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PREFACE

_ In response to the reques£ of the Government of
thé_Peoplé's Republic of Bangladesh, the Government of
Japan decided to conduct Basic Design Study on the Estab-
lishment Project for Water Supply Facilities and entrusted
the study to the Japan International Cooperation Agehcy
{JICA). The JICA sent to Bangladesh a -study teém headed
by Mr. Yutaka Hosono, Deputy Director of Grant Aid Dept.,
JICA, from March 3lst to June 13th, 1984.

The . team had discussions with the officials
concerned of the Government of Bangladesh and conducted a
field survey in Narayanganj, Narsingdi, Jenidah, Chuadanga,

Gaibandha, Kurigram, Feni and Sunamganj.

 After the team returned to Japan, further studies

were made and the preéent report has been prepared.

I hope that his report will serve for the develop~
ment of Project and contribute to the promotion of friendly

relations between our two conntries.

I wish to express my deep appreciation to the
officials concerned‘of_thé Government of the People's

Republic of Banglédesh for their close ccoperation extended

to the team.

Decenber, 1984

ik At

Keisuke Arita
President

Japan -International Cooperation Agency
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A Production well under
construction by DPHE

(Narsingdi)

A pump house
under construction by
DPHE {Chuadanga)

A pumping-up motor at
a production well con-
structed by DPHE
(Narsingdi)




A public post on service

constructed by DPHE (Jenidah)

A street scene in

Gaibandha "Town

A street scene 1n

Feni Town




SUMMARY

The great majority of the people in Bangladesh are
using shallow wells, rivers, ponds or the standing water as
the water for their living. Tose water sources are polluted
with human waste. It is said that 80% of diseases in
Bangladesh are related with the water, with 30% of children's
deaths are associated with diarrhea caused by the water.

The amount of water supply from those sources is also short,
and the insurance of adequate water supply for lives of the

people is difficult.

In order to improve living environments for the
people, the government of Bangladesh is striving for the
construction of water supply facilities to ensure safe and
hygienic drinking water and improvement of sanitary facil-
ities. As for the drinking water, the construction and
improvement of the piped water supply system are being
promoted for urban areas and the construction of hand pump

tube wells for rural areas.

The drinking water supply operation is dene by two
organizations namely department of Public Health Engineering
of Ministry of Local Government, Rural Development & Coopera-
tives and Water and Sewage Authorities (WASA) in Bangladesh.
The WASA covers two major cities of Dhaka and Chittagong only,
while the DPHE covers the whole nation. '

The WASA, with aids from the World Bank, is
carrying out the operation of piped water supply system,
while thé,DPHE is doing the same with aids from the Asian
Development Bank (ADB), UNICEF, Netherland, etc. For the
district town and the sub-divisional town (Currently included
in the district town) consisting of 64 towns, the DPHE is

planning 1.0 water supply schemes, of which nine schemes



are currently at the implementation stage. Of suéh nine
schemes, six schemes (for 30 towns) are being impleménted
by aids of Netherland and ADB, and remaining three schemes
(for 32 towns) are being implemented by the national funds
of the Bangladesh Government alone. The UNICEF is giving
the aid for the construction of hand pump tube wells in

rural Area.

7 While the progresé of schemes under foreign
nations' aids is said to be 60% or more of the target, the
progress of schemes by the Bangladesh national funds is
within the range of 24 to 35% due to inadeguate provision
of GOB Fund. - An adguate budgeting cannot be expected from
the Bangladesh Government in coming years, so that substan-
tial delays are anticipated in the completion of projects.
The improvement of water supply facilities would not be
sufficient enough to cope with the rise in demand for
drinking water due to the increase in population, and the
gap between supply and demand would tend to widen rather

than narrow each year.

The Bangladesh Government, placed under such a
dielemma, regquested the Japanese Government to provide them
with funds without compensation for the water supply shceme
to cover 27 sub-divisional towns (now included in the
district town) out of three schemes being implemented by

the national funds.

In response to the request, the Japanese Govern-—
ment decided to carry out a preliminary study , that was
done by the Japan International Cooperation Agency.

In this preliminary study , the Bangladesh Governu.

ment made additional requests for following two. projects.



{1) Narayangan] Town Water Supply Project {one of
projects being implemented by the national funds);
and

{2} Sanitary PFacility Improvement Project

As a result of the preliminary study , the Japanese Govern-
ment recognized the necessity and appropriateness of a basic
design study , and decided to carry it out for following
eight towns.

{1) Narayanganij Town (5) Gaibandha Town
(2) Narsingdi Town {6} Kurigram Town
(3) Jenidah Town (7} Feni Town

{4)  Chuadanga Town {8) Sunamgan] Town

in line with the decision, the Japan International Coopera-
tion Agency sent the "Basic Design Study Team on the
Egtablishment Project for Water Supply Facilities" to
Bangladesh from March 31, 1984, to June 13, 1984, in order
to have the study'team consulted with the concerned
Miﬁistry and Agéncy in Bangladesh and to collect data and

to carry out the investigation.

The Basic Design Study Team prepared the Drinking
Water Supply Facility Improvement Project documents for the
eight towns. Of the eight projects, the project document
for Narayanganj Town had been prepared separately from the
rest. The project documents for the remaining seven towns

had been prépared in this Report.

The design conditions for the preparation of the

.drinking water supply project are as follows;



{1) Planned target fiscal year: 1990

(2} Planned water supply guantities:

(a) 50% of the populatién subject to water supply
is assumed to be done by means of houée
connection: 90 liters per person/day
(20 gpcd)

{b) Remaining 50% of the population subject to
Water.supply is assumed to be done by.means
of public post: 34 liters per perséh/day
{7.5 gpcd) '

(c}) 30% of the sum of the (a) and (b) above is
estimated as the loss.

{(3) The underground water is to be used, as a rule, as
the water source, that will be taken from deep
wells. For Sunamganj Town, where the underground
water is not appropriate as the water source, the
river water will be used as the water source.
Therefore, water purification plants are planned.
If groundwater is required to be treated, water

purification plant will be incorporated,

{4) For the water distribution piping, PCV pipes
produced in Bangladesh will be used., Layout of
pipeline networks and location of overhead ténks,
etc. were determined based on the results of
hydraulic studies. The PVC pipes produced in
Bangladesh is 200 mm or less in caliber. There-
fore, cast iron pipes will be used where pipes of
250 mm or greater in caliber are requred for

distributing water.
(5} Overhead tanks will be made of reinforced-
concrete, with the capacity of 20% of the daily

water supply quantity. The height will be based

5-4



on the hydraulic calculation, with the average
height of 17.0 m. The height of No.l Water Tower

in Kurigram, however, will be 22.0 m.

{6) As for the pumping facilities, the multi-stage
turbine pumps will be used, and motors will be
used as prime movers, both of which are procurable

in Bangladesh.

The contents of the proposed drinking water supply
projects on the basis of the above design conditions and the
present status of drinking water Supply facilities already
conpleted by DPHE are as shown on Table 1.

The part of the project cost to be borne by the
Bangladesh Government will be 105.2 million TK, and the
operation and maintenance cost of them will be 13.1 million

TK per year.

The project will be implemented by the Department
of Public Health Engineering in association with Japanese
Consultant and Construction Firm., The counterpart staff
of the Department of Public Health Engineering required
for implementation, operation and maintenance of water

supply project of the proposed towns should be provided.

It was recognized according to findings obtained
by the investigation and studies that stable, safe and clean
water supply could be ensured for residents of the towns
concerned under the project. The living level of the

resldents will be: also stabilized and improved, with signif-~
| 1cant 1mprovements 'in health and hyglenlc living environ-
ments. Moreover, the development and progress of each local
city are expected.to be promoted, with sufficient appropri-

“ateness of this project recognized.



As regards the additional requésts placed by the
Bangladesh Government at the time of preliminary survey,
however, the sanitary facility/improvement project was found
to have following shortcomings.

(1) The basic plan of hygienic treatment of human waste

does not exist in the district towns except Dhaka.

(2) ~ The water seal latrine is done by penetrating
human wastes in the soil. Therefore adequate
investigation and studies will be reqﬁired in
relation to shallow wells, relative locations of
water seal latrines and washing/bathing ponds,
etc. as well as their elevations, possible occur-

rence of floeds, etc.

(3) Comparative studies with other human waste treat-—

ment methods are also reguired,

Due to the reasons mentioned above, it would be proper to
eliminate the additional projects from the current coopera-
tion project in the form of grants in aid. '

In conclusion, prompt solutions of pending matters
on the part of the Bangladesh Government are strongly

desired upon implementation of this project.






Table 1

Present Status, Contents of Water Supply Facilities completed by DPHE and Contents

For Seven Towns

of Proposed Water Supply Project

Thes

Towm

Narsingdi

Janidah

Chuadangs

Kurigrm

Galbandha

Feni

Suﬁnmgnnj

Pregent Status of Towns

Location

It belongs tu the Dhaka
Divisicon, located
about 40 km northeast
of Dhzaka, at the right
bank of Magna Rivar.

It belongs to the
Fhulna Rivision,
located 50 km nerth of
Jensore City.

It balongs te tha
fhulna Division,
located 40 Xm wmst of
Jenidha, near ths
boarderline to India.

It _belongs to.the
Rajshahl Division,
located 40 km east of
Ramgpur, heing
adjacent to India
across the Jamna Rlver.

It belongs to the
Rajshahi Divisicn
located &0 km soukh=
®ast of Ramgpur, hear
tha Jamna Riverc.

It belongs to the
Chittagong Division,
located 70 km south of
Comila.

It belongs to tha
Chittagong Division,
tocated 70 km north-
west of the Hoxthacn
East Ragion of Sylhet,
near the hoardertine
with India.

Populatfon {19B4)

- 55,000

45,000

27,000

25,000

Area of Town

20,7

6.0

6.5

2.6

Major industries

Texkile industry is
active, accounting for
the vital portion of
the businesses, In-
house lndustry iz also
active. A number of
brick factories are
locatad in the
vicinity.

Mo largs plant availa-
ble, but it is located
at a vital point along
the xhulna Path. - Busy
cormarcial activities.

Ho large tactories/
plants. Busy com=
maxcial activities.

Agxiculture produce
colliecting/distribution
site, including jute,
etc, Busy commarcial
activities.

#n old site for the
collection/dlstribution
of aygrienltural
produce. Busy com-
nercial activities.

Located along the
trunk rcad of Dhaka-
Chittagong. There are
20 small biscuit fac-
tories, etc, though ne
big factories/plants
ara availabla. Busy
vomparcial activities.

A big fish processing
Eactory is under con-
struction. About 25
small cice mills, wood
milis, brick factories,
etc, are present,

Status quo of drinking water supply

Dperating Conditicns
of DPHE watar supply
facilities

o water supply sarvice
at prasent.

waker is supplied at
the daily rate of

" 45,000 galens by the

oparation of 3 hours.
85 houss connections;
5 public posts.

¥o iarge factories/
at present.

Ko water supply service
at pkesent.

Ko waker supply facilil-
ties at present.

6 hour water supply
par day. 200 house
connectiong & 10
puhlic posts.

Ko water svpply service
at presaat.

Hand pump

764 puzps {399 punps
for the DPEE & 365
purps at the site)
Average depth 120
feat {36 m)

197 pamps for the DPHE,
Averagae depth 140 feet
{42 m}

160 pumps for the,
DPHE, Average depth
125 feek {37.5 m)

330 pumps for the
DPHE., Averaga depth
5¢ feat (15 m)

150 pumps for the
DPHE, Avarage depth
46 feet (13.8 m)

368 pumps for the
DPHE, Average depth
67 feet (20 )

170 pumps (100 puxps
for the DPHE & 70
puzps for individual}
Average depth 590
test {150 m)

Deep tube well

2 walle at the plant,
1 wall sach for the C
& B and the railroad

Total 3 wekls at the
WDB. hospital &
cellegs .

Total 3 wells, at .~ .
the WDB, railroad &
hospital

I wall at the C & B.

Totak 2 at the PWD &
NDTI

Yo well in the town

g4, aver. depth SO9EE

(150m), Wells? 7{Hespital,

public offfcial
residenge, atc.}

Water sources
_for washing &

Sama as left,

Same as left,

Same as left,

Same as left.

Same as left

Sama a3 laft.

Sape as left

bathing
= o
= '._2, . Dla. (em) x Depthim) #1350 x 133{aversqga) #1350 » 125({average} 4150 % 103 ({averaga) #200 x 43 o $150 x 168 (average) $150 x 219
oo
aA é’g No. ] Fl ] -1 .2 1
S 3 . : S
E § mﬂ Dally Supply Water(m } ¥o watar sepply 200m3/day Bo water supply No mater supply njfday Ho mater supply
Lo
g‘:_ Pump Facilities {Ko.) 1 1 L 1 {piesel engine) Hon 2 1
o
U]
A% |2 E] xndof Plpa AC and PVC Pipe BVC Plpe wC Pipe AC and PVC Pipe Fon AC and BVG Flpe PVC Pipe
. S5 .
E-:;}‘ o] Dlas ) #1000 - 260 #100 - 200 #100 - 290 #1409 -~ 200 #100 -~ 200 -$150
» o X ?
g0a 2 E| Total Lengthia) 2,993 6,637 6,204 3,830. 8,965 1,806
)
"o
0,8 Housa Connection (Ho.} ] [:1] 0 1] ‘a 200 0
« :
2 .
§§' Public Post (Wo.} 3 5 0 20 0 10 o
B )
§ E overhesd Tank o [} R i} "] o o
Town Population’at 1990 " 165,000 116,600 81,000 78,000 64,300 40,000 37,000
Population supplied ak 1990 152,700 69,000 £8,000 48,000 54,000 40,000 37,000
Sexvice Area {ha) 810 470 iso 310 220 160 360
Propossd Datly Supply ater(m3) 12,359 _5,58§ 5,568 j,gas 4,374 1,240 2,997
- Dia, of %ell(m) g150 150 - 200 #150 ~ 200 #200 #200 g150 Water Purification PLant
" ﬁ | oepth (@ 115 - 189 125 ~ £32 102 « k23 41 - 73 105 144 ~ 219 5,300 w/dny
H o=
5 §£ yield per one well 45 - 90 110 - 1&e 130 - 180 180 150 85
8 & (w/hr)
[ [
> Wo. of Wall 14 1 3 2 3 4
[3
ug; E Kind of Pump Turbine Pump Turbine Pusp Turvine Puzp Turbine Pumg furbine Pusp Turbine Pump
e g‘i Output of Hotor (kw) 15 kw x & Nos. 30 kw x 3 30 kv x 3 10 kw x 2 30 kw x 3 15 x 3
8 Lo 19 kv x 6 Hos. : 19 x 1
CF )8 [wo. of Pump 14 3 3 2 3 1
-
2 # & | xind of Pipe i ] DCIP pcIp ECIF jer 12 DCIP BCIp
) . : :
x E: Dis. () B150 ~ 250 #7200 '~ 250 $200 £200 0150 « 300 BL50 ~ 250 $150 - 250
Y ﬁ% Total Length {o] . 4,930 1,260 330 80 1,270 1,150 1,350
E b Total Capacity iEN 2,500 1,200 1,200 200 .. 800 700 &00
& £E . : 400 x 1 200 % 2 400 x 1
%’ %’;é Capacity x ¥o. SO0 x 5 400 x 3 400.x 3 400 x 2 500 x 1 300 % 1 200 % 1
o 3 Height (m} 1?7 17 by 17 and 21 17 17
§ E Kind of Pipe DCIP and PVC Pipe PVC PIPE PUC Pipe PUC Pipa PVC Pipe PVC Pipe PVC Pipe
EE bia. fpa) 6100 - 250 #100 - 200 $100 ~ 200 T 4100 - 200 £100 - 200 $100 ~ 200 #100 - 200
.é’E' Total Langth (m} 44,453 26,757 24,064 27,220 . 24,470 25,715 23,396
House Connaction o 4] D) 0. 1] ] o
Public Font 10 10 10 10 10 10 10
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CHAPTER 1 INTRODUCTION

‘The Government of Bangladesh is exerting efforts

to improve and prom
that its people mig
part of its efforts

ote social welfare and public health so
ht enjoy a healthy and civilized life. A
as a result is being directed to imple-

menting water supply improvement projects with the objective

of supplying safe a

nd clean potable water to the urban

dwellers. In the two major c1t1es of Dhaka and Chlttagong,

Water and Sewage Au
"menting the water s
World Bank while in
divisional towns (w
Department of Publi
taking those projec
towns and sub-divis
Chlttagong,'and for
pro;ects which~ 1t i
prOjeCtS, the Nethe
- {ADB} have promised
_ofherrproject, DPHE

the hope of gaining
three projects; the’

execute them by its
difficulties it has
according to plan.

pect whatsoever tha

thorities (WASA) is in charge of imple=-

upply prOJects with the assistance of the
the other district towns and ‘sub-

hiCh are now district towns, too},

¢ Health Engineering (DPHE} is under-

ts. There are altogether 66 district
ional towns combined, excluding Dhaka and
thede towns, DPHE has formulated 10

s now implementing. For six of these
rlands and the Asian Development Bank

‘to ‘give their assistance while on one

is sounding out Denmark and Sweden in
thelir assistance. As for the other
Gevernment'Of Bangladesh started out to
own funds, ‘but because of flnan01al
become dlfflcult to 1mplement them

As a matter.of-fact, there is no pros-

t any of them would be completed by the

ihitially_scheduled target years. Because of this, the

Government of Barngl
Japan for its coope

‘the 27 Sub=-Division:

one of the three pr
began implementing

adesh has reégquested the Government of
ration in the form of grants in aid for
al Towns Water Supply'Prdjeet'whiCh is
ojects which the Government of Bangladesh

by its own funds,



In résponSe to this requést,_thé Government of
Japan has decided to éonduct a preliminary study, and the
Japan International Cooperation Agency dispatch a Preliminéry
Study Mission to Bangladesh to confirm the Cbntents of this
reguest as Well as conduct . a surVéy and study of the project
backgroﬁnd, énd the apprbpriéteness of'taking it up as a
grant in aid program. The Mission has discussed the'project
With the concerned:authqrities of the Government Qf'Bangladesh
and has also collected televant data and conducted field.
reconnaissance at fouxr of the towns whlch had been selected
from those covered. by this project during the period from
January 10 through January 27, 1984.

Durlng thls preliminary btudy, the Government of
Bangladesh has requested Japan's cooperation on two addi-

tional projects, namely:

(1) Narayanganj'Town.Watér Supply Project (which is
one of the ﬁhrée'projects.which the Government of
Bangladesh is implementing by its own funds)

(2) Sanitary Facilities Improvement Project

The water supply scheme for Rangamatl town 1s
politically a high prlorlty project in terms of its belng
a countermeasure for the minority races and other .reasons,
but as of now, the Governmeht of-Bangladesh'seems to have .
determined to implement it by it by iﬁs-own_fﬁnds instead

of counting on any foreign aid.

U?pn'¢omi1ihg the results 6f:the geries of .
discussions held with the concefnéd authorities of the
Government_of_ﬂahgladesh and selecting'eight towns to_bé
taken up_fOr‘basic design study, the Mission has signed

the minutes of the meeting.



The Government of Japan has had the Japan Interna-
tional Cooperation Agency conduct a basic design study of
the eight towns based on the results of the preliminary
study. The Basic Design Study Team was in Bangladesh from
April 1, 1984, through June 12, 1984, and during this time
it has collected data, carried éut observations and conducted
field reconhaissanée which'were necessary for developing the
basic aesign for the eight towns selected in the preliminary
study. It has also held consultations with the concerned
authorities of the Government of Bangladesh. After returning
to Japén, the team has made an analytical study of the hydro-
logic, geographic hydrographic data collected and put togéther

its basic design study report as hereunder.

The eight towns for which the basic design was

developed this time are as follows:

(1) WNarayanganj KS) Gaibandha
(2) Narsingdi (6} Kurigram
{3} Jenidah (7} Feni

{4} Chuadanga (8) Sunamganj

"The'report on Narayanganj town has been compiled
in a separate volume. This report therefore summarizes the

water supply plan for the remaining seven towns.



CHAPTER 2 PRQJECT BACKGROUND

2-1 Current Status of Potable Water Supply

The country of Bangladesh.lies at the eastern tip
of.the Indian Sub-Continent. The country faces the Bay of
Bengal in the south, is encircled by India on the west,
north and east while a part of its southeastern tip borders

on Burma.

Tts territory is 144 thousand km2 and its total
populdtion 92 million as of June,'lQSZ, The country's
population density is 639 people/km2?, which is the highest
in the world. Approximately 90% of its territory consists
of flat deltas formed by such big rivers as.the'Ganges,
Jamuna, Meguna and Brahmaputra. The difference in elevation
within 600 km in the south-north direction across its
territorial land is about 40 m, and big rivers and their
tributaries are reticulately interwoven over such a topogra-

phy.

The tvpe of soil may be'ciaésified into new
alluvium composed of sand, clay and mud deposited by rivers
in the delta pléins, old allu&ium in the western region
where there is little raihfall, and laterite in the eastern
and northern.hilly Zones,

The country has three seasons: the summer season
{March through May), the monsoon rainy season (June through
October) and the dry season or winter season (November
through February). The annual average mean precipitation
for the country as a whole is 2,300 mm, but the seasonal
difference is'ﬁiolent as 90% of the rainfall is concentrated
during the six months from May to October while only around



4% of it is during the dry season when the soil as a result

becomes extremely dry.

The poor living conditions in the rural areas
where most of the 90 million people of the nation live under
severe natural conditions are causing many epidemics to

break dut.

As far as water use during the dry season is
concerned,.the_shailow wells, the pools of water formed on
the ground and the meagef flow of river water are the only
sources of-househdld watér_supply for the local inhabitants.
In regard to_sanitatiqn;'human excrement is disposed of in
latrines which.arelonly shallow pots or simply disposed of
out in the fields;.while household water is allowed to soak
‘into the'gfound about the houses to eventually find its way
into the shallow wells, the podls on the ground and the
rlvers. It is.the common use of such insanitary water that
is cau51ng the spread of epidemics. This is evident from
the fact that 80% of diseases are relevant to water and that
30% of child deaths are caused by diarrhea.

By . taklng advantage of the fact that ground water
is ea51ly obtainable in Bangladesh because most of its
terrltory lies over deltas whereln numerous .rivers of
varylng sizes are interwined, the Government of Bangladesh
is: in the process of c0nvert1ng from the use of insanitary
surface water as drinking water to the use of clean under-
ground water as a measure to imbrove the nation's poor
sanitary environment. It is along with this basic idea that
the Government of Bangladesh'is improving its'piped wafer
_supplj system in the urban areas where: the p0pulatlon density
is. partlcularly hlgh (dlstrlct towns and sub~-divisional towns)
and bulldlng hand pumps for tube wells in. the rural areas’ '
where the populatlon den51ty is relatively low WASA in the
two blg cities of Dhaka and Chittagong among the urban areas
is broceeding with its waterworks improvement projects

-5 -



under the assistance of the World Bank. In the district
towns and sub-divisional towns {(which are also district
towns now) other than Dhaka and Chittagong, DPHE is pushing
its waterworks improvement projects under the assistance of
the Netherlands and ADB. '

Although water is being supplied through piped
water supply system in all of the district towns, theé water
sopply pérvasion rates range bétween 5 and 37%, the average
being around 21.6%. Also in 25 out of 48 sub-divisional =
towns (which are now district towhs, too) , water supply is
being carried out'through piped water sﬁpply”Syqtem, but the
water supply pervasion rates range between 6 and 39% w1th
the average being only 16%. (The state of plped water
-supply system in the district towns and sub-divisional towns
are as shown in Tables 2-1 and 2-2.) ' '

'As'above, the piped.water supply sysﬁem“perVaéion
rates in the district towns and sub-divisional towns (whlch
are also district towns now) are low, and the reality is
that most of the 1nhab1tants obtain their drlnklng water
from hand-driven pumps of tube wells, The actual 51tuatlon
is that the sanitary environment centering around'theo
household living water has hardly been improved that even
today the rivers, ponds and pools on the ground are helng
used for washlng and bathing.

As of July, 1983, a total of about 550 thousand
hand pumps which pump up water from tube wells have been
‘constructed by DPHE in the urban'areas and rUral‘areéS'
combined. Of these,'only 496 thousand pumps are 1n opera-
tion as about 10% (or 54,000 pumps) are already choked up.
_The number of hand pumps which pump up water from tube wells
in various districts .are as per Table 2-3. '
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Table 2-3 Status of Tube Well as of lst July, 1983
in Various Districts

{under DPHE)

S1. Total _Choked-up Operable
No. District Tube ‘Wells . Tube Wells Tube Wells

1. Dhaka 49,649 . 3,939 45,690

2. Tanggil 17,004 1,165 15,839
3.  Mymensingh 42,761 | 4,609 38,152
4, Jamalpur 14,893 1,361 13,532
5. Chittagong 29,209 4,421 24,788
6. Rangamati = 3,588 970 3,221
7. ﬁandarban ‘ 1,277 367 910
8. Comilla 44,637 3,439 41,198
9,  Noakhali 26,842 3,222 23,620
10.  Sylhet 35,160 4,238 30,922
1. kajshahi . 38,108 2,677 35,431
12. Pabna 22,991 1,237 21,754
13,  Bogra ' 19,5i0 2,110 i7,406
6. Rangpur 42,021 3,180 3,801
15. :'binéjbvr 23,928 . - 2,237  : 21,691
16. Khulna . 24,635 3,196 21,439
17, Jessore 30,559 2,106 28,453

18. Kushtia 16,409 1,053 15,356
19.  Faridpur ELR 1,761 33,100
20. ﬁgr;sa;f 15,006 3,122 21,984
21. Patuakhall = 6,419 3072 3,347
Tocal 549,547 53,546 496,001

(Data'acquiréd from DPHE}



2-2 Administrative System for Water Supply

Water supply operations in Bangladesh are carried
out by the Department of Public Health Engineering (DPHE)
which belongs to the Ministry of-Locai Government, Rural
Developmént and Co-operatives and also by the Water and
Sewage Authorities (WASBA) .

WASA is in chérge of waterwbrks and sewage
operations in the two major cities of Dhaka and Chittagong,
while DPHE is responsible for such undertakings.as'water
supply and sewage works, public health, flood discharge,
etc., for all of Bangladesh with the exception of the

aforestated two cities.

{1) DPHE"

DPHE commenced its activities with the 1ndepen—
dence of Pakistan in 1947 and came to assume its current
status after several oyganlzatlonal-changes. In 1963, the
water supply.and sewage-funétions of ' the two major cities of
Dhaka and Chittagong which had béeh under DPHE became
independent and came to be called the Water and Sewége :
Authorities (WASA). Then in 1977, the water quality conser-
vation function, Water Pollution Control (WPC) of DPHE also
became an independent organization and was named'Environment
Pollution Control Board (EPCB) . . '

The activities of DPHE pertain to water supply,
sewage, sanltary faCllltleS and flood dlscharge, but water
supply and sewage in Dhaka and Chittagong are carried out by.
WASA although flood dlscharge in these two cities is the
duty of DPHE,

- 10 -



The activities of DPHE's sanitary function may be

broadly c¢lassified into the following two categories.

(1) Rural water sﬁpply and sanitation

(2) Urban water supply and sanitation

For rural water supply, DPHE provides water supply
facilities such as shallow wellé, deep wells, installiﬁg
hand pumps, developing existing natural spring, installing
deep well.pumps and ring wells in the rural areas inéluding
Thana Headguarters, and these are being constructed mainly

under the assistance of UNICEF.

-As for urban water supply, it now covers 18
district towns and 48 sub-divisional towns (which are now .
district towns, too) excluding Dhaka and'Chittégong,'and in’
the future, it intends to expand its coverage to include
Thana Headquarters. Urban water supply aims at imprdving
the piped water supply facilities includin§ water purifica-
tion plants, productién-wells, distribution pipes, overhead

tanks and pumping facilities.

In sanitation, DPHE’S aim is to improve the
sanitary facilities, and is advancing pilot programs to
popularize the'one4pit water seal latrine in.the rural areas

and the two~pit water seal latrine in the urban areas.

. DPHE-is'headed by a chief engineer who is assisted
by an_additicnal‘chief engineer, and is organized by eight
circles (head¢d by:superintending engineeré}, 37 divisions
(headed by executive'engineers), 71 Sub“divisions (headed by
sub-divisional engiﬁeers)'and 436 Thana Offices {headed by
sub—éssistant engineers).. Its organization chart is as

shown in Fig. 2-1,



The water supply projects in the éubwdivisional
towns {27 towns and Narayanganj which are now district
towns) which are the objects of this study are under the
jurisdiction of DPHE

(2) WASA

WASA has been organized in;the'tWo big cities of
Dhaka-and'Chittadéng where it is undertaking water supp1y-
and sewage operations. WASA had been separated from DPHE in
1963 and, like DPHE, it is a public enterprise {authority)
that belongs to the Mlnlstry of Local Government, Rural
Development and Cooperatlves.

(a) Dhaka WASA

It supplles water to 2, 500 000 people or 70 to 80%
of Dhaka's total populatlcn of 3.5 million. The water
sources are the 103 deep wells and one water purification-
plant from where 85 million galloﬁs.(390 thousand m3®) of
water is supplied daily.

The sewage dissemination rate is about 40 to 45%
now, but WASA aims at raising it to 80% by year 2010,

The organization chart of Dhaka WASA is as shown
in Fig. 2-2. ' '

- 12 -



(b} Chittagong WASA

Chlttagong, Wlth a populatlon of about 700,000, is
the second largest city in Bangladesh. It now supplied
water to 300,000 persons, or to 40 to 45% of its current
population. The water sources are the 35 deep wells and one
water purification plant from where 35 million gallons (160

thousand m?) of water is3supplied daily.

The organization chart of Chittagong WASA is as

shown in Fig. 2-3.
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2-3 DrinkingﬁWater Supply Plan

{1) Long- range Tarqet for Improvement of Facilities for
Supplying Drlnklng Water

Because of the difficulty in programming the .
procurement of its own funds, the water supply improvement
schemes in BangladeSh héve always been contingent on the
availability of_foreign-ai&. As a result, its long-range
targets have been compelled to undergo'frequent chaﬁges.

_ For the two big cities of Dhaka and Chittagong,
WASA establishes long range targets'which are - to supply
water to 70 to 80% of the urban'populatiOn'in.Dhaka which it
projects to reach 12 million by the year 2010. ' And to 1003
of the'population in Chitta@ong, by the end of 1985.

In the district towns and sub-divisional towns
(which are now dlStrlCtS towns, too) which fall under the.
responsihility of DPHE the target is to attaln the water
supply pervasion rate of 100%, 24~ hours a day by the year
2,000, In Up021llas (whlch correspond to Thana Headgquar-
ters), the target is to attaln 50 to 80% water supply
pervasion dependlng on the 31ze of the towns.

Table National Perspebtive:ofvPipes Water Sypply

- (1980-2000)

Year 1980 . 1985 ° 1990 . 1995 2000
District Town 0308 37 60 85 100%
o L L S o (28hr)

Sub-Divisional Town =~ 10 = 20 50 . 80 100
{now district town) : _ . - {24hr)

Uposilla ©0-100 5 5. 30 50 . 80

101 - 200 - = - 30 . 60

201 - 300 - e 20 50

301 - - - = - 50

Note: Coverage by population



(2) Drinking Water Supply Schemes

The water supply schemes being planned or imple-
mented'by.DPHE-are as’ shown in Table 2-4. Nos. 1 through 6
of the same table are the schemes for the rural areas and
Nos. 7 through 1%, the schemes for the urban areas.

Among the schemes for the urban areas, 1nter1m W/S
for flve dlstrlct towns {No. 10), establishment of four
zonal laboratories (No. 13) and removing water logging from
Dhaka City {No. 14).have already been completed. Also, ﬁhe
feasibility study on six district towns (No. 19} is a study
of a part of W/S scheme for 10 district towns (ﬁo. 11).
Accordingly, nihé”prbjeéts on water supply schemes are now
being planned or implementéd Although it is not listed in
Table 2-4, there is a project belng planned for four
dlStrlCt towns of Panchagar, Ramgarh Kaptai and Lawa, for
which countries who might render ass;sLance are being
souhded out now., Therefore, when this project is included,

it means that there are altogether 10 project.

WASA 1is responsible'for_thevplanning of the
projects in the two big cities of Dhaka and Chittagong, and
‘they are being implemented as the Dhaka Waterworks Improve-

ment Project and the Chittagong Waterworks Projebt.

For the rural areas, five projects have been
planhed'and are being implemented. They are projects'to
build hand pumps to pump up water from tube wells and to
replace the choked up wells.



Table 2-4 Water Supply Schemes Executed by DPHE

Cost (in ¥ mil- o ProgEQSd
. Seh lion) Pertiod of |25 ©
Areap No. cheme Target GOB B 1 Jun./'83
T-KT xacutlon 4
1. | Sinking 10,000 Deep Tube Well 10,000 893.25/331.00 | 1976 - 85 J0%
2. .Replacement of 50,000 Chocked- 50,000 564.80/1,337.50 | 1979 - 83 45.3
up Tube Well
o 3. | Sinking 250,000 Shallow Tube 250,000 { 3,640.00/7,160.00 {1980 - 87 | 33
] Tl well : . ' -
b . :
< | 4. | Sinking 8,000 Deepset P.T.W. . 8,000 | 310.40/707.00 [1980 - 87{ . 17.
& | ‘5. | sinking 2,000 Deepset P.T.¥. |2,000 DST 438.29/n11 1980 - 83| 113
and 150 Ring Well in CHT 150 BRW
6. | V.5. Scheme Phase II 225,000 667.00/556.00 1982 - 85 23
o o Cent. 476 : :
7. | Interis W/s Scheme for 100% 110.00/140.00 11980 - 84 | 63
Rajshahi Town )
8. [ W/S Scheme for Rangamati Town " "150.00/Hi1 1980 < 8% 25
9. | W/ Scheme for Narayanganj Town " 150.00 1980 - 85 | 36
10. | Interim W/S for 5 Distriet " 158.50 1980 - 83 | 112
Towns
11. | W/S for 10 District Towns " 795.00 1980 - 85 44
12. [ W/S for 27 Subdivisional Towns | 2,250.00 1978 - 87 | 24
13, | Establistment of 4 Zomal " 70.80/79.00 1981 - 83} 100
Laboratory
X 114, | Removing Water Logging from " 190.00 - 1198 ~ 83 - 100
e | Dhaka City .
o . .
5 [15. | ws for 4 Sub-divisional Towns " 110/140 1981 - 84 62
16. | Rehabilitation and Expantion " 48.3/168 11981 - 86 | 69
of Khulua WS Scheme - - S :
17. | W& for 5 District Towns " 1,833/3,467 1983 - 88 -
18. | W4/S for 12 Sub-divisional g 252/551 hos3 <87 | -
_Towns .
19. |Peasibility Study for 6 " 9/229 "[983 - 85 .
District Towms )
(A part of No.ll, W/S for
10 District Towns)

Note: V.S.; Village Sanitation
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2-4 Implementation.Status of Drinking Water Supply Schemes

Table 2-5 shows the contents and the state of how
the water supply schemes which DPHE is undertaking'are being
implemented in the'district.towns and sub-divisional towns
(which are now district towns, too). Nine projects are
being implemented now and for one other project, the coun-
tries that might render assistance to it are still being
sounded out. Of the nine projeets, assistance has already
been committed or finalized by the Netherlands on four

projects and by ADB on two projects.

- Accordingly, three projects are being financed and

implemented by Bangladesh's own government funds.

The_state of progress of each of these projects is
shown in Table'2—4. Leaving'aside, those proijects which
have yet to make their start, the projects aided by foreign
- countries are already 62 to 69% completed, but the projects
financed by the Government of Bangladesh are way behind and
are only:24 to 36% completed. The water supply schemes for
the 27 sub-divisional towns and fox Narayanganj town for
_which_Japan's assistance has been sought are now 24% and 36%

completed, respectively.

The Government of Bangladesh is in such poor
f1nan01al condition today that a further delay is feared in
the 1mp1ementatlon of the progects being financed solely by

its own funds.

The watexr supply ‘-scheme for Rangamat1 town is
polltlcally a high priority prOJect in terms of its being a
countermeasure for the minority races and other reasons, but
as of now, the Government of Bangladesh seems determined to
“implement it by its own funds instead of counting on foreign

aid.



The waterworks projects in Dhaka and Chittagong,
for which WASA is responsible, are being carried out on
loans extended by the World Bank.

The status of foreign aid for the water supply
schemes in the district towns and sub-divisional towns
(which are now distfict'towns, too) is entered in the column
on source of fuﬁd in Table 2-5. For somé dlStrlCt towns,
aid or loan by the-Netherla’n‘ds and ADB, and for some sub-
divisional towns {which are now dlstrlct towns, too), ald by

the Netherlands, have already been committed,

For development of tube wells in the rural areas,

assistance is being rendered by UNICEF.

- 20 -
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2-5 Drinking Water Supply Status and Progress of Water

Supply Schemes in 27 Sub-Divisional Towns

(1) Status of Water Supply

_ In the sub-divisional towns (Whieh'are now dis-
trict towns), the hand pumps which supply water from tube
wells built by DPHE so far are used as the major-drinking
water supply facilities Besides those which were con-
structed by DPHE the privately built hand pumps are alsd
seen fairly widely diffused.

The ponds, rivers and pools on the ‘ground even
today are used for washing and bathlng. ' '

_ The team was able_teICODGuct hearing sﬁrVeys this
time on the number of hand pumps in 11 out of 27 towns,
according to which hand-driven pumps are arranged at an
average interval of 150 m to 300 m with each pump being
utilized by 100 to 300 inhabitants.

. In some cases, however, the hand pumps are arranged
at an interval of 600 m with each pump being utilized by as

many as 500 inhabitants.

In general the ereas which are sufferlng from a:
shortage of drlnklng water are mostly the hllly zones and
the coastal zones.; Partlcularly in the hilly zones, a
consxderable number of the: -wells have been abandoned because
of hav;ng become dry In the other zones, water: 1ntake by
means of a well 1s relatlvely easy because of the many
_1nterw1n1ng rivers of various size and because of belng on .
deltas formed by the Ganges and the Brahmdputra Rivers.

- 22 -



In some towns where the piped water supply systems
have been partly éompleted, water is being supplied on a
time-restricted basis. In such towns, public water posts
which are utilized free of charge are'provided along roads
in addition to the facilities that'Supply water to each
household. For water service to each household, water
charges are collected. There is no meter for measuring, and
water charges are_determined according to the caliber of the
‘service pipe. The water charges of a 1/2" caliber pipe are
 20TK/month (¥200/month) for household use and 40TK/month
(¥400/month) for business use (shdpé_and offices), and the
beneficiaries must Share the cost of construction of the
facilities for supplying water to each household. The
burden which the beneficiéry must share in the case of a
:1/2" caliber pipe is-BOOTK {¥3,000) for household use and
600TK (¥6,000) for business use.

_ Maintenanée;,bperation and'management of the piped
'water supply . systems in these towns will eventually be
traﬁsferred to each town in the future, but while con-
struction is under way, DPHE will be responsible for these

‘duties.
(2) - Progreéess of Water Supply Schemes

_ ‘The water supply schemes in these 27 towns about
20% completed as shown in Table 2-6.
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2-6 Sanitary Facilities Improvement Plan

Elghty percent of the diseases in Bangladesh are
said to be related to "water". Thirty to thirty-two percent
of child deaths (between the ages of 1 and 9) are said to be
caused by diarrhea, and aiso because of malnutrition, - the

situation seems to be getting worse.

~In view of the situation, the Government of
Bang]adesh is promotlng a sanitary fac111t1es improvement
program in order to improve the nation's health environment.
The water seal latrine was first introduced: into Bangladesh
in around 1962 and‘has been installed at about 200,000
places to date, but only about 60% of them are being used
properly. |

DPHE is planning to include a sanitary facilities
improvement echeme in its water supply scheme for each of
the district towns and sub-divisional towns (which are
district towns now). For the rural areas, DPHE has estab-
lished a village sanitation scheme which it is now imple-
mentiﬁg; Under Village Sanitation Scheme (Phase I), sani-~
tary facilities at lB?,OOO'pleces_have been improved between
1976 and 1982 with a total working expense of 809.0 Lakh
Taka. The Village Sanitation Scheme (Phase IT) which is
being implemehted since 1983 pians te'improve the sanitary
facilities at 225,000 places.

:The,sanitary faciliﬁies being planned by DPHE are
of the one-pit and the two-pit systems, and it is recommend-
ing the two-pit system in the urban areas such as district
towns_end sub~divisional towns, and the one-pit system in

the rural areas.

Since the obwects of . thlS prOJect are the sub-

lelslonal towits (which are now dlStrlCt towns, too),



DPHE hopes to include the construction of the two-pit system
sanitary facilities in the water supply séheme, The cost of .
building a two-pit system saﬁitary facility ié estimated to
be 2,537 Taka (about $100) per place. '

2-7 General Socio~Economic Conditions

(1) Territorial Land

Bangladesh is located at the -eastern tip of the
Indian subcontinent between 22° and 26° of north latitude
and 89° and 92° of east.lbngifude. It extends over deltas
of the Ganges and Brahmaputra and covers a land area of
léd,ODO'kmz, most of which is below lOO-feeﬁ {30 m) in
elevation.

The country's population is estimated to have been
92 million as of June, 1982 and the population density, 639_

persons/ km2,

- The annual mean precipitétion'is 2,300 mm, and the
country has a tropical monsoon climate. The winter season
lasts from November to February, the summer season from

March to”May and the rainy season from June to October.

(2) Local administrative units

Administrative uhits’ih Bangladesh_haveh been
changed since February 1984 as follows: '

Before change - - New administrative unit
Division (4) ‘Divisions (4)
Districts (22) Districts (64)
Sub~divisions (46) R

Thanas (493) - = Upazilas (Thana Parished)

...28...



Unions (4,472) Unions  (Unions Parished)
Mouzas (60,315) _ Mouzas

Villages {85,650) _ Villages

*¥ Statistical Year Book of Bangladesh 1982

The seven towns, the objects of the project had
each been classified as a Sub-division, but under the new

system have been as a District each.

(3) GNP {for 1981/82 per data compiled by the World Bank in
'1983) GNP: 11,261 million dollars
GNP per capita: 120 dollars

(4) Real Growth of GNP in Recent Years (per data compiled
‘in 1983 by the World Bank)

-+ 1977/78 7.31(%)
1978779 3.6
1979/80 3.8
1980/81 4.9
1981/82 1.1 (provisional)
1982/83 2.4 {provisional)

(5) Price Trends (Rate of rise in consumer prices, per daté

compiled by the World Bank in 1983)

1977/78 13.3(%)
1978/79 9.4
1979/80 = 13.5
1980/81 _ l0«7'
1981/82 11.4



(6) Balance of International Payments

1976/77 1977/18 1978/79 1979/80 1980/81 - 1981/82

Exports 411 490 610 727 711 627

Inmports 865 1,349 1,556 2,372 - 2,524 2,587
Balance -454 -859 ~946 -1,645 ~1,813 ~1,960
of trade : . .

Balance on

current | -402 -778 -830  -1,432  -1,425  -1,618
account ' '
Overall H -25 124 -119 -24  -128
balance . : :

Unit: in million dollars

{7) Recent Trends in the Amount of_Economic Assistance
Received (Based on expenditures, per data compiled by
the World Bank in 1983) o

1976/77 1977/78  1978/79  1979/80  1980/81  1981/82

Assistance 121.6 177.9 179.1 374.6 194.1- 230.5

in Food

Assistance :

in Com- 252.9 374.3 482.5 377.8  ©393.1 421.4
modities ' ' ' : -
Assistance | 158.6 275.7 368.4 469.8 560.2 5843

in Projects

Total 533.1 827.9  1,030.0 1,222.2. 1,147.4 1,236.2

Unit: in million dollars

(8) Major Economic and Technical Assistance from Foreign
Countries {ODA net expenditure basis, per OECD data)



(a) Bilateral

Country 1978 1979 1980 1981
Japan 119.6 206. 3 215.1 150.0
U.S.A, 165.0 157.0 174,0 118.0
West Germany 49.6 86.6 114.6 101.2
U.K. 84.4 71,7 99,2 67.6
Canada 77.6 59.2 57.1 58.0
The Netherlands 63.6 45.9 53.2 54,7
Sweden 26.4 39.3 27.6 24.7

Uﬁit: in million dollars
(b) International Organizations

Organization 1978 1979 1980 logl
TDA. 103.1 162.6 155.7 159.0
ADB 36.3 40.5 57.4 44.8
IMF 48.1 49.0 41.7 0.6
EC 29.8 22.3 33.2 53.8
UNDP 13.3 13.4 18.8 23.1

UNICEF 14.6 22.2 17.8 12.2
WEP 41,6 36.7 13.3 28.0
UNHCR 3.2 5.2 0.7 0.7
Arab OPEC Agencies | 1.1 10.5 4.2 32.7

Unit: in million dollars
Note: Excerpt from “Recent Situations in Bangladesh and the
: Bangladesh-Japan Relation" compiled by the south-West Asian
Division, Asian Bureau, Ministry of Foreign Affairs, Japan.
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CHAPTER 3 OUTLINE OF THE PROJECT AREA AND CONTENTS
OF THE PROJECT

3-1 Purpoées and Design Conditions of the Project

{1) Purposes of the Project

_ As a mentioned in the section "Background", this
Project is part of the 27 Sub-Divisional Towns (currently
DistficAT0wns) Water'Sﬁpply'Projéct,_which is one of the
potable water supply'prbjects (shown in Table 2-5) that are
being implemented with the purpose of supplying safé and
¢lean potable water to the popﬁlation of Bangladesh, and
comprisgses seven of the said towns.

- The seven towns in questions are scattered thréughe
out the country and belong to the following Divisions.

(1) Narsingdi : Dhaka Division

(2) Jeﬂldah } Khulna Division

{3} Chuadanga '

(4) Gaibandha } Rajshahi Division
{5) Kurigram

{6) Feni } Chittagong Division

(7) Sunamgarj

The target year of this Project is 1990, and it is
aimed at équipping'the wateér supply systems in order to
supply 50% of the urban population with running water by
means of house connection and the remaihihg 50% by ﬁeané of

public posts.



- {2) Design Conditions

The potable water supply schemes of the seven
towns are drawn up on the undermentioned design conditions.
In defining the said design conditions, attention was paid
to prevent the OCCurreﬁce of-conspicuous discrepancies
compared with the design conditions adopted in the water
supply projects already implemented with aid from the
Netherlands and the ADB, and the final version of the said
design conditions was decided after consultations with the

Government of Bangladesh (DPHE).

(i) Area and p0pulation.to be served by the water supply

project

The areas to be served by the potable water supply
project consist principally of the municipal area of each
town, and are determined by taking such factors as the
current demographic distribution state, the future trend of

development of housing sites, etc.

The populatlon to be served by the potable water
supply prOJect in 1990 is estimated by forecasting the
demographic growth rate through the examination of data of
the census carried out in 1974 and 1981, as well as the
trend of'demographie growth rate in the last two or three

years.,

The annual average demographlc growth rate of
Bangladesh as a whole 1s or the order of 2.3%, but the
demographlc concentratlon ‘in 1ocal c1t1es has been conspicu-
- ous of late, with Nar51ngd1 Town growing at an annual
average rate of 18%, Jenidah 23% and other cities reaching
average growth rates of the erder tQ 7% to 10%. -



- This Progect takes 1nto COHSlderatlon the demo-
glaphlc growth rate of the 1974-1981 period and assumes
furthermore that the growth rate of the last: two or three
years will - remain unchanged until 1990.  -Such belng the
case, an annual growth rate of 10% is assumed in the Towns
of Narsingdi and Jenidah, while a growth rate of 6% is

assumed in the other five towns.
(ii) Volume of water to be supplied

_ The volumes of water to be supplied by the potable
water supply prdjebts that aré'being implemented with aid
provided by the Netherlands and the ADB are shown in the
following table. o

Household water to be supplled by the Five Dis-
trict Towns Water ‘Supply PrOJecL financed by the ADB is as
follows. : '

Volume of Water Peréentage of
to be Supplied . Population
(1) Multi Tap User .| 27 gped (21.7) 80% (50}
{2) Single Tap User *18.9 gpcd (15.1) 9% (25)
(3) Stand Pipe. 5 gped  ( 5.0) | 11% (25)
(4) Wastage 10% of (1) and (2)
20% of (3)

Note: 1) The table above refer to the target vear 2000
' The - figures enclosed with parenthe51s refer to the
target year 1990, .

2) In addition: to water for household use, runnlng
water to be consumed by hotels, commercial establi-
shments, restaurants, hospltals,_publlc schools,
public institutions, factories, etc., are also
calculated and tabulated separately.
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The volume of water to be supplied by the 12
Sub~Divisional Towns (currently District Towns) Water Supply
Project financed by the Netherlands is as follows. (Target
year 1990},

Volume of Water Percentage of

to be Supplied Population
(1) House'Conhection 21 gpcp B 20%

{95 liters/man~day}

(2} Yard Connection 17 gpcp | 30%
{75 liters/man-day)

(3) public Standposts 5.5 gpcp ' : 50%
: (25 liters/man-day} :

(4) Wastage 25% of (1), (2) and (3)

The volume of water to be supplied_iﬁ.this Project
was decided by taking into chsideration the results of
consultations with the DPHE as wellﬁas the volumes of water
to be supplied in the aforementiohed perects'financed_by'
the ADB and the Netﬁerlénds;' The following volumes of water
will be SQpplied‘in #his Project.

Volume of Water Percentage of

to be Supplied Population
 {l) House thhéctiOn' - 20 gpcd 50% (80)

A (90 liters/man-day)
(2) Public Post -~ - 7.5 gped . 50% {20)
' - o {34 liters/man-day) -

(3) Wastage 30% of {1) and (2)

Note: The figures enclosed with parenthesis of the column
"Percentage of Population" refer to the target year 2000.
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Note: (1) The figures enclosed with parenthesis of the
column "Percentage of Population” refer to the
target year 2000.

(2)  The volume of water to be Supplled 1ncludes the
water for norn-domestic consumption (restaurants,

hosp%tals, s¢hools, offices, household industries
etc.) .

According to the table, the volume of water to be
supplied per capital will be as follows.

- House connection: 90 1iters/manéday x 0.5 =

45 liters/day
- Public post: 34 liters/man~day x 0,5 = .
17 liters/day
-~ Wastage: {45 + 17) x 0.3 = 18.6 liters/day
Total - 80.6 % 81 liters/day

The volumé of water to be supplied in each town is
calculated by assuming 81 liters/man-day.

(iii) Water supplytproject

In pr1n01ple, the water source of thls PrOJect
w111 be ground water that w1ll be pumped up- from deep wells.
Water drawn up from the deep wells will be stored in over-
head tanks and will be supplled to the 1nhab1tantg of the
towns via dlstrlbutlng plpe network. As a result of ‘consul-
tations with the DPHE it was decided that the operation
time of the pumps and other equlpment of the water supply
system will ‘be 12 hours a day, by taklng into con51deratlon
the_malntenance,‘admlnlstratlon, labour condltlons and other
relevant factors. The punps will. operate 12 hours durlng
the daytlme to supply water v1a water towers.



(iv) Water source

.As foxr water source, either ground water or
surface water may be considered. As can be seen from the
comparlson in Table 3-1-1, ground water offers more adVantage.
Therefore, 1n respect of water quallty, selection of construc-
tion 51te, constructlon cost and 0peratlon/ma1ntenance as
long as the quality of- water does not pose any problem, the
water source to be used in this Project will be ground water
in principal. The use of water of rivers will be considered
when there is not so much possibility for development of _'
ground water. In Sunamganj Town the possibility-fer develop-
ment of ground water is not so favoureble, the aQuifer to
be exploited is thin in view of the stratigraphy, the object
of exploitation is ‘the same layer as the aquifer that is
-belng,used currently to draw water with hand pumps, and
furthermore the warer'itself has high content of iron (4.0 ppm).
Such belng water source for drinking purpose. Therefore,‘
constructlon of purlflcatlon plant is planned for this town,
by considerating the utilization of water of the Surma
'River. As for the dther six townsg, there is no problem in

~using ground water as water source.

. (v) . Water quality

.in Béngladesh the potable water quality standards
for urban areas are in conformity with the Wio standards.
However, the perm1551ble content of iron in the project is
to be 2. 0 ppm according to the agreement between the study
g team and DPHE.



Pable 3~1-1 Comparison among Different Water Sources

Item Ground Water (deep well) Surface Water (river water)
Use as If the quality of water does nbt  Generally unsuitable for
drinking - pose any problem, it is often drinking without treatment
water supplied for drinking without at a purification plant, as
{Quality treatment. If iron and other the water is often polluted

of Water) substances are dissolved, a - with pathogenic bacteria and
system to remove them are neces— mixed with impurities.
sary Highly saline ‘water may not
be suitable'fpr'drinking.
Available Quantlty of water which can be - 'Save for rivers that run dry
quantity drawn fxom one well is limited, ‘during the dry season, guan-—
of water so that if the requlred quantity tity of'water poses no pro-
of water is large, it may be ‘blem since rivers of large
difficult to rely solely on dlscharge are normally
wells, . - selected. Seasonal fluctua-
Seasonal fluctuatlons are small. tions’are-substantial.
Method of Necessary to construct deep well If -large quantity of water
intake and install water pump. must be intaken, weir for
coffering river is necessary.
‘Structures like intake tower,
. intake’ slice way are also
necessary.
Construction Can be selected near the water ‘bhs for construction site; the
Site -supply district with relative - spot for water intake is re-
ease. stricted by the conditions of
) gut - and levee of the river
concerned. .Water conveyance
fac1llt1es from the water
intake point to the target
- water supply district become
necessary.
Maintenance  Not difficult to control as it Purification. plant requires
and 'is operated by water pump. technical skill in operating
control _Propex pumping rate must be - mixing basin, coagulation
observed as. excessive pumping ‘basin and filter basin.
results in lowering water level Chemicals and electrical
and drying up the well. Opera- power -cost money.
tion of pump costs money. '
Construction Inexpensive and easily con- CostS'lesS'ifjthg quantity of
cost structed if the quantity of ~water supply is large but
water needed is small. more expensive if the quantlty
15 small.
Note: Lakes and lagoons, water pools and ponds are also surface water but

they are outside of the objects of this project.

Water running on the

ground surface (river water) only was taken up for comparison.
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Table 3-1-2 Drinking Water.Standard

Items epes : WHO £ - Japan
{ppm). (mg/1) (ppm}
Pﬁ;.'sical Min. - Max.
Turbidicy 25 units 5 - 25 units 2¢
Color " 30 units ' "5 = 20 units 5@
Odor : ‘ Unobjectionable . : Unobjectionable Unobjectionable
Total Dissolved Solids 3,500 500 - 1,500 500
Chemical ]
Chloride (C1) 600 (1,000 wax.) - 200 ~ 600 _ 200
Iron (Fe} ‘1.5 (5 max.) 0.1 - 1.0 0.3
Manganese (Mn) 0.5 0.05 - '(.).5 0.3
Zine (Zn) - S L 5.0 =15 _ 1.0
Copper (Cu) ) 1.50 0.05 - 15 1.0
 Sulfate (S) 400 ' 200 - 400 _ -
pH - ' 5.5 ~ 9.2 . n.a. 5.8 - 8.6
Total Hardness (as €aC03) -~ 250 (450 max.) 100 ~ 500 300
Fluoride (F) 1.0 (2) : 1.0 0.8
Nitrate (NO,) 45 (50 max.) : 45 10
Phenols - 0.002 0. 001 0.005
Cyanide. (CN) _ - 0.2 n.a. 0
Hexavalent Chromium (Cr) =~ 0.05 n.a. 0.05
Lead (Pb) 0.05 : ©0. ' 0.1
Cadiiun (Cd) - 0.01 ' t0.01)
Bacteriological _ . 90% of ”Samples: ' _ Raw water: contain-
Loliform ing less than 3
. undetected or HPN. coliforms for 100 o}
.. index egqual nil, - Treated water: zerp

coliforms per 100 ml

1/ ‘Environment Pollution Control Board, Bangladesh, by which the
present standard is recommended.

2/ World Health Organisation.

3 () shows maxiuun value to be allowed for specific watex
sources., .



(vi) Production well

The estimation of ‘the state of things of the.
aqulfers, depth, diameter and screen position of the
productlon wells, and volume of water to be pumped from each
well is carried out through the examlnatlon of the water
resources of each town from the hydrological and geological
standpoints, based on data obtained from the existing

productive wells and test boring.

Screens made of stainless steel will be used 1n _
the wells. The periphery of the screen will be fllled w1th
gravel, and the upper part of the well will be filled with

earth and cement mortar.

. ‘The wells will héVn distinct diameters depending
on the town, but there will be two types of housing plpes,
i.e., ¢380 mm and #300 mm and two types of ca51ngs, i.e.,
$200 mm and $150 mm.

The dlstance between productive wells will be made
as large as posslble, in order to prevent mutual inter-
ference even when they are used for a long'tlme._ As for the
number of wells, they will be determlned by taklng into
consideratin the volume of water to be pumped from the wellse
and the volume of water to be supplled 1n_the_pr03ect, and
the productive wells that have alfeady_been constructed by
the DPHE will be used as much as possible,eafter-checking
their production capacity. |

(vii) Pumping facilities
Vertical- shaft type multi- stage turbine pumos are’
being manufactured in Bangladesh. The said klnd of pump

will be adopted in this progect, with the purpose of fa0111—

tating the procurement of parts and components required for
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maintenance and repair of the pumps after the"completion of
the facilities. The use of other types of pumps will be
examined if vertical=-shaft multi-stage turbine punps are
regarded as inadegquate in view of reqguirements related to
the volume of water to be pumped and head.

As a result of consultations held with the DPHE,
it was decided that the operation time of the pumps will be
12 hours a day, by taking into consideration the malntenance

and adm1n1stratlon of the fac111tles, duty conditions of the

operators, and other relevant factors.

: The pumps will be installed in such a way to make
effective use of the housing pipes in order to cope with
-somé lowering of the ground water level, because 30 m
(100 ft) housing pipes will be used in the productive wells.

The volume of water to be pumped by each pump (g)
is calculated from the volume of water to be supplied from

the well in question (Q).
= Q/H
where, H : the operation time of the pump {12 hours)
(viii) ~Transmission pipes
The diameter of the transmission pipes is ca;~
culated from the volume of water to:bé conveyed, and the
'most'economiCal diameter that minimizes the sum of the

constructlon COot and the malntenance and operation cost of

'the water conveyance system shall be selected.



The relationship between an economical diameter
and an economical vélocity of flow is said to be 0.7 to
1.0 n/sec. for a diameter in the range of 75 mm and 150 mm,
and 0.8 to 1.0 m/sec. for a diameter in the range of 200 mm
and 300 mm, based on empirical performance records. From
these, fhe economical rate of_flow'fbr each diameter was
calculated and summarized in the table below.

Pipe Diameter Sectional Eeonomical Velocity of - Discharge
{mm) Area (m?) Flow (m/sec.) (liter/sec.)
100 0.00785 0.7 - 1.0 5.50 ~ 7.85
150 0.01766 0.7 - 1.0 ] 12.36 - 17.66
200 0.03140 0.8 - 1.0 | 25.12 - 31.40
250 © 0.04906 0.8 - 1.0 '39.25 ~ 49.06
300 , 0.07065 0.8 - 1.0 56.52 - 70,65

Accordingly, the diameter of the transmission
pipe shall be obtained from the relationshib between each
diameter and flow rate tabulated above. In case where the
pipeline length is shqft_and the loss of head is small,.
however, the motor output and pump éapacify may not be
affected materially even if the diameter is made smaller.
In such a case, the diameter shall be so planned as.to:
minimize the construction cogt regardless of the foregoing
tabulation. ' a ' -

There are two altérnatiﬁes_in'ferms-éf'tyPé_of.
transmission pipe,.i.e.,_steélfpipé aﬁd cast iroh §ibe. The
characteristics of the steei'piﬁé-ahd”caét irdﬁ pibé ére
compared in Tablé 3-1-3. BAs is clear in the table, steel
pipe has inferior workability in terms'of'the.flexibility

expanding or contracting and of pipe‘joihts, etc, and is,







Table 3-1-3 "Comparative Characteristics

of Steel Pipe and Ductile Cast Iron Pipe

: Steel Pipe o
(below §300; JIS G 3452, above g350; JIS G 3457)

buctile Cost Iron Pipe
(JIS G 5526)

Safety

1, pipe Body Strength

Tensile Bending . .
Diameter Strength sStrength - Elongation
(kgf/mn?) {kgf/mm?) (%}

B250,#300 above 30 ahove 30 above 25

#$350-4700 above 41 above 41 above 18

1. Pipe bBody Strength

Tensile’ Bending

Diameter Strength Strength  Elongation
(kgf/mm?)  (kgf/mm?) {%)

#250-4700 above 42 above 60 above 10

2. Resistance against
External Pressure’

Easily deflects due to large ductility and thin wall.
Especially in back-filling, £ill with sand and tamp
the sides of pipe as a rule to prevent deformation of

pipe.

2, Resistance against
External Pressure

Withstands large load due to thicker wall and larger
bending rigidity than steel pipe. No particular con-
sideration necessary in back-filling.

3. Resistance against
Internal Pressure

Withstands high water pressure but inferior to ductlle
pipe.

3. Resistance against
Internal Pressure

Withstands high water pressure. Bursting water preéssure
varies depending on caliber and kind of pipe, but gener-
ally withstands water pressure of 100 kgf/cm? or more.

4. Water Tightness of
Joint

Below $300: Normally screwed joint. -Both corrosion’
resistance and water tightness unreliable.

Above $350: Normally welded joint, demanding highly
txained skill and satlisfactory welding
conditions.

4, Water Rightness of
Joint

Highly water tight due to self sealing mechanism of the
rubber ring. Leakage dees not cccur until pipe bedy
ruptures, .

%. Flexibility against

Expansion and
Contraction

Both screwed joint and welded joint lack flexibility
against exXpansion and contraction, and generate exces-
sive stress in the pipe body at.the time of tempera-
ture.change or change in foundation én‘sof; ground.

To moderate these stresses, expensive flexible expansion

pipe must be used at every tuzn.

5. Flexibility against
Expansion and
Contraction

The joint of ductile pipe has excellent flexlbxlxty
against expansion and contraction and can smoothly
accommodate itself to changes in the ground foundation
‘and temperature without generating stress in the pipe
bady,

Workability

‘1. Excavated Ditch

and Foundation

{1) Usé of sand bed and adeguate tamping around the pipe 1

are necessary to prevent deformation of ‘pipe.

(2) 7o secure proper positlon of weld, adequate space
must be excavated around the joint intersection.

Excavated Ditch
and Foundation

{1} In general, a flat bqﬁtom ditch is sufficient without
requiring any spacial bed or work.

2. Pipe Joint{ng

Welding work wili take a 1on§ time. : {centering,

(L}

: weldlng, inspecticn, painting, ete.)

(2) Llcensed walder with sophisticated skill and experi-
ence is needed.

{3} Welding work is influencad by natural and clxmﬂtlc
conditions and underground laying conditions. -(xain
moisture, ground water, etc.)

{4y As jointing work by welding and coating or coﬁgring

require long time, traffic may be disturbed.

2, Pipe Jointing

{2) In the case of a T shape, extra space by excavating
around the joint intersection is hardly needed.
{1) ﬁointing work possible in-a short time by simply set

ting rubber rings and isserting the spigot into the
receptacle.

(2) Jolinting possible with oaly simple tools and without
requiring advanced skill.

(3} Workable under varied conditions.
{4} Back-filling possible immediately after jointing.

Maintenance and Upkeep

1. Anti-
Corrosiveness
{inner surface)

when the caliber is below #6000, coating of inner ﬁipe-
surface is almost impossible and the pipe could ke
easily corroded.

1, Anti-
Corrosiveness
{inner. surface)

Irner surface has an excellent anti-corrosive property
by the alkaline anti-corrosive effect of cement mortar
lining

2, Anti-
Corrosiveness
{outer surface)

Keavy anti-corrosive coating rust be applied on the

external surface of pips. ".1f handling flaws are buried -~

as they are, pitting corrosion mxght result, - Also}-
covering-or coating of. ]oznt is done manually at the
construction site which requires skill and experience

and makes quality control.difficult. To prevent these

trouble, electrical corrosion protection becomes -

necessary. TIn the screwed ‘joint, possible corrosion of:

the screved porglon poses a problem.
Repair work camnot be performed unless water has been
completely drained,

2. Anti-
Corrosiveness
{outer surface)

Anti-corrosive property peculiar to cast iron is
available (has the empirical proof of more than 300
years) Tar epoxy coating is applied in general,
Repair and extension work can be easily done.

3. Depraciablé Life

25 years

3. Deprecliable Life

40 years




in the cases of it with smaller diameters, impéssible to
paint inside after joints are welded, thus entailing problems
in view of corrosion resistance besides its general anti-
corrosioh-pfoblem with its outside sufface. Thus, from an

overall viewpoint, cost iron pipe seems to be better.
Therefore, transmission pipes made of cast iron will be

used in thisg Project.

{(ix) Ovefhead tanks

The seven towns in question have flat topography,
and the roads where the service pipelines will be laid have .
no undulations and are practically horizontal. Overhead
tanks-with the purpose of adesting the pressuré and con-
trolllng the volume of water will be constructed in this
Project, because there are no adequate hills for con-
struction of dlstrlbutlng reservoirs in the vicinity of the
municipal areas of the towns in’ question. The locatlon of
the overhead tanks will be decided through hydraullc studies
taking into consideration its relationship with the produc-
tive wells, in such a way as to require pipe diameters not
exceeding 200 mm, in order to make possible the use of PVC

pipes manufactured in Bangladesh.

_ The capacity of the overhead tank is of the order
of 15% to 20% of the volume of water supplied each day in
the projects by the aid of the.Nethérlahds, while in the
projects financed by the ADB it is of the order of six hours
of supply. According-to the Japanese standards, the capa-
city of overhead tank is of the order of eight to 12 hours
of estimated maximum daily supply in principle, and overhead
tanks cthtruCted'for the pufPOSe of contfolling the dis-
tribution VOlﬁme and pressure of water and protecting
pipeline have'the capacity of one to three hour -supply at
the maximum supply rate and are-constructed_together-with
service reservoir, for structural and economical reasons.



In this Project the datly operation time of the
pumps will be 12 hours {(during the daytime). The change of
the volume of water to;be supplied w;th time has_distinct
characteristics in urban and rural areas according to the
circumstances therein. - ‘In Japan the running water con-
sumptién‘pattern.has morﬂing and evening peaks and a
relatively large cohsumptioh during the first half of the
night hours in urban areas, but in rural areas the consump-
tion-raté becomes low during night. We have no data about
the qhange offrunning_water consumption rate with time in
Bangladesh, and iﬁ is difficult to make a simpie comparison
with Japan. HoweVer, assuming that local cities of
Bangladesh correspond to rural areas . of Japan, it is pre-
sumed that the consumption of water durlng the night time
becomes extremely low in the prov1n01al”01t1es of
Bangladesh, by taking-intb'consideration the differences
between the customs of the two countries (use of bath,

shower, etd.).

In_this-project, the capacity of overhead tank was
_determined:to_be‘around 20% of daily_wafer consumption by
using ‘as a reference the results of water balance calcula-
tions.conducted with res?eét to the'relationéhip between

the capacity of overhead tank -and the opeiating hours of
pump based on an assumed hourly water consumption pattern
in'Bangladgsh; (See 3-10-4) '

- The helght of the . overhead tank shall be deter-
mlned by taking 1nto con51deratlon the results of hydraullc
calculatlons. “In the Project: 1mplemented with aid of the
Netherlands the mlnlmum water level of the water tower is
18 m- to 21 m above the ground In this Project the overhead
tanks will be designed with the minimum'water level 17.0 m
above ﬁhe'ground level, by taking into consideration the

results of the hydraulic calculations.



Table 3-1-4 Comparison of the Structures of Water Tower

Item

Steel Tower

Reinforced Condrete  Tower

Construction
material

Steel must be imported from
Japan. '

Can be constructed with
‘locally available materials
like cement, gravel, sand
and steel bar.

Water tight-
ness of _
storage tank

Leakage unlikely as water

“tank is jointed by welding.

Waterproofing work. with
mortar or resin is neces-
Sary. :

Maintenance -
and upkeep.

Periodical coating of ‘inside

.and outside of the water:

tank and struts is necessary
to prevent corrosion.

Coating unnecessary.

Retention of
waterx
temperature

More susceptible to atmos-
pheric¢ temperature and
exposure to direct heat than
reinforced concrete tower.

Léss'suscéptible'to atmos-
pheric temperature and
exposure to direct heat

than steel tower.

Foundation
work

No. of foundation piles is
less than reinforced con-
crete tower due to lighter
weight to support. '

No. of ‘foundation piles is

. more . than.steel tower.

Construction
pericd

Construction period is short

as it can be constructed by
asgsembling and welding steel
materials.

Construction period is long
as assembling.of molds and
timbering, placing and
curing of concrete, etc.
take time.

Construction
cost

Generally inexpensive, but
if tariff, etc. on imported
materials are included as in
Bangladesh, it may not ne-
cessarily be inexpensive.

Construction cost is high
due to larger scale. founda-
tion works and other rea-
sons. ' - :




As for structure of water tower, the steel tower
and the reinforced concrete tower have advantages over.the
others as compared in Table 3-1-4., However, it was considered
advaisable to use reinforced concrete in view of the policy
to use materials and equipmeht which can be locally procured
to the maximum'extent possible in planning facilities and
also because protéétive ceoating after completion involves a

sizable money.

In connection with the water quality, as a general
rule there is no risk of contamination with microbes because
it is pumpéd from deep wells (ground water), but the
overhead tanks will be eguipped with simple sterilization
equipment in order to cope with the occurrence of infectious
diseases and other uhekpected situations. Furthermore, the
water towers will be equipped with lightning arresters as
well,

(x) Distribﬁting pipeline

The design flow is the maximum hourly water supply
rate.. The maximum hourly water supply rate is twice the

design hourly water supply rate.

= 2 x Q/24

9p T Ymax 2 % qav
wheré: :
a, Design. flow (m3/hr)
Gpax Maximum hourly water supply rate (m?/hr)
‘q,, @ Design hourly water supply rate (m3/hr)
Q- :

Design daily water supply volume (m3/day)

- "As for the pipes, PVC pipes (Class B) manufactured
in Bangladesh-Will be used when the required caliber is less
than 200 mm. -Cast iron pipes imported will be used when the

required caliber ig 250 mm or more.
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In principle, the pipe diameter. is determined by
carrying out’hYdraulic éalculatibns referring to the design:
flow, internal pressure in the pipes, etc., but future
expansion plans are also taken into consideration in this

connection.

It is assumed that an internal pressure of 9 m
(30 ft, 0.9 kg/cm?) will be kept at the extremity of the
distributing pipe. '

. Gate valves, blow-off, etc., will be provided at
"places regarded as necessary from the standpoints of mainte-

nance and operation. .

The configuration of the'distfibutiﬁg pipe network
will be determined by taking into consideration such factors
ags the current demographic distribution,‘aréas where the
population is expected tO'grow in the future, conditions of
the exiting road network, etc.

The hydraulic calculations of the distributing
pipes are carried out by means of the Hesen-Williams for-
mula, by éssuming'an uniform water velocity coefficient -
C = 110 (includihg bend loss}), irrespective of the type of
. pipe. |

{xi) Water purification plant

In principle, this Project'is chsiderihg the use
of ground water as water source. However, if grOund water
is regarded as inadequate as waten_soﬁfce.in view of such
characteristics as depth, volume of water, water guality,
etc., it will be necessary to consider the use of river
water, and in that case it is'ﬁeceSSary'to consider the .

construction of water purification plant.



In six of the seven towns it is possible to use
ground water as water source, notwithstanding the necessity

of examining the iron content in some cities.

In the Sunamganj Town however, it is necessary to
consider the construction of the water purification plant
and to Supply treated river water for potable use by the
population, because ground water is regarded as inadequate
as water source, in view of such factors as volume of water,
water quality, depth and relatlon with the water source of

the exiting water pumps.
(xii) House Connection

In principie,'the cogt for cohstruction of the
house connection should be borne by the benef1c1dry ‘The

- government of Bangladesh will construct the house connections.

Therefore, the construction of house connections

is excluded from this Project.

{xiii) Public post

. The water supply project will p?ovide 50% of the
_population with potable water by means of public posts. The
only source of income of the water supply project is the
water charge of the house connections. Immediately after
the compietion of this‘Project there will be very few house
connectlons, and-the water charge income is. expected to be
insufficient to realize a satlsfactory operation of the
.water supply system. It is very difficult to collect water
charge from publlc posts, and ‘as a general rule they are
used free of .charge. . Such belng the case, it is de51rable
to. construct publ:c posts concurrently thh the dlffus10n of
house connectlon. Therefore, this Project assumes the

construction of approximately 10 public posts. in each town.
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The public posts of this Project will be con-
structed with 13 mm (61/2") caliber PVC pipes, and will be
located at distances'of-the order of 5 m from the mains.
One 13 mm-caliber hydrant will be provided in each public

.post..
(xiv) Policy for procurement of materials and equipment

The water supply systems of this Project w1ll be
constructed by using as much as possible materlals and
equipment manufactured or available in Bangladesh, in order
to facilitate the maintenance, repair and expan51on after

the completion of the work.

The structure of thé'facilities_in.quesfion will
be made as -simple as possible in order to facilitate their
maintenance with the teéhhical level available in Bangladesh,
and the use of complicated structures and many machines will
be avoided as much as possible. Inureaiity, however,'it'
wduld be impossible to manufacture or procure all of the
required materials and equipment'in Bahgladesh Because of
the limited productlon capacity of factories and llmlted
sotck on hand of dealers, procurement of large quantltles of
materials at a time may be difficult. In such an event,
materials 1mported from Japan will be used.,

(xv) Foundation treatment method

The foundation treatment for various facilities -
including water tower, pump house and purlflcatlon plant are
considered to bé as follows. ) '

Since: 1nvest1gat10n of the foundatlon beds at the
proposed construction sites of these structures “has not been
carried out yet no data is available., However, the fol~
lowing data which were obtained from ‘the grants-in-aid
projects of Japan implemented in Bangladesh are available.
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(1) Ground'bearing.power test results (food warehouse

construction project)

at Khulna : Allowable bearing power
q, = 6.4 t/m=?
at Bogra : Allowable bearing power
g, = 6.1 - 6.9 t/m?

at Chittagong : Allowable bearing power
' qa = 7.9 - 8.1 t/m?

at Mymensingh : Allowable bearing power
9, = 6.8 - 8.5 t/m?

(2) Loading test results of piles (Narayanganj:

hospital construction project)

According to the results of loading test on
$400 mm cast-in-place concrete piles driven to the
depth of 16 m, the bearing power was 80 t/pile.
This bearing power is not the ultimate bearing
capacity since the test was discontinued within
the allowable load of the pile itself.
Since it was reported that hardly any sinking
occurred at the_ldad of 80 tons during the test,
the ultimate bearing capacity is considered to

- have been more than 80 tons,
Normally, 1/3 of the ultimate bearing capacity is
adopted_as the allowable bearing power of pile,
but in this Project, it is judged safe enough to
use 1/2 of the observed value of 80 t/pile as the
allowable bearing power in consideration of the

aforementioned test conditions.

_ Since the ground in all of the seven towns is
QuaternarY'ailuvium,-the results of other prbjects are
considered épplicable to the study of the foundation
treatment method for this Project.



Accordingly, of the'Structures to be constructed
undeyr this bejéct, those subjecﬁ to small load, for
instance pump house, will be designed to have the direct
foundation work with an allowable ground bearing power of
6 t/m2.

For foundation of structures subject to large load
like the water tower, steel pipe pile or reinforced concrete
pile may be conéidered. Tn Bangladesh, cast-in-place
reinforced'concrete'pile seems appropriate, because an
ordinary well drilling machinery can be used for this work

and all of the reguired materials can be locally procured.

qé = 40 t/pile will be used as the allowable
bearing power of cast-in-place pile in designing the
foundation work.

The propoSed'number of pile'for type of 6verhed

tank is as follows;

Capacity df'ovefhed tank - Nos. of pile
200 m> 21 Nos.
300 w3 27
400 m° | 32
500 m> 38




3-2 Narsingdi Town

3-2--1 Outline of the Town

(1) Location and General Conditions

- This town belongs to the Dhaka Division, Naréingdi
District, and is located at the right bank of the Meghna
River approximatéiy 35 km to the north-east of Dhaka. The
town has a municipal area of 4 sqguare miles.

As for the means of transportation, the railway
conneéting Dhaka with Bhairab Bazar crosses the town, and
the rOaa conhectihg Dhaka with Sylhet crosses the said
railway and passes through the west side of the town. To
the south of the town is located a tributary of the Meghna
River, and there is a fluvial traffic of boats using this
river.sinée_old times. This town has a'prOsperous industry,
consisting prinéipélly of - textile factbries that use the
aforementioned traffic system. The population of the town
grew from 39,140 in 1974 to 70,006 in 1981 and 97,726 in
1984, ‘As things nbw'stand the town has 12 primary schools,
six high échools,'two colleges, six Madrasha, two kinder-

gartens and one hospital.

{(2) Topography‘and Geology

a. Topography'

_ This town has flat topography because the its
ground consists of thick sedimentation of flood deposits

formed by the Meghna River which has its source in India,

and its altitude is 6.6 m.



The northern side and eastern side of the town is
surrounded by the Canal River which flows into ‘the Meghna
River, the southern side is bordered by the Meghna River and
the western side is surrounded by the road connectiﬁg Sylhet
with Dhaka. As for the land use of the town, the zone -
located between the right of'Way that extends in the E-W
dlrectlon and the right of way that extends to the south is
the central street area, the =zone located to. the north of
the rlght of way that extends in the E-W dlrectlon composes
the new street area, and the zone located to the west of the
right of way that extends to the south composes the rural

area. -
b. Geology

‘The gevlogy of.this.town consists of a-thick
déposit.of Quaternary fluvial sediments. These sediments
consist of alternate”layers of clayey matter and sandy .
matters, and aocording to the existing data these laYers are

presumed to be dipped to the south.

The ex1stence of clayey matter has been conflrmed
in three distinct layers, 1 e., one layer dlstrlbuted from
GL 0 m to approx1mate1y GL ~45 m, the second layer w1th '
approximately 10 m thickness located at the vicinity of
GL ~130 m and the third layer located at the vicinity of
GL ~170 m. The sandy matter consists of flne sand layer and
_medlum gand layer, with the former one dlstrlbuted from
GL ~60 m to GL -100 m and the latter one distributed from
GL -100 m to GL -130 m and from GL -140 m to GL -170 m.

{3} RiverISystem

This'town'belongs to the river System of the
Meghna River which has its source in India. It is presumed



that the 0ld Meghna River (located to the south of the
town), which flows into the Meghna River, was dammed up
during the prbcess of change of the river course and event-
ually acquired the current form. The Canal River, which is
a small river flowing into the Meghna River, is located to

the north and to the east of the town,.

The wharf of the town is located at the vicinity
of the confluence of the 01d Meghna River and the Canal
River, and is used as landing place by the boats that
compose the fluvial traffic system of this area. The water
level of the 01d Meghna River reaches its peak in Septémber,
which corresponds to the énd of the rain season, with H.W.L.
of 5.9 m and L.W;L,'df 5.6 m aS'éhown in Table 3-2-1. On’
“the other hand, thé minimum water level occurs during the
dry season (January and February), with H.W.L. of 1.7 m and
L,W;L. of'0.7:m.”.According to the available data, the _
maximum valiue of the H.W.L. recorded so far is 6.9 m (August
31} 1984) and the minimum value of the L.W.L., is 0.6 m
(January 27, 1951).

Table 3-2-1 Change of Water Level of the Meghna River
: (m)

Month - _
' 1 2 3 4 5 6 7 8 g 10 11 12
 Year : .
| H.W.L. 1.7 1.8 2.4 2.8 3.1 4.1 5.0 5.7 5.9 5.8 4.3 1.5
1980 : :
L.W.L. 0.9 0.7 1.0 1.5 2.4 3.0 4.1 5.0 5.6 4.0 2,0 1.4
' % Record . H. 6.9 m (Aug. 31, 1954)

H.W.L
L.W.L, 0.6 m (Jan. 27, 1951)



{4) Climate
a., Rainfall

“Generally speaking, Bangladesh has three distinct
seasons, i.e., summer {March to May) , monsoon season (June -
to October) and dry season (November to February). Rainfall
occurs from'midsummer-(April) to the monsoon season, with

remarkable concentration during the monsoon period.
The annual average rainfall in the town is approx-

imately 2,100 mm, which coincides with the national average.
The rainfall record of 1983 is shown in Table 3-2-2,

Table 3-2~2 Monthly Rainfall in Dhaka

()
Month . : ) _ o

! 2 3 4 5 6 7 8 9 10 11 12 Total
Year o : . . i ’
1983* 10 28 126 192 504 353 376 710 232 320 O 41 2,801
1980* 3 31 52 145 412 325 386 259 292 298 O O 2,203
1981% 10 42 112 274 411 325 356 187 320 82 9 35 2,163
1982 0 15 81 104 154 514 - - -~ - - -

* Dhaka

Rainfall data.of Table 3-2-2 Show‘that_as'a
genefal'rule the monfhly_rainféll-exceeds 100 mm from March
to October, with particularly high concentration from May to
October. This'heavy rainfall season corresponds to the
monéopn period,=which addbuhts'for‘appfoximately*QG% of the
annual rainfall, o ' '



b.  Temperature

The temperature record of Dhaka is used for the
sake of reference in this project, because there iz no
temperature‘meésurement data of the town itself. During the
monsoon period (July) the avérage temperature is 28°C and
during the dry season it is 19°C, with a relative tempera-
ture difference of 9°C. The_éhange of temperature in the
1980-1982 period is shown in Table 3-2-3.

Table 3-2-2 Maximwm and Minimum Temperature in Dhaka

by Month {(°C)
Month o
12 3 4 5 6 7 8 9 10 11 12
Year . :
. Max. 24.8 27.2'31.9 35.7 29.7 31.3 30.5 32.5 29.3 30,7 29.0 26.5
1980 - - :
Min. 12.2 15,1 20.6 25.1 25.3 26.3 26,1 27.3 26.2 23.6 17,0 15.0
Max.  26.3 27.4 30.8.35.7 31.9 32,7 35.3 33.4 31.7 33.3 30.0 25.
1981 — '
- Min. 12,3 25.7 19.9 22.2 24,5 25.9 26.0 26.4 25.3 23.5 18,1 13.
Max. - 26,3 27;3 30.6 32.6 ~ 31,6
1982 — e
Min. 12.3 14,8 18,9 22.6 -~ 26.0

As can be seen from Table 3~2-3, the months with
higher temperature are from March to November, with a
maximum exceeding 30°C and a minimum ekdéeding 20°C. Oon the
other hand, the lower temperatures occur in January, with a

maximum of approximately 25°C and a minimum of 12°C,



3-2-2 Hydrogeological Qutline and'Possibility'of

Developing Groundwater
(1) Hydrogeclogical outline

~ As a general rule, the grain size distribution
exerts decisive influence on the acquifiability of layers of
soii_that have not been consolidated yet. Soils with. coarse
grain size have superior acquifiability, but the finer the

grain size the poorer the acquifiability.

‘As mentionédlin'the gection. on geblogy,'the
geology distributed in the town consisfs of clayey,.fine
Vsandy and medium.sandy layers. In terms of acquifiability,
the fine sand and medium sand layers have good properties,

and the clayey soil layer has poor properties.

As for the state of affairs of utilization of
groundwater in the town, expressed in terms of number of
deep‘wells; there are three wells of DPHE (two under
conStiuction), two of factories, one of C&B and one of the
railway, totaling seven deep wells., As for hand pumps, DPHE
has 399 and others have 365, totaling 764 wells of this
‘kind. The characteristics of the wells related to DPHE are
shown in Table 3-2-4. |



Table 3-2-4
s Time of :
. creen : i
T/W |Total | Soil - Static | Pumping S;eady Recov- Water Quality
No. | Depth of _ Pumpage| Water Water Ctagt?_ ery
Aquifer | Length| dia. Level Level :20:; Period pH Fe el T. Hard
ft. ft. inch IGPH ft. fr. min min
1 }400° MS 80 &" 15,900 | 14'4% 67+11" 90 420 | 6.5| 1.0 [45.45
.| rFms .
2 {450°0" & 100" 6" 9,900 | 15'4" g215" {720) {300) [ 6.8 | 1.0 [30.30 154
M5 .
E MS
3 | 220" & 100" 6" 20,000 | 10'9" | 5947 - - - - - -
Cs
Hand | ) o0 ﬁf 12' | 1.5" DPHE = 399
Pump s : Public 365 & roval 764
- Of the wells of Table 3-2-4, the hand pumps draw
water from the fine sandy layer, while the deep wells pump

water from the medium sandy layer.

W,

As- for the groundwater level, in the existing well

No 1 1t was GL -4 3 m on the occasion of its construc-
1981) and GL -6.2 m on the occasion of the

tion - (May 15

survey carrled out thls time, while in the T.W. No.2 it was

GL -4.1 m on the occasion of the pumping test (1983).

The well T.W. No.3 is under construction at the

present time and the groundwater level was GL ~3,2 m on the

occasion of the‘pumpiﬁg test.

From the aforementioned

results it is estimated that the groundwater level is of the

order of GL —6 m:duringfthe dry season.

there is no problem at all from the ex1st1ng data.

As for the water quallty,

it is concluded that




(2) Possibility of Developing Groundwater

The foliowing cohclﬁsione about the poesibility of
development of groundwater are drawn from the existing data

of the Paragraph (1).
a. - Hydraulic constants

i. Coefficient of infiltration ‘T in m*/min
T.W. No.1 : P = 0,18 to 0.37 m2/min

ii. Coefficient'of'permeability _ K in_cm/sec'
From K =-%% where m is the strainer length,
U PW. No.l : K= 1.2 to 2.6 x 107% cm/sec
iii.. Specific yield of well 8 in m3*/day/m
" T.W. No.l : S = 108m3/day/m

The aforementioned parameters indicate indirecfly
the capacity of the aquifer, and judging from the values
calcﬁlated above,'S is rather small bu£ T‘énd K ie large and
therefcre 1t lS concluded that the medlum sandy layer which
water is belng drawn from has satlsfactory character:stlcs
as object of development of groundwater._

b. Influence area of the weils

As a genexal rule the 1nfluence area of one well
is examlned by constructlng an . observatlon well when the
well in questlcn is belng submltted to pumplng test, and by
observing the. lowerlng of the water level in correspondence
to the pumplng. 1In reallty however, the existing data were
collected by . carrylng out the tests w1thout constructlng the'
observation well, and under the circumstances the fOllOWlng
conclusions are drawn by using the values of Table 3-2-5 as

a reference. It is presumed that adjacent wells must be
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separated by 300 m or more, because the layers object of
exploitation of groundwater consist of fine sandy and medium

gsandy soll.

Table 3-=2-5 Influence Area of Pumping Well
{From the "Soil Test Method")

Soil Quality
Radius of Influence

Claésifiéatidn '~ Grain Size (mm) R{m)
Coarse gravel pébble - 10 > 1,500
Gravel pebble 2 to 10 500 to 1,500
Coarse sand 1l to 2 . 400 to SOCI
Coarse éand - o 0.5 to 1 200 to 400
Coarse sand ' 1 0.25 to 0.5 100 to 200
Fine sand | _ 0.10 to 0.25 50 to 100
Fine sand 0.05 to 0,10 10 to 50
Silt 0.025 to 0.05 5 to 10

Judging from a. and b,, it is concluded that the
development of gfbuﬁdwater has no problem at all if the
adjacent wells are separated by 300 m or more and the water
pumpiﬁg volume is restricted at Q = 1.2 m3/minJin the old

street area and O = 1.5 m3/min'iﬁ the new street area.

3-2~3 Water Source

' As things: now stand potable water is being supplied
by oinie deep well (pumping rate 72 m>7/h) and 764 hand pumps
(300 of DPHE and 365 Public ones which are constructed by

town), and no rivér_water'is'beinq'used'at all.
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Such being the case, the following concJu51on5 are
drawn from the studies about the source of potable water of
the projects to be implemented hereafter.

a. Groundwater

According to the available data referring to
wells, it is concluded that the aquifers containing the
largest volumes of water are the sandy soil layers located
under GL —45m partlcularly the medium grain size layers
located from G, -100 m to GL ~130 m and from GL -140 m to
GL —170 m. Accordlng to the existing data, the volumes of
water available for pumplng contalned in the sald aqulfers
is of the order of 45m /h to 90m /h, and as a matter of ‘fact
pumping rates of 90m3/h-have been realized in the new street
areas. Such being the case, it is concluded that the
development of groundwater in this town is pOSSlble, as

mentioned in the Section 3~3-2,
b. River water

As mentioned in the Section 4-1-2 (3) a. "Water .
system®”, the‘upstream side of the Old Meghna River located
to the south_of the town was dammed up in-the process of
displacement_cf the river course, and the volume of water
coming from its upper course is negligible. Such being the
case, 1t is expected to become a cresbent lake in the
future, because its lower course will be dammed up as a

conseguence of the gravel flowing in.

Furthetmore, the water level of +his riVef.becomeS

low during the dry season, as shown in Table-3?2¥l,

Under the 01rcumstances, we come to the conclu51on
that the ald river is not so favorakle as a source of water, -
and therefore we judge that the main stream of the Meghna

River is more favorable ag water source of this project.
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From the considerations of a. and b. above, we
come to the conclusion:that groundwater is the best alter-

- native as water source for this project.
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3-2-4 Water SupPly Plapn
(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 : 39,140
Population at the 1981 census : 70,006
Population as of May 1984 : 97,726

These data may be plotted as follows.

Population Growth in Narsingdi Town

200,000
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(165,067) @ Supply bistrict: 92%
150,000 - _ // s
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- The average demographic growth rate from 1974 to
1981 was 8.7%, and the average growth rate from 1931 to the
pfesent increased to 18%., A remarkable démographic influx
has been observed of late, but in reality the recent demo-
graphic growth rate of the town is not expected to last for
a very long time., 1In the 1974-1981 period the growth rate-
averaged 8;7%, which is higher than other areas, and the
studies of this project are conducted on the.premise of an
average growfh rate of 10% from 1981 to 1990 (target.year of
"the Project). . It is assumed that the populatlon of the town
will reach 165,000 in 1990, '

The water supply district are deflned by taklng
into consideration the current demographlc distribution, the
state of formation of the v1llages, and the future tendency
of development of housing. areas. The water supply are will
account for-92%.of the townlpopulatidn; The population.to
be served by the water supply system will be 152,760,

(2} Water Consumption

The volume of water to be supplled to the 152,700
populatlon is calculated as follows:

Q = 81 liters/man-day ¥ 152,700 = 12,369 m?/day

{(3) Water Supply Facilities Plan
(i) Production wells
a. Diameter of the well and volume of water to be pumped

As a general rule the larger the volume of water
to be pumped the larger the diameter of the well, and when
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it is necessary to pump further volumes of water the well is

made deeper in order to collect water from many aquifers.

In the present case the réference data of Table
3-2-4 indicate that the drawdown becomes 16 to 20 m when
water is pumped from a 6“'diameter well. The aforementicned
data suggest that a larger drawdoWn many exert influence on

the life of the well, and therefore 6" well will be used in

this prqject.

‘The existing data are not sufficient to_determihe
a definitive value of the volume of water to be pumped, but
it is presumed that the values shown in Table 3-2-4 are the
most convenient values in view of the drawdown. Therefore,
the design pumping flow is @ = 1.2 {/min in the old street
area and Q@ = 1.5 t/min in the new street area.

b. Drawing depth

In view of the estimated geological profile shown
in Figs. 3—10411 and 3-10-12, it presumed that in the old
street area water will be drawn from the medium gféin size
sandy'iayer located from GL ~100 m to GI, ~130 m, and in the
new.street area it will be draw from the medium sandy layer
located under GL ~60 m.

c. Number of wells

The number of wells is calculated as follows, in
view. of the volume of-water.to_be pumped and volume of water
to be supplied.

= 9Q
*Toy o _ | |
where: @ = volume of water to be supplied {(m?/min)

il

Qy volume of water to be pumped from each

well {m3/min)
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i. 0ld street area
Q= 8,97 m¥*/min

The existing wells are T.W. No.l = 1.2 m?®/min and
T.W. No.2 = 0.8 m3/min. '

6.97

Q= 8.97 - (1.2 + 0.8) =
¥ = 5:27 = 5.8 = 6 wells

As can be seen, six wells will be constructéd anew
in this project, which summed with the two exist-

ing ones will total eight wells.

ii. New street area .
"0 = 8,21 m*/min

8,21

X = 1% = 5.5 = 6 wells

The well under construction at the present time
will have capacity Q = 1.5 m®/min, and therefore
five wells will be constructed anew in this

-project.,

As can be seen, 14 wélls will be required in
total, including the three already finished or under con-
struction. Therefore, 11 wells will be constructed anew in -

this project.
d. Location of the wells

The wells to be constructed in this projECt will
be located at the positions shown in Fig. 3-~2-1, which are

determined by taking into consideration the existing wells
in order to prevent them from interfering with each other.
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(ii) Pump facilities

_ The actual head of the pump facilities will be
45 'm, by assuming that the suction level inside the well is
(=) 25 m from the ground level (GL) and that the discharge
level is 20 m above the ground level (high water level of
the overhead tank) In reality the suction water level
depends on such factors as the volume of water to be pumped
location of the well and geclogical condltlons of the well,
but in this project it is assumed that all wells will have

the same suction level.

The head loss of the transmission pipes of each
well is calculated in the first place from the volume of |
water to be pumped as well as ‘the diameter and length of
the! transmission pipes, and’ then it is used to calculate the
total head. These data are used to determine the type of
pump, number of stages, notor power and other relevant
characteristics, and the obtained results are shown in Table
"3-2-6.

(iii) Overhead tank

The design supply flow of Narsingdi Town is 12,369
ma/day,land therefore the reduireddoapacity of the overhead
tank is 2,473 m3'Whioh corresponde to 20% of the design
supply flow. The humber and location of the overhead tanks
is determrned through hydraullc calculations carried out on
the premise of using as much as possible dlstrjbutlng plles
sized under 200 mm. It is concluded that five overhead
tanks will be constructed in accordance to the locations

shown in the plans
The helght of the overhead tanks will be 17 m

habove the ground level (GL), by addlng some spare height to
the results of the hydraullc oalculatlons. The five over-
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head tanks to be constructed in this project will have
500 m3 capacity each,

~(iv) Distributing pipes

The location of the distribufing pipes is_deter—
mined by takihg into consideration the'demographic diétribu—
tion cOnditiohs,Kthe locatioh of the existihg.wellsrand
distributing pipes, the toad network distribution conditions

and the trends of future development of housing areas.

Cast iron pipes sized 250 mm are used in part of
the distributing network, but the rest consists of PVC
pipes. " ' '

‘The hydraullc calculatlons are carried -out in
terms of pipe network, based on. the de51gn condltlons. The
results of the said calculatlons indicate that water pres-
sure of 9.0 m (0.9 kg/cm?) will be available at_the extre=-
mity of the mains and branch pipes.

{v) Public'posts

If the minimum water pressure at the extremlty of -
the mains .and ‘branch pipes is 9.1 m, the flow from a hydrant
sized ¢13 i will be 20 llters/mln (14.4 m3/12 h).

This pro;ect assumes that 50% of the populatlon
will be supplied with potable water by means. of public

posts, and the de51gn supply.flow is calculated as follows.

0 152,700 persons X 0.5 x 34 llLers/man day

2,595.9 m3/day

il

Therefore, 180 publlc posts w1ll be requlred in
order to supply the planned volume of water. The number of
public posts will be aetermlned by taklng into consideration

...70...



the water supply area, the distribution of the population to
be served by the public posts and the forecast of the

frequency of use.

The collection'of water charge is difficult in the
case of water Supplied by means of public posts, and as a
genéral rule they ére used free. We consider it indispens-
able to keep the balance between the diffusion of house
connection and the construction of pﬁblic posté, in order to

make the water supply system financially feasible.

lOIpublic:posts will be constructed in this
project for the time being, and the remaining ones will be
constructed by the Govermment of Bangladesh, concurrently

with'ﬁhe'diffusiOn of house connections.
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3-2~5 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 shown in Table 3-2~7.

(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
prbject as a whole and the contents of facilities already
completed by DPHE, are as shown in Table 3-2-7, and the
proposed plan for them is as shown in Fig. 3-2-1.,



Table 3H2~7(lf Outline of the'Water—Supply Systems
to be Constructed in This Project

Narsingdi
) Existing Facilities
. . ne . Project - Facilities to be
~ t - 8 : .
Facilities Specification as a Whole Constructed Constructed
" by DPHE Anew
1. Production As per attached sheet 14 Nos. 3 Nos, 11 Nos.
Well o ‘
2, pumping As per attached sheet 14 units g 14 units
Facilities ’
3, Pumping Brick-and-mortar, pump 14 Hos. 1 No. 13 Nos.
House room: 12.3 m? : ‘
Driver's room: 8.8 m?
4. Transmis- As per attached sheet - - -
sion pipes . ' .
5. Overhead Capacity: 500 m® x 5 Nos 5 units o 5 units
Tank Height: 17 m
Reinforced concrete
structure
6., Distributing CIpP: 250 mm 780 m T80 m
pi i . .
1pes PVC Pipe: @200 mm 9,192 m 962 m 8,230 m
#150 mm 10,536 m 1,206 m 9,330 n
_ $100 mm 23,945 m 825 m 23,120 m
Total ] 44,453 m 2,993 m 41,460 m
Breakdown by paving as
per attached sheet
7. Related Sluice valve .
Structures {box} : $250 mm 3 units - 3 units
of Dis~ #200 mm- 40 " 2 units as "
txibuting $150 1 74 " [ b 68 "
Pipes CgL00 mm 184 " 4 " 180 "
Blow-off: ' : '
$200 mm 5 " Wash-out 5 "
#$15C mm 10 o 1 unit 10 "
- 100 1mm 2 " 2"
Pipe and work: .
#1000 mm 35 units 35 units
#150 mm 3 " 3 "
$200 tam - -
g. Public Post 16 pl'aces 6 places . 10 places
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Table 3-2-7 (3)

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

Narsingdi
Type By Type of Pavement Remarks
Item ' As R.C - Bricks Kutcha Total
1. Transmission_ Pips_:s : _ No.l1 - 14
.g56"'£Para_l]‘e:l to the road) 1,240m 180m 280m ~140m l.,BJOmIWell -
#6" {(Crossing the road) N . 14 Nos..
#8Y (Parallel to the road) 1,270 1,250 420 2,940 ’
#8" {Crossing the road) 20 . , 20
$10" (Parallel to the road) 130 . 130
Total 2,660 180 1,530 ‘560 .'4,930
2. Distributing Pipes . .
#4" (Parallel to the road) 3,060m 5,460m 12,760m 1,520m 22,800m
#4" (Crossing the road) 130 130 80 i 320
Sub-Total - 3,190. 5,590 12,820 1,520 23,120
#6" (Parallel to the. road) 1,560 2,800 4,920 9,280
#6" (Crossing the road) 30 10 10 50
Sub~Total ) 1,590 2,810 4,930 9,330
48" (Parall.ei. to the road) . 2,510 1,430 3,86b 370 .‘8,]‘.70
#8" [Crossing the road) a0 10 10 . _60
Sub-Total 2,550 1,440 3,870 370 8,230
$10" (Parallel to the road) 780 _ : 780
Sub-Total 180 _ © 780
Total 8,110 9,840 21,620 1,890 41,460




3~3 Jenidah Town

3-3-1 oOutline of the Town

(1) Location and General Conditions

The town belongs to Jenidah District of Khulna
Division and is located about 43 km to the north of Jessore.
The town has a total area of 182 square miles, of which 6

square miles is its municipal area.

As for traffic, the road'cohnectiﬁg.Khulna and
Kushitia crosses the town in the longitudinal direction, and
the road'conﬁecting Magura and Mehépur crossés the town in
the transversal direétion. Commercial activities:that take

advantage of these roads are therefore brisk.

The population of the town grew from 18,130'in
1961 to 34,020 in 1974, 49,355 in 1981 and to 74,959 in
1984. 'The town has 10 primary schools, six high schools,

two colleges,'two Madrashas &and three hospitals.
{2) Topography and Geology

a. Topography

The town, being located on the delta formed by the
Ganges River, has a flat surface and is 10.5 m above sea

level.

~ The town is divided into four sections by the road
. that traverses it from south to north and another from east

to west. The urban drea extends along these roads with the

- center being where the two roads meet. The suburbs are

rurdal areas mostly comprisihg rice paddies and dry fields.

R



b. Geology

The soils of this town:geologically consists of_a
thick dépOSit of Quaternary fluvial sedimeénts. The sedi-
ments consist of clayey soil, sandy soil and gravel layers

distributed as follows.

_ Clayey soil is found distributed on the surface,
forming a -layer about 15 m thick and mixed with sand over-
all. Sandy soill, which is distributed underneath'this
clayey soil, forms a fine sand layer about 60 m thick,
intercalating_clafey soil and medium grain sand here and
- there.,  The gravel layer is observed starting from around GL
-75 m and is seen to contain a lot of medium and coarse

grain sand.
(3) - River System

The Nabaganga River which flows from-hqfﬁh'to east
of the town and then south, and past'Magura and Narail,
merges at Khulna with the Madhumati River, a tributary of
the Gandes that originates in the Himalayas.

The Nabaganga'kiver digplays a river width of
around 80 m, but during the dry season its flow is reduced
to a trickle. |
{4) Climate
&, Rainfall

‘The town's annual mean rainfall;is ardund_l,?OO

mm, which is lower than the national average. The amount of
rainfall of the last three years is as shown in Table 3~3-1.
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Table 3-3-1

(mm)
Month
1 2 3 4 5 6 7 B g 10 11 12 Total
Year
© 1881 - - - 244 303 90 393 204 184 18 0 102
1982 0 24 155 147 152 238 188 185 179 10 76 0 1,354
1983 o 15 64 61 253 243 224 513 147 128 3 19 1,670

The figures in Table 3-3-1 show that the rainy
months are from March to October, with a particularly high
concentratlon of rain during April to September. The pericd
of little rainfall, which is the dry season, lasts from
Ndvember_to'February. Particularly in January, there is

‘hardly any rain at all.
b. Tempereture

Slnce the temperature has not been regularly
measured in this ‘town, the records of Jessor have been used
as a reference. The mean temperature during the monsoon
season is 28.5°C, and during the dry season, 19°C, with the.
relative temperature range of 9.5°C. Temperature changes
during'the 1980-~1982 period are shown in Table 3-3-2,



Table 3-3-2 Maximum and Minimum Temperature in Jessore

by Month - (°C)
Month : ' :
1 2 3 4 5 & 7 8 9 1l0o 11 12
Year
 Max.  25.3 28,6 32.4 38.1 35.2 32.4 31.8 32.1 33,7 31.4 29.7 26.4
1980 ' e '
Min. 11.9 14.9 20.3 25.2 24.2 26.1 26.2 26,2 26,1 23,1 15.2 13.2
Max. 24.9 27.4 31.4 31.7 33.0 33.4 32.0 32.5 32.3 33.1 30.6 25.0
1981 —mremm - :
Min, 11.9 15.2 19.1 22.4 24.4 26.4 25.8 26.0 25.7 22.7 16.3 12.6
Max.  27.1 28.1 31,1 34.9 36.6 33.4
1982 :

Min. 12,4 15,2 18.2 21.7 24.7 25.5

As seen from the record in Table 3-3-2, ﬁhé_high
temperature months are March to November, with the maximum
temperature béing above 30°C and the minimum‘témperature
above 15°C. The low-temperature month is Jaﬂuary,-with the
maximum temperature being around 25°C and"fherminimum

temperature around 12°C.

3-3-2 Hydrogeological Outline and Possibility of Developing
Groundwater - : ' IR

(1) Hydrogeological Outline

As described in the seétion.on geology, clayey
soil, sandy soil and gravel layers are found distributed in,
this town. When thése'layers are eValuatéd”for aquiféfcus
capacity, the gravel layer is quite éxcellent, the:sahdy
soil good, and the clayey soil.pcor.
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As for use of groundwater in the town, DPHE has
two deep wells (of which one is under construction}, while
there are three others, one well built by WDB, one by a
hospital and another by a college. DPHE also 397 hand

puinps.
The well related to DPHE are shown in Table 3-3-3.
Table 3-3-3
) Time of :
o Screen i . : : : i
T/W | Total Soil er . . | static |Pumping S;i;ﬁz Recov-~ Water Quality
No. | Depth of Pumpage | Water Water Condi- ery
Aquifer Length} dia. | Level Level vion Period | pH | Fe| ¢l |T. Hard
-
1 4315'4" & 80" B" 28, 550 13" ;o223 240 5 0.6 90 342
G
L[] : .
2 416'8" & 80" 6" 36,240 g'3" 22137 240 22 6.711.4 7 261
G .
1 - FS
hand | 140 & - s 397
e MS '

N Aqulfers from whlch groundwater is 1ntaken, as
shown in Table 3- 3-3, ‘are’ the fine sand to medlum grain sand
layers in the case of hand pumps and coarse sand to gravel

layers in the case of deep wells.

As'for“grOUndwater level, it was GL =3.9 m in T.W.

' No.l when the well was constructed (on May 10, 1982) and GL

~4.1 m when checked this time (in April, 1984); GL -2.5 m in
T.W. No.2 at the time of pumping test (on September 13,

1983) and GL -3, 8 m when checked this time (in Aprll 1984)

Judglng from these results, the groundwater level in the dry

season 1is 1nferred to be GL ~4 m.

As for water quality, it is judged from existing
data that there is no problem to use the water for drinking.

‘.:.‘81_.



(2) Possibility of Developing Groundwater

The possibility of developing groundwater was
systematically analyzed as follows based on the existing
data given in Paragraph (1). '

a. Hydraulic constants

i. Coefficient of infiltration T in m?/min

T.W. No.l :

fi

1.9 to 2.6 m?/min

Ml

T.W. No.2 : T 6.2 to 8.2 m2/min

ii. Coefficient of permeability K in cm/sec

From K =-%% where m is the strainer length,

i

T.W. No.l : K 1.3 to 1.8 x 10“1 cm/sec

T.W. No.2 ;5 K

4.3 to 5.7 % 10-1 cm/sec

iii. Specific yield of well : S in m3*/day/m
T.W. No.l : S_=l,122m3/day/m

T.W. No.2 : S = 942 m?/day/m

Judging from the values calculated as ébove,_in
which all of T, K, and S indicate large values, the gravel
layer from which groundwater is intaken is cons1dered

satisfactory for developing groundwater.
b. Influence aréa of wells

As  for the Jnfluence area of wells, 1ntervals of
1,000 m or more between wells is presumed satlsfactory
judging from the data shown in Table 3- 2-5 applicdble to the
layers subject to exp101tat10n of groundwater,'whlch are the
coarse sand to gravel layers. | '
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