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ALTERNATIVE WATER
SUPPLY OPTIONS



14,1 Deep Tubewell

The aquifers in Bangladesh are stratified ang the deep aquife
from the shallow ones by impermeable layers so arsenic-free groundwater ;

found in the deep aquifers except for a very few places in the nortll-w::stet'l:
region. In the case of tested water samples collected from deep tube\wclls
(strainer depth. 150m), only 1% and §9% samples (Table 14.1) exceed th;:
allowable limits of SOmg/L and 10mg/L, respectively. These deep tubewells are

more expensive compared to shallow tubewells, but they appear to be cost-
effective compared to other options presented in Table 14.2,

IS are separated

Table 14.1: Arsenic contamination situation of tubewell in Bangladesh

[ "thal number (million) of tubewells in the country o 8.61 ( 100)

Total number (million) of tubewells tested for As 473 (55)

' As affected shallow tubewells above 0.05 mg/L 27%

' As affected shallow tubewells above 0.01 mg/L 46%

As affected deep tubewells (strainer depth . 150 m) above 1% ]
0.05 mg/L

Asaffected deep tubewells above 0.01 mg/L S%

Table 14.2: Installation, operation and maintenance costs of selected presently
operating water supply options

Technological Unit cost Population Installation cost Operation and
- Option (USS$) served (USS$/person)  maintenance
cost (USS
person 'yr)
Rainwater harvesting 106 5 212 4
_Dugwell 560 120-150 0 o
- Manikgonj AIRP 223,534 60000 37
including overhead
_tank S
JPSE 560 1s0-200 32 04
_Small-community 140 4050 31 07
Deepwbend s awaw a6
g’i"i@mﬁe‘@ﬁ““ 175 100-120 14 10
Shallow wbewell jos 1204150 8 06.

Source. Rahman et al. 2003



14.2 Shallow Shrouded Tubewell and Very Shallow
Shrouded Tubewell

In many areas of Bangladesh, groundwater with low arsenic content is available
in shallow or in very shallow aquifers composed of fine sand. The particie sizes of
the soil are not suitable forinstalling a normal tubewell. An artificial sand packing
is required around the screen of the tube well to get water through these very fine-
grained aquifers (Figure 14.1). This artificial sand packing is called shrouding,
Shrouding increases the yield of the tubewell and prevents the entry of fine sand
into the screen.
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Fgl’! 14.1: Shallow shrouded tubewell.
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14.3] nfiltration

In this technology w

it is signiﬁcantly fr
usually Present jj,
Perennia] rjy,

ee fi
urface yy

conventional bucket 5

(Table 14.2)

14.5 Construction

Dug wells are lined with brick or stone mas onry, cast-in-situ concrete or pre-cast
concrete rings. Lining provides protection against caving in and collapse of soil
during construction, and a seal 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 14.3 prevents uneven settlement and a sligl‘lt]y larger shoe
facilitates sinking without friction along the outside face.s ofthe rings or m:;?;‘l}?
works. The sinking of the well is continued until the desired ]c‘vel isreache ‘11 be,
construction of a well under the water table requires drying of the \\t:e, t )r
pumping. The wall below the water table may have perforations for entry of wate
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Figure 14.2: Dug well

in the well. The dry season, having the lowest water table, is the ideal time for
construction ofawell,

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
b; fl‘:lllcd with coarse sand up to the height of the perforated wnil. The upper part
:u:-l{ wells mus: be filled with impermeable clay to prevent entry of contaminated

ace water. Placement of 100 mm of coarse sand below 100 mm of gravelat the

14.6 Sanitary Protection

It is very difficult to protect the
contamination, Percolation of cont
route of pollution of we|] water

water of the dug well from bacteridl

aminated guy
Tl hated surface water i the most common

art of the wel] lining and the spac*

796 ‘. WaterandEnvlronmentalEnglneerlng
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Figure 14.3: C
.3: Conventi
ntional dug well and dug well with sanitary protecti
ction

soil should be properly sealed. The well lining should be

extended
rim of the i::lelaj: 0.5m above (¢ ground to form a 'head wall' around the outer
_A concrete apron, about2min width, should then be constructed

0
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1%

hydrogeological and stony soil conditions. Construction of protected digy wsiis
can be a good option for water supply in these areas, Dug well water is freo frepen
iron and arsenic, hence dug wells are a potential source of groundwater in acuee
arsenic and iron problem areas in Bangladesh,

14.7 Pond Sand Filters

Pond sand filters (PSFs, Figure 14.4) are basically scaled-down slow sand fileer
for community water supplies. They were initially developed in Bangladesk, ¢«
treat low-saline pond water for domestic water supply. Slow sand filters 2r¢
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Figure 14.4: Pond and sand filter
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14.9 Household/pitcher Filters

Pitcher filters are constructed by stacking a number of pitchers (Kolshis), one
above the other, containing different filter media as discussed earlier. Raw water
one.

is poured in the top Kolshi and filtered water is collected from the bottom
btained if the media remain inwates

Full effectiveness of the filtration process iso
din Bangladesh andin other countrizs

all the time. Experimental units constructe
cteria present in the filtered water ma¥ vary
et al. 2003 ). However,

show that the residual coliform ba
(Rahman, Rahman

fr d
i om 2 few t(-) severa hund:e lityb householdﬁltersisrcmarkable.
improvementingen eral water quality by
14’1 O SOIar DiSinfeCtlon ucing mic wrg.ln'\n
: pro¢ . .
This is tural process of elimination of diseas¢ I”: ate the water i3 Zl:tu
' a natural p diation i8 Jllowed t0 fu raviolet 7Y *
using solar energy. If solar radid l combi"“d action ¢ “sunlis:h‘ forabout
Iayer, the water is disinfecte by tltc ottleis cxposedg’cﬁll9; 8). 'i‘hism{t‘th‘“ u
’ aren t jdity
temperature, If water inatf a'ﬂSP 1te .SAN i ightur®
hthewateris completely d,smfec [umes ofwatcr
not suitable for treatment oflarge Ve
709
ons [¥¥
_cupPV op" el

CamScanner



14.11 Rainwater Harvesting

In some areas of the coastal region in Bangladesh with high salinity problem:s,
about 36% of households have been found to practise rainwater harvestingin the
rainy season for drinking purpose (Hussain and Ziauddin 1989). In the present
context, rainwater harvesting (Figure 14.5) is being seriously considered as an
alternative option for water supply in Bangladesh in arsenic-affected areas. In the
context of Bangladesh there are a number of advantages in favour of considering
rainwater harvesting as an alternative technology. The quality of rainwater is

Figure 14.5: Rainwater harvesting
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usually good. W
- Water i i
soBttered settlermer o E available at the point of demand
-Locally available manpower and piln 'm;d e fog
‘ ysical resources ca
nbe

utilised fo
storedin t}rl the de.velopment and construction of th
for distrib e plant 1s situated at a high ar elevationo t edglants. Since the water
ribution or to send it y 1o additional cost js j
. to the users' end cost is involved
regardin - L s end. There are ,
exf)en e t?; 1uant1ty, which is limited by the rainfall ;:;’ Vt\;:wer, shortcomings
Somplatetors e 14.2). There are two main constraints in devel LA
pletely rainwater based water supply system: elopment of a

* Available of suitable catchment areaand
e Theneed forlargerstoragetank.

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. T he advantages and disadvantages of
rainwater collection systems over the other water supply schemes are presented

in Table 14.3.

advantages of rainwater collection system

Table 14.3: Advantages and dis
i tages
ACTERES D gal t reventa family
, , v "
e The quality of rainwater 18 comparatlvely The initial cost m ?rp :
d from installing a rainwater harvesting
goo
s -4 fore system
e ThesystemIS independent and there : T?’he . o edbythe
: d settlements _ area
aitable for scattere it and available oot ar
] jals and craftsmanship can rainfall mtensw.y e
+ Local matert” : f rainwater o Mineral-free rainwater has 2 )
be used in construction © rain  hich may 1ot be liked by many
use nutrition
system . unning . Mineral-free water may ca .
costs are incurred in iencies in people who are
o No energy deficie :
. ra] deficient jets '
the syster r minerd ulation
maintenance by the owner/us® o Thepoore segment of the pop
Ease 1D Jose to - roof suitable for
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and the highest rainfalls occur in the north-castern region and eastern part of the
coastal arca. The lowest rainfall, less than 1500 mm per year, occurs 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

harvcsting.

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 14.6. 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 rainwater based water supply system. However,
there are some losses in the collection system. The available rainwater can be
estimated by the equation

0O=CIA 14.1

Where Qis the total quantity of rainwater available in m’/year, Cis the coefficient

of available runoff, I is the rainfall intensity in m/year and A is the catchment area
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Figure 14.6: Variation of annual rainfall in Bangladesh



14.13 Rainwater Catchment

Tl o foer s
1e catchment area for rainwater collection js usually the roof, which |
v is

connected to a gutter system to lead rainwate i
be collected frgom an; type of roo;,“lt)]:tnct::);t:r::}t]cc 9:;}’:380 pe Ramwatcrcian
conbarativel . . ol y tiles and metal roofs give
paratively cleaner water. The GI sheet roofs commonly used in Bangladesh
perform well as a catchment area. A thatched roof can also be used asrcatchm;nt
area by covering it with polyethylene, but it requires good skills to guide wate; to
the storage tank. In coastal areas of Bangladesh, a cloth fixed at four corners with
pitcher underneath has been found to be used during rainfall for rainwater
collection. The minimum catchment area A, required for the collection of

rainwater for N number of people supplied with q litres per capita per day (Ipcd)
of water can be derived from equation 14.2

4=0.365qN/CI s

About 25% of the rainwater may be assumed to be lost by evaporation and by
washing the catchment area. The catchment area is usually washed using first
rain, which produces inferior quality rainwater. For an average annual rainfall of
2.4 m/yr, as indicated in Figure 14.6 and a coefficient of runoff of 0.75, equation
9.3 can be written in the following form:

{)J

A=0.203qN 14

The poorer segment of the population is in a disadvantageous position m'th.
respect to utilization of rainwater as a source of water supply. This group of
people has smaller thatched roofs or no roofs at all, to use as a catchment for
rainwater collection. The use of land surface as a catchment area and an
underground gravel/sand packed reservoiras astorage tank can be an alternative
system of rainwater collection and storage. In this case, the water has to be

channeled towards the reservoir and allowed to pass through a sand bed before
his process is analogous to recharge of

entering into underground reservoirs. T to recharge &
y season for utilization in the

underground aquifers by rainwater during the rain

dryseason.

14.14 Storage Tank

The unequal distribution of rainfall over the year requires: 5

i imum Vv
during the rainy season for use in the dry season. The mllr;e e
storage rainwater tank V, required for rainwater can

lires storage of rainwater
olume of the

ted by the
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equation:
V =O.365/(1N 14.4

Where f is the fraction of total available rainwater required to be stored f,,
consumption at a constant rate throughout the year. The total annual rainfy)
1996 as shown in Figure 14.6is approximately equal to the average annual rajn |
of the last ten years. The monthly distribution of average rainfall in 1996 shqy,,,
in Figure 14.6 is assumed to represent the average condition. The rainwate,
availability mass curve in Figure 14.7 has been constructed assuming that the
cumulative consumption/demand at a constant rate is equal to total available
rainwater.

The mass curve has been prepared assuming that 75% of the rainwater would be
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 would be smaller and within an affordable range fora
family. Substituting f = 0.4 in equation 14.4 for representative rainfall
distribution of 1996, the minimum volume of the storage tank required for
rainwater becomes:

1.8 |—

16 |—

14 +— /

Water demand/ /
12 L. consumption

1.0 —

Rainwater availability
0.8 (— (Mass Curve)

0.6

04

Rainfall, m: Rainwater Availability and
Demand, m3/m? of Catchments Area

0.2

0.0

J J A S (0] N D
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Figure 14.7: Rainfall intensity, cumulative rainwater availability and demand
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14.15 Conclusion

This chapter contains the alternate water supply options mostly suitable for rural
Bangladesh, as the climate change prone country suffers a lot on drinking water
issue. The AILA cyclone prone area s still suffering from available drinking water
where these alternate sources of water have immense value to the local people.
However, these options need economic support from home and abroad to

promote uptake.
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