a PSF is normally
bacteriologically safe or within tolerable limits. On average the operating period
of a PSF between cleaning is usually two months, after which the sand in the bed
needs to be cleaned and replaced. The drawing of a typical PSF is shown in

Figure 21.11.

-

The problems encountered are low discharge and difficulties in washing the
filter beds. Since these are small units, community involvement in operation and
maintenance is absolutely essential to keep the system operational. The PSF is a
low-cost technology with very high efficiency in turbidity and bacterial
removal. It has received preference as an alternative water ‘supply system for
medium size settlements in arsenic affected areas and areas where low salinity
groundwater is not available. Although PSF has a very high bacterial removal
efficiency, it may not remove 100% of the pathogens from heavily
contaminated surface water. In such cases, the treated water may require

chlorination to meet drinking water standards. .
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Figure 21.11 Pond sand filter

]

Household filters

Surface water containing impurities can b i i '
¢ clarified by a pitcher filter unit or a
small sand filter at the household level. It is an.old methodpof water purification,

tubewells for village water supply. Pitcher fi i

: ; . ilters are constructed by stacking 2
ggjrsnhlze‘;g lil;h;irsu(ga;slhlls%, one above the other, containing differentyﬁltcr media
water is collectﬁd from the ;Qaw ater 1s poured in the top Kalshi and filtered
by the meshanieal stmran :m Ol:lm:; or(xie. Ir_n.".this process, water is mainly Clari.ﬁe
media used. g and a sorP_uon depending of the type of filter
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Figure 21.12 Pitcher (Kalshi) filter  Figure 21.13 Small household filter

Small household filters can be constructed by stacking about 300-450 mm thick
well graded sand on a 150-225 mm thick coarse aggregate in a cylindrical
container as shown in Figure 21.13. The container is filled with water and the
fillered water is collected from the bottom. It is essential to avoid drying up of
the filter bed. Full effectiveness of the filtration process is obtained if the media
remain in water all the time. The pitcher and other small household filters
cannot completely remove micro-organisms if these are present in large
numbers in raw water, Experimental ‘units constructed in Bangladesh’ and- in
other countries show that the residual coliform bacteria present in the filtered
water may vary from a few to several hundred. However, improvement of water

quality by household filters is remarkable, ‘

The important characieristics of household filters are:
* suitable for surface water treatment; ,

‘remove turbidity, colour and micro-organisms; . .. e
complete removal of pathogenic micro-organisms is not guaranteed; .,
not suitable for high-turbid water; . . . . o
difficulty in cleaning and keeping the system operational.

infiration welligallery .. . "

Installation of infiltration wells/galleries along banks :of - rivers and ‘ponds
Provides:clean water for domestic purposes. Rivers or ponds with:sandy soils are

suitable for construction ‘of infiltration well/galleries; Sometimes, sand beds ‘are

R'aCFd';begwcen’thfe source and finfiltra’tion'zwe Vgallery for the filtration of water.
; Fi% l;n_fllztrlatln_‘(:n well/gallery constructed by the side of a pond/river is:shown:in
re A 3 . d : 4 2 ‘, NIy , ":*":y» r i . : '!z) ‘E‘v_ ‘afl: A \ ‘_’("; v’q:ﬂ;
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Figure 21.14 Infiltration- well/gallery constructed along  pond/river

The main problem encountered with infiltration galleries is the sanitary
protection of water. Water without proper sanitary protection becomes soon
contaminated. Installation of handpump tubewell for collection of water from a.
sealed infiltration well/gallery shown in Figure 21.14 can provide good sanitary
protection. Sometimes, permeability at the entrance of surface water from the

source is greatly reduced by entrapped suspended particles and deposited clay
materials. ,

Winwater harvesting

In the coastal belt and hilly regions of Bangladesh suitable water sources are .
scarce. The coastal belt suffers from high salinity in surface and groundwaters
and the hilly areas suffer from absence of surface and groundwater sources for
the development of a dependable water supply system. The average annual
rainfall ‘in_the coastal and hilly regions'is more than 3000 mm. against an-
average rainfall of about 2400 mm in Bangladesh. The collection and storage of
rainwater is an alternate option of water supply in these areas. Rainwater
harvesting 1s a potential water supply option in the acute arsenic affected areas
of Bangladesh. Rainwater collection in Bangladesh has been practiced for a long
time on a limited"scale, There are two majr constraints in development of a
completely rainwater based WaeT Supply system: _developmen

" availability o suitable catchiient.area and
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/é the need for larger storage tank.

-

A large catchment for rainwater collection is needed if the total water supply is
based on rainwater. Again a larger storage reservoir is required for unequal
distribution of rainfall throughout the year. The advantages and disadvantages
of rainwater collection systems over the other water supply schemes are
presented in Table 21.1

Fable 21.1: Advantages and disadvantages of rainwater collection system

Advantages

Disadvantages

‘

The quality of rainwater is comparatively-

good
¢ The system is independent and therefore harvesting system
suitable for scattered settlemen(sT/QL o The water availability is limited by

Local materials and craftsmanship can
be used in construction of rainwater

system

No energy costs are incurred in running
the system

Ease in maintenance by the owner/user
The system can be located very close to
the consumption points

¢ The initial cost may prevent a
family from installing a rainwater |

the rainfall intensity and
available roof area

e Mineral-free rainwater has a flat
taste, which may not be liked by
many

e Mineral-free water may cause

nutrition deficiencies in people
who are on mineral deficient

diets

The poorer segment of the
population may not have a roof
suitable for rainwater harvesting

—~ -

Rainwater availability: Rainwater is available .in adequate = quantities .in
Bangladesh. The spatial distribution of normal rainfall in Bangladesh has been
shown in Figure 16.11. The distribution of rainfall in figure 16.11 shows that
relatively higher rainfalls occur in the eastern part of the country and the
highest rainfalls occur in the north-eastern region and eastern part of the coastal
area. The lowest rainfall, less than 1500 mm per year, 0CCUIS in the western part
of Bangladesh. In the coastal and hilly areas, with a greater fresh water source
problem, rainfall is higher, which is favourable for rainwater harvesting. ‘

A ten-year rainfall pattern based on the mean rainfall intensity.recorded in 28
stations for the period from 1987 .to 1996 is shown in Figure 21.15 (BBS,
1997). It appears that the average yearly rainfall in the country during 1987-96
varied from 1950 to 2800 mm, i.e. 1,95 to 2.80 m’ of rainwater was available
per m’ of catchment area each year for development of a raipwater based water
supply system. However, there are some losses in the collection system. The.
avallalfle rainwater can be estimated by the equation: i
- 0=CIA -@L)
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Figure 21.15 Variations of annual rainfall in Béngladesh

Rainwater catchment: The catchment area for rainwater collection is usually
the roof, which is connected to a gutter system to lead rainwater to the storage
tank. Rainwater can be collected from any type- of roof, but concrete, tiles and
metal roofs give comparatively cleaner water. The CI sheet roofs commonly

. e 9€ assumed to be |ost by evaporation and by
washing the catchment area. The caichmient areq is uSually” washed using fis
rain, which produces inferior quality rainwater. For 5 S L

About 25% of the -rainlwatcr;‘may*b
tchment
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The poorer segment of the population is in a disadvantageous position with
respect (o utilization of rainwater as a source of water supgpl .Tgis‘ rou lof
yeople has smnllg:r thatched roofs or no roofs at all, to use asyﬁ catéh?nentp for
cainwater collection, The use of land surface as a catchment area and an
underground gravel/sand packed reservoir as a storage tank can be an alternative
system of ramwater collection and storage. In this case, the water has to be
entering into underground reservoirs, This process is analogous to recharge of
underground aquifers by rainwater during the rainy season for utilization in the

dry season.

storage tank: The unequal distribution of rainfall over the year requires
storage of rainwater during the rainy. season for use in the dry season. The
minimum volume of the storage rainwater tank V, required for rainwater can be

computed by the equation:
V=0365fqN - ' | (21.4)

on of total available rainwater required to be stored for
consumption at a constant rate throughout the year. The ‘total annual rainfall in
1996 as shown in Figure 21.15 is approximately equal to the average annual
rainfall of the last ten years. The monthly distribution of average rainfall in

1996 shown in Figure 21.16 is assumed to represent the average condition. The
rainwater availability mass curve in Figure 21.16. has been constructed
assuming that the cumulative consumption/demand at a constant rate is equal to

total available rainwater

Where f is the fracti

The mass curve has been prepared assuming that 75 [
available. It may be observed that there is a shortfall of 0.48 m’ in the dry

periods and an excess of 0.24 m’ during rainy’ season. For full utilization of
rainwater potential, a storage tank with capacity 0.72'm’ (40% of the available
rainwater) is required for uninterrupted water supply at a constant rate
throughout the year. However, ‘if only drinking ‘and cooking water is harvested,
the sizes of the storage, tank and catchment'area;iWOuld‘be smaller and within an
affordable range for a family. Substituting f = 0.4 in equation (21.4) for
representative rainfall distribution of 1996, the minimum volume of the storage
tank required for rainwater becomes: A eyl :

V=0146gN

channeled towards the reservoir and allowed to pass through a sand bed before

75% of the rainwater would be

(21.5)’_
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Figure 21.16 Rainfall intensity, cumulative rainwater availability and demand

Quality: The quality of rainwater is good, but it does not mean that rainwater is
completely free from contamination. Wind blown dirt, bird droppings and other

-——debris contribute some pollution. The rainwater is essentially lacking in mineral
salts including fluorides and calcium salts, whose presence in water supply-is
considered essential in appropriate proportions. The mineral salts in natural
ground and surface waters sometimes impart a pleasing taste to water. Water
quality tests have shown some bacteriological contamination of water from
roofs. Conditions of the roof and storage tank are.critical in maintaining the
quality of rainwater. If the storage tank is completely covered and the organic’
debps 1s prevented from entering into the storage tank by means of a suitable
strainer or filter;. any bacteria or parasites carried with the flowing rainwater '
tend to die off. Thus rainwater drawn from a clean tank several days after the
first rainfall will be of better bacteriological quality than fresh rainwater.

Rainwater collected from the roof after a jon dr i noticeable '’
amounts of debris arising from accumul'éltedg dus); gzgoﬂar‘rln:g ocnar:l{e roof an
gutter. It is recommended that water running off the roof during. first 10-2
minutes of rainfall should be discarded. Many devices have been. suggested 10
store or divert the first foul flush away from the storage tank. These practices
are quite effective in. preventing visible debris from entering into the Storagé;
‘tank but less effective in preventing bacteriological pollution. In view: 0
difficulties v;hxch may.make the rejection of first flow impracticable, cleaning 0°
) '--"‘th‘e ook ‘a?‘_ gutterat:ﬂlegegmmng of the rainy season and their reg" ar

« 3y v

[}
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maintenance are very important to ensure better quality rainwater. The storage
tank requires cleaning whenever the tank is empty or at least once per year. If
possible, the storage tank should be disinfected during cleaning.

Solar desalination

Solar desalination units based on conventional evaporation and condensation
facilitates can be installed for drinking water supply. Experimental units
constructed in the coastal areas of Bangladesh have produced 0.6 - 2.4 Um’/d of
water with an average yield of 1.41 Umd. The water produced by solar
desalination is completely fre¢ of salinity and can be mixed with tubewell water
to increase the volume’ of water for drinking water supply. The technology
cannot produce an adequate quantity of water at a reasonable cost. The systemi

requires further development for use in water supply in rural areas.

Comparison of main technological options

A comparison of low-cost technological options for water supply is shown in

Table 21.2.

4 21.2: Comparison among some- conventional - water.-nsuppl-y o
technological options ; ' gL -

Different Cost (base “Advantages Disadvantages Status in
technological options| year, 1998) ) . ( .Bangladesh
Low -0 Low-cost Q Sanitary protection- - = -] O Construction has -~
Open dug well ; ' Q Free irom iron and  is difficult _been restricted
: . mrsenic - : O ‘Water collectionis "~ by laige Scale !
difficutt installation of LS
tubewells
No. € handpump 2,0004,000 O Subetor . | O Manylubewsls | O Welkadopted b
| Tk favourable'shallow roduce water with _throughoutthe .« I
water table area igh arsenic : * country : i
(upto 7.5m) content | O No.6handpump ¢
O Presently private O Water generally hard, use . Is promoted b :
' sectoris providing . : for bathing and cookingis~ | UNICEF, DPHE
services and srara restricted by different and also private
parts for installation, ~ complaints . sector
maintenance and . repairing 5!
O The spares are :
available in open market
; .0 Easy to operate ; b
Taahandpump | 13,000-15,000 O Suitable for LWT zoneupto | Q@ More force Is Q' Tried
g Tk, a depth of 15m of static water requied - on experimental
- level S g O Buoyancy force Is not . basls: -, e |
' | alays available due to +Q Tara handpump : A
kY v leaklghp\mpmd - is promoted b ! 3
Tl O Provides moderate ., | 'UNIGEF,DPHE,
; A1 Coutput upto Tom liR < :'UNDP-WB
and very low output ‘ ‘
ati2miift :
0 Repaiing/ ;. © .-
* " replacementof -
. parais i : i
Q. Installed mainly - i
' throughthepuble ‘| =
| secor :
‘- O Tara has not yet
1 -| ./ been provedtobe
’ . us friendly - .-
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| 216 WORKED EXAMPLE

| ﬁj(émple -1
! . Design a strainer for a 38 mm diameter tubewell to be operated by a No.6

I handpump at the rate of 40 Ipm. Slot No.10 strainer having a 40% open area is
! to be used. The entrance velocity should be around 0.01 m/sec.

Solution: The open area per metre of 38 mjn strainer = ndx Ix 0.04 =314 x
0.038 "x I x 0.4 = 0.0477 m¥m '

Q = 40 Ipm = (40/60) x 10° m¥/sec. = 0.67 x 10° m'/sec.

* Entrance Velocity, V= O'.Ol m/sec. ey 2
Entrance area requi;ed ='Q/v, = 0.67 x 10°/0.01 = 0.067 m*
Length of the strainer required L = 0.067/0.0477 = 1.4 m
Strainer length-of1.5 m may be provided, | ‘

~ The length of tl_w strainer can,'alsd»b‘e computed using equation 21.2 diréctly. b

/ixample - 2 ,~ _ |
alculate the rainwater available for a family having a A n? in the'
o amei e G T8 , VINg a roof area of 20 m" in the
central region of Bangladesh, where rainfal] intensity j r year, Assume
a runoff coefficient of 0.75. 20 per R RS
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golution : Quantity of rainwater available, O = CIA

C=075 I=20miyr; A=20m’

0 = 0.75x2.0x20. = 30 m’/yr

%ﬂple -3

iThe average rainfall intensity in Bangladesh is 2.4 m/yr. and the runoff
Coefficient is 0.70. Calculate the minimum catchment area required for a family
of 7 persons to be supplied with 15 Ipcd of water.

solufion: The catchment are required is;, A = 0365qgNAC )
A .
g = 15 lpcd; N=7,C=07;, I=24mlyr

A= 0365 x 15 x T/(0.70 x:2.4) = 228 m’
F ample - 4 , L
Calculate the minimum capacity of the storage tank required for a family of 8

persons to be supplied with 10 Ipcd of rainwater. The yearly rainfall intensity is
5 5 m and the rainfall distribution is such that at least 35% of the rainwater must

be stored for uninterrupted water supply throughout the year. Also calculate the
minimum catchment area required when the coefficient of runoff is 0.7. '

Solution: Storage volume required V = 0.365 fqN
f = 04; g=10lpcd; N=8; C=07; [=25m

Ve 0365%x04%x10x8 =11.68m’
. A=0365gNACI) o

A=0365x 10x 8/(07x25) = 292175 —1669m' - o

xample - 5 i E s s i
- Calculate the per capita water available and the capacity of the storage tank
required for a family of 6 persons having a roof area of 20 m’ with a runoff
coefficient of 0.8. The family lives in a part of Banglads h having a yearly
rainfall of 2.5 m. The distribution demands 40% storage requirement for full
utilization of rainwater. o aiigaty

| Solution: Available S walet: Q=CI 4 Sl

. Storage volime required = 40 x 04 = 16
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‘h\\‘uih‘hh. miu\\vmm‘ per L'ﬂ[‘i“l per (](’l)( =40 x JOOO/( 6 x 365 )
= 1826 Iped,

Questions
i

\\’h:\l are tho present pruc(icvs of water SUPPI)’ in the rural areas of Bangladesh? N&mﬂ

’l \ . -
/ . ;
/ . : . ) ; ns for water supply in Ban
the suitablo alternative low-cost technological optio pply gladest,

o

Describe the construction procedure of dug wells. How can you protect dug we|| Wale
from contamination?

/3/ Why is the No.6 handpump tubewell the most popular_ in Bangladesh? Dray, the
sectional elevation of a No.6 handpump and label the different components of the

* pump.

4. Why is the Tara handpump tubewell developed and being prqmoted in Bangladeshy
Compare the Tara and Mark-II handpump tubewells with necessary sketchg;, !

/ What are the reasons for local development of Bangla and Moon handpumps? Drayw ,
neat sketch of a Bangla handpump tubewell,

6. Design a strainer for a 30 mm diameter tubewell to be operated by a No.6 handpump at
the rate of 25 Ipm. A slot No. 12 strainer having 50% open area is to be used. The
entrance velocity should not exceed 0.015 m/sec,

7. Describe a household filter for the treatment of surface water. Mention the important
characteristics of a household filter.

}./ Describe the working principles, of a pond sand filter. with a neat sketch. What are
problems encountered in the operation and maintenance of pond sand filters?

9 What is the potential for rainwater harvestirig in Bangladesh? What are t}le advantages
and disadvantages of rainwater harvesting in Bangladesh? f

‘total rainwater available in thal‘year is 2200 mm excluding the losses, and a storage.
volume of 30% of the available rainfall is required for g Year-round supply. What are the

minimum storage and catchment are required for drinking and cooking at the rate of 10
. Iped for a family of 8persons? : By : Lo

’ )4/ Compare the costs, advunmges and disndVantages of a No:6 handpump; Tara handpumP'
. and manually operated deep tubewell, - (s R

2, Draw a clear diagram of a very shallow shrouded tubewell, ]5is'cuss,thev ugefﬁj‘,,‘gss‘ of
- SS8Tand VSST under conditions in the coastal areqs of Bangladesh. . e



