- Judging from a. and b. above, it was concluded
that_grounwater in this town may be developed with no
problem at all so long as the adjacent wells are spaced
1,000 m or more apart from each other and the pumped volume
of water Q is restricted to less than Q = 180 m /h each.

3-3-3 Water Source Plan

At present, drinking water for the town is supplied
by one deep well {(with the pumping rate of 68 m /h and 397

hand pumps (in urban areas). River water is not used.

Studies on the future sources of drinking water
supply - based on the prevalent state —- resulted in the

following conclusions.
a. Groundwater

According to data on wells that are now under
constrnction or already constructed, the layers in which a
lot of grOundwéter tends to be readily stored (sand, gravel)
are confirmed to exist étarting from the shallow depth. 1In
the pumplng tests of such lavers, the pumped volume of water
is recorded to be in the range of 130m /h to 165 m /h with a
draw down of around 3 m. Also, as mentioned in Section
3-3-2, the development of groundwater in this town consid-

ered possible.
b. River water

During the dry season, the Nabaganga River which

flows. in the east of the town becomes only a trickle.

On the basms of a. and b. above, groundwater is
judged to be better choice as the water source for the

Project.
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3-3-4 Water Supply Plan
(1) Water Supply District and Pdpulation Supplied

 Population at the time of censuses in 1974, 1981
and today (May 1984} are as follows:

Population at the 1974 census : 34,002
49,355

LT

Population at the 1981 census

Population as of May 1984 74,959

These data may be plotted as follows:

“Population Growth in Jenidha Town

Population in the Water
(116 ,374) 5 Supply District: 59%
/ o
/ Population to be served
100 0001 / in 1990: 69,000
Yy : S
! /é?f
;L
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' (49,350) <4
(34,000) . :
30,000 T —r——r L} L | Y T T T T T T T T 7 T T T Lk aamnd
- 1974_ | 1980 © 1985 1990 1995 2000



The average annual rate of population growth was
5.5% between 1974 and 1981 and 2.3% between 1981 and now.
Recently, a lafge'inflow of'population from the rural areas
is being recognized, but as tﬁere is little iikelihbod that
the inflow will continue growing especially as the central
or local governments, too, are expected to come out with
countermeasures, the population growth rate from 1981 to the
target'year of this project (1990) was assumed to be 10% on
average. Thus, the popuiation in 1990 was projected to be
116,000,

_ The water supply district was determined in.
consiaeration of the present geographic distribution of
pqpulation, the prevalent state of settlement formation and
the_diréction of-fﬁture'development, and the population to
which water is to be supplied was estimated to be 59% of the
town's population. The popuiation to which water would be
supplied in 1990 therefore was estimated to be 69,000,

(2) Water Consumption

The estimated amount of water to serve a popula-
tion of 69,000 would be as follows.

Q = 81 liters/man-day x 69,000 men = 5,589 m3/day

{3) Water Supply Facilities Plan
(i} Production wells
a., Diameter of ﬁell aﬂd puﬁpiﬁg rate
According to existing daté available, the.diametef'

of the well is 6" and the pumping rate is in the range of
130 to 165 t/h, and the draw down 3 to 4 m. '
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: On pumping rate, a definite economic pumping rate
has not been determined yet, but judging from existing data,
a pumping rate of 180 t/h can probably be expected. As this
pumping -rate is large, the diameter would have to be 8.

b. Drawing depth

Judging from the inferred geological profile
presénted in Fig. 3-10~6, the gravel layer recoghized at
around GI. =75 m and deeper would'probably be the target
drawing depth.

¢. Number of wells

o _ 5,589 _ . ..
® =5y T80 x 12~ 283

{ii) Pump Facilities

If the suction level is {-}) 20 m from the ground
level (GL) and the discharge level 20.0 m above ground,
which is high water level of the overhead tank, the actual

head is 40.0 m.

A study of the pump facility for each well resulted

in the following data.



Table 3-3~4 Principal Particulars of Pump Facilities

Well No.
R : 1 2 3
Description
1. Actual head, m 40,0 40.0 40.0
2. Pumping rate, §/sec 43.1 43,1 43.1
3. Transmission pipe
Kind of pipe: Cast iron pipe " "
Diameter, mm 200 250 200
Length, m 530 690 40
4. Loss of head in the 8.51 3.73 0.64
transmission pipe, m
5. Total head, m 48.51 43.73 : 40,64

Multi~-stage " .

6. Type of pump . turbine
7. ¥o. of stages 7 ' 7 : 6
8. Motor output, kW © 30 - 30 _ 30

{iii) Overhead tank

As the required total capacity of the overhead

tank is
v = 5,589 x 0.20 = 1,117.8 m?,

three overhead tanks with the capacity of 400 m?® each will
be planned with due consideration to their locational
arrangement. .

(iv) Distributing pipe

Arrangemént_(layout)'of the-distributing pipes was -
determined in consideration of the geographic distribution
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of populatlon, the locatlons of existing wells and distri-
buting pipes and the direction of future development of
regidential areas. PVC pipes will be used for all distrib-

uting pipes.

Hydraulic calculations for the pipeline*hétwork
were carried out on the basis of the design conditions to
secure a hydraulic pressure of 9.0 m (0.9 kg/em?) at every

terminal end of the distributing main and branch.

(v) Public post

The dlscharge rate from a ¢l3 mm tap is 20 liters/min
5(14 4 m3/12 h). Since the plan calls for supplying water to
50% of the 1nhab1tants through public posts, the required
guantity of water supply would be:

il

69,000 persons x 0.5 x 34 liters/man-day
1,173 m3/day

Q

I

_ The required number of public posts would there-
fore be 82. Under this project, public posts will be
constructed at 10 locations, and the balance by the Govern-

ment of Bangladesh.

3-3-5 Contents of the Project

{1) Water Supply Facilities Already Completed by DPHE

The contents of water supply facilities already
_ constructed by DPHE S own funds are as presented in Table

3=3-5.



(2) Water Supply Facilities to be Constructed under this
Project '

The contents of'water'éupply facilities to be
constructed under this project determined on the basis of
the contents of water supply facilities of this project as a
whole and the contents of facilities already completed by
DPHE are as presented in Table 3-3-5, and the propoéed plan
for them is as shown in Fig. 3-3-1. |

Table 3-3-5(1) oOutline of the Water-Supply Systems
to be Constructed in This Project

_Jenidah
) ) : Exiéting' Facilities
s Project Facilities to be
Facilities i Specificat
pec ca ion_ as a Whole Constructed Constructed
by DPHE Anew
1., Production #380 mm x #200 mm 3 Nos. 2 Nos. 1 No,
Wel : .
el pepth: ~ 135 mm
Strainer: 24 m
2. Pumping Blop 7 stages x 3 wnit o* 3 unit
Facilities 30 kW x 2 unit
BlOD 6 stages X
30 XW x 1 unit
3. Pumping Birck-and morter, pump 3 Nos. 1 No. 2 Nos.
House rooms: : 12.3 m?
Driver's room: 2.8 mi
4. Transmis- No.l pumping : : .
sion Pipes station: $200 mm 530 m - 530 m
No.2 purping _ _
gtationt #4250 mm - 690 m - : 690 m .
No.3 pumping' ) ) :
gtation: @200 mm 40 m - . 40 m
“Total ' 1,260 m . 1,260 m
5. Overhead Capacity: 400 m? 3 units 0 3 units

Tank Height: 17 m

Reinforced concrete



{cont.)

Facilities

] Bxigting
Facilities Specification Project  Facilities to be
as a whqle Constructed Constructed
by DPHE Anew
6. Distributing PVC Pipe: g200 mm 6,686 m 1,186 m 5,500 m
Pipes #150 mm 6,378 m 3,348 m 3,030 m
#100 mm 13,693 n 2,103 m 11,530 m
Total ] 26,757 m 6,637 m 20,120 m
Breakdown by type of
pavement as per
attached sheet
7. Related Sluice valve : )
Structures (box):  #200 mm 33 units 4 units 29 units
of Dis- #4150 mm 8 ¢ 6 " 22 "
tributing #100 wn 64 " 3o 61
Pipes Blow-off:
$200 mm 2 " Wash=-out 2 "
$150 mm 3 " 9 Nos. -3 "
Pipe and WOrk{
@100 mn 10 " 10 "
$150 mm 3 3 v
. £200 mm 2 o 2. ™
8. Public Post 15 places 5 places 10 places

*

Table 3-3-5 (2}

The existing facilities can not be used.

Rreakdown of Transmission Pipes and Distributing Pipes by Pavement
(Only Water-Supply Systems to be Constructed Anew)

Jenidah
V B . v o .
Type vy Type of Pavement Remarks
Item hs R.C Bricks Kutcha Toral
1. Transmission Pipes
#8" {No. 1) 690m 690m
¢8“(N0.2) 530 530
#8" {Ko.3) 40m 40
Total 1,220 40 1,260
2. Distributing Pipes

ﬁ{ﬂ(?arallel to the road) 720m 220m  4,290m  6,190m 13,420m
#4" (Crossing the road} 100 10 40 20 170
Sub-Total 820 230 4,330 6,210 11,590
#6" (Parallel to the road) 940 - 830 1,250 3,020
@6" (Crossing the road) - S 1+ - 10
Sub-Total “940° - 840. 1,250 3,030
#8" (Parallel to the road)’ 2,390 - - 1,070 1,990 5,450
#8" (Crossing the road) 40 - - i0 50
Sub-Total 2,430 - 1,070 2,000 5,500
fotal 4,190 230 6,240 9,460 20,120
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3-4 Chuadanga Town

3-4~1 Outline of the Town
(1) ILocation and General Conditions

~ The town belongs to Chuadanga Digtrict of Kushutia
Division and is located close to the border between India
about 40 km west to Jenidah. The town has a total area of
112 square miles, of which 12.57 square miles is the munici-
pal area. .

As for traffic means, a railWay which traverses
the western side of Bangladesh cuts across the town whi;é a
national highway which crossés-this railway_alSd runs
through it. Commercial activities that take advantage of

these traffic means are brisk.

The town's popuiation grew from 36,381 in 1974 to
45,185 in 1981 and to about 60,000 in 1984. There are six.
primary schools, four high schools,‘two.colleges and'three
hospitals in the town. ' - '

(2) Topography and Geology
a. Topography

The town, being located on the delta formed by the
Ganges River, has a flat surface of 12.0 m in elevation.

The town lles between the rallway whlch cuts
across its eastern side and the Mathabhanga River whlch cuts
across its western. side, and is. largely lelded 1nto two‘
sections, the north and the south, by the . road (Meherpur—
Jenidah line) which intersects the former two.



_ The town's urban area mainly extends along'this
road which runs through it. The outer periphery of the town

comprises rural areas.
b. Geology

The soil of.the town geologically consists of a
thick deposit'of Quaternary fluvial Sediments. Stratigraphic
facies of these sediments are clayey soil, sandy soil and
gravel layers. Clayey soil is widely distributed on the
‘surface in a layer about 8 m in_thickness. The fine sand
1ayer”Which contains a lot of clayey soil is distributed
underneath this layer and is seen distributed in the south-
ern part of the town but not in the northern side. Fine to
medium grain sand layer with a thickness of around 50 m in
the central section of the town is distributed underneath
these two layers. Coarse pérticles forming medium grain
‘sand to gravel are distributed at GL -60 m and deeper.
Pebbles of 20 to 30 mm in diameter are found mixed in this

Jayer. .

(3}  River System

- The Mathabhanga Rlver which flows from north to
south on the eastern side of ‘the town and past Darsana and
-.Jessore merges at Khulna with the Madhumati River, a tribu-

tary of the Ganges River which originates in the Himalayas.

The Mathabhanga River displays a width of around
100 m, but during the dry season, the flow is reduced to a

trickle.



(4) Climate
a. Rainfall
The town's annual mean rainfall is around 1,600 mm

which is smaller than the national average. The amount of

rainfall of the past five years is as presented in Table
3-4-1, '

Table 3~4-1

- {rm)
Month _ : N
Yeas 1 2 3 4 5 6 7 8 9 10 1l 12 Total
1979 1 35 2 79 33 142 372'_252' 154 71 28 é"1,177
1980* 343 51 1 207 203 176 253 96 201 - 0 0 1,233
1981+ 2 74 101 232 237 69 432 258 258 0 0 54 1,717
1982% 11 0 65 95 41 104 281 198 81 6l 73 0 1,010
1983+ 1 15 80 88 160 67 170 366 154 311 0 16 1,428

A review of Table 3-4-~1 shows that rainfall is
abundant_inrthe months from March to October with a parti-
cularly high concentration during April through September.

The months of little rainfall are from November to
February which is the dry season. ‘The amount of rainfall is
particularly small in January.

b. Temperature

Since the temperature_has.not been régulafly
measured in Chadanga Town, the data recorded_in:Kushitia'
have been used as reference. The mean temperature during

the monsoon season is 29°C_and during the dry season,
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- 18.5°C, with a relative temperature range of 10.5°C.
Temperature changes during the 1979-1982 period are as

presented in Table 3-4-2.

Table 3-4-2 Maximum and Minimum Temperature in Kushitia

by Month (°c)
Menth
B 1 2 3 4 5 6 7 8 9 10 11 12
Year -
_ Max. - - - - - - 33.4 33,7 34.2 32.9 32.1 27.1
1979 : — '
Min. - - - - - - 26.4 25.1 25,7 23.5 20,0 14.2
Max. 25.4 28.7 34.0 38.7 33.9 33.1 30.3 31.5 33.6 31.2 36.3 27.5
1980 — -
Min. 11.1 13.6 19.2 24.5 23.3 26.3 26.5 26.3 26.4 24.0 18.3 13.9
o Max. . 25.1 27.5 32.7 33.0 40.1 34.1 32.6 31.4 33.2 33.3 23.0 25.1
1981 — ' e -
Min. 12.1:14.5 17.9 21.9 29.6 26.3 24.3 26.4 25.1 23.1 17.0 13.1
Max. 25.4 27.5 30.7 35.0 37.7 33.6 - - - - - -
1982

Min. 12.2 14,7 18.8 22,8 25.8 26.4 - - - - - -

a review of the record in Table 3-4-2 shows that
.the hlgh temperature months are March to November with the
| maximum temperature being above 30°C and the minimum temper-
ature above 15 C.-. The low temperature month is January,
with the maximum. temperature being 25°C and the minimum

around 12°C.



3-4-2 Hydrogeological Outline and Possibility of Developing

Groundwater

(1) Hydrogeological Outline

As indicated in the section on géology, layers of
soll are geologiéally,distributed'beneath the ground surface
in the sequence of clayey soil, fine sand layef.mixed with
clay, fine to medium grain sand layer and coarse grain
(medium grain sand to gravel) layer. When these.layers are
evaluated for aquiferous capacity, the coarse grain. layer is
guite excellent, the fine to medium grain layers good; and

the clayey soil poor.

As f0r'use:of'groundwater in the town by meahs of
deep well, there are altogether five wélls: two wells by
DPHE {one of which is under'construction),'one by_bi, one
by the railway and another by-a=hoépital. DPHE also has 162
hand pumps, Wells related to DPHE are as presented in Table
3~4-3,

Table 3-4-3

Time of : .
. . . Screen S : aady | i :
T/W | Total Soil ) Static j Pumping S;iac’:y Recov- Water Quality
No. | Depth of - - Pumpage | Water Water Conflie | ery - S
‘| Aquifer | Length{ dia. : Level Level tion Pericd | pH | Fe | ¢l |T. Hard
s Fri inen TGPA| £t e min | win '
L 349" & 80" 6" 26,760 | 230" 308" 3200 7 7.11.0.7| 15
G - . -
Cs i . . .
2 340'4" & 100° e, 47,520 1774v 34'6" 180 i6 | 7.3] 2.0
G . ) E
F5
Hand
125! : -
Pump \1&5 1.5" DPHE 162
[\




_ As shown in Table 3-4-3, hand pumps up water from
the fine sand to medium grain sand layers, and the deep

wells from the coarse grain layer.

|  Judging from the recovery period of the water
level in the deep wells, the coarse grain layer is thought

to contain much groundwater.

The groundwatér_levél'in'T,W. No.l was GL =-6.9 m
at the time of construction (August 3, 1983) and GL ~6.7 m
when checked this time {April 1984, and in T.W. No.2, GL
-5.4 m at the time of its pumping test (on April 26, 1984)
and G -5.1 m when checked this time (April 18, 1984). From
theseidata, the water level during the dry season is infer-
red to be GL -6 m to -7 m. '

The water quality, according to existing data, is

judged to present no problem as drinking water.

(2) Possibility of Developing Groundwater

' The'possibiiity of developing groundwater was
analyzed systematically hereunder on the basis of existing

data shown in Paragraph (1).
a. Hydraulic constants
i 'Coeffiéient'of'infiltration T in m2/min
T.W. No.1 : T = 2.5 to 4.6 m2?/min
T.W., No.2 : T = 0.9 to 1.5 m2/min
ii. Coefficient of permeability : K in cm/sec

~ From KZ=—%+ where m is the strainer:length,

1.7 to 3.2 x 107% em/sec

T.W. No.l : K

T.W., No.2 : K

i

5.0 to 8.0 % 10'-l cm/ sec
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iii. Specific yield of well S in m3/day/m
T.W. No.1l : 8 = 1,270 mB/day/m
T.W. No.2 : S = 1,006 n>/d2y/m

Judging from the values calculated as above in
which all of T, K, and § indicate large values, the coarse
grain layer from which groundwater is intaken is known to

contain a let of groundwater.
b. Influence area of wells

As for the influence area of_welis, intervals of
1;000 m or more between wells'is presumed séfisfactbry
judging from the data shown in Table 3~255.applicable to. the
~ layers from which groundwater is to be exploited, which are

the medium grain sand to gravel layers.

Judging from a. and b. above, it was concluded
that groundwéter.in this_tcwn may be'developéd with.no.
problem at all so long as the adjacent wells are SpaCea
1,000 m (R = 500 m) or more apart from each other and the
pumped volume of water is_restﬁicted to less than Q = 180

m3/h per well.

'3-4-3 Water Source Plan

The water sourées_whidh'supply drinking water for
the town now are onefdeep well (with the pumping rate of 122
mB/h) and 162 hand pumps {of which about 20 are out of
orderx}). Rivexr water is not used. '

Studies on the future sources of drinking water
supply - based on the prevalent state — resulted in the
following_conclusions, ' ’



a. Groundwater

According to data on wells that are now under
construction or alréady constructed, the layers in which a
lot of groundwater is likely to contained are the medium
grain sand to gravel layers distributed at GL -60 m and
deeper. The data so far obtained indicate the potential

pumping rate from these layers to range between 122 to 216

m3/h}

As described in Section 3-4-2, the devélopment of

groundwater in this town is possible.
b. River water

As mentioned in the section on river system, the
Mathabhanga River which flows south on the east side of town

becomes a trickle during the dry season.

On the basis of a. and b. above, groundwater is
judged to be the better choice as the water source for the

town.
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3-4-4 Water Supply Plan
(1) Water Supply District and Population Supplied

" The population data at the time of censuses in
1974, 1981 and today (May 1984) are as follows:

Population at the 1974 census : 36,387
Population at the 1981 census : 47,815
Population as of May 1984 : 60,000

These data may be plotted as follows:

Populatioh.Growth in Chuadanga Town

: Population in. the Water
100,000 Supply District: 84%
' Population to be served
_ in 1990: 68,000
(80,785) ' —9
75,000 - S T
PR
(60,000) : L G
) b‘ifo// © 69'5‘
. 50,000 *, \Y
 (47,815)
- (36,387)
30,000 ey ——— e e
1974 1980 1985 "1990 1995 2000
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_ The average annual rate of populationggrOWth
between 1974 and 1981 was about 4%, but the average annual
growth rate between 1981 and now was 14% because of the
large inflow of population from the rural areas. Since it
is unlikely that the population will keep growing at this
rate, as mentioned in the chapter on Jenidah,.a population
growth rate of 6% was assumed for the years up to 1990, the

“target year of this project. Thus, the population in 1990
was projected to be 81,000. '

The water supply district was determinéd‘in
consideration of the present geogfaphic distribution of
popuiation, the prevalent state of settlemeht'forﬁation and
the direction of future development of residehtial areas,
and the population to which water is to be supplied was
estimated to be about 84% of the town's population. The
population to which water would be supplied in 1990 there-
fore was estimated to be 68,000.

{2) Water Consumption

The estimated amount of: water Supply.to serve a
population of 68,000 would be as follows.

Q = 81 liters/man~day x 68,000 men = 5,508 m®/day

{3) Water Supply Faéiiitie% Plan
(i) Production wells
‘a. Diameter of well and pumping rate
. According to ekisting data,.ﬁhe pﬁmpiﬁg réﬁe is'in

the range of 112 to 216 m>/n for a well of 6" diameter and
drawdown of 2 to 4 m. As for pumping rate, a definite-
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economic pumping rate has not been determined yet, but
judging from existing data, a pumping rate of 180 ‘m3/h can
probably be expected. As this pumping rate is large, the
diameter would have to b 8".

b. Drawing depth

Judging from the inferred geologoical profile
_presénted in Figs,'3—10ﬂ7 and 3»1058} the drawing depth will
be targeted to the medium grain sand to gravel layers
distributed at GL =60 m and deeper.

c.  Number of wells

0 5,508

x = oy =380 % 13 — 2.6 5% 3 wells

As two prodﬁcing wells have already been cémpleted
'by DPHE so far, cne other new well will be constructed under

this project.
(ii) Pump facilities

When the suctioﬁ level inside the well is assumed
to be (-) 20 m from the ground level and the discharge level
20,0 m above grouhd, which is the same as the high water

level_in the overhead tank, the actual head would be 40.0 m

Studies of the pump facility for each well resulted
in the following table.
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Table 3-4-4 Principal Particulars of Pump Facilities

Well No. ‘

Description 1 2 3
1. Actual head, m 40.0 40.0 . 40.0
2. Pumping rate, £/sec 42.5 42.5 | | 42.5
3. Transmission pipe

Kind of pipe: Cast iron pipe " "

Diameter, mm | 200 . 200 . : 2OQ

Length, m 40 316 | 40
4. Loss of héad i? the 0.63 4.85 0.63

transmission pipe, m - ]

5. Total head, m © 40.63  aa.8s L 40.63

6, Type of pump Multi-stage . Soom "

turbine
7. No. of stages 6 - 7 ' 6
8. Motor output, kW 30 _ 30 : 30

(iii) Overhead tank
The required total tank capacity is
¥ = 5,508 x 0.20 = 1,101.6 m3.
Accordingly, three overhead tanks with the capacity of
400 m?® each will be planned with due consideration to their
locational arrangement. ' : N
{(iv) Distribution pipe
Arrangement (layout) of the distributing pipes was

determined in consideration of the geographical distribution

of population, the locations of existing wells and distrib-
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utlng pipes, the road conditions, the direction of future
development of residential areas, etc. All distributing
pipes will be PVC pipes of #200 mm or smaller.

The hydraulic calculations for the pipeline
network were carried out on the basis of the design condi-
tions so as to secure a hydraulic pressure of 9.0 m {0.9

kg/cmz) at every terminal end of the distributing main and

branch.
{v) Public post

The discharge rate of a ¢13 mm tap is 20 liters/min
(14.4 m3/12 h). Since the plan calls for supplying water to
50% of the inhabitants by means of public posts, the quantity
of water supply wouid be:

68,000 pérsdns x 0.5 x 34 liters/man-day
1,156 m?/day

i

Q@

The required number of public posts, therefore, is
81, Under this project,_public'posts will be constructed at
10 locations while the balance would probably be constructed

by the Covernment of Bangladesh.

3~-4-5 C(Coritents of the Projéct
(1) Water Supply Facilities Already Completed by DPHE

The contents of water supply fa0111t1es already
constructed by DPHE's own funds are as presented in Table

3-4-5.

(2) Water Supply Facilities to be Constructed under this

Proaect
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 The contents of water supply facilities to be
constructed under this project, which have been determined
on the basis of the contents of water supply facilities of
this project as a whole and the contents of facilities
already completed by DPHE, are as presented in Table 3-4-5,
and the proposed plan for them is as shown in Fig. 3-4~1.

Table 3-4-5(1) O_u_tiiné of the Water-Supply Sysﬁe_ms
to be Constructed in This Project

Chuadanga
_ Existing Facilities’
. :e: : Project Facilities- to be
Facilities Specification as a Whole . Constructed Constructed
by DPHE . Anew
1. Production #380 mm x $200 mm . 3 Nos. 2 1 No.
tell Depthi £ 120 m : :
Strainer: 30 m
2, Pumping BlOD 7 stages X A 3 units 0 3 units
Facilities 30 kW x 1 unit (The existing

pumping facii--

10 ot
BLOD 6 stages x ities can not

30 kW x 2 units be naed)
3. Pumping Brick-and-morter, pump 3 Nos. : 2 1 No.
House room: . 12.3 m? ' :
pbriver's room: 8.8 m?
4. Transmis-— Na.l pumping 40w C 40
sion Pipes station: #200 mm
»f Dis- .
zribuiin No.2 pumping 310 m - : 310 m
. 9 station: #2200 mm
Pipes i
No.3 pumping ) :
station: 200 mm 40 m - 40w
Total 390 m - 390 m
5. Overhead Capacity: 400 m? 3 units ' o] 3 units
Reinforced concretg '
Height: 17 m.
6. Distributing PVC Pipe: #2000 mm 8,975 m 2,325 m é,eso}m :
Pipes $150 mm 4,510 m - 1,950 m 2,560 m
#100 wm ’ 10,579 m 1,929 m 8,650 m
Total - - 24,064 m 6,204 m 17,860 m

Breakdown by type of
© pavement as per
attached sheet
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(cont.)

_ Existihg Facilities
Facilities Specification ?r038ct FaClllths to be
as a Whole Constructed Constructed
by DPHE Anew
7. Related Sluice valve
Stxuctures #200 mm 39 units S units 30 units
of Dis~ $150 mn 29 " 7 " 12 v
tributing #100 mm 74 " 13 0" 61 "
Pi ' '
ipes Blow-off: |
#200 mm 2 " Wash-out 2 "
#1150 mm 2 " 8 Nos. C 2 "
Pipe and work:
ézoo mm 0 [l o n
#150 mm 3 " 3 "
#1000 mm 24 " 24 "
8, public 10 places o] 10 places

Post

rabel 3-4-5 (2)

Breakdown of-Tranémission Pipes and Distributing Pipes by Pavement
{Only Water-Supply Systems to be Constructed Anew)

Chuadanga
Type By Type of Pavement Remarks
Item As R.C Bricks Kutcha Total
1. Pransmission Pipes
489 (No. 1) _ 40m 40m
#8" (No. 2} 100m 170m 40m 110
#8" (No. 3) 40 40
~Total 100 170 40 80 390
‘2. .Distributing Pipes o :
ﬁéﬁ(Parallel to the road) 900m  1,290m 5,570m 690m  8,450m
#4% (Crossihg the road) 130 0 30 10 200
"subiTotal 1,030 ° 1,320 ° 5,600 700 8,650
#6" (Parallel o the road) 780 670 1,080 ~ 2,530
-gb" (Crossing the:road) L2200 - B 1 - 30
| sub-Total 800 670 1,090 - - 2,560
_ #8" (Parallel to the road) 3,796 1,070 440 1,320 6,620
‘#8" (Crossing the road) 30. - o~ - - 30
_Sub-Total '3,820 1,070 440 1,320 6,650
Total 5,650 3,060 7,130 2,020 17,860
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3-5 EKurigram. Town

3-5-~1 Outline of the Town

{1y Location and General Conditions

The town belongs to Kurigram District of Rajshahi
Division, and is located on the bank of the Jamuna River
about 40 km to the east of Rangpur.' The town has a totel
area of 106.4 sqguare miles, of whioh 98.4 square miles is

the municipal area.

As for traffic means, a railway leading.to Tist
cuts across the town while a road pareilel togit‘leads to
Rangpur. Another road Whioh.forms a T with fhis road runs
‘south from the center of the town to Chiimari.

The town ] populatlon grew from 30, 129 in 1974 to
46,132 in 1981 and 55, 000 in 1984. There are 11 prlmary
schocls, four high'sohools, two oolleges, two Madrashas and
one hospital in the town.

(2) Topography and Geology
a. Topography

Due to the deltaullke thlck dep051t of alluv1al
sediments formed by the Jamuha River. that orlglnates in
China, the town has a flat surface of 27 m in elevatlon.

The tOWn is divided 1nto three eectlons by the railroad that
traverses it and by the road which forms aT w1th the
railroad. An urban area that dates back ‘to the early days
is formed on the eastern side of town, whlle a new ‘urban
area is in the process of belng formed on the western 51de.'

Rural areas extend to the noxth of townf
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b. Geology

Geologically, Quaternary fluvial sediments are
thickly deposited. Stratigraphic facies of this deposit
consist of clayey soil, sandy soil and gravel layers as

follows.

Clayey soil is dePosited between GL 0 m and
GL -9 m with the aVerége thickness of 6 m, The clayey soil
is mixed with sand. ‘Underneath this layer is sandy soil
mainly consisting of fine sand. The thickness of this layer
'ranges-between 3 to 21 m with partial intercalation of
medium grain sand. In the neighborhood of GL -25 m and
deeper, layers composed of coarse sand and gravel are
thickly distributed. Large'pebbles (cobble stones) are
intersparsed in this gravel layer.

(3) River System

The Dharla River which flows from north to east of
the'tﬁwn and then southward, merges at the southeastern part
of Rangpur Distriét_with the JamunalRiver,'which_originates
in China. Thié river displays a river width of around 180 m
on_the‘northern éide of town but narrows down to around 60 n
on the éasterh side; During-the dry_season,'it_becomés'dniy

a.tridkle.

(4) Climate
a. Rainfall

_ The annual mean amount of tainfall in the town is
about 2,100 mm or so, which conforms to the average rainfall
of the country as a whole., Rainfall data of the past five

years are shown in Table 3-5-1.
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Table 3-5-1

(mm)
Month :

venr 2 3 4 5 6 7 -8 9 10 11 12 Total.
1979 4 0 14 87 200 786 632 442 157 1 3 2,408
1980 18 27 117 425 .240 318 284 381 61 0 3 1,873
1981 18 41 84 368 116 471 422 211 0 0 52 1,791
1982 0 34 64 183 625 279 286 636 62 4 0 2,172
1983 22 81 76 316 334 187 0 25

350 819 371 2,557

A review of the data in Table 3-5-1 shows a large
amount of rainfall in the months of Aprii to Octobef, with a
particularly high conéentration dufiﬁg the months of'May-to
September. This rainy season coincides with the monsoon
period, and the rainfall durlng this perlod accounts for 90%

or more of the annual amount of rainfall.
b. Temperature

As the temperature has not been regularly measured
in Kurigram Town, the records of Rangpur were used for
reference. The mean temperature during the monsoon period_.
is about 28.5°C and in the dry season, 16.5°C, w1th a

relative temperature range of 12°C,

Temperature changes durlnq the past four years are
as shown in Table 3-5-2,
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Table 3-5-2 Maximum and Minimum Temperature by Month

(°C)
Month
Yonr i 2 3 4 5 & 7 8 9 10 11 .12
Max. -~ = - =« = 2"32,232.230.0 27.8 23.9
1979* = : : - :
Min, - - - = = -~ 25,4 26.0 25.6 23.0 19.0 14.0
Max, 22.7 25.5 30.0 33.3 29.4 32.6 31.0 31.0 31.2 29.0 28.0 25.8
1980* = :
© Min.  10.2 13,0 17.5 24.8 22.6 25.9 25,7 26.5 24.7 23.0 17,0 13.9
Max. 22.9 24.8 30.1 29.9 29,9 31.9 =~ . -~ - 32.3 28.7 24.8
1981% ~ : . :
Min. - 11,7 13.8 17.1 20.0 22.3 25.6 - = - 23.3 16.3 12.7
Max., 24,6 25.5 29.3 31.1 32.2 30,7 - - - - = -
1982* '

Min. 11.6 12.5 16.2 20.8°23.7 25.1 - = - - - .

. A feview of the records in Table 3-5-2 indicates
that the high temperature.months are Merch_to October with
the maximum temperature being about 30°C or more and. the
minimum above'15°c' The low.temperature month is January
w1th the maximum temperature belng around 23°C and the

minimum around 11°

3-5-2 ‘Hydrogeological-oﬁtline and Possibility'and_

' Developing Groundwater
(1) Hydrogeological'Outline

) 801ls dxstrlbuted in the town geologlcally con31st
of clayey soil, sandy 5011 and gravel layers, as described in
the section on geology. When these are evaluated for
aqulferous capacity, gravel is qulte excellent, sandy soil

good and clayey soil poor.
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As for ﬁse of gfouﬁdwater by means of deep well,
there are two wells in the town, one built by DPHE'(not used
yet) and another by CsB. There are also 330 shallow wells
{of which 50 are out of‘order) by - DPHE.

The wells related to DPHE are as shown in Table

3-5-3.
Table. 3-5-3
_ ) 1 Time of
Screen : . ’ i
T/W | Total Soil : Static | Pumping S;::i[g Recov- ) Watgr. Ql_xal..l.t.y
No. | Depth of Pumpage | Water Water Condi- . ery ™ - -
. |Aquifer | Length| dia. _ Level Level tion Pericd | pH Fe'| cl |T. Hard

E. £t inch]  IGPH|  Et. e[ min|  min|
1 | 140'0 Ccs 60" 8" 47,520 o'o" 20'0" 420 35 7.1 {2.5 40
Hand epn F n . B
Pump 5040 S . - 1.5 DPﬁE 330 (of which 50 are out of orxder)

0f the wells shown in Table 3-5-3, the hand pumps
draw water from the fine sand layer, and the deep wells from

the coarse grain layer.

The groundwater level in T.W. No.l was GL -3 m at
the time of its construction {in July 1981). - '

As for the quality of watér, results of test
boring show a generally high ironncohtentiwith a hiqh'Fe
valuée of 4 to 9 ppm to the-dépth of GL ~60 m. As shown in

Table 3-5~3, a low Fe value of 2.5 ppm'was-obﬁained in T.W. =

No.l at the same depth.

(2) Possibility of Developing Groundwater

The possibility of'devéldping-gfoundwater was
systematically analyzed as follows based on existing data
given in Paragraph (1). : '
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a. Hydraulic constants

i. C(Coefficient of infiltration ™ in m2/min

T.W. No.l : T = 6,0 to 8.2 m?3/min

ii. Coefficient of permeability K in cm/sec
From K =—%~ where m is the strainer length,

W, No.1 : K = 5.6 to 7.6 x 1071 cm/sec

iii. Specific yield of well S in m3/day/m

T.W. No.l : S = 288 m3/day/m

As. all of ‘the calculated values of T, K and S have
large values, the coarse grain layer from which groundwater
‘is intaken is judged to be satlsfactory for developing

groundwater.

b. Influence area of wells (Sphere of interference between

wells)

As for the influence ‘area of wells, intervals of
1,000 m or more betWeen wells are presumed satlsfactory
judglng from the data of Table 3-2-5 applicable to the_
layers from which groundwater is to be exploited, namely the

coarse graln sand to graVel layers.

o "Frem_a, and b. above, it was. judged that ground-
_ water in this tewn'may.be developed with no prOblem at all
so long as the adjacent wells re spaced 1, 00 m or more apart
and the pumping rate @ is restricted to less than 180 m /h
However, the iron content in this town is high according to
the water quality test results which are available on hand.
Accordlngly, iron removal equipment must be considered for

this town.
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3-5-3 Water Source Plan

The water sources from which drlnklng water for
the town is supplled now are the 330 hand pumps. River

water is not used.

A study of the future water sources of drinking
water supply ~ based on the prevalent state - resulted in

the following conclusions.
a. Groundwater

According to relevant data on wells, the 1ayer in
whlch a lot of groundwater is llkely to be stored is judged
to be the coarse grain layer distributed deeper than '

GL ~25 m. The data show that the volume of water which can
be pumped from this layer is 216 m3/h Also, as mentioned in
Section 3-5-2, the development of groundwater in this town

is considered possible,
b.  River water
: Asg mentloned 1n the sectlon on river system, the
Dharla River which flows from north to east of the town
becomes only a trickle during the dry season.
On the ba31s of a. and b. above, groundwatet is

judged to be the better ch01ce as the water source for the -

town.
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3~5-4 Water Supply Plan

(1} Water Supply District and Population to Be Supplied

Population at the time of censuses in 1974, 1981
and today (May 1984) are as follows.

Population at the 1974 census

s

30,129
Population at the 1981 census : 46,132

Population as of May 1984

.

55,000

These data may be plotted as follows.

Population Growth in Kurigram Town

100,600 Population'in the Water
Supply District: 62%
Population to be served
{77,940) o in 1990: 48,000
6
75,000 ~
///’
e o
/‘déb &%
P @
{55,000) gl C &P
50,000 /- 6ﬁ?
{(46,132) :
%
02
(30,129)
25,000 o

1974 1980 1285 19390 ' 1995 2000
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The average annual rate of population growth was
_6.3% between 1974 and 1981 and 9% between 1981 and now. As
was the case with other towns, the pbphlation-grOWth rate
from 1981 to the target year of this project (1990) was
assumed to be 6% a year on average. Thus, the population in
1990 was projected to be 78,000,

The water supply district was determined in
consideration of the preseht geOgraphic distribution of
populatién; the prevalent state of settlement  formation and
the direction of future development of residential areas,
and the population to which water is to be supplied was
estimated to be about 62% of the town's population. The
population to which water would be supplied in 1990 there-

fore was estimated to be 48,000,

(2) Water Consumption

The estimated ambunt_of water to serve a popula-

tion of 48,000 would be as follows.

Q = 81 liters/man-day x 48,000 men = 3,888 m3/day

(3) Water Supplg Facilities Plan

(i)- Production well

a. .Diaméter of well and pumping réte

_ According to existing data, the pumping rate is in
the range of 216m3/h for a well of &" diameter’ahd draw down

of 3 m.

Judging from these fesults, a pumping rate of

180m3/h or more can be expected.
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The weils are currently constructed with a dia-
meter of 6", but since the pumping rate is large, it would
be better to plan for a diameter of 8" for better efficiency

and longer life.
k. Drawing depth

Judging from the inferred geological profile shown
in Fig. 3-10~-10, the drawing depth will be targeted to the °
coarse grain layer distributed at GL -25-m and deeper.

c¢. Number of wells

o _ 3,888 _ . N
X = oy = 180 x 12 1.8 5 2 wells_

(ii) Pump facilities

Assuming that the suction leével inside the well is
(-) 20.0 m from the ground level and thé'dischafgellevel is.
20 m above ground whlch is the high water level of the overhead
tank , the actual head would become 40 0 m. -

A study of the pump facilities for each well
resulted in the following table.
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Table 3-5-4 Principal Particulars of Pump Facilities

Well No.
Pegcription 1 2
1. Actual head, m | 40.0 40.0
2, Pumping rate, %/sec 41.3 48.8
- 3. Transmission pipes
Kind of pipe | Cast iron pipe "
Diameter, mm ‘ 200 200
:Lengéh,-m - 40 _ 40
4. Lossrof_ head in the | 0.5 | 081
transmission pipes, m
5. Total head, m 40.59 40.81
" 6. Type of pump . Multi-stage o
o : : turbine
7. No. of:stages o ._ 5 5
8. Motor output, kW 30. 30

(iii) Overhead tank
The required total overhead tank capacity is
v ='3,888 x 0.20 = 777.6 m?

'Aécordingly; two overhead tanks with the capacity of 400 m3
each will be planned with due consideration to their loca-
tional  arrangement. The'height_of the overhead tank to be
provided at the location of'the_produqing well ahd the pump
faCil%ties;Which_are nowrbeiﬁg constructed by DPHE shall be
22 m (the minimum water level of the water tower) in view of
'the:loés df-head. Otﬁer overhead ténk shall be.l7.0 m high,



{(iv) Distributing pipe

Arrangement (layout) of the distributing pipes
will be plaﬁned with due consideration to the géographid
distribution of population, the locations of existing wells
and distribﬁting pipes, the road conditions, the direction
of future development of residential areas, etc. All
distributing pipes shall be PVC pipes with diameters of
$#200 mm or less. ‘ '

The hydraulic calculations for the pipeline
network were carried out on the basis of the design condi-
tions so as to secure the hydraulic pressure of 9. 0 m at

every terminal end of the dlstrlbutlng main and branch.
(v} Public post

The dzscharge rate from 413 mm tap is 20 liters/min
(14 4 m3/12 h). As the scheme calls for supplying water to
50% of the 1nhab1tants by means of public posts, the requlred
quantity of water supply would be:

i

0 48;000'perscns x 0.5 x 34 liters/man-day

816.0 m?/day

Thus, the reguired number of public posﬁs is 57.
Under this projéct water pbsﬁs ﬁill-be

constructed at 10 locatlons while the balance will probably
be constructed by the Government of Bangladesh.

3-5-5 Contents of the Project

{1) Water Supply Facilities Alreadijompietéd by b?HE'

The conténts of water supply facilities already
constructed by DPHE's own funds are shown in Table 3-5-5.
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(2) Water Supply Facilities to be Consgtructed under this

Project

The contents of water supply facilities to be
constructed under this project, which were determined on the
basis of the contents of water supply facilities of this
projéct as a whole and the contents of facilities already
completed by DPHE, ére as shown in Table 3-5-~5, and the
proposed plan for them is as shown in Fig. 3-5-1.

Table 3-5~5(1) Outline of the Water-Supply Systems
to be Constructed in This Project

Kurigram
Existing Facilities
sy e . s Project Facilities to be
FBCIllfleS Specification as a Whole Constructed Constructed
by DPHE Anew
1. Production ¢3BO mm X F200 mn 2 Nos. 1 No. 1 No.
Woll. Depth: , 63 m
‘Strainer: 18 m
2. Pumping BICD 5 stages;x 2 units o] 2 units
Facilities 30 kW x I unit
BlOD 5 stages x
30 kW x 1 unit
3. Pumping Brick and fnorta;r 2 NHos. 13 1 no,
House ) Pump roota 12.3 m?
Driver's room 8.8 m?
4. Transmis~ No.l pumping 40 m - 40 m
sion Pipes station: $200 mm
No.2 pumping 40 m - 40
station: @200 mm
S. Overhead Capaéityx 460 m? . 2 units ) ¢} 2 units
Tank Height: 17722 m
Reinforced'éoncrete )
6, Distributing AC Pipe: @200 mm 300 m .300m -
Pipes “PVC Pipe: $200 wum 3,850 0 150 m 3,500 m
#150 mm 9,580 m 2,220 m 7,360 m
#100 mm - . 13,490 m - 960 m 12,530 m
i m 23,390 m

Total . 27,220 3,830
Breakdown by type of ' o
pavement ag per . o

attached sheat
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Existing Facilities .
Sx i e e - Project Facilities to be
Facilities Specification as a Whole Constructed Constructed
by DPHE Anew
7. Related Sluice valve ) ‘ .
Structures {box): #200 mn 17 units - 17 units
of Dis- #150 mm 43 " 4 units 39 "
tributing #100 mm 69 2 " 67 "
Pipes plow-off: a :
#200 mm 2 " Wash-out 2 "
#150 mm 5 " 4 Fos. 5 "
pipe and work:
$L00 T 23 " 23 "
#150 mm 2 " 2 "
#200 mm - -
8, Public 30 places 20 places 10 placés
Post
Table 3-5-5 (2) _ : :
Breakdown of Transmission Pipes and Distribuf:i_hg Pipes by Pavement
(Only Water-Supply Systems to be Constructed Anew) .
Kurigram
Type By Type 0of Pavement Remarks
Ttem as R.C Bricks Kutcha Total
1. Transmission Pipes
45" (No. 1) 40m  40m
#8" (No.2) a0 40
Total 80 80
2, Distributing Pipes ) :
24" (Parallel to the road) 2,550m 930m 2,200m 6,700m 12,380m
#4" (Crossing the road) 120 10 - 10 1o 150
Sub-Total 2,670 940 2,210 6,710 12,530
#6" (Parallel to thé road) 4,520 1,240 160 780 7,300
#6" (Crossing the road) 30 10- i0 1o 60
Sub-Total 4,550 1,250 770 790 7,360
#8" (Parallel to the road) 1,850 1,630 3,480
#8" (Crossing the road) 10 - 10 20
Sub-Total 1,860 1,640 3,500
Total 9,080 3,830 2,980 7,500 23,390
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3-6 Gaibandha Town

3-6~1 oOutline of the Town

{1). Location and General Conditions

_ The.town belongs to Gaibandha District of Rajshahi
Divigion and.is located on the right bank of the Jamuna
River about 60 km to the southeast of Rangpur. The town has
a totai area of'23}94 square miles, of which 2.33 square

miles is - its municipal area..

_ As for traffic means, a railway cuts across the
town from north to soﬁth, and a road parallel to it extends
to Rangpur. Another road which forms a T with this road
extends to Pasbari. Commercial activities mainly dealing in
farm products by the use of these traffic means have pros-

pered from early on.

The town's population grew from 27,401 in 1974 to
38,342 in 1981 and 45,000 in 1984. There are 14 primary '
. schools, six high schools, two colleges, one Madrasha and

four hospitals in the town,

(2) _Topogréphy and Geology
a. Topography

" Dué to the delta-like thick deposit of alluvial
sediments formed by the Jamuna River that originates in
China, the town has a flat surface of 27 m in elevation.
 Theaurbah-area of the town is-forméd on the south of the
railroad statioh; éktehding«aiong the east-west road and the
“southern road. The suburbs are rural areas mostly compris-

ing rice paddies and dry fields.
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b. Geology

Geologicelly, Quaternary fluvial sedimenrs'are
thickly deposited. Stratigraphic facies of this deposit
consist :of clayey soil, sandy soil, gravel and coarse sand
layers as follows.

Clayey soil is distributed between GI, 0 m to
GL -6 m, forming a layer around 5 m in average thickness;
The clayey soil is mixed with sand. Underneath this layer
is the sand layer mainly compoeed of fine sand. Underneath
these two layers, a gravel layer around 35 m thick is
dlstrlbuted ‘In thls 1ayer two 3 m thick cobble stone
layers have been confirmed,

Layers comprised of medium to coarse grain sand
are distributed deeper than GL -55 m.

(3) River System -

The Chdqhat Rlver whlch flows east on the northern
side of the town merges at the ‘eastern 51de of Gaibandha
District with the Jamuna River, which orlglnates in China.
The Chaghat River displays a river width of around 60 m, but
'during the dry season, its flow becomesjonly‘a trickle.

(4) Climate

a. Rainfall

' The town's annual mean rainfall is around 2, 000 mm,
which is slightly lower than the ndtlonal average.
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‘Rainfall data of the past two years are shown in
Table 3-6-1. As a reference, the records of rainfall

observed in Rangpur during the past four years are also

shown.
Table 3-6-1 Monthly Rainfall in Gaibandha and Rangpur
(mm)
Month B : :
_ 1 2 3 4 5 6 7 8 9 10 11 12 Total
Year
) 1983 1 3 © 4 100 328 78 197 274 417 490 0 30 1,922
m o ' _
H e |1984 9 1 23 29 - - - - - - - -
[
|Cs] _ .
1979 - - - - - ~ 422 513 441 131 22 43
1980 1 140 220 38 354 429 278 579 335 @ 61 0 0 2,435
M .
o
? 1981 20 10 13 - 137 433 104 577 346 447 0 o 45 2,132
g T _
m 1982 0 7 5 94 99 635 - - - - - -

- A re#iew of the rainfall data in Table 3-6-1 shows
a large amount of rainfall in the months of April to October.
This rainy season coincides with the‘monsoon:eeéson, and the
rainfall during_thie period accounts for 90% or more ef the

annual amount of rainfall.

b.  Temperature

As the temperature has not been regularly measured

‘in Galbandha Town, the records of Rangpur were used for

reference. . The mean temperature during the monsoon pericd
is about 29°C, and in the dry season, 17°C, with a relative

temperature rahge of 12°C.

Temperature changes durlng the past four years are

as shown in Table 3-6-2.
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Pable 3-6-2 Maximum and Minimum Temperature in Rangpur

by Month : - (°0)
Month oo
1 2 3 4 5 & 7 8 9 10 1L 12
Year
Max. - = = = - - - 32.232.230.0 27.8 23.9
1979 : S
Min, - - = =~ =« - 25.,426.0 25.6 23.0 19,0 14.0
Max. 22.7 25,5 30.0 33.3 29.4 32,6 31.0 31.0 31.2 29.0 28.0 25.8
1980 _ - _ —
Min. 10.2 13.0 17.5 24.8 22.6 25.9 25.7 26.5 24.7 23.0 17.0 13.9
Max. 22.9 24.8 30.1 29.9 29.9 31.9 - - - 32,3 28.7 24.8
1981 — S -
Min. 11.7 13.8 17.1 20.0 22.3 25.6 -~ - = 23.3 16.3 12.7
Max. 24.6 25.5 29.3 31.1 32.2 30.7 =~ - - o~ - =
1982

Min. 11.6 12.5 16.2 20.8 23.7 25.1 - - - - - -

A review of ﬁhe_recérds in Table 3~6~2.indi¢ates
that the high temperature months are March to October with
the maximum temperature being 30°C or more and the minimum
above 15°C. The low temperature month is January with the
maximum temperature being around 23°C and the minimum around
i1l°cC. '

3-6-2 Hydrogeclogical Outline and Possibility of Developing

Groundwater

(1) Hydrogeologica1 butline-_-'
Soils distributed in the tdﬁn geqlogically.cohsiS£

of clayey soil on the ground surface beneath which are “sandy

s0il, gravel, and coarse sand layers as described in the
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section on geology. When these are evaluated for aguiferous
capacity, the gravel to coarse sand layers are quite excel-

lent, sandy soll good, and clayey soil poor,

As for use of grouﬁdwatér in this town, there are
two deep wells, on built by PWD and another by NDTT, and
also 150 shallow wells by DPHE. These shallow wells have
the average depth of 15 m and draw water from the fine sand

layer.

The groundwater levels measured in the test boring
holes (on April 29, 1984) were: GL -4.3 m in hole Nos. 1 and
4, GL =3.5 m in hole No.2 and GL ~3.6 m in hole No.3.
Judging from these results, the water level during the dry

season is inferred to be in the neighborhood of GL: -4.0 m.

As for the quality of water, iron content is high
at GL -60-m ahd‘shallower places, wiﬁh'Fe values of the
order of 10 to 15 ppm. At Gy =60 m and deeper places, a low
Fe value of 2.00 ppm is indicated.

{(2) Possibility of beveloping Groundwater
a. Hydraulic constants

Although there is no prodﬁction well related to
DPHE in this town, the town's geological features are
similar to those of.Kurigram; and therefore, the hydraulic
constants are considered to be about the same as those in

Kurigram.

- Accordingly; when the quality of water is taken-
into account, ‘it -is considered advisable to seek for aquifer
ih the coarse sand layers distributed at GL -60 m and deeper

t§3develoP groundwater..
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b. Influence area of wells

As for the influence area of wells, intervals of
1,000 m or more between wells is presumed satisfactory,
judging from the data of Table 3-2-5 applicable to the

coarse sand layer from which groundwater is to be exploited.

From a. and b, above, it was jﬁdged.that'groundu
water in this town may be developed with no problem at all
s0 long as the coarse sand layer with low iron content
distributed in the neighborhood of GL -60 m and deeper is
selected as the target aquifer and adjacent wells are spaced
1,000 m or more apart and the pumping rate Q is. restrlcted
to 150 m>/h or less. |

" However, since the iron content in the groundwater

tends to be generally high,'a'design with due regard to
these factors is considered necessary for this town.

3-6~3 Water Source Plan

The drinking water for the town is currently
supplied by 150 hand pumps, and river water is not used.

A study of the future water sources of drinking
water supply - based on the prevalent state - resulted in
the following conclusions.

a. Groundwater

According to relevant dafa on wells, the strata in
which a lot of groundwater. is llkely to. be stored are judged
to be the gravel layer and c¢oarse sand layer dlstrlbuted at
GL ~20 m and deeper. _Of these, the gravel layer has the
drawback of having high iron contents, but the coarse. sand
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layer distributed underneath it is the layer with low iron

contents.

Since this stratum with low iron contents is
composed of coarse sand layers, it is judged to be the layer

subject to groundwatér development.

b. River water

As mentiohed-in_the section on river system, the
Chaghat River which flows eastwards on the northern side of

town becomes only a trickle during the dry season.

- On the basis of a. and b. above, groundwater-is
judged to be the better choice as the water source for the

town.
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3-6~4  Water Supply Plan

(1) Water Supply District and Population to be Supplied

Population at the time of censuses in 1974, 1981

and today (May 1984) are as follows.

- Population at the 1974 census : 27,401
-Populaﬁion at the 1981 census. :+ 38,342
population as of May 1984 : 45,000

These data may be plotted as follows.

Population Growth in Gaibandha Town

100,000
Population in the Water
 Supply District: '83%
75,00'0 . Population to be served
in 1920: 54,000
- (64,7176) . £
-~
5 .0
. S o 2
50,000 . ~ tdﬁb%@
ZARCIGRN
(45,000) o 5O
8.2% Ko
(38,342)
(27,601) 5.9%
25,000
1974 1980 - 1985 . 1990 - 1995 2000
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The average annual rate of popuiaticn growth was
4.9% between 1974 and 1981 and 8.3% between 1981 and now.
As was the case with othér towns, the population growth rate
from 1981 to 1990 was assumed to be 6% a year for'planning
this project. Thus, the population in 1990 was projected to
be 64,800,

The water supply district was determined with due
consideration to the present geographic distribution of
population, the prevalent state of settlement tormatlon and
the direction of future development of residential areas.
The population within the water supply district was esti".
mated to be about 83% of the town's population. 'The popula-
tion to which water would be supplied in 1990 therefore was
estimated to be 54,000. |

(2) Water Consumption

The estimated amount of water to serve a popula-
tion of 54,000 would be as follows.

Q = 81 liters/man-day x 54;000 men = 4,374.0 m3/day

{3) Water Supply Facilities Plan.
(i) Production well
a. Diameter of well and pumping rate
Since no production well of DPHE ex1§ts yet data
obtained in Kurlgram were used as a reference, based on

which it was con31dered advisable to plan for the pumplng
rate of Q = l50n1/?1w1th 8" diameter well
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b. Drawing depth -

Judging from the inferred geological profile shown
in Fig. 3-10-9 and the groundwater conditions described in
Section 3-6-2, the drawing depth will be targeted to the
coarse sand layers distributed at GL -60 m and deeper.

c. Number of wells

X “-—Q—};'— m— 2.4 % 3 wells

(ii) Pump facilities

Assuming that the suctlon level 'inside the well is
{-) 20 0 m from the ground level and the dlscharge level is
20 m above ground which is the- high water level of ‘the overhead
tank , the actual head would become 40.0 m.

A study of the pump facilities for each well
resulted in the following table.
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Table 3-6-3 Principal Particulars of Pump Facilities

Well No. .

e ' 1 2 3
Description
1. Actual head, m ' 40.0 40,0 - 40,0
2. Pumping rate, f#/sec 37.5 . 31.9 31.9
3. Transmission pipes

Kind of pipe Cast iron pipe " ' "

Diameter, mm 200 15¢ 250

Lerigth, m 40 .40 1,270
4. Loss of head in the 2.02 2.82 . 12.65

transmission pilpes, m _ .

5. wotal head, m 42.02 42.82 44.00

‘ Multi-
6. Type of pump ulti-stage

turbine
7. No. of stages - ' 5 5 7
8. Motor output, kW 30 30 30

(iii) Overhead tank
The required total qverhead_tahk capacity is
V = 4,374.0 x 0.20 = 874.8 m3.

Accordingly, one overhead tank: with:the capacity'of 400 m3
and another one with the capacity of 500 m3 (two sets of
overhead tanks altogether) will be planned with due consid-
eration to their locational arrangement.

(iv) Distributing pipe

Arrangement (layout) of the dlstrlbutlng pipes was
planned with due consideration to the geographlc distribu-~
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tion of'population, the road éonditions; the direction of
future development of residential areas and other relevant
factors. All distributing pipes shall be PVC pipes with

diameter of #200 mm or less,

The hydraulic calculations for the pipeline
network were carried out on the basis of the design condi-
tions so as to secure the hydraulic pressure of 9.0 m at

every terminal end of the distributing main and branch.
(v) Ppublic post

.The discharge rate from a #13 mm tap is 20 liters/min
(14.4 m3/l2 h). As the plan calls for supplying water to
50% of the inhabitants by means of publlc posts, the reqguired
quantity of water supply would be:

Q

il

54,000 persons x 0.5 x 34 liters/man-day
918.0 m3/day '

]

Thus, the required number of public posts is 64,
Under this project, water posts will be constructed

at 10 locations while the balance Wlll probably be constructed
by the Government of Bangladesh.

3-6-5  Contents of the Project

(1) Water Supply Facilities Already Completed by DPHE
- The contents of water supply'facilities alreédy
- constructed by DPHE's own funds are shown in Table 3-6-4.
(2) Water Supply Facilities to be Constructed under this
Project '
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The contents of water supply facilities to be
constructed under this projec't, which were determined on the
basis of the contents of water supply facilities of this
project as a whole and the contents of facilities'alfeady
completed by DPHE, are as shown in Table 3-6-4, and the

proposed plan for them is as shown in Fig. 3-6-~1.

Table 3*6—4f1) Outline of the Water—Supbly Systems
to be Constructed in This Project

Gaibandha

Exiéting Facilities

Faciliti Specification Proﬁect Facilities to be
acilities pecitica as a Whole Constructed Constructed
by DPHE Anew
1. Production $3B0 mm x $200 mn . 3 Nos. 0 3 Nos.
well Pepth: 105 m '
Strainer: 24 m
2, Pumping El10D & stages X | 3 units 0 " 3 units
Facilities 30 kW x 1 unit (No.3) .
BlOD 5 stages x )
30 kW x 2 units (No.1l,2)
3. Pumping Brick and Mortar, 2 Nos. 0 2 Nos.
House Pump room 12.3 m2
Driver's room 8.8 me
4. Transmis- No.l pumping 40 m 0 40 m
sion Pipes station: $200 mm S o
HNo.2 pﬁmpin§ 40 m 0 40 m
station: 150
Mo.3 pumping
station: @250 l,2?0 m 0 ' 1,270 m
5. Overhead Capacity: 400 m3/500 m3 2 units . 0 2 units
Tank (1 ‘each} - .
Reinforced concrete
Height: 17 m
6, Distributing PVC Pipe: ﬁﬁOO-nmu 7,340 m o 7,340 m
Pipes ) #150 mm C 4,410m ‘0 4,410 m
#4100 mm . 12,720 m 0 12,720 m
0 24,470 m

Total’ - 24,470 m

Breakdown by type of
pavement. as per
attached sheet .
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Facilities

Existing
Facilities Specification Project Facilities . to be
as a Whole Constructed Constructed
by DPFHE Anew
7. Related Sluice valve
Structures {box): @200 mm 25 wnits 0 25 units
of Dis- B150 mm 27 " 0. 27 "
tributing _ $100 mm 68 " 1] 68 n
Pipes Blow-off:
#$200 mm 2 " - 2 "
$150 mm 4 " - 4 "
Pipe and work:
$100 mm 20 " - 20 "
#4150 mm 2 " - 2 1
#200 mm 2 - 2 "
8. Public 10 places 0 10 places

Post

Table 3-6-4 (2)

Breakdown of Transmission Pipes and Distributing Pipes by Pavement

{Only Water-Supply Systems to be Constructed Anew)

Gaibandha
. Type By Type of Pavement Remarks
itemn_ " As R.C  Bricks Kutcha Total
1. Transmission Pipes
$8" (No.1) 40m 40m
#6" {No.2) 40 40
$10" (No.3} 500m 480m - 290m 1,270
Total 5060 480 290 80 1,350
2. Distfibuting Pipes .
g4" (Parallel to the road} 4,300m 4,450m 3,750m 12,500m
#4" (Crossing the road) 70m 120 20 " 10 220
-Sub-Total 70 4,420 4,470 3,760 12,720
6" (Parallel. to-the road) 300 2,650 830, 600 4,380
#6" (Crossing . the road) ) 1c 20 30
| Sub-Total 310 2,670 830 600 4,410
8" (Parallel to the road) 1,070 5,300 950 7,320
#8™ (Crossing the road) Do 20 : 20
Sub-Total 1,070 .5,320 950 ' 7,340
Total 1,450 12,410 5,300 24,470

5,310
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3~-7 PFenl Town

3-7-1 Outline of the Town

(1} Tiocation and General Conditions

' The town belongs to Feni Dlstrlct of Chlttagong
Division, and is located near the border between India,
about 70 km to the south of Comilla. The town has a muni-

cipal area of 2.5 square miles.

'As for traffic means, ‘a rallway that runs through
the eastern part of Bangladesh passes the northern part of
town. The road connecting Dhaka and Chlttaqong passes
through the town in a Vv shape, and the road from ‘the town to
Maizdi extends westward from the central section of town.
Commercial activities utilizing such traffic means have

prospered from the early days.

The town's populatlon grew from 15 428 in 1974 to
23, 199 in 1981 and 27,000 in 1984. There are seven primary
schools, six high schools, three colleges, one kindergarten
and three hospitals in the town.

(2} Topography_and Geology
a. Topography

There is a hillY'distxict called Tripura_Hills-
with a mean elevation between 200-to 400 ft, 'near'the border
between India and Bangladesh from which the Chandlna
Deltaic Plain gently slopes Loward the Bay of Bengal " The
town is located on this deltalc plaln and has the mean

elevation of 2.5 m above sea 1evel
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The town's central urban areca is formed on the
southern side of the railway that runs on the north of town,
and'ﬁouses are densely built along the roads that lead to
other towns. Rural areas mainly comprised of rice paddies

and dry fields extend in the suburbs.

b. Geology

GéOlogically, the Tertiary Oligocene system
distributed near the border between India Forms the base-
ment, covered by a thick deposit of fluvial sediments of the
Ouaternary Holocene. Soils:in-the town consist of clayéy
solil on the ground surface beneath which are sandy soil, and
coarse grain (medium sand to coarse sand) layers distributed

as follows.

Clayey soil is distributed from GL 0 m to the
-vicinity of GL -85 m, with occasional intercalation.of fine
sand and medium sand 1ayers. Underlying this layver is sandy
soil-distributed in thickness ranging between 30 wm to 75 m,
with overall mixture of clayey soil. At GL -150 m and _
deeper, the coarse grain layer mainly consisting of medium
to fine sand 1is seen distributed in thickness estimated to

range between 35 m and 45 m.

{3) River System

The Little Feni River which flows on the south of
toWn gathers the small streams coming from the mountainous
region of India and flows soﬁth in parallel to the Tripura

Hills and into the Bay of Bengal.
This Little Feni River displays a river width of

around 50 m but, during the dry season, it becomes oﬁly a

trickle.
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{4) Climate
a. Rainfall

The annual mean amount of rainfall in ‘the town is

about 3,100 mm or so, which surpasses the national average.

Rainfall data of the past one year and four months

are as shown in Table 3-7-1.

Table 3~7-1 ‘Monthly Rainfall in Feni

{mm)
Month _ . .
1 2 3 a4 s & 7 8 9 10 11 12 Total
Year : . : i
1983 47 84 166 557 840 591 779 960 492 467 49 13 5,045
1984 8 0 3 48 - - = = ===

Although the amount of raihfall was particularly
large in 1983, a review of the ralnfall data in Table 3-7-1
shows the general tendency of a large amount of rainfalls
during April to October every year. This railny season
coincides with the monsoon period which'éccbunts*for 90% or

more of the annual amount of rainfall.
b. Temperature
Phe mean temperature in the town is 27.5°C. during
the monsocon period and 19.5°C during the dry season, with a
relative temperature range of 8°C. '
Temperature changes during'the past:one year and

four months are as shown in Table 3-7-2, As a reference,
temperature record of Noakhall are also shown.
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‘Table 3~7-2 Maximum and Minimum Temperature

in Feni

22,2

and Noakhali by Month (°C)
Month
vear 1 2 3 4 5 6 7 8 9 10 11 12
. "Max. 28,0 30,0 33.0 34.0 36.0 35.0 34.0 34.0 34.0 34.0 33.0 28.0
1983 ‘ : : ' —
Min.. 10,0 8,0 17.0 18.0.20.0 21.0 23.0 24.0 24.0 20.0 16.0 9.0
ard .
§ _ )
Fu Max.  29.0 32.0 35.0. - - - - - - - - -
1984 : s -
Min. 9.0 11.0 12.0 - - - - - - - - -
Max, - - - - - - 30.3 31.0 30.9 31,3 31.2 26.2
1979* _
Min. - - - - - - 25,8 25,0 25.8 24.6 22.3 16.4
“Max. 25.8 27,3 30.7 33,1 31.6 30.3 29.4 29.6 30.8 30.1 29.8 26.9
1980%—— :
Min, 13.3 15.8 21.4 25,3 23.8 26,0 25.0 25,1 25.6 24,4 19,3 15.2
3
3 _ -
4 . Max. 24,9 22,2 29,1 31,1 32.3 - 29.9 29,9 29.8 30.6 29.7 25.4
S | 1981* _
Min., 14,2 16.3 18.9 23.6 24.4 - 25.5 25,5 25.6 23.8 18.6 17.7
Max. 26.4 27.2 31.1 32.0 33.8 29.9 - - - - - -
1982+
Min. 12.4 15.518.0 24.3 24.4 - - - - -

* Noakhali

A review of the records in Table 3-7-2 indicates

that the'high temperature months are March fo_November! with

the_maximum'température being above 30°C and'the'minimum _

'._avae'lSPC. .The'10w_temperature:month is Jénuary with the

12°C.
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3-7-2 Hydrogeological Outline and Possibility of Developing
Groundwatexr ' '

{1} Hydrogeological Outline

As described in the sectiéon on geology, the soils
distributed in this town are the Tertiary system which forms
the basement, and Quaternary system distributed above it,
facies of which consist of clayey soil, sandy soil, and '

coarse sand layers from upper to lower: strata.
When these are evaluated for ‘their aqU1ferous
capacity, the coarse graln layer 1s guite excellent, sandy

soil layer good, and clayey soil poor.

As for current use of groﬁndWater in the town,
DPHE has two deep wells and 368 shallow wells.

Data on these wells are as-presentéd in Table

3-7~3.
Table 3~7-3
. Time of :
Scre ' : i

T/W | Total Soil creen .| Static | Pumping Sis;zafcly Recov- Watrer Quality
No. | Depth - of Pumpage { Hater water | o ;__e ery’ —

Aquifer | Lengthj dia. Level Level 'tzo; pericd | pH | Fe | cl |T. Hard

[3-8 ft.| inchf . IGPH £t ft. min - min

1 65070" | M 80" | " | 19,000| 2'8" [40'1 172} 540 220" | 6.8 2.0 17| 136
2 480°0" | MCS - gos | ge 21,240} spring | 29'0" 180 60 | |i.8l1s
Hand 6.'7.' SEL . - . 1 5".
pPump Fs : - DPHE 368

- 142 -



‘0f the wells shown in Table 3-7-3, the deep wells
draw groundwater form the coarse grain layer and the hand

pumps from the fine sand layer.

The groundwater level is generally shallow, having
been GL ~0.8 m at the time of construction (May 14, 1980)
and GL -0.9 m when checked this time (May 16, 1984) in T.W.
No.l." In the case of T.W. No.Z2, veins of groundwater
efupted”during'its construction (May 13, 1983) and when
checked this time, the water level was GL -0.5 m (May 16,
1984). Also in the test boring'hole of DPHE, eruption of

the veins of water were still confirmed.

| As for the quality Qf water, it is judged that
there is no problem to use the water for drinking, on the

basis of existing data.

(2} Possibility_of Developing Groundwater
The.possibility_of'developing groﬁndwater wa$

systematically anaiyzed as follows based on the existing

data given in Paragraph (1).

a. Hydraulic constants

i. Coefficient of infiltration T in m2/min
S T.W. No.l ¢+ T = 0.22 to 2.6 m?/min

0.51 to 0.63 m2/min

i

T.W. No.2 : T

ii. Coefficient of permeability . : K in cm/sec

:T.W.'Noll s K 1.5 to 1.8 x 1072 cm/sec

0

T.W. No.,2 : K 3.5 to 4.4 x thz cm/ sec
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iii. Specific yield of well . S in m2/day/m

185 m>/day/m

T.W. No.l ¢ S

Il

T.W. No.2 : 8 266 mB/day/m

When valueg calculated as above are rev1ewed, T
and K exhlblt large values even though S is sllghtly too
small. Hence, the ¢Coarse grain layer from which groundwater
is drawn is judged to be satisfactory'for developing ground-
water. o B

b. Influence area of wells

As for the influence area of wells, intervals of
800 m or more between adjacent wells are presumed-Satisfac—
tory judging from the data of Table 3-2-5 applicable to the
layers from which groundwater is to be exp101ted namely
medium to coarse grain sand layers.

From a. and b. above, it was judged that ground—
water in this town may be developed with no problem at all
so long as the adjacent wells are spaced 800 m or more apart
and the pumping rate Q is restricted to less than 85 m /h.

3~7-3 Water Source Plan

The water sources from which drinking water for
the town is supplied now are two deep wells and 368 hand
pumps. River water is not used.

A study of the future-water sources of drinking
water supply - based on the plevalent state - resulted in .
the follow1ng conclusions, '
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a. Groundwater

According to relevant data on wells, the layer.ih
which a lot of groundwater is likely to be stored is judged
to be the coarse grain layer distributed deeper than GL
~150 m. _Available data show that the volume of water which
can be pumped from this layer is in the range of 72 to 97
m3/h,'Also, as mentioned in Section 3-7-2, the development

of groundwater in this town is considered possible.

b. River water

‘As mentioned in the section on river system, the
Little Feni River which flows on the south of town becomes
only a trickle during the dry season.

On the basis of a. and b. above, groundwater is

judged to be the better choice as the water source for this
‘town.
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3-7-4 Water Supply Plan

(1) Water Supply District and Population to be Sﬁpplied

‘Population at the time of censuses in 1974, 1981
and today (May 1984) are as follows.

Population at the 1974 census : 15,428
population at the 1981 census : 23,199
population as of May 1984 : 27,000

These data may be plotted as follows.

Popﬁlation Growth in Feni Town

50,000 1 - ' Population in the Water
Supply District: 100%
' population to be served
(gg'ggg)' . : : — in 1990: 40,000
;19 .
- ~
/‘0
! P g
30,000 {1 : ///Qﬁooeﬁ
(27,000) : Qﬁ;ﬁ}Q
(23,199) s
20,000 1
(15,428)
10,000 o — T
1274 .1980 - . 1985 1920 1985 - 2000
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The average annual rate of populatioﬁ growth was.
6.0% between 1974 and 1981 and 7.9% between 1981 and now. |
As was the case with other towns, the popﬁlation-growﬁh rate
from 1981 to 1990 was assumed to be 6% a year for planning
this purpose. Thus, the population in 1990 was projected to
be 40,000. ' -

The water supply district was determihed with due
consideration to the present geographic distributién of
population, the prevalent state of settlement formation:and
the direction of futﬁré development of residential areas.
As the water.supply district thusd delineated approximately
coincides with the town's present municipal area, the :
population to which water would be supplied in 1990 was
assumed to be 40,000, |

{2) Water Consumption

~The estimated amount of water to serve a popula-
tion of 40,000 would be as follows. '

0 = 81 liters/man-day x 40,000 men = 3,240 m3/day

(3) wWater Supply Facilities Plan
(i} Production well
a. Diameter of well and pﬁmping rate
According to existing data,'the pumping r§£e is ih

the range of 85 to 971n%ﬂnfor a well of 6" diameter and draw
down of 9 to 12 m. o
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Judging from these results,:it'was decided that
the diameter should be 6", and the pumping rate Q = 85 m3/h

because the draw down is rather large.

b. Drawing depth

Judging from the inferred geological profile shown
in Figs. 3~10-13 and 3-10-14, the drawing depth will be
targeted to the coarse grain layer distributed at GL -150 m

and deeper.

c. Number of wells

—_2_— __34!_.2._%.0___— L
X =5y 85 x 12 3.2 5 4 wells

{ii} Pump facilities

The suction level inside the well shall be
(=) 20.0 m from the ground level.TGL)'and'the discharge
level shall be (+) 20.0 m from the ground level, which is
the maximum water level of the overhead tank. The actual

head therefore would be 40.0 m

_ A study of:the pump facilities for each well
resulted in the following table.
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Table 3-7-4 Principal Particulars of Pump Facilities

Well No.

N 1 2 3 4
Description
1. Actual head, m 40.0 40,0 40.0 40.0
2. Pumping rate, f£/sec 19.5 19,5 20.0 17.9
(38.9) (38.9) '
3. Transmission pipes
Kind of pipe Cast_ifon " " "
pipe
Diameter, mm 150, 200 150 (200) 150 150
Length, m 10, 600 460 (600) 40 40
4. Loss of head in o
the transmission 8.12 14.88 0.63 0.51
pipes, m : .
5. Total head, m 48,12 54.88 40.63 - 40.51
6. Type of pump Multi-stage = " " S,
turbine
7. No. of stages | 13 15 11 11
8. Motor output, kW 19 22 : 15 . o 15

(iii) Overhead tank
The required total overhead tank capacity is
vV = 3,240.0 x 0.20 = 648,00 m3.

Accordingly, altogether three overhead tank - two with a
capacity of 200 m?® each and:one with a capacity of 300 m?® - .
will be planned with due consideration to their locational
arrangement. ' |
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{iv) Distributing pipe

Arrangement {layout) of the distributing pipes
will be_planned'with‘due consideration to the geographic
distribution of population, the locations of existing wells
and dlstrlbutlng plpes, the road conditions, the direction
of future development of residential areas, etc. All
distributing pipes shall be PVC pipesg with diameters of

$200 mm or less.

The hydraulic calculations for the pipeline
network were carried out on the basis of the design condi-
tions so as to secure the hydrualic pressure of 9.0 m at

every'terminal end of the distributing main and branch.
(v) Public post

The discharge rate from a ¢13 mm tap is 20 liters/min
(14.4 m2/12 h). As fhe plan calls for supplying water to
' 50% of the inhabitants by means of public posts, the required
quantlty of water Supply would be:

40, 000 persons x 0.5 x 34 llters/man -day
680,0 m3/day-

H

Q

il

Thus, the required number of pubiic posts is 48,
Under this pfoject, water posts will be constructed

at 10 locations while the balance will be constructed by the

Government of Banglédesh.

3~7-5 - Contents of thé Proiject

(1) Water Supply Facilities Already Compietéd by DPHE

The‘conténts df water supply facilities already
constructed by DPHE's own funds are as shown in Table 3-7-5.
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(2) Water Supply Facilities to be Constructed under this

Project

The .contents of water supply facilities to be

constructed under this.project, Which were determined on the

basis of the contents of water supply facilities of this

project as a whole and the contents of facilities already

completed by'DPHE, are as shown in Table 3-7-5, and Fhe

proposed plan for them is as shown in Fig. 3-7-1.

Table 3-7-5(1) ‘Outline of the Water-Supply Systems
to be Constructed in This Project

Feni
Existing Facilities
faias ‘ex . Project Facilities to be
F ‘ : >
acilities Specification as a Whole Constyucted Constructed
by DPHE - Anew
1, Production #300 mm x #150 mwm 4 Nos. 2 Nos. 2 Nos.
Well Depth: 200/219 m '
Strainer: 30 m
.2, Pumping B8D 12 stages x 4 unit Q 4 unit
Facilities 19 kW x 1 unit : -
BBD 11 stages x
15 kW x 3 units=
3. Fumping Birck-and morter, purp 4 MNos. 2 Nos. . 2 Nos.
House YOO 12.3 m? )
Driver's room: 8.8 m
4, Transmis- No.l pumping
sion Pipes. station: ¢g150 4 250 10 + 600 @ - 10 + 600
"No.2 pumping _ ' B
station: 200 460 m S 460 m
No.3 pumping . o
station: gl50 wm 40 m - 40 m
No.4 pumping , . .
station: g150 mm 40 m - 40 m
5. Cverhead Capacity: 200 m?x2 0 © 3 units

Tank

300 m3xl.
Height: 17 m

Reinforced concrete

3 qhits
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{cont.)

Existing Facilities
. . s Project Facilities to be
Facilities Specification as a Whole Constructed Constructed
by DLHE Anew
6. Distributing AC Pipe: @200 mm 1,765 m 1,765 m -
Pipes #150 mm 1,700 m 1,700 m -
PVC Pipe @200 mm 3,600 m - 3,600 m
#150 mm 2,6?9 m 840 m 1,830 m
A100 mn 15,980 m 4,640 m 11,340 m
Total 25,715 m B,945 m 16,770 m
Breakdown by type of
pavement as per
attached sheet
7. Related Sluice valve
Structures (box):  #200 mm. 24 units 4 units 20 units
of Pis- 2150  mm 12 » 4 " g "
tributing #1100 mm 87 " 20 » 67 "
- Plpes Blow-off: .
- @200 mm 2 w Wash~out 2 "
#150/¢100 mm 2/3 " #4-3 Nos. 2/3 v
Pipe and work:
N $100 mm 22 b 22 "
PLS0 mm 3 " 3 "
$200 mm o 1o
8. Public Post 20 places 10 places 10 places

Table 3-7~5 (2)
Ereakdown of Transmission Pipes and Distributing Pipes by Pavement

{Only Water-Supply Systems to be Constructed Anew)

Feni
Type By Type of Pavement Remarks
Item As R.C  Bricks Kutcha Total
1, Transmission Pipes
g1ov (N0, 1) 540 m 60 m 10m 600 + 10 m
#8" (No.2) 450 m 10 460 m
#6" (No. 3) 40 40
#6" (No.4) 40 40
Total 990 60 100 1,150
2. Distributing Pipes
_54“(Parailel to thg.road)_ 650m 6,550m 2,390m 1,670m 11,260m
g4% (Crossing the road) - 60 20 80
Sub-Total " 716 6,570 2,390 1,670 ‘11,340
#6" (Parallel to the road) 1,820 1,820
- $6" (Crossing .the. road)’ 10 - 10
Sub-Total 1,830 1,830
#8" (Parallel to the road) 2,380 1,210 3,590
48" (Crossing the road) 10 10
Sub-Total 2390 = 1,210 " 3,600
Total 4,330 7,780 2,390 1,870 16,770
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3-8 Sunamganj Town

3»8~1 Outline of the Town
{1) Location and General Conditions

The town belongs to Sunamganj District of
Chittagong Division, and is located near the border between
India, about 70 km to the northwest of Sylhet. The town has

a municipal area of 1 square mile.

As for traffic means, the only arterial road is
the one which connects this town with Sylhet. Another means
of_traffic is by boat on the Surma River that flows on the
north of town. As for indusfry, a big fish procéssing
factory 1s now under constructlon.. There are also about 25
small factorles, including rice mlll wood mlll brick

works, etc.

The town's population grew froﬁ'l4,516 in 1974 to
21,565 in 1981 and 25 653 in 1984.  There are 10 primary
schools, four hlgh schools, one college, five Madrasha, one

kindergarten and one hospltal in the town.
(2) Topography and Geology
a. Topography

The horthern area of Bahgladesh including this
town is called Sylhet Trough and was once a huge depr6551on,
but it came to take on the current topographlc form as a
result of having been filled by the_Surma Rlver that flows
from India. :Broadly viewed, this area thérefore.ééntly
slopes along the-Meona River to the Bay;bf Behgal;‘

Being located on such a topography, the town has a
flat surface of 9 m in elevation.
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As for land use, the town's céntral urban area is
formed in the south of the Surma River, and the rural areas
mainly comprised of paddy fields and dry fields extend in

the suburbs.

b. Geology

Since this town is located on Sylhet Trough as
stated in the section on topography, its geology consists of
a thick dep051t of Quaternery lacustrine sedlments. The
thickness of this deposit reaches several hundred meters
according to Mr. Abu Bakar, Director General of Geological
Survey of Banglédesh, even though accurate data are unavail-
able. '

" This dep051t malnly consists of clayey soil

dlstrlbuted as follows according to existing data.

_ Clayey soil is distributed from GL 0 m to GL
-90 m, from GL ~100 m to GL -140 m, from GL =150 m to GL
- ~185: m, and at GL -200 m and deeper, and is mixed with sand

here and there.

_ : Sandy s0il is seen distributéd as if being inter-
calated between these clayey'éoil layers in thickness of
10 m £o 15 m from GL -90 m to GL ~100 m, GL -140 m to GI,
~150 m, GL -185 m to GL -200 m. Facies of this sandy soil

is from fine to coarse grain sand.

(3) River System

" The Surma River which flows west on the north of
town originates in India. :Aﬁter it flows past this town, it
changes its name to thé Kalni River at Markuli and to the
Megna River on the north of Narsingdi which flows into the

Bay of Bengal.
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15G m.

. This Surma River has the river width of around

The records of its water level and discharge during

the 1977-1981 period are as shown in Tables 3-8~1 and 3-8-2,

Table 3+8~1 Water Level at Sunamgan’j

{m)

Month _ :
1 2 3 4 5 6 7 8 9 - 10 11 12
Year : T
Max. 3,415 2,255 6,530 6,185 6,215 8,760.8,740 8,330 7,730 6,695 5,135 3,765
1977 ' — - '
Min. 2,285 1,750 1,705 3,170 5,030 5,965 7,765 7,710 6,605 5,180 3,810 2,575
Max. 2,510 1,935 3,690 7,520 7,835 8,185 8,290 8,475 8,085 7,405 5,730 4,495
1978 :
Min. 1,815 1,570 1,875 3,155 6,690 7,895 7,855 2,570.6,590 5,595 4,555 3,290
Max. 3,270 2,225 1,950 2,820 7,070 8,335 8,275 8,085 7,620 6,895 5,235 3,305
1979 _ ' e I
Min. 2,235 1,800 1,495 1,890 2,775 6,920 7,560 7,040 6,875 5,305 3,930 2,680
Max. 2,650 2,025 2,240 7,184 7,260 8,199 8,397 8,489 7,596 7,367 6,797 4,563
1980 . - ' - :
Min. 1,805 1,540 1,480 1,814 6,529 7,001 7,559 7,544 7,154 6,087 4,618 3,222
Max. 3,191 2,134 2,652 4,923 7,077 7,742 8,839 8,662 8,748 7,361 4,862 3,816
1981 _ - : 362 3
Min. 2,155 1,743 1,713 3,769 5,238 8,264 8,080 7,991 4,141 3,175

6,929

- 6,035

The maximum and minimum watexr levels recorded

Max.

: 9,455 m (on July .29, 1974) .

Min, : 1,370 m {on Maxch 12, 1968)
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Table 3-8-2 Diséharge at Sylhet

{m?/sec)
Month
Vear 1 2 3 4 5 3 7 8 9 10 11 12
Hax. 57.7 15.9 44.7 923.0 891.0 1,830.0 2,120.0 1,960.0 1,760.0 1,080.0  453.0 82.1
1977 : ;
©Min. - 16.7 6.1 5.6 15.6 156.0 159.¢ 1,580.0 784.0 716.0 334.0 64.8 19.8
Max. 19.2 6.5 8.1 447.0 744.0 911.0 2,290.0 2,050.0 1,500.0 1,340.0 773.0 99.6
1978
Min. 6.7 4.7 4.2 2.6 122.0 336.0 719.0 860.0 7639.0 - 299.0 106.0 24.8
Max., 24.2 9.2 549.0 657.0 492.0 2,120.0 2,480.0 1,720,0 1,380.0 671.0 74.1 17.0
1979
Min. 9.2 3.9 4.3 13.3  137.0 342.0 },320.0 1,170.0 410.0 82.9 13.6 6.9
: "Max. | 6.8 6.0 21.6 1,280.0 1,510.0 1,820.0 1,790.9 1,830.0 1,600.0 872.0  239.0 28.9
1980 — -
Min. 5.4 4.2 4.4 16,1 348.0 1,420.0 1,240.0 1,040.0 29L.0 99.6 30.8 10.6
" Max. 10.4 5.9 4.4 149,0 1,010.0 1,170.0 1,860.0 i,810.0 1,850.0¢ 597.0 42,1 10.7
1981 - —- :
Min. 6.1 4.5 3.4 20.5 30.1 419.0 944.0. 774.6 458.0 44,5 9.1 5.8

the maximum and minimum discharge recorded during the 1955-1981 period:

Max. : 2,480.0 m3/sec {on July 1, 1976)
Min. : 2.6 md/sec {on April 5, 1975}

A,reV1ew of the water levels shown in Table 3-8-1
indicates that the water level becomes hlgher from April to
October and becomes gradually lower from November, and
reaches its lowest around March. The highést water level
ever réachéd during 1965 and 1981 was 9.455 m, and the
-lowést, l.370,m.

Dischaigés show the same tendency as the changes
in water level as apparent from Table 3-8-2, with the
hlghest dlscharge ever reached durlng 1965 and 1981 being
2,480 t, and the lowest, 2.6 t.
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(4) Climate
a. Rainfall

Since xainfall has not been nmeasured regularly in
this town, the records of Sylhet were used as a reference,
according to which the annual mean amount of rainfall is in
the neighborhood of 4,000 mm, which indicates that this area
has a large amount of rainfall compared.to other parts of
Bangladesh. '

Rainfall data during the 1978~ 1980 perlod are as
shown in Table 3-8-3.

Table 3~8-3 _
{mm)
Month _ . _
1 2 3 4 5 B 7 8 .9 10 11 12 Total -

Year
1978 0 1 49 199 744 1117 717 259 383 172 2 0 3,639
1979 0 4 62 118 361 929 1324 295 528 235 3] 26 3,888
1980 0 29 121 512 767 473 '317 359 720 484 o 0

3,782

A review of the records shown in Table'3—8¥3
indicates a large amount of rainfall in the months of April
to October. This rainy Season coincides with the monsoon
season which accounts for 90% or more of the annual amount
of rainfall.

b. Temperature

Since Lemperature has not been regularly measured
in this town, the records of Sylhet were used for reference.
The mean temperature during the monsoon period is about 28°C

and in the dry season, 17. 5°C, with a relative temperature
range of 10.5°C



The records for the 1978~1980 period are as shown

in Table 3-8-4.
Table 3-8-4 - Maximum and Minimum Temperature in Sylhet
by Month (°C)
Month :
: 1 2 3 6 7 8 100 11 12
Year
Max. 23.3 27.2 30,6 31.7 28.9 30.0 30.6 32,2 30.6 31.7 28.3 26.7
1978 ' ' : :
Min. -10.6 13.3 16.7 20.6 22,2 23.9 24.5 25.6 24.4 22.8 18.3 13.3
. Max. 26,7 27,2 31.1 32;8 32.2 331.7 30,0 31.1 30.0 30.0 29.4 25.6
1979 — - :
Min. 12.2 12.8 17.2-21.7 22.8 24.4 24,4 25,0 23,9 21.7 19.4 14.4
Max. 24,4 - 29.4 31.7 28,9 31.1 31.1 31.1 30.6 29.4 29.4 27.2
1980 : e
Min, 11.7 -18,3 21.1 21.1 25.0 25,0 25,0 24.4 21.7 17.2 14,

A review of the records in Table 3-8-4 indicates
that the high temperature months are March to October with
~the maximum temperature being above 30°C and the minimum
above 15°C. The low temperature month is January with the
maximum temperature being around 25°C and the minimum around
l2eC..

3-8-2 Hydrogeological Qutline and Possibility of Developing

Groundwater
(1) Hydrogeological Outline
. ' The 50115 dlsteruted in thlS town con31st of a
tthk dep051t of lacustrlne sedlments as stated in the

sectlon on geology. Accordlng to data related to wells,_
thlS dep051t has been confirimed to the depth of 850 ft but
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has not been confirmed to further depth yet. Also, accord-
ing to Mr. Abu Bakar, Director General of Geological Survey
of Bangladesh, the thickness of this sedimentary deposit is
gquite thick and ‘the distribution of gravel layér that
constitutes good aquifer is hardly to be found even drilled
to a Qeeper depth. Also, from the depth of 500 ft. and
more, gas reservoirs are said to exist here and there,

As for the use of groundwater in such geoldgical
circumstances, there are altogether eight wells that use the
motor; one well by DPHE (which has not been used yet) and .
seven wells by_hospltals and official residences. In the
case of wells that use the hand pump, there are 100 wells by
DPHE and 70 wells by private individuals, totalling 170

wells,
The wells related to DPHE are as shown in Table
3-8-5, '
Table 3-8-5
) Time of o o
. Screen R I . R ; i
T/W |Total Soil IR : -} Static | Pumping S;i:‘:‘g Recov- Watex ‘_Q.ua.]..l.ty
Na. | Depth of - - Pumpage | Water Water - Cordi- | ery - - -
Aquifer | Length| dia. Level’ Lavel tion Pericd | pH Fe | cl [T. Hard
FE| inch . IGPH ft. “FEL| . minm @in
1 020" MCS g2 6" 8,400 | 11'q" | 92+1" 840 1,440 | {4.0
: L DPHE . - : 100 :
Hand s
Pump | DOPTO" | FMS - |r.s® Private individuals: 70 mocal 170

Layers from which:grbﬁndwater is'draﬁﬁ are the
10 m medium grain sand 1aYer‘diStributed in the'néighborhood
of GL -150 m for the hand pumps and the 15 m thick coarse
sand layer dlstrlbuted around ‘GL -190 m for the tube wellé.
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_ The groundwater level in T.W. No.l was GL -3.4 m
at the time of its construction (February 28, 1982) and Gl
-1.5 m when checked this time (on May 26, 1984).

As for the quality of water, a high Fe value of 4

ppm was indicated.

(2) Possibility of Developing Groundwater

- The possibility of developing groundwater was
gsystematically analyzed as follows based on the existing

data given in Paragraph (1).
a. Hydraulic constants

S Coefficient of infiltration T in m2/min

T.W. No.l : T = 0.07 to 0.12 m?/min

ii. Coefficient of permeability _ K in cm/sec

T.W. No.1 ; K = 4.7 to 8.1 x 10'_3 cm/sec

iii. Specific yield of well S in m3/day/m
T.W. No.l : § = 37 m3/day/m

As ail'¢f T, K, and S calculated as above have
small vélues, and the thickness of the layer from which
 groundwatér is to be drawn is thin at around 15 m, the
' overlying sand lavers (from which groundwater is drawn by
hand'pumps) must also be considered for exploitation of
water if'a”tubeﬁweii is to be built. Consequently, pump-
ing water by'motpr.&ould bé-dfying up the water source
for the hand pump, Also, as.fe content is high at 4 ppm
as_mentionéd in Paragraph (1), a iron :emoval-plant must

also be. taken into account.

- 161 -



Thus, the ground water situation of Sunamgani ‘Town

~has little potential for further ekploitation.

~ The Qhole neighbourhoqd_afea of.Sunamganj is
topographically a land filled with deposit on a huge de-
pression, and encompasses Sylhet to the east (about 40 km
away), Manlvi Baganj fabout 70 km away) to the south and

near Kishorganj to the west (about 40 km away).

The land on this Sylhet Trough has thickly
adcumulated lacustrine sediments consisting of cléyey soil,
which is also presumed to be the land of ‘Sunamganj. The
Syihet-Trough lacustrine sediments is more than 300 m thick,
and mix sometimes natﬁral gas in them as well ‘as scarecer

water-bearing thinner gravel layers.

Furthermoie, the gas company ekploiting natural
gas around the area, BADC promoting agriculturél develop-
ments making use of the ground water and.BWDB indicate
through their -information given by their-experts in geology
and ground water that it is very difficul£ to further.

exploit the ground water in. the area.
From all the data above, the neighbouring area of

Sunamganj Town as well as the town itseélf is estimated to

have small possibility of developing the ground water.

3-8-3 'Watef_Source Plan

The water sou?ces from which étinking water for'"
‘the town is supplied now are the 170 hand pumps. River
water is not used.

A study of the future water. sources of driﬂkiﬁg -
water supply - based on the prevalent state - resulted in

the following conclusions.
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a. Groundwater

According to the data related to wells, the layers
in which groundwater is stored are the sand layers with a
thickneés of between 10 to 15 m which are distributed at
around GL -100 m, GL -150 m and GL =200 m. Of these, a 15 m
thick'sand layer distributed at around GL -200 m exhibits a
low pumping rate of 38 m3/h:and a big draw down of 25 m
according to existing data. Also, as stated in the preced-
ing paragraph, development of groundwater is guestionable.

b. River water

_ .Ae is hewn in Table 3-8-6, the minimum dischafge
in 20 years probablllty of the Surma River calculated based
on the dlscharge records in the past 15 years is 2 - 3 m /
sec. The planned quantlty of water supply is 2,977 m /sec,
and assuming that fac111tles are to be operated 12 hours
a day, the intake is 0.06 m /sec. Accordlngly, the flow
rate of the river is more than adequate to allow that much

water intake.

As for the water guality of the Surma River, data
'collected by DPCB (EnV10rnment Pollution Control Board) of
Bangladesh_ln 1983 and by us in our study in August, 1984
(see Table 3-8-10 - 13).

According to the sufvey results in August, 1984,

the water quality of the river was as follows:

Turbidity 22°

Color | 320
pH. | . 7.4°
Alkalinity =~ . 21.5°
¥mn04 consumption 5,4°
Coli bacilli +
General bacteria T+
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The EPCB data in 1983 does not tell about tﬁrbidity and

coldr, but the values through the year were as follows:

PH - 6.5 - 7.8

EC 3.8 - 17 mg/}
Total Alkali 54 - 120 mg/1
DO 6.05 ~ 7.5 mg/1
BOD 0.8 -~ 2.7 mg/1
7.8 102 -~ 198 °
5.8 33 -~ 69"
cop 34 - 61 "

Analy51s on heavy metals was made in August,
1984, detectlng zlnc only at 0.014 ppm (WHO ‘allowance
being 5.0 - 15 ppm) , and nothing such as copper lead,

cadmium, hexad chrome, cynogen and mercury-.

In the results, COD wvalue is a b1t hlgh but is .'
easy to deal with by purlflcatlon Thus, the water quality
of the Surma River has, in our opinion, no problem as our

raw water.

Further, the jar test made in Augﬁst 11984 showed
aluminum sulfate realey available in the local area could

easily lower the tuxbldlty and the color
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Tabe 3-8-6 Provable Water Level and Discharge of the Surma River

Probability of

Occurrence in LIWL HEWL Omin Qgmax
Years ’
Once every 1.50 (w) 8.80 (m) 2.90 (m>/s) 2,270 (m/s)
five years . m) - . m . m /3 ' m /s
Once every 1.45 8.9 2,54 2,370
ten years _
Once every 1.40 9.0 2,30 2,460
twenty vears :
Once every
a hundred 1.34 9.2 1.90 2,650
years
“Fig. 3-8-1 Hazen Plot
. -t H.HWL .
99 L. i 1 L omak L. LWL Sunamgani
i : ’ Qmin
05 .! Orhilny \ omax  SYlbet
SO TT 1y i
B | 7 |
~20 ] 11 5
10 ’ : \ 10
5 iﬁ/ _% 20
1 ’/ : : 100
10 100 1,000
1,000 10,000 (Qmax)
L.LWL H.HWL . Qein. Qmax. '
(m) - (m3/s)

(m) {m”/s)
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Table 3-8-7

Water Level and Discharge of the Surma River

Lowest Water

Migim\lm Discharge

Highest Water

Magimum Discharde

Year Level (LEW m) {m~ /sec) Level  (HUWL m} (m” /sec) Remaxks
1 1964765 x 5.6 (11} x 2,120 (5)
2 1965 /66 1.51 (4) 7.0 12y B8.35 (14} 1,630 (12)
3 1966/67 1.63 (9 5.2 (10} “B.59 (8) 2,340 (2}
4 1967/68 1.37 (1) ® 8.41 (12) x
5 1968/69 " 1.52 (5) ® 8.39. (13} %
6 1969/70 1.64 {11} 3.2 (4) 8.32 {16} 2,120 (6)
7 1970/71 1,63 {10) 4.0 {7 8.58 (9) 2,090 (8)
8 1971/72 1,65 {12) X 8,71 (4) x
g 1972/73 1.61 {8) 2.7 (2) 89.62 (6) 1,790 €11)
10 1973/714 1.88 (16) 3.0 (B 8.6t (7} 2,240 (4)
11 1974/75 1.76 {15) 4.2 (B 9.45 (1) 2,120 (N
12 1975/76 1.70 (13 2.6 (1} 8.68 {%) 2,290 (3
13 1976/77 1.57 (7} 4.2 () 8.76 (3) 7,480 (1)
14 1977/78 1.49 {3) 3.4 (5) 8.47 (11} 1,830 {10)
15 1978/79 1.48 {2} x 8.33 (15) x
16 1979/80 H X X %
17 1980/81 1.71 (14) X 8.48 (10} x
i8  1981/82 1.53 (6) 3,5 (6} 8.83 (2) 1,860 {9)
Hote: ’ﬂ;E wi}tler level is that measured at Sunamaganji. The flow rate is that measured
at Sylhet. Humbers in parantheses represent the order.
Table 3-8-8 Discharge of the Surma River by Month {measured at Sylhet)
{Unit: n3/sec)
Year Apr. Hay Jup, | Jul. Aug.. Sep. oct. . | Nov. Dec. | Jan. reb. Mar.
1964765 | Hax. 1,100 1,360 1,940 | 2,050 2,120 | 1,880 | 1,080 439 62.0 1 12.3 8.1 | 6,76
Hin. 15.8 150 140 1,260 948 716 424 62| 12:9 1.5 7. .6
1385765 | Max- 110 459 1,380 | 1,440 1,830 1,070 873: 348 s3.2 18.7 10.8 .| 8.7
2/ Min. 10.8 54.3 166 58 - 948 T773 ‘348 55.7 3.5 10.8 7.9 7.0
196667 | Max- 97.5 956 2,340 1,990 1,880 | ‘1,610 '{ 1,320 250 97.5 19.6 11.9- | -17.3
Kin. 5.2 32,5 1,030 7] 1,510 1,420 | 956 275 1.9 20.4 6.9 5.6 5.2
1965770 | HaXe 262 467 | 1,880 1,760 2,120 1,890 475 | 60.3 10.8 5.5 4.7 447
_ Min. 5.7 16.7 226 1,280 | 1,150 300 65.1 11.2 | 5.5 4.6 3.5 3.2
1970771 | Hax. 574 | 1,180 1,640 2,090 | 1,780 1,400 1,530 |. ‘340 46,7 19.9 7.0 1.1
‘ Hin. 28.0 181 422 860 750 |- 458 334 (. 50.6 [ -11:2 6.6 1.7 4,0
1872773 | Hax- 767 945 1,796 1,480 1,340 1,030 .| - 908 80.4 25.4 9.5 6.0.] 9.5
! Min. 12.8 164 173 81z 782 227 83.8 | 26,1 9,7 5.0 3.9 2.7
1973778 | Max- 165 [ .1,190 2,190 2,240 1,920 L,100 " 724 379 242 57.7 | 15.9 4.7,
: Min. 1.0 208 158 699 1,050 651 - 203 | 154 60.5 16.7 6.0 5.6
1974775 | Hax. 923 891 1,830 2.12¢ | 1,960 | 1,760 | 1,080 | 453 | szi1 [ris.z | .4 2.0
i Min. 15.6 156 159 1,580 . . 784 716 |- 334 64.8 { 19.8 | 6.6 4.6 £.2
La7s/76 | Hax- 447 744 9¥1 2,290 [ 2,050 1,500 | 1,340 773 ] ‘99,6 | 24.2 9.1 549
Min. 2.6 122 - 396 718 860 769 1 299 ] 106 ] 24.8 3.1 3.9 1.2
1976777 | Hax- 657 492 2,120 | 2,480 1,720 1,380 671 | 74.1 |-17.0 6.8 1 5.9 21.6
Min. 13.3 137 S 342 1,320 | 1,170, 410 82,9 13.6 6.9 5.3 4.2 4.3
Lra7rsve | MEx. 1,280 1,510 1,820 1,790 }.4,830 1,600 - 872 239 29.8 | 10.4 5.9 4.3
i Min. 16.1 348 | 1,420 1,240 1,040 231 99.6 30.8 10.6 | 6.0 4.4 3.4
1981782 | Max. 149 1,010 1,170 1,860 1;810 1,850 597 4z2.1 10.7 5.6 6.9 114
Min. 20.5 . 419 a44 774 458 44.5 3.1 5.8 3.7 3.5 4.3
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Tabla 3-8-9

Water Level of the Surma River (measured at Sunamganj})

{unit: m}
Yeax ‘Apr, May Jen, Jul, aug. | sep. | .oct. | uNowv. Dec. Jan. Feb, Mar.
1965766 Hax. 4.49 6.32 [ 7.71 8.09 8,135 7.80 7.10 5,82 4,22 | 2.82 1.95 -] 1.98
Min, 1,92 | 4.92 5.44 7.33% 7.60 7.16 | - 5.89 4.28. F 2.88 |''1,5€ 1.63 1,51
1965/67 Max. { 3,70 | &.87 | 8,59 9.20 8.58 5.00 7.11 5.59 4.22 3.14 2.05 2,56
b  Hin. 1.63 3.12 ‘7.05 7.60 7.43 7.05 5.67 4.28 31.1? 2,33 1,70 1.93
1967/68 Max. 5,32 6.63 7.46 8.41 7.59 7.40 7.40 5.53 3.94 2.51 1.93 2,47
Min. 1.78 4.05 5.35 7.19 7.13 6.76 5,59 31.9% 2.52 1.84 1.57 1.37
1968/69 Max. | 5.23 7.40 7.95 §.39 B.08 7.70 7.12 | . 5.47 3.99 2,54 1,98 | 2.60
Min. 2:.13 3,54 §.93 7.61 7.60 7.17 5.50 3.95 |- 2.58 1.88 .54 f 1,52
196970 Max. 5.35 6.88 7.95 8.32 8.12 9.0% 6.57 5.16 3,712 2.60 | .2.15 4.97
Min, 1.97 3,09 £.14 7.48 7.40 6.63 5.22 1 3,79 2.63 2.15 1.64 | :1.6¢4
1876/71 Max. 6.02. 1 '7.59 |.8.32 8.58 | B.47 8.07 7.74 | 6.54 4.712 3.30 2.53 2,50
Min. 3.77 $.93 6.73 7.37 7.56 7.06 §.62 4,77 31.34 | 2042 1.86 1.63
1971772 Hax, | ."4.87 4,39 7.47 9.71 B.25 7.93 7.67 6125 5.31 4.14 2,40 2.88
Hiny 2.62 3.1% §.22 7.2% 7.40 7.07 | 5.96 5.36 | "2.17 2.41 1.85 1.65
1972/73 | Max. | 6039 7.08 8,82 8.17 7.91 7.52 6.67 5.10 3.5tk 2.40 2.07 2.22
; Min, 3.13 5.79 | 5.98 7.14 7.18 §.32 5,14 3.57 2,44 1.73 1.61 1.55
1673714 Hax. 6.34 7.14 8.51 8.55 8.23 2.02 7.31 - — | ‘2.82 3.04
Min.|; 2.0% 5,57 §.98 7.10 7.43 7.28 - - ) - 1.9% 1.88
1974775 Max.'| 7.22 1.20 | 7,97 9.45] 9.8} e, 77 7,85 6.18 §.57 3.42 2.34 3,02
Min. 2,67 5.80 | 5.79 7.92 7.61-] 1.k7 ) §5.63 4,62 | 13.48 2,28 1.85 1.76
1978776 Hax. 5.30 | 6.74 7.32 8.68 8,36 8.03 7.88 6,15 5.05 3.41 |- 2.25 6.53
Min. 1,86 | 4.98 6.33 1.15 7.46 7.16 6.28 5.10 1,45 2.28 1.75 1.70
1975/11"' Hax. | 6.18 6.21 8.76 8,74 8.33 7.73 6.69 [ 5.3 | 3,76 |-2.51 [ 1.93 {. 3,89
Min. 3,17 5.03 5.96 7.76 7.71 6.60 5.18 3.9) 2.57 1.81 1.5% 1.87
1977/78 Mai, - | .7.52 7.83 | 8.18 8,29 g.47 | 8.08 7.40 5.713 4.49 3,27 2,22 1.95
| Min. 3,15 §.69 | 7.89 |.7.85 7.57 5.59 5.59 4.55 3.2% 2.23 1.8¢ 1.49
1378779 Max. | -2.82. 7.07 | . 8.33 8,27 8.08 7.62 6.89 | 5.23 3.90 2.65 | 2.02 2.24
Min. ‘1.89 2.7 §.92 7.56 7.04 £.87.{ 5.30 3,93 2.68 1.80 1.54 | 1.48
1980/81 Max, | 7.1 | 7.26 8.15 8.39 8.48 { 7.59 7.36 6.79 4,56 3.1% 2,13 2.65
Min. 1,81 6.52 7.00 7.55 7.54 7.15 6.08 4.61 3,22 2.15 1.74 1.71
1981782 Hax,’ 4.92 7.07 7.74 | 8.83 .66 ] 8.74 7.36 4.9% 3.81 2,66 1.81 2.45
Hin. 1.93 4.13 §.34 7.75 7.69 7.22 4.91 3.44 2.69 1.78 1.53 1,53
Table 3~8-10 Results of Water Quality Tests
' ' {August, 1984)
WHO
Name of River Surma EPCB
gampling location Sunamganj
Date of sampling Aug. 14, "84
Temperature 35°C
Water temperature {31°C)
. Appearance Slightly yellow
odor No abnormality
Turbidity 22° 5 gg 25
Color 32° 5 to 20
: 30
pH 7.4 6.5 to 9.2
Alkalinity 21.5 ppm
an04-c0nsumption 5.4 ppm
pissolved Fe up to 0.1 ppm 0.1 to 1.0
. 1.5 {5 max]
Mn ion up to 0.05 ppm _o.osutg 0.5
NH4~ _ 0.1 ppm
Coli bacilli + fentire red
discoloration)
General bacteria + (Partial blue
i : discoloration)

The water temperature of the S
of the Sitalakhya River was 29
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Table 3-8-12

Results of Jar Tests

{Surma River, Aug. 1984[

Feeding Flock Sedimen- Turbi- Color. Alka-
Aggreyation rate (ppm) conditions tation pH dity linity
: ' (degree) (degree}  (ppm)
10 ‘Medium Good 7.6 | 4 6 . 3B
Sulfurie acid 15 Large Good 7.6 up to 2 up to 5 35
band 20 Large Good 7.4 wup to2 up to5 32
25 Laxge Good 7.4 up to 2 up to 5. 29
10 ‘Medium Good 7.4 5 12 39.5
Postash 15 Large Good 7.4 4.5 ‘10.5 38
alum 20 Large - Good 7.4 2 6 37
25 Large Good 7.3 2 5 34.5
5 Small Fair 7.8 23 25 . 42,5
PAC 10 Larqge Good 7.7 6.5 10 41
15 Large Good 7.7 2 6 40
10 Small Fair 7.1 29 27 36.5
Ferric 20 Large Good 6.8 3 12 30
sulfate 25 Large Good 6.8 2 10 28
30 Large Good 6.7 wup to 2 7 25
10 No flack Poor - - - -
Ferrome 20 Absent Poor - - - -
Sulfate 40 - - - -

Hardly present  Poor

Remark: In the “sedimedtatidn“, *good" repreéents 40 to 80 mm/miﬁ,' .
while "fair" represents 20 to 30 mm/min sedimentation velocity
{the same also applies to the following page. ’

{Jar Test Conditions)

Rapid stifring-(lQO YPM) s vsrindeerenses. 3 Tinutes
Medium speed stirring (80 xrpm)

Slow sirring (40 rpm} «v.veverenns

R

“arsrea

1 minute
6 minutes

The analytical tests were done after stirring the sample .
The . supernatant of

and leaving it alone for 10 to 30 minutes,

the sample was used in the analysis.
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Table 3-8-11 Results of Meavy Metal Analysis
(August, 1984)

Quantitative

‘Standard
Surma limit valua

Zinc (Zn) 0,014 0.01 5.0 te 15 (16}
Copper (Cu) ND 0.02 0.05 to 15 (1.5}
Lead (Pb) D 0.05 0.1 (0.05)
Cadomium (Cd) ND ©.005 0.01 (-}
‘Sexivalent chrome {er®') ND 0.01 n.d (0,05)
Cyancgen {CN) ND 0,05 n.d {0.2)
Total Mercu;y {T-Hg) ND 0.0005 n.d
Chloride iron {Cl} WD 1.0 {600, max 1,000)

200, to 600
Fluorine (F) }315] 0.2 1.0 (i.O, max 2)

Remark: Standard values represent those specified by WHO,
while those in parentheses revresent those specified

by EPCB.

Table 3-B-13 Water Quality Data of River Surma Near Chatak

EC Coliform
Months pil migfo Chloride P-alka T-alka DO BOD  T.5. S.5. cOD  Temp hes/l00  Remarks
o cm ng/§ mg/L mg/ % mg/¢% mg/R ma/R we/t mg/R °C mi
JAN.
Feb. 7.06 119 3.8 o 54 7.5 2.3 135,5 55 34 25
March 7.15 156.5 10.0 ] 54 7.5 0.8 102 34 37 30
April
May 7.6 158 14,0 0 67 7.10 198 44,5 40 3o
June 7.8 168 17 0 54 7.4 1.3 182 43.5 61 28
July -
Aug. 7.3 165 10.0 [+] 120 6.8 1.5 114 33 39 27
Sépt.
Oct.
Nov.
Dec. © 6.5 222 8.2 o 112 6.05 2.6 275 s34l 21
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3-8-4 Water Supply Plan

(1)

Water Supply District and Population to be Supplied

Population at the time of censuses in 1974 and
1981 and today (May 1984) are as follows.

Population
Popﬁlation

Population

Theée

at the 1974 census
al the 1981 census :

as of May 1984

14,516
21,565

25,000

data may be plotted as follows,

Popﬁlation Growth in Sunamganj Town

50,000 {
Population in the Water
Supply District: 100%
40, 000"
Population to be served
434 P
(36, 434) e in 1990: 37,000
-~
- ’(;0 e\
0 S
30,000 //c,io %ae
(25,000 & >
{25,000) 7.7% OF
(21,565}
20,000
(14,516)
10,000 - L S A
- 1974 1880 1985 1990 1995 2000
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The average annual rate offpopulation-growth was
5.8% between 1974 and 1981 and 7.7% between 1981 and now.
As was the case with other towns, the population growth rate
from 1981 and the target year of this project (1990) was
assumed to be 6% a Year on average. Thus, the population in
1900 was projected to be 37,000. '

The water supply district determined in considera-
tion of the présent geographic distribution of popuiétion,
the'preVéienﬁ state of settlement formation, the.direction'
of future development of residential areas and other rele-
vant factors almost entirely covers the municipal area of
the town. Thus, the popuiation to which watexr would be

supplied in 1990 wasz assumed to be 27,000.

(2} Water Consumption

The esgtimated émount of water supply to serve a
population of 37,000 would be as follows.

Q0 = 81 liters/man-day x 37,000 men = 2,997.0 m3/day

(3} Water Supply Facilities Plan

(i) Water purification method and. design conditions for

water treatment facilities

A purification treatment SystemIfOr raw water
intake from surface water can be in slow filtration: or .
rapid filtration method.  Generally, the former'method”is;
applied to raw water with low turbidity, while for raw water
with the turbidity exceeding a certain range, the rapid
filtrationISystém is more suitable when'puﬁification treat-
ment éapacity as well as maintenance_and coﬁtrol are taken

into account.
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Ag the réw Qater for this project is from surface
water anticipated to have the turbidity of avérage 40° and
200° énd the highest, the rapid filtration system will be
adopted.

The rapid filtration can involve the unit processes
itemizéd below, and amongst them, those considered best
in terms of (1} performénce, (2) utilizability of local
materials and equipment, (3) no need for advanced technical
competence, and (4) eagy maintenance and control, will be

taken into our water purification treatment plan.
C) Chemical sendimentation

Two methods are available:

a} High Rate coagulosedimetation basin

b) Side-channel type coagulosedimentation basin

Of theée, although the size of the structure is
larger, b) will be chosen, because its treatment functions

are more fFlexible and its maintenance is easier.
C) Mixing Basin
Four methods are:zavailable as follows:

a) Méchanical stirring type
b) Vertical baffling tfpe
c)_:piffﬁSion pumping type
d). Weir type '

In order to avoid mechanica1 structure and to maké
the maintenance easier, d) will be adopted. As indicators
- of mixing‘G value éhowing the degree of work load or shear-
~ing stress as well as GT Value are givén as follows:
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G valueﬁ 300 - 500 sec

GT wval

ue: 15,000 - 100,000

betention pericd: About 1 min.

C) Floceculation Basin

There are 3 methods as follows:

a) Vertical baffling type
b) Horizontal baffling type
¢) Flocculator type

Of these, a) will be adopted as it is easy to

operate and maintain. Requirements in planning the

facilities will be as follows:

Detention period 30 min.
G value Rapid zone 60 ~ 80 sec”t
Moderate zone 35 - 45 Sec_l
Slow zone 15 - 25 sec™ T
C) Chemical Sedimentation

Three methods

a)
b)

c)

are avalilable as follows:

Ordlnary chemical sedimentation ba51n
Inclined parallel plates settling ba51n

Inclined tube settllng basin

The a) will be chosen because land space. 15 ample and it

requlres eas :Ler malntenance .

Detention period: 3 hours =
Sludge:COlléction: 'Hopﬁéf'to“be'set in
' 1 hour detentlon perlod
zone downwards from the

extreme upstream
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C) Rapid Filter
Following 3 methods are possible:

a) Standard type
b) Belfwashing type (vValve}.
<) Selfwashing type {siphon}

o After comparing the 3 methods (See Table 3-8~14),
b) will be selected in consideration of its simple struc—
ture and operation, inexpensive cost of equipment and small

hydraulic loss.

Number of filters: 4

Filtering speed: 120 m/déy (4 filters in operation)
' 150 wm/day (3 filters in operation)

Bank washing: '0.6'm3/m2/min X 6 min
gsurface washing: 0.2 m3/m2/min x 4 min, Fixed type

Minimum'treatment water volume: To be set at 1/2 of

the treatment capacity

Sand layer: Effective diameter of 0.6 m/m
: Uniformity coefficient of 1.6 or less

LaYer thickness of 0.6 m

gravel layer: 2 - 4 m/m, 4 - 6 m/m, 6 - 10 m/m and
10 - 20 m/m |
Layer thickness 50 m/m each

Underdrain system: Self-washing type porous blocks
Effective filtration waterhead: 1 m

make-up water: . To be branched out from the trans-

mission pipe
C) Clean water reservoir:
The .capacity of a clean water reservoir is stand~
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ardly 1 hour portion of its planﬁed'supply amount in Japan,
but in the project 2. hour supply portion of the planned
water supply is set as the cépacity of the reservoir since
the reservoir is also gointo function as a suction well

for the transmission pump.
C) Coagulant Chemicals feeding facilities
There types of coagulant are available as follows:

a) Solid aluminum sulfate

b) Ligquid aluminum sulfate

c) PAC
c} is corsidered good because it is easy to
handle and also eas;ly coagulates,Vbut'in.view:_
of the special sltuatlon in Bangladesh ‘more
inexpensive and more readily avallable solid
aluminum sulfate will be used. o
The solid aluminum sulfate (Al 0. being 15%) will

273

be dissolved and diluted to 3% Alzoa_solution for

feeding.
Feeding formulé} _
P= 1.67 (8.7 +2.2 T),
where T: Turbidity

Disinfection Facilities

Following 4 types are the available sterlizing
agents: '
a) Bleaching powder
b) Chlorine-gaé
c). Sodium hypochlorlte

d} Formed sodium hypochlorlte (by electroly51s of salt)'
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Iin terms of low cost, safety and easy handling d)
seems to be best, but it has some problems in
mechanical maintenance. 1In the end, readily
available a) will be chosen,

Bleaching powder_(effective chlorine being 50%)
will be dissolued and diluted to 10% effective

chlorine solution for feeding.

Feeding rate:
P = 1.5 ppm (Average, and effective
chlorine being %)

P = 15 ppm (Average)
Dissolution. tank capacity: Capacity for

l.day feeding x 2 tanks
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Table 3-18-4 Comparison of Rapid Filters

=Sy -
e— Standard type Seli~washing type Self-washing-type
‘HH*—H”_‘Mh Avalve) {aiphon)
Filtration arcea 11,78 mz/bed x 4 beds 11.78 mlfbed X 4 beds ditto
= 47.12 n? o= arazw?

Rate of filtration Noarmai: 112 m/day ditto ditto

Backwash: 149.2 m/day ditto ditee

7.1 mafmln ® 6 min 3.4 m3/min'~ 5.1 mJ/min ditto

Amount of backwaghing
water {make up volume)

Equipwent installed:

Raw water inlat

Backwashing water
equiprent

Backwash drainage
equipment

Filtration adjustment
device

Tnspection £ maintenapce
eguipment

Others

= 42,62 m°

Raw water inlet valve
# 200

High tank

Backwaghing water
pipe @ 300

Backwashing water
valve g 300

Drain slvice gate
3006 x 300

Clear water

valve ¢ 100
Flowmeter
Filtration yrequla-
ting valve # 150

x 6 mon = 20.4 - 30.6 m™

Raw water inlet valve
8 200
+

bistribution weir

Self-filtered water
+ make-up water
(transmission pipe}

Haké—up watar
pipe g 250

Hake-up watér
valve g 250
{common eguipmaent)

ditto -

Filtration control
welr [common equipment)

Clear wacer valve
¥ 400

Paw water siphon

% siphon tube : 1

pDiaphragm valve: 2

Solenoid valve : 2
+

Distributing weir

ditto

ditte

Drainage siphon

Siphon tuke
200 x 400: 1

Diaphragn
. valve : 2
Solenoid .
valve : 2

ditto

Clear watey flatg
bottom valve ¢ 400

Compressor

Vacuum pump

Vacuum tank

{with Flow requlatiné
valwvao)

Air pipirg

vacuum piping .

(A1l of foregoing area
common equipment}
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N

T . Standard type Self-washing type Self-washing-type
\H»h_ﬂh‘_“~_“ﬂ‘ {valve) {siphon}

{Conatruction coﬁt)
FrameworX cogt 1 0.9 1.3
Structure fhe pipe cofridor sec-

tion is complicated,

and the basin is

shallows.

Further, the pipe

corridor section is

very deep, and the

bottom plate is uneven,

making the work dif-

ficult,
Equipment area 1 9.9 .0
Equipment depth Pasin: 3.5 m Basin: 4,2 m Basin: S m

Pipe corridor: 6.5 m Pipe corridor: 4.5 m Pipe corridor: & nm
Volume of concrete 1 0.9 1.3
Equipment coat 1 0.75 0.9

Haintenance & opexation

cost

gthers

Hydraulic loss

The:sophinticdted ap-
paratus such as £low
contraller and the

large equiprent such
as a backwash systen
make the cost dearer

1

Haﬁy kind of eguipment
such as a filtration
controller réquifing
technical competence
and operation )

RPN

wWithout highly complex

equipment, 3 valves per
basin are enocugh to
operate this.

N 0.5
Vexy simple bécause
oéerabla only by fuliy
opening or closing

3 valves: the .raw
water inlet valve,
washing drain valve
and gurface washing
valve

Many complex devices
related to the siphon,
though their scales
are smail.

9.3

Necessary to vperate
nmany kind of equipment
related to the inlet
siphon and the washing
drain siphon.

AlsG, necessary to
install such automared
equiprent s a vacuum
pump and a COmMpressor.,

2.0m
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(ii) Capabiilty of water treatment facilities

The planned quantity of water supply is
2,997 m3/day. According to the consultation with the
Bangladesh Government, the water purification operation will
he done for 15 h/day,iwith the quantity of water to be used
in the purifcation plaht beign 10% of the total. _Thé water
supply'capability of the current plan will be as given

below.

. ’] '
9,997 m*/day x “% % 1.1 = 5,275 m>/day

15
(iii) Capacities of facilities

Quantity of water to be treated: = 15 hours operation
5,275 m*®/day = 219.8 m*/h = 3.66 m3/min
= 0.061 m3/sec '

{a) Water channel well

Number of well: 1
Dimentions: . :

width 2.2 m x length 5.0 m x effective depth 2.0 m
Capacity: 22 m? ' '

. g 23,0 m* -
Re51de§ce period: 3.66 m*/min = 6.0 min

0.061 mj/sec
2.2 mx 2,0 m

Inside flow velocity: = 0.014 m/sec

Measuring weir: B = 2,200, 4 = 2,790, 8 = 210
(b) Mixing basins

Number of basins: 4

Water treatment capability per basin: ' _
1,319 m3*/day = 55.0 m3/h = 0,92 m3/min = 0.015 m?®/sec
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Dimensions:
width 0.7 m x length 0.4 m x effective depth 3.0 m
Capacity: 0.84 m?

0.84 m?

0.92 m3/min = 0.91 min

Regidence period:

Structure: Verical reverse flow type (overflow weir 1)

G = 300 h = 0.117 G2T x 107 ° »
= 0,117 x 3002 x 54.6 x 10
= 0,575
h = 3.5 - Vo= 0.575 x 12.6 1.79 m/sec
29 3.5

Overflow water depth; 0.049 m
{c}) Flock formatioh'basins

Numbef of basins: 4

Dimensions: width 0.7 m x length 2.9 m x
: effective depth 3.0 m, 1 streak; 6.09 m3

width 0.8 m x length 3.3 m x
effective depth 3.0 m, 1 streak; 7.92 m?

~width 0.9 m x length 3.3 m x '
effective depth 3.0 m, 1 streak; 8.91 m?

width 1.0 m x length 3.3 m x.
effective depth 3.0 m, 1 streak; 9.9 m?

Capacity: 32.82 m3

32.82 m?
0.92 m3/min

Residence period: = 35,7 min

Structure: Vertical freverse flow type

lst streak: lower bending portions (2);
- . G =57, h = 0.039, t = 0.046
¢ =51, h = 0.031, t = 0.051

overflow weirs (2)
G =60, h=.0,043, ¢

= 0.023
G =54, h = 0.035, t

0.026

nn

|
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2nd streak: lower bending portions (2)i
G = 45, h = 0.031, t = 0,045
G = 39, h= 0,023, t = 0.052
overflow weirs (2}
G = 48, h = 0.036, t = 0.022
G = 42, h = 0,027, t =-0.026

G 33, h = 0,019, t

3rd streak: lower bending portions (2):
G =27, h =

o
I

0.013, t

overflow weirs (2) :
¢ =.36, h =0.023, t = 0.025

G 30, h = 0.016, t 0.030
4th streak: lower bending pbftions (2);
G =21, h=0,009, t =0.067
G = 15, h = 0,004, t = 0.100
overflow weirs (2)
G =24, h = 0,011, t = 0.032
G = 18, h = 0.016, t = 0.044

Total water head loss: 0,366
Settling basins

Number of basins: 4
Dimensions: _

width 3.3 m x iength 16.6 m #'éffective depth 3.0 m
Capacity: 164.34 m®/basin x 4 basin = 657.36 m3

. . 164,34 m® _
Residence period: “EEmi/h - 2.99 hours.

0.092 m3/min:
3.3 mx 3.00m

Inside flow velocity: = 0,093 m?/min

Mud discharge pit
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(e)

Rapid filtration basins (self purification valve type)

Number of basins: 4
Dimensions:

width 3.1 m x length 3.8 m (= 11.78 m?/basin)
{(width 4.15 m % length 3.8 m x depth 4.5 m}

Filtration velocity: 4 basin opeartion time; 112.0 m/day
3 basin operation time; 149.3 m/day
Back wash: 0.6 m/min x 6 min
Back wash rate:
11.78 mé/baéin x 0.6 m*/m?/min = 7,07 m3/min/basin
7.07 m®/min/basin x 6 min = 42.4 m3/basin |

Water refilling rate:

3.41 m?/min (at 100% opeartion time) -
5.24 m3/min (at 50% opeartion time)

Water to be refilled from water towers.
surface wash: 0.2 m3/m2/min x 4 min

Lower catchment device:

Selfépurification type péfous blocks
Filtration layer: Quarz sand effective diameter; 0.6
Mean coefficient lf6 or less
Thickness of layer 0.6 m
Sﬁpportihg'layer: |

Gravel 2.0 to 4 mm; 4 to 6 mm; 6 to 10 mm;
10 to 20 mm, each layer 50 mm

Raw water distribution:

width 0.8, square weir + $200 butterfly valve
Dfainage: $#300 water control door
Surface wésh'system:

$125 surface wash main pipe + ¢125-gate valve
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(f)

(g}

(h)

Water feed eqdipment-'

$250 main pipe from the water tower + $250
butterfly valve

Chlorine is placed before the filtration adjustment weir
Purification basin/water ﬁéed pump well

Number of wells: 2

Dimensions:

1

width 5.0 m = lenuth i4.7 m x effective depth 3.0 m

'Capacity; 220.5 m?/basin x 2 basin = 441 m3

‘ . 441 w3 . .
Residence period: 315, 8 37h 2 hours

Aggregation agent feeding
Aqgregatidh agent:u Solid alumina‘(15% Alzoa)

Place it in 5% solution of Al 205, and dilute aﬁd
melt it. . '
Filling rate: Assuming 5% solution of i\lzo3
P = 8.? + 2,2 jﬁu, where T: raw water raﬁe
Filling gquantity:

Average raw water precipitaion; 83° : 28.7 ppm
{Assuming 5% solution of Al,0,) _ o
5,275 m3/day x 28.7 x 107% = 0.151 m3/day

Dissolution tanks: 0.2 m® x 2 tanks
Sterilization agent feeding

Strilization agent:
Bleaching power (50% effective chldrine)
Dulute and melt the bleaching power to the

effective chlorlne content of 10%, and feed it to
the tank. : . .
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Feeding rate:
Effective chlorine content max 2 ppm

Average 1 ppm

1f the solution of 10% effective chlorine content
is assumed, the rate wil be max 20 ppm and the
average 10 ppi.

Feeding Velocity:
5,275 m3/day x 10 x 10°% = 0,053 m3/day
(Sclutionm of 10% effective chlorine content)

Melting tanks: 0.1 m®* x 2 tanks
(ii} Overhead tank

The'required total overhead tank capacity is:
V = 2,997.0 x 0.20 = 599.4 m3.

a water towr of 400 m® capacity and another water tower of
200 m3 capacity should be planned, taking account of
locations of such towers.

(1ii) Distributing pipe

Arfangement;(léyout);of the diStributing pipes
will be planned with due consideration to the geographic
distribution of population, the locations of existing
distributing pipes, the road conditions, the location of the
purification plant, the direction of future development of
residential areas, etc. All dlstrlbutlng plpes shall be PVC

pipes with_diameters of #2000 mm or less,

‘The hydraullc calculatlons for the plpellne
network were carrled out on the ba51s of the design condi-
tions so as to secure the hydraulic pressure .of 9.0 m at

évéry terminal end of the distributing main and branch.
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(iv) Public post

The discharge rate from a $#13 mm tap is 20 liters/min
(L4.4 m3/12 h). As the plan calls for supplying water to
50% of the inhabitants by means of public post, the required -
gquantity of water supply for this would be:

g = 37, 000 persons X 0.5 x 34 liters/man-day
629.0 m3/day

It

Thus, the required number of publlc posts is 44

Under this project, public posts will be constructed
at 10 locations, while the balance will probably be constructed

by the Government of Bangladesh.

3-8-5 Contents of the Project

(1} Water Supply Facilities Already Completed by DPHE

The contents of water supply facilities'already
constructed by DPHE's own funds are as shown in Table 3-8-15,

(2) Water Supply Facilities to be Constructed under this

Project

The contents of water supply facilities to be
constructed under this project,'which were determined on the
basis of the contents of water supply facxiltles of”’ thls '
project as a whole and the contents of facmlltles already
completed by DPHE, are as shown in Table 3-8-15, and- the

proposed plan "for them is as shown in Fig. 3-8-2,
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Table 3~8-15 (1) outline of the Water-Supply Systems
to be Constructed in This Project

Sunamganj
Existing Facilities
C1res . Project Facilities to be
Facilities Specification ‘as a Whole Constructed Constructed
by DPHE Anew
1. Water Treatment capacity: 1 unit 0 1 unit
Purifica- 3,000 m3/day
tion Plant
2. Pumping No.l, @#250mm x 22kw x INo. 2 units ¢] 2 unit
Facilities No.2, #l50mm x Ilkw x 1lNo.
Voiute pump
1. Transmission No.l, #250 mm 990 m o 990 w
Pipes No.2, g150 mm 400 m 0 400 m
4, overhead Capacity: 200 m?/400 m? 2 units 0 2 units
Tank 1 unit of each
Height: 17 m
Reinforced concrete
5. Digtributing PVC Pipe: @200 mm 760 m 0 760 m
Pipe _$150 nun 5,786 m 1,806 m 3,980 m:
#1000 mm 16,850 m 0 16,850 m
Total 23,396 m 1,806 m 21,590 m
Breakdown by'pavement
as per attached sheet
6. Related Sluice valve
Structures {box) #$200 mm 4 units - 4 units
of Dig~- #$150 mm 47 ¥ 12 units 3s "
tributing #1000 wm 92 " - 92 "
Plpe; Blow~-off:
'$200 mm - -
$L5Q mm 6 units - Wash-out 6 units
Pipe and woxk:
$100 wm 24 " 1 No. (g6™) 24 "
$150 mm 1 " 1 "
200 1mm - -
7. Public. Post 10 places 0 10 places

187 -



Table 3-8-15 (2} .

Breakdown of Transmission Pipes and Distributing Pipes by Pavement
{Only Water-Supply Systems to be Constructed Anew)

Sunamganj
Type By Type of Pavement Remarks
Item As R.C Bricks Kutcha  Total
1. Transmission Pipes
#10" {No, 1) 100m 840m ~ 50m 990m
#6" (No. 2} 350 50 400
Total 100 1,190 100 1,390
2. Distributing Pipes )
#4" (Paraliel to the _road) 1,020m 8,260m 1,030m- 6,330m 16,640m
#g4" (Crossing the road) 60 120 10 - 20 210
_Sub-Total 1,080 8,380 1,040 6,350 16,850
#6" (Parallel to the road) 2,150 1,820 3,970
#6" {(Crossing the road) e 10
Sub-Total 2,150 1,830 3,980
#8* (Parallel to the road) 760 760
#8" (Crossing the road)
Sub-Total 760 760
Total 3,990 10,210 1,040 6,350 21,590
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3-9 Project Cost

3-9-1 Cost to be borne by the Government of Bangladesh

In implementing this Project, the Government of

Bangladesh shall also bear a part of the construction cost.

The cost to be borne by the Government of Bangladesh is as

followé.

1)

2)

3)

4)

Land acquisition/developmeﬁt cost

Import duties and other charges on articles to be

imported from Japan

Cost of maintenance and administration facilities

and equipment

0Of the water supplyiﬁg.facilitieé, the construc-
tion cost of house connections and publié posts
other than ten public posts for each town covered
under this Project. The foregoing construction
éost, however, has not been included in the Project

cost.

Cost breakdown for each item is as shown below.

{1) Land écquisition/development cost

This cost shall bé”boxne by the Government of

Bangladesh. According to the interview survey findings at

DPHE' s locai'offices during the field survey, land acquisi-

tion cost per acre is as follows.
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Town Urban Area {(TR/Ac) Suburbs (TK/Ac)

Junidah 1,000,000 - 800,000

Chuadanga - 37,500
Gaibandha 3.,060,000 -
Kurigram 1,200,000 _ 40,000
Fenti 2,000,000 -

In the Five Town Water Supply Project aided by
ADB, 1,150,000 TK/Ac was adopted as the cost ef'vauifing
land in urban communities of Bogra, Mymeﬁsingh,.Jessore and
Barisal. . Tn the 12 Town Water Supply Project aided by'the
Netherlands, the land acquisition cost was appropfiated in
lump sum, the breakdown of which is unavailable. '

Water'towere, wells, purlflcatlon plants, etc.
planned in this Project will be constructed within the
municipal areas. Using the results of fleld surveys and the
costs in other projects as references the 1and acquisition
cost in this Project was asuumed to be. l 200 000 TK
(300 TK/m?2) under this Project.

Also, as most of the constructlon sites were
selected in the already developed areas, land development
cost is almost unnecessary, exceptlng a few sites selected
in rice paddy fields, for which the land development costs
shall be estimated. | o

Since the construction sites have been selected
near existing roads, no access road was considered necessary
and therefore no cost thereof was appropriated.
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Cost of land acqulsltlon for each town is as shown
in Table 3-9-1.

(2) Import duties and other charges on artlcleq to be

imported from Japan

Expenses such as import duties for ecach town are
as tabulated below.

Table 3~9--2 Expenses such as Import Duties by Town

~ Town _ Duties & Taxes
Narsingdi 9,346 x 1,000 TK
Jenidah 2,863
Chuadanga 2,246
Kﬂriéram 1,291
Gaibandha 3,167
Fehi 2,723
Sunqmganj 11,910
ﬁaintenance & 7
Administration 31,833
~ Equipment
Total . - 65,269

(3} Cost of maintenance and administration facilities and
edquipment ' '

As the room for pump operator is annexed to the
pumping station, 1its constructlon cost is 1ncluded 1n the
cost of the new pumplng station.  As for existing pumping
statlons, the room for pump operator is assumed to be bullt
by the Government of Bangladesgh.
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For the maintenance and administration of facil-
ities, offices, storehouses, etc. will be necessary. These
will presumably be arranged by the Government of Bangladesh
in view of the fact that the organizational structure of the
~administrative orgén and its position within Poroushoava
have already been established. It is desirable to utilize
the existing buildings for these facilities, but if these
have to be newly built, the reguired space and construction
. cost for these shall be determined by reféfring to the
projects aided by the Asian Development Bank and the Nether-

lands._

_ The maintenance and administration organ will also
need vehicles, etc. for maintenance and administration of

water supply facilities.

The cost of maintenance and administration facili-

ties and equipment per one town is estimated as follows.

(Facilities}
Main administration office building:
92.9 m? (1,000 sft) x 1 bldg. x 3,250 TK/m2
: 301,925 TK

Storehpusé'for spare Parts, etc.:
185.8 m2 (2,000 sft) x 1 bldg. x 1,625 TK/m?
' ' = 300,996 TK

 Bub~-Total 602,921 TK

(Vehicles, etc.)
Small.jeep:_ 1 ea x 106,888 = 106,888 TK
Motor cycle: 2.ea x:14,982.5 = 29,965 TK

Sub-Total 136,853 TK
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(Duties and taxes for importing vehicles, etc.)
' 136,853 'TK

(Duties and taxes for importing water guality
testing appratus) . : 57,014 TK

Total 933,641 TK

(4) Cost for improving equipment of DPHE's Mechanical and

Electrical Division

The drinking water'sﬁpplying facilities using
wells as the major water source will be constructed by the
aid of Japan but subsequent maintenance and administration
will be carried out by the Government of Bangladesh. The
total number of the wells to befcohstructed under this
project and the wells that havé'alréady beenfcbnstructed by
DPHE in the seven towns covered would add up to 29 wells.
The seven towns covered by this froject are’'a part of the
Water Supply Scheme for 27 Sub-Divisional Towns {which ére
now District Towns), and the water supplying facilities for
‘the remaining 20 towns will preéumably'be conétructed in the
future. : . ' |
| Maintenance and administration of these faciiities
will be undertaken by DPHE for three years after their
completion, but afteér that,_thesé functions are to be
transferred to the Por¢ushoava.0ffice of each town. How-
ever, it would be_impossible to set up a function which is
able to perform maintenance and repair of waﬁef supplying5
facilities, particularly the wells, within each Poroushoava
Office at this_stage; and'theréfbre, even after the juris-_
diction over such facilities has been turﬁed oVer,'DPHE':
would have to undertake maintenance and'repairkof these
water supplying_facilities;,-since this would increase the
workload of the Mechanical and'EleCtrical Division of DPHE

which is now responsible for maintenance and administration
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of mainly wells, it would eventually necessitate the expan-
sion of this Mechanical and Electrical Division which the

Government of Bangladesh is already considering.

The expanded Mechanical and Electrical Division
would require the facilitieé and equipment enunerated in the
paragraph on.maintenance_and administration, among which,
the following equipment will be borne by the Government

Bangladesh.

. Boring machine
Boring machine _
(550 mm, L = 350 m): 1 set 11,255,000 TK

Boring machine
(¢750.mm, I = 150 m): 1 set 10,894,000 TK
. Micro bus 2 ea 962,000 TK
. Jeep 2 ea 502,000 TK
Total 23,613,000 TK

Duties aﬁd'taxes and othe{'necessary charges on import of
these equipment'amount:tor23,613,000 TK., Besides these, the
Governmeht of Bangladésh shail also bear duties and other
expenses on import of equipment for inspection and repair of
the wells and_on:trucks, all of which will be included in

the assistance package of Japan.
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5) Construction cost of house connections and public posts
which ére_not included in this Project but which are to
be constructed by the Government of Bangladesh in

future
The construction costs of house connections and
public posts to be constructed by GOB for each town are’

shown in Table 3-9-3.,

6) The cost to'be'borne by GOB for each town is shown
in Table 3-9-4. '
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3-10 Data for Chapter 3
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