™

5.2 Target Year

The target year of the North Dhaka Scwerage Master Plan was sct forth as 2020, as per the
Scope of Work of the Study agreed between JICA and the Government of Bangladesh (the
Ministry of Finance, the Ministry of Local Government, Rural Development and Co-operatives,

and the Dhaka WASA) on November 25, 1996.

For the Feasibility Study of Priority Project(s), the target year was determined to be 2005 m
consideration of a reasonable time frame for project implementation and the importance to

maintain consistency with the DMDP Urban Area Plan, which has the same target year.

5.3 Identification of Target Area for Master Plan Preparation

The Strategic Planning Zonc (SPZ), as defined by the DMDP, was principally referred to de-
lincate target arca for the sewerage master plan. The DMDP classified the urban land use into
four catcgorics, namely Established urban Arca, Urban Fringe Area, Peripheral Urban Devel-
opment Area and New Urban Development Arca. These land use classifications were arranged
and visualised as shown in Figure 5.3, Bascd on the agreement between DWASA and the
Cantonment Authority, domestic sewage discharged from residential arca in the Cantonment

Security Zonc is considered to be included in the sewerage master plan.

Fropostd Recreatlon Arez

FProposed }‘!ﬁ! Hetentlon Ford

Periphesat Urbas Bevelopment
New Urhan Eand Dot elopineit Area

Stady Area
AMaster Plan Tarped Area

Planning Asez for Semerage Senlee

Figure 5.3 Schematic Diagram of the Composition of Master Plan Target Arca
Target arca of sewerage master plan was then categorised as shown in Table 5.3 and exhibited

in Figure 5.4.
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Table 5.3

Avea of North Dhaka Sewerage Master Plan

Stydy Avea

Master Plan Farget Avea

Unit ha

e

_Others*l o

SPZ Sem S Are .
No. e \memge thvice Area -1 Onsite Cantonment Industidal Feod Grand

; .ore: e Transitlonal] Sub- | Treatusent} Total (Non- nl-‘st;l‘ " controt,| Total Total

Urhan | ( an'tomcnl Acca Total Area Residential) e [

Area | (Residentialy
SALLS Y o op 9] ] o] Trewr 6 o] e 26| 1273
_§p 2321 e8s|onest| te| 1661 M5y 0t 849] 964 2625
6y P2y 881 of sl o 800 91 Jof o a32p 1321 932
ey O o 2l 2] e 233 SO 0] B3] 13231 3659
Ay 136y 8ss| o se sl aer] o ag| el ol 338|203
an e es| o ea) 1193 amal ose07| 483 @] 608) 10911 6,998
14 151 0 892 1,043 767 1,8i0 0 266 1,150 1416 3226
Total [ 2,312 1,220 44521 7984 7.376[ 15360 999 266] 42257 5490 2085

Note:  Others include Flood Flow Area, Flood Retention Pond, Watcrshed, ctc.

54 Desiga Population

5.4.1  Methodology to Set-up Future Population in DMDP

The future population for master plan preparation of this Study is principally referred to the

DMDP population framework, but minor modification is introduced to population breakdown

by SPZ in order to maintain the consistency with the overall figure of the DMDP,

The DMDP projected the future population for 2005 and 2015 by different metheds duc to

considerable uncertainty in the long term planning of urban development, as shown in Table 5.4.

Table 5.4 Future Population Projected in the DMDP
Target of Growth &

Arca 2005 Distribution 2013
(1) (2) @)=+
Esmb"Sh“"i 38'2‘”‘ Arcain 9,431,000 590,000 10,021,000
Es‘ab"s"c‘il orban Area in 698,000 590,000 1,288,000
Additional New Area 2,490,000 1,770,000 4,260,000
Total 12,619,000 2,950,000 15,569,000

Note:

Population in 2015 includes outside of the Study Area.



5.4.2

Design Populati

on

{1} Mecthodology to establish design population

Although the population framework of the DMDP is primary reference figure, it can not be

applicd dircetly to the planning work in this Study due to its roughness in arcal project.

In this master ptan, the following methodology is taken up:

)
2)

3
4)

Arca by year of urbanization by SPZ is measured.

The DMDP 20145 population is reallocated by year of urbanization (Established Urban
Areain 1983 & 1991, and Additional Urban Arca) in cach SPZ.

The population density in 2015 is ¢stimated by year of urbanization by SPZ.

Future population in target year of 2020 (2015 in the DMDP) is cstimated by multiply-

ing arca in 1) and population density in 3).

{2) Design population

The future population in the Study Area was estimated multiplying the arcas measured on the

Composite Policics Map and the corresponding population density.

Table 5.5 shows the future population and the population density by target year together with

base figurc in 1991 classified into subject area for planning purpose.

The population projection of the DMDP and the Dhaka Emergency Water Supply Project was

compared in Figure 5.5, Although there is a slight difference regarding the trend of population

development, the future population is estimated at more or less similar magnitude.

Table 5.5 Future Population in the Study Area
Study Area
Master Plan Targel Area Others
Ttemy pa ‘S”'ﬁms nvce Area On site Cantonment] | o | Flood | Grand
o0t ATCH Transitional Trestment]  Totad (Noxy- - Control, | Tolal Tolal
Urban | Cantonment| g0 Sub-Total | gp0p Resideraial) Estate ete.
Area | (Residential)
[-\rca (ha) 2312 1220 4452 7,984 1378 15,360 999 266 4225 5,4%0 B850
Density 434 76 4313 373 142 262 0 0 0 Q 193
Populationd 1,030,000 23,000 LEIZO00 4 2981000 | 1,045,000 | 4026000 0 0 0 OfF 406000
Note: Density-Person ha; Population-pernon

Urban Arca is Established Urban Area and Additional New Arca
Flood Control, et inchade Flood Flow Arca, Flood Reteation Pond, Watershed, ete.
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Figure 5.5 Comparisen of Future Population of DMDP and Dhaka City Emergency
Water supply Project

54.3 Delineation of Planned Sewerage Service Area

The future population in the master plan target year 2020 was cstablished mainly based on
SPZs. This future population was then subdivided into sewerage planning zones for the purpose

of scwerage master plan preparatton.

In the zoning of the sewerage planning arca, following conditions were taken into account:
- Geographical and topographic conditions of the “Core Arca”
- Compaciness and arca configuration of cach zone for sewerage service

- Road network proposcd in the DMDP Structure Plan

Four zones were considered for planning the scawerage system in North Dhaka as shown in Table
5.6

Table 5.6 Zoning for Sewerage System Planning in North Dhaka

Sewerage Zone SPZ Municipality/Ward
Tongi SPZ14 Tongi
Uttara SPZ13-2 Uttara
SPZ3, SPZ6, SPZ12, Badda, Banani, Baridhara,
North Dhaka Bast 1 ¢p713.1, spz132 Gulshan, Cantonment
North Dhaka West | SPZ4, SPZ5 Mirpur, Mchammadpur,
Cantonment :




54.4

Future Population in the Sewerage Planning Zone

Bascd on the aforementioned zoning, the futuse population, poputation density and arca by SPZ

by sewerage zone were finally established for the target year of 2020.

Table 5.7 Planned Avea, Population Density and Population
by Sewerage Zone in Novth Dhaka
o Unit: Area - ha; Population density - personvha; Population - person
T Scwrage Service Area
S«.:crage serdl nem | - ! Core Arex . oy h:;m:i‘;;onalA!ren Tt
Lone Fatablished | Additiana antonment Cstablis Additional ola
Urban Area | New Areca SuteTotal (Residential) Totad Urban Area | New Area Sub-Total
B Meo [T e i e il ssef 3al s
Tongh | M Density | 285y 0y 88 o 15p 25| 3674 297]
Fopuhtion] 39,000 0} 39000 0| 35000] 139000 126000 265,000
Aea | 399 aes]| o sod _ o) 504 w8y M) sz LO%6
Uttars [13:2[0ensity_ |~ 193 g1 my e 17} 193 87| 146 e 158
fopulation] 77,000 | 9,000 | 86,000 o| ssoo0] sso000] 19000 75000 161,000
Area 0 L . w2y w02y 0 0y 0} 0 C 102
sfoceiy | o} el o] 76} % ol ol ol W
Populaticn 0 0 0 £,000 8,000 0 0 0 8,000
Aea | 12 0 n2 63| __ 8CO ¢ 0 el 800
GiDensity | 639F o0p 63 %} s ol el el 9
Populaticn] 468,000 0| 463,000 5,000 | 473,000 0 0 0 473,000
[Area o) o o] 0 ol 457 255 (1 Y
12 [Demsity 0 N ) K 325 167 o] T 0
North Dhaka| __[Peputation 0 0 0 o o] 119000 43000 192000 192,000
East aea b 136 o 136 855 9 31| a0 547 1,518
13-4 Density 1ot ol 40 k3 [ 140 291 197 125
Population 19,000 0| 19,000 65000 | 84,000 47,000 | 61,000 | 108,000 192,000
Ara | 01 . 0y 0y 651 65 LM e n2)  1m
Belpensity | 0| o} o] 76 76| 193 87 125 107
Population 0 ¢ i s000] 5000 2000 | &000| 14,000 19,000
]Af.e.*_ O AU - N ) S 10901 1,958 838 3113 332
TofDensiy | 861 0  ser| M} 291p 243} 208 229 266
Population] 487,000 D1 487.000 83,000 | 570,000 | 204,000 | 110,000 314,000 584,000
Area | 85) O ) of 35 890 102 992 1,047
$[Ocrsity | 73| @) 735 O s TS| 4SSl Bl6) 816
Population] 40,000 0| 40000 o] 40000] 655000 159,000 813000 854,000
e N ) ) 130 864 248 437] 685 1,549
 Wost $Densiy | 4| o) 41} 76 a1z} 541 5411 340 502
| [Population| 398,000 0] 398000 10,000 | 508000 | 134,000 | 236600 } 370,000 778,000
aea | me| o] e 130 919 1,138 5391 1671 2,596
fafDensity | 55| o 555 6 437 693 733 706 619
Popubtion] 438,000 o 438000 10,000 | 348000 | 789,060 | 395,000 |1,184,000 1,632,000
Ara | 22071 105t 2312 1,220 | 3,532 2831 1630 4452 7.984
Total Desity, | 412 86 434 6 324 422 37| a3 373
____{ropatatin] 1,041,000 | 9,000 11,050,000 93000 11,143,000 ] 1,188,000 | 650,000 11 838 000 2,981,000 §

3.5

Collection System

There are two different types of sewer system; the scparate system is to drain sanitary Sewagc

and stormwater using different sewer lines, the combined system drains these two water types in

the same sewer tine.



£

Since the separate system is to convey only the sanitary scwage into the sewage treatimeat plant,
it docs not spill sanitary sewage into the public water body during the rainy periods and therefore

it is advantageous for conservation of the aquatic environment.

For the North Dhaka sewerage master plan, the scparate sewer system was adopted in consid-

cration of the following:

- The existing sewerage system cmploys the separate sewer system.

- The Study aims at the prevention of water pollution in the public water body through the
provision of a sewcrage system, including a scwage treatment plant.

- A comprchensive flood protection and stormwater drainage plan has boen developed and

this plan includes the Study Arca.
5.6 Per Capita Design Sewage Flow and Design Sewage Quality
(k) Per Capita Design Sewage Flow
Based on the ficld investigations on domestic sewage quantity, per capita water consumplion
being adopted in the current water supply project, and actual examples in other countrics, design

per capita sewage flow for this master plan is established as shown in Table 5.8,

Table 5.8 Per Capita Design Sewage Flow by Year

Item 2000 2005 2010 2015 2020
Dosign Average Daily Flow | 85 {95 | 100 f K00 | 100
Design Maximum Daily Flow | 105 | 115 ) 125 | Y25 125
Design Maximum Hourly Flow 135 145 160 160 160

{2) Decsign Sewage Quality

Through in-depth evaluation and consideration of the cxisting data, including the ficld investi-

gation results, the design sewage quality is determined at 200 mg/1 for both BOD and SS.

$-13



5.7 On-Site Treatment

On-site wastewater treatment/disposal is an important service, not only for small rural convuu-
nitics, but also for urban/semi-urban houscholds unserved by the public scwerage system. The
study of on-sitc treatment/disposal was donc to offer aftematives from the vicwpoints of low-
cost sanitation and technical aspects, corresponding to the differences among the beneficiaries,
such as a clusters of individual houscholds, an apartments and independent houscholds. The
study was also intended to look into technical options as an intermediate countermeasure for

those unserved houscholds sitwated in the transitional area for on-site teeatment.

Ficld inspections of the existing facilitics, such as individual scptic tanks and small-bore com-
munily sewerage system were carried out during the Stage  Ficld Work. Water sampling from

various points in the Study Arca and their laboratory examination were atse implemented.

Reference is made to the “Appropriate Technology for Treatment of Wastewater for Small
Rural Communitics” (Lyen, 1982, EURO Reports and Studics, WHO Regional Office for
Europe).

{1) Standardisation of On-Site Treatment Technologics

Septic tanks arc commonly ¢mployed in Bangladesh as the typical on-site treatment method.
This scptic tank is made of bricks lined with mortar and mainly stores nightsoit and discharges
effluent into street gutters. This treatment method is onc of the most inefficient among the
various on-sitc trcatment methods. The effluent from septic tanks commonty accelerates watcr

pollution in the recciving public water bodics.

The on-site treatment method taken up in this Study consists of two tanks to aveid the discharge
of untreated solid materials. However, considerations are given to the locality, such as high
groundwater level during rainy scason, which affects the infiltration of effluent. In this respect,
the standardisation of various conditions and technicat requirements from view points of struc-
ture, construction, operation and maintenance in order to insure apblicability to respective
houscholds. The study made an effort to extract such issues and probtems and to visualise the

necessary measures both technically and institutionally.



S’

{2) Legislative and inslitutional arrangements

When the average income level of the local residents are taken into account, certain financial
arrangement are deemed necessary.  For example, public finance with a low iterest ratc and/or
a subsidy to accelerate the application of appropriate on-site treatment facilities. l.cgislative
arrangements are also necessary to rationalise the application of differcnt siz¢s/capacitics of
on-site treatment facititics correspondiiig to land use paticmn, as well as the smooth transfer from
on-site treatment to the public sewerage services in the transitional area. The nccessary

measures to be taken up by authorities concemed are likewise discussed.

{3) Treatment and disposal of septage from on-site treatment facilitics

If the septage accumulated in on-site treatment facilitics is not removed periodically, treatment
efficiency will definitely decrease. However, there is no particular facility in Dhaka to treat
septage. The removed septage is currently disposed into scwer lincs, agricultural land, ponds,
etc., resulting in serious environmental deterioration. In the North Dhaka Scwerage Master

Plan, septage is planned to be accepted to a septage lagoon in the sewage treatment plant,

5.8 Facility Planning for North Dhaka
5.8.1 Design Sewage Flow

The design sewage flow by sewerage zone namely, Tongi, Uttara, North Dhaka East and North
Dhaka West, of the target year 2020 is shown in Table 5.9 and Figure 5.6.
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Table 5.9  Design Sewage Flow b} Sewerage Zone (Year 2020)

ore Area . -
Sowevage Zonel  em Uni¢ ¢ r.h(,'::unonm(‘nt Sub-Total Transitional Total
Urban Area Area

I B —__1Security Zonc . . e
Awca f W f O asyy 0 15 .82 108
Population] pcrson o ’!9 000 _ 0 35,6000 265,000 | 304,000
Tongi | Q1 |cowidy| 3,000 of  3%0] 26500 30400
@ feuwday|  ag3s| o] aers| 33a2s) 38000
Q3 cuwday 6,240 0 6,240 42,400 48,610
A |k [ sl Y T Y
Population] person | 86000 0| 86000( 75000 161,000
Uttara Q1 feonvdayl 8600 0l 8600 7,500 16,100
Q2 ewawasg] 10,750 Lo tersof o335 20,128
[ Q3 |ow.wday 13,760 0 13,760 12,000 25,760
A | o | mes|  roso) wess| iami| 33w
North Dhaka Population pcrson B 487_0(_)(_)  83000f 570,000] 314 000 | 884,000
East | ._QL__[cwnvdayl as700]  s300] s7000|  31400| 88400
@ fewdyl  60875|  10375] 7125 39250 110,500
Q3 |cuovday]  77.920] 13,280 91,200 50,240 141,440
_Ara [ ha p 7891 e a9 1677 2,596
Notth Dhaka P_g_pu!alton _person | 438,000 10,000 448,000 1,184,000 1,632,000
West | QU |ewmvday] 438001  1000| 44800 118400 [ 163,200
@ |cuowvday] 54750 1,250 56000 148,000 204,000
L Q3 |cumvday] | 70,080 L6oo| 71680 189440 261,120
Arca ha 2,312 220 3532 4452 7,984
Population| person | 1,050,000 93,000 | 1,143,000 [ 1,838,000 | 2,981,000
Totat Q! |cu.nvday] 105,000 9300 114300 183,300 298,100
Q2 cu.mfday 131,250 11,625 142,875 229,750 in 625
Q3 |cumvday| 168,000 14.880 | 182880 | 294 080 476,960

Note: 1) Q1: Design Average Daily Flow
2) Q2: Design Maximum Daily Flow
3) @3: Design Maximum Hourly Daily Flow

5.8.2 Desiga Criteria

Design criteria were established for the sewer network, pump station and scwage treatment
plant, respectively, in due consideration of the available construction cquipment and materials in

Bangladcsh, as well as the construction methods and Q&M practices, as foltows.

{}) Sewer Nctwork
1) Design capacity of sewer

The design maximum hourly sewage flow is applicd in designing sanitary sewers.

2) AHowance for sewer capacity

An allowance is made for sanitary sewcer capacity as shown below.



3)

4)

5}

6)

7

8}

Table 5.10 Allowance for Sewer Capacity

_ Diameter oﬂi_’ Scewer Allowance for Sewer Capacity_k
200 - 600 mm 100%
700 - 1,500 mm 50-- 100%
1,650 - 3,000 mm 25 - 50%

Dctermination of siz¢ and stope of sewer
Manning’s formula is adopted for gravity sewers and Hazen William's formula for

PIreSsUTS SCWETS.

Restrictions on flow velocity and gradient
The design velocity in sewers shall gradually increase downstream.

Design velocity of sanitary sewer: 0.6 to 3.0 m/sec

Scwer material
Scwers are required to be of materials and structure strong enough to withstand con-
tinuous cxtemal pressure, although they not required to have such great strength against
internal pressure except for specific cases. The kinds of sewers are summarised below.
- For gravity pipc

Reinforced concrete pipes:  more than 500 mm

Polyvinyl chloride pipes: 200 mm - 450 mm
- For pressure pipe

Steel Pipe

Minimum pipe diameter

The minimum pipe diameter shall be 200 mmn for sanitary sewers.

Minimum earth cover

The minimum carth cover shall be 1.0 m for sanitary sewers.

Manhole
The manhole should be installed at the end of cach pipeline and at any place of change
in pipe diameter, junction of pipes and change in vertical or horizontal aligninent. Con-

ditions for the installation of the standard circular manhole are summarised below.,

5-18




(2) Pumping facilitics

Type of pump station is determined refering to the sclection chart shown in Table 5.1 and

design sewage flow.

Table 5.11 Chart for Selection of Pumping Station Type by Design Flow
Design Flow | {m3/min}
Ttem . 1.5 i 60 0.0 300
1 l i ]
Manhole Type
Simphified Type
Type of Pumping Station ——
Standard Type
Grit Chamber None Sand Pit Sand Pit Standacd Grit Chamber
Grit Remaoval None Sand Pump | Sand Pump Buckel Conveyor
Screenings Removal None Manual Automati
Conveyor None Cage Container Hopper
Standby Genertator None None Yes Yeu
Deodorization Mone Nane None Yes
Pumping Dia (men) [3) 30 100 | 160 | 150 | 150 | 200 | 250 | 300 | 350 | 400
Nos. (standoy) | 20D 1 2D | 2013 | 30 | 3@y | 40 | &1 | 41 | 1) | 40 | A1)

59
59.1

Selection of the Optimum Sewerage System

Alternatives of Sewerage System

Alternative combination of four sewerage zones was prepared as shown in Table 5.12, while
altermative locations of scwage treatment plants were considered as shown in Figure 5.7, In
sclecting the alternative sites for sewage treatment plants, the difficulty of land acquisition, the
distance from the sewcrage service area, and the conditions of the receiving water bodics with
regards to the effluent were fully taken into account. As a result, all alicmative sites were

identified as existing the swamp areas.
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Table 5,12

Outline of Alternative Sewerage System

Arca

West, North haka East

Service Altcrnative . .
Service Area d Service Area 2 Service Aread Service Arcad
Avea | N
4 f\:;‘:" No.} | Tongi Uttara North Dhaka West | North Dhaka East
[ T No2 | Tongi, Uttara North Phaka West | North Dhaka Fast -
3 Qervice Ne. 3 | Uttara, Notth Dhaka West | Tongi North {Dhaka Fast -
: A“ﬂ‘_‘;‘:" ~ No.4 Uttara, North Dhaka Bast__ | Tongi North Dhaka West - —
. Noith Dhaka West o
\ : Utta -
o ho_f Noith Dhaka East 1 On_%l Hara
Tongi, Uttara, : } )
No. 6 | Notth Dhaka West North Dhaka East ]
2 Service Utlara, Notth Dhaka West, | .. i
Arcas No.7 Nouth Dhaka Liast fong:
. Tongi, Uttara, T
B No. 8 North Dhaka Fast North Yhaka West ~ o
1 Service No. 9 Tongi, Uttara, North Dhaka

From the above mentioned nine (9) altermative plans, altemative No.4 was sclected as the opti-

mum scwerage system in application of sclection criteria, which included construction cost,

operation and maintenance cost, and easc of operation and maintenance.

Decsign scwage flow of the optimum sewerage system is shown in Table 5.13.
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Table 5.13 Design Sewage Flow by Sewerage Service Avea (Year 2020)
Sewerage Sewcrage Core Arca Transitional
Semviee Ahrca Zone Hom Ui Urhan ANJ Cantonment | Sub-Total Area Total
R S¢eurity Zone
Ma_ | ha | 18t of s 82| 1043
Papulation| pison 390001 0f 39000| 265000 304,000
Tongi Tongi Q1 |unvis] 39000  of 3900 26,500 30,400
Q2 fewmidnf 4875| o| asis|  33125] 38000
- Q@ |umidny| 6,240 0} 6240 42400 48,640
Aea | ma | s4] @ so4]  s1i2| 1006
Population| person | 86000 o s6000] 75,000 161,000
Uttara Ql  |ounvday  8600| o] se00]  7500]| 16,100
Q2w 10750] of 10750] 93751 20125
Q1 lounvday] 13,760 o] 13,760 12000 25760
A | 868 1,09 1958|1371 3329
North Dhakal North Dhaka Pepolation} person | 487,000  83,000] 370,000 314,000 | 834,000
Fast Past | Q1 leenvdn| 487001 8,300 | 57,000 31,400 38,400
Q2 jeomidayt | 60875 10375] 71,250) 39,2501 110,500
Q3 lounvdayl 77,920 13,230 91,200 50,240 { 141,440
CAea | ha 0 a3nf 10000 2462 1883 4345
Population| person | | 5730001 83,000| 656000 389,000 [1,045,000
Total Q1 leonvdny)  57300] 8300 65600 38500 | 104,500
Q2 leonvdn} 625 10375| s2000]  ameas| 130625]
Q3 leumidayl 91,680 13,280 | 104,960 62,240 167,200
Area ha § 789 130 919 1677] 259
North Dhakal Nerth Dhaka Population| person §  438000| 10,000 | 448,000 1,184,000 1,632,000
West West Q1 leumvdayl 43,800 1000 | 44800 118400| 163,200
Q2 |ewrdn] 54750 1,250 36000] 148000| 204,000
- Q3 |eumvday] 70080 1600 71680 1894401 261,320
 Awca ha 2312|120 3532 s452| 7984
Poputation| person | 1,050,000 93,000 [ 1,143,000 [ 1,838,000 | 2,981,000
Total | Q1 |eunyday] 105,000 9300 114300| 183800 298.100]
Q@ |ewmdday] 131,250 11625| 1a2875| 229750 372,625
7T Q3 |oum/day] 168,000 14,830| 182880] 294080| 476960
Note:  Ql-Desiga Average Daily Flow, Q2-Design maximum Daily Flow,

Q3-Design Maximum Hourly flow

59.2  Sewer System

The sewer system in the master plan stage was limited to main sewers having diameters of 500

mun or larger. The location of the pump stations was determined based on the hydraulic

calculation of the sewer system. Qwing (o local conditions, the sewage treatment plant shall be

constructed on reclaimed 1and in a swamp arca, Therefore, sewage from the pump station at the

utmosi downstream site is planncd to be sent to the sewage treatment plant via pressure pipe.

The general layout of scwerage system is shown in Figure 5.8.

@
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500 Sewage Treatment Plant

(1) Sclection of Scwage Treatment Mcthod

The most appropriale sewage {reatment method was selected based on the seloction crileria,
which covered the difficulty of operation and maintenance, economical operation and mainte-
nanee cost, cicrgy savings, conformity to the cfluent guality standard, availability of required

land, environmeatal impact, ete.

A preliminary comparison of the sewage treatment methods is shown in Table 5.14.

Table 5.14 Comparison of Scwage Treatment Methods

Treatment Method Operalion | Maintenance Cost Power
Conventional Activated difTicult difficult High large
Extended Aeration difficult difficult High large
Trickling Filter fair fair High fair
Rotating Biological Contactor fair difficult Fair fair
Oxidation Ditch fair fatr Fair fair
Aerated Lagoon casy fair Low less
Stabilisation Pond €asy casy Low none

As highlighted in the above table, the oxidation ditch, acrated lagoon and stabilisation poud
methods were selocted as applicable methods and subject to further study. Upén detailed
evaluation of these threc methods, the stabilisation method was finally selected as the optimum

treatment method. The cost comparison of these alternative methods is shown below.

Unit: TK’000
Item Oxidation Ditch Aerated Lagoon  Stabilisation Pond
Construction Cost 2,190,404 812,540 300,438
Land Acquisition Cost 154,000 301,000 1,498,000
Sub-total 2,344,404 1,113,540 1,798,438
O&M Cost 1,718,130 1,179,440 0
4,062,584 2,292 980 1,798,438

Total (US$ 92,897,000) (US$ 52,432,000)  (USS$ 41,124,000)
(2) Design of sewage treatment plant
The outline of major facilities for each sewage treatment plant is described in Tables 5.15 to

5.17, while the layout plan of each plant is shown in Figures 5.9t0 5.11.



‘Fabte 5.15

1. General

Namg:

Location:

Site Arca:

Land Use:

Service Population
Scwerage System:

Treatment Method:

Tongi Scwage Treatment Plant

Tongi Paurashava
50.0 ha

Swamp Arca
304,000 persons
Scparate system

Sewage Treatment = Grit Chamber + Primary Scdimentation Tank +
Facultative Pond + Disinfection Chamber
Sludge Treatment = Sludge Lagoon

Recciving Water Body:  Tongi River

BDesign Sewage Flow Rat__ Uait:cu.m/day
Item Sewage Flow

Daily Average 30,400

Daily Maximum 38,000

Hourly Maximum 48,640

Desigtn Sewage Effluent Quality

Qutline of Tongi Sewage Treatment Plant

. Influent Effluent Total Removal Ratio
Water Quality Index
v (/) (mg/l) (%)
BOD 200 40 20
83 200 100 50
2. Treatment Flow
o~ mp | of Sggmmene L i | e | f v ], prce
y
Studge
Lagoon
3. Qutline of Major Facilities
e . . No. of .
Facili Dimension e Capacit
ty e Facility pacity
. Horizontal Flow Type .
Grit Chamber W10mx1, 70 mx D06 m 4 Surfzce Load: 1,737 cumfsq.m x day
Primary Centrifloc Sludge Scraper 4 Detention Time: 1.8 hr.
Sedimentation Tank HitmxD35m Overflow Rate: 47 co.m/sq.m x day
. Embanked Reclangular Pond Retention Days: 5.9

Facultative Fond W100mxL200mx D LSm 8 BOD Arca Load: 238 kg BOD ha x day
Disinfection Chamber “r,“ m ci 1:? I:}ar;glgl:;rg’ :}d 2 Retention Fime : 15 min
Sludge Lagoon Frbanked Rectangular Pond 8 Retention Days : 106 days

WSOmxLIO0OmxDI10m




Table 5.16

1. General

Name:

Location

Sit¢ Area:

Land Use:

Service Population
Scwerage System:
Treatient Method:

Qutline of North Dhaka East Scwage Treatment Plant

North Dhaka East Scwage Treatment Plant
Dhaka City, Baidertek District

120.0 ha

Swamp Arca
1,045,000 persons
Scparate system

Sewage Treatment = Grit Chaber + Primary Sedimentation Tank +
Facultative Pond -+ Disinfection Chamber
Studge Treatment = Shudge Lagoon

Receiving Water Body:  Bafu River
Design Sewage Flow Rate Unit: cu.m/day
Ttemn Scwage Flow
| Daily Average 104,500
Daily Maximum 130,625
Hourly Maximum 167,200

Design Sewage Effluent Quality

. Inflognt Efftuent Total Removal Ratio
Water Quality Index

Quality (mg) (mg/l) )
BOD 200 40 80
S8 200 100 50
2. Treatment Flow

Studge
Lageon
3. Outtine of Major Facilities
- . . No. of O
Facility Dimension -
y . ' Facility Capacity
Grit Charnber Horzontal Flow Type 4 Surface Load: 1,742 cu.m’sq.m x da
' W20mxE120mxD06m : h S Y
Primary Centrifloc Sludge Scraper 8 Detention Time: 1.8 hr.
Sedimentation Tank ARlnxD3ism QOverflow Rate: 47 cu.mfsq.m x day
. - Embanked Rectangular Pond Retention Iays: 5.8 :
Farullative Pond W200mxL330mxD15m 8 BOD Area Load: 238 kg BODha x day
- . . Embanked Rectangular Pond e e el

Disinfection Chamber Wil mxL25mxD20m 2 Retention Time : 15 min
o Embanked Rectangular Pond . .
Sludge Lagoon W00 mxL 180 mxD 10m 8 Retention Days : 110 days




Table 5,17

1. General

Name:

Location:

Site Arca:

Land Use:

Service Population
Sewerage System:
Treatment Mcthod:

Receiving Water Body:

Outhine of North Dhaka West Sewage Treatment Plant

North Phaka West Sewage Treatment Plant
Dhaka City, Diabari District

180.0 ha
Swamp Arca

1,632,000 persons

Separate system

Scwage Teeatinent = Grit Chamber + Primary Sedimentation Tank +
Facultative Pond + Disinfection Chamber
Sludge Treatment == Sludge Lagoon

Turag River

Design Sewage Flow Rate_Unit: cum/day

ftem Sewage Flow
Daily Awvcrage 163,200
Daily Maximum 204,000
Hourly Maximum 261,120

Design Sewage Effluent Quality

. Influent Effluent Total Removal Ratio
Watcr Quality Index o
(mp/l) (ng/l) ()
BOD 200 40 80
S8 200 100 50
2. Treatment Flow
ot —of tromp | of S | of e |of mgne | of mmen | e
Sludge
Lagoon
3. Outline of Major Facilities
o . . No. of .
Facitity D 0 - Capacity
ity 1mcnsion Facility pacily
- . Horizontal Flow Type . )
Grit Chamber W2SmxL145mxD06m 4 Surface Load: 1,801 cumfsq.m x day
Primasy Centrifloc Sludge Scraper g Detention Time: 1.7 he.
Sedimentation Tank Pw6mxD3sm Overflow Rate: 458 cu.mvsg.m x day
. Embanked Rectangular Pond Retention Days: 5.9
Facultative Pond W20mxL400mxD15m 8 BOD Arca Load; 235 kg BOD ha x day
- L Embanked Rectangular Pord . o .
Disinfection Chamber WismxL3I0mxD20m 2 Retention Time : 16 min
Sludge Lagoon Fmbanked Rectangular Pond 8 Retention Days : 106 days

WIHMmxL270mxDI10Om




< ®
— _ S —
DYDY YION UT WRISAS 2B0LmIg YT U0 Apmg 3y .
LS 1Buoy Jo uviy InoLE] 000'8:1 :ATVIS
6¢ M3ty
Arepunog 41§ pesodotd
yuel |__
< UOLIEIUBWLPOS _
Adaitdd _
o o _H_ Butp(Lng
| UO LIRSS LULIDY
) 3Uen [Ju1
pr_m _
o yuey
853:253
Adeuitid |

wen| i3

Illl!lllllllllllll!"lll

J

28



;
DYDY(T YLdoN ul wasds adn.iomas ayr uo Apmg oy

dLS 15eF YO qII0N JO aeyd noAe]
01's am3rg

L

yoobe abpn(s

L
il

o W66~ -

AJepunog di$ pesodod

—i| puod anLzesnoey puod aAL3e} |noey we |

[ 000°8:1 *ATVOS |

uoLequLpes
AJeurs g |
oo [
00 ;
$ Bulpying
Puod 8ALje]|noey puod @ALjel|noey | uoL3eJISLULLPY

| puog saLyesinoey puod aALrelinoey |l .

.ﬁ. Y _
| | 00 _
|

uen U]

uoobe n I—
7 8bpn|g 00
jue|
UoL3EIUALLPaS

Ll puog anwaeaqnoey || I puog earyesinoey Aavuig |

% I |

I — J

< Jaquey) WORT =
UoL39B4uISL(
juan(tid
i £

29



oYDYCT f1aN Ut wILsKS 28oamag auyp o ApMS Y]

1S 152 A0 DEY( [HON JO UE[d IN0AB]
IT's sandty

AJepunog 41$ Pes0dosd

[000°8°1 T IVOS |

— - =

puod aALel(NOR

puod eALjel(noed

1
< el
uoLyequauiLpag

AJewtdd

il

:

JOqUEY) UOL3IRMILSL]

= VEVE N A

WOITT=M
% g
— %
o

puod AL3E}{NORY

puogd 8ALYeY(NOR]

99 m_w

BuLp| Lng
UOL3RIIS LU LLpY

puOg BALIR}[MORY

PuOd AL} (MORY

3uaN |4

3149

T

puUOg 8AL3e}|NORY

puO4 BALIEI{NORY

I
o Je

00
$uel

-« AdewLid

|
i
|
uo Lyeueu _._um%
|

r
'
I
1

WO I="1

- 30



p—

5.1  Pre-treatment Facility for Wastewater with High Pollution Load

As has been confirmed through ficld investigations on industrial wastewater, almost atl of the
factorics within the Study Arca do not have pre-tecatment facilitics and discharge untreated

industrial wastewater directly into scwer lines or drainage channcls,

Although this master plan has been prepared under the pre-condition that the public sewerage
system will not aceept industrial wastewater, acceplance of such wasicwater into the public
sewerage system may be required as a long-term arrangement in order to conserve the aquatic
environment in the public water bodics. In this respect, the nccessary measures have been
studied and contained as a part of the master plan by referring to the cxisting legislative ar-
rangement in Japan and technical information for the pre-treatment of indusirial wastewater,
taking into account the prevaiting conditions in Bangladesh. Table 5.18 exhibits the required

pre-teeatment facilitics for industrial wastewater commonly scen in the Study Area.

Table 5.18 Typical Pre-treatment Methods of Industrial Wastewater
Type of Wastewater Quality Major Sub- Trealment
Industry pH LoD 33 can TN TP slanc?s Mecthod
8 o) weh | e | med | omey | Removed
SASM
et ihn Pyt o . o Chemical
Textite Dying i~ 10~350 | 20~250 100 25 10 Clarification
Qil Separation
Synthetic 200~ 150~ . . Neutralisation
Detergent 2~11 | 200~-400 2500 2000 15~25 | 40~80 Phenol Floatation
Pharmaceuticat Greanic
and Chemical 2~11 | 40~2000 | T0~600 = 80~100 | 10~20 gat
Solutien
Products R
CN20~200 | Chemical
Doy Battery 1~12 | 300~800 | 306~150 - - - Cri0~150 Treatment
Cu,Cd, Zn | Neutralisation |
Drying Bed (Sun-
i _ S light)
Poultry Farming 2000 3500 1450 600 100 Excrcta Drying Bed (Heating)
Composiing
N o - — - 200~ - o Solubl:
Food Processing | 6~8 | 300~600 | 100~300 460 50~80 10~15 Protein, Oils
Recireulating
. . SO0~ 460~ 100~ Cu .
Tarming T~12 250~35¢ | 10~20 ‘g Actation
2000 3000 2000 Suiphide Orgonic
62~ 300~ 1200~ B _
Slaughter House 75 2000 1600
Large-scale _ . ~ _ _ — cgati
Restaurant 16~500 | 20~-800 . Segrogation
Matting Factory 1~2 - 30~150 | 10~200 - - Flectrolysis

Note: -- indicales no data available; others are standard values



5.12  Operation and Maintenance Plan

5.12.1 Identification of Operation and Maintenance Activilies

Upon revicw and evaluation of operation and maintenance practices being undertaken for the
cxisting scwerage systein in South Dhaka, the necessary work plan for operation and mainte-
nance of the North Dhaka Scwerage System was developed according to the type of sewerage
facilitics as shown in Tables 5.19t0 5.22,

Table 5.19 Work Items by Type of O&M of Sewers

O&M Type Work Htem

Site Investigation | - Location, diameter, material of investigated sewers

- Identification of location/cause of damaged/blocked sewers

- Identification of location/cause of groundwater intrusion

- Investigation of manhole overflow point and its causc

- Measurement of the volume of sediments at the sewer bottom

Pipe Cleaning - Removal of sediments

Rehabilitation - Replacement/repair of damaged sewer

Table 5.20 Work [tems of Lift Station by O&M Types

0&M Type Work Item

- Manual operation of pump facility

- Removal of screenings

Daily Work - Record the daily O&M activities and relevant data {(pump operation
timg, cecciving voltage, ampere, major breakdown, ete.) on Log Book

- Report to MODS Zone Office in case of breakdown

- . | - Removal/cleaning of scum, sediments in pump pit in every 6 months
Periodical Work | _ Overhaul of pump facility cvery 5 to 10 years

Table 5,21 Work Items of Sewage Treatment Plant by O&M Type

0&M Type Work Item

- Measurement of inflow sewage volume

- Removal of screenings

Daily Work - Inspection of mechanical/clectrical facilities
- Water quality analysis

- Record of daily Q&M activities

- Removal of grit and sediments at geit chamber (monthly)

- Removal of shudge at stabilization pond and studge drying bed
Periodical Work (annualiy)

- Inspection/repair of mechanical/electrical facilitics (annually)

- Overhaul of mechanical/electrical facitities (every 5 to 10 years)




S’

Table 5.22 Proposed items and Frequency for Water Qualily Analysis

 ltems Regulations O&M

{Sewage)

Air temperature

Water temperature ' &)

Color

Odor

Transparency by cylinder test

PH

DO

BOD ©
CoD

S8

Scttable solids

Chloride

Total solids

Jgnition Loss

Volatile solids

Dissolved solids

Total nitrogen

Ammonia (Free)

Ammonia nitrogen

Nitrate ©

Nitrite

Qrganic nitrogen
Phosphorus {total as P)

Coliform count

Total colonies

{Sludge)

Temperature

PH

Moisture content

Hazardous substances

<)

CleCe 0000 ICKICKICIOIKK e e e e e e e e

Note:  Examination frequency
@® :  More than once a day O :  Morc than once a week
© : More than twice a weck © : Asrequired

5.12.2 Organisational Set-up and Relevant Activities for Operation and Maintenance

Comments and recommendations for operation and maintenance stemmed from the North Dha-

ka Master Plan preparation are presented hereunder.



(1) Organisation and budget of MODS Zonc Ofiice
For cMicicnt Q&M activitics, the organisation of the MODS Zone Office shall be separated in

terms of (he water supply and scwerage systems together with their budgets.

(2) Exclusive O&M tcam and O&M budget for STP and L/S

Exclusive O&M teams are indispensable for the proper operation of the sewerage system. They
will be dispatched by the request from the MODS Zone Offices, A budget, vehicles and tools
exclusively for Q&M work shall be prepared also.

(3) New work shop

Although there is an existing workshop in Mirpur, they maisly repair vehicles. Thus, new a
workshop shall be built for water supply and sewerage cquipment such as pumps, motors,
generators cte. The periodical rewiring of clectsic motors is an cffective preventive maintenanee
procedure that will be facilitated by the new workshop. A new spare parts shop shall also be
constructed to ensure efficient repair work, In related to these activitics, a monthly audit report

covering Q&M shall be prepared.

{4) Waste collection system
Tn some parts of South Dhaka, waste is piled along the road and some is dumped into scwers
from open manholes, causing pipe clogging. A waste collection system shall be set up in close

co-operation with the DCC. Sanitation education for the end-users shall also be conducted.

(5) Collection and treatment of accumulated sludge of septic tank

Some parts of Study Arca will be covered by on-site treatiment facilitics such as septic tanks.
For efficient treatment, the settled studge in the oft=site facilitics should be extracted and treated.
Although collected sludge is dumped at a sludge-dumping site at present, considering its impact
to the surrounding environment, the sludge shall be treated properly. A sludge treatment facility
can be planned within the site for a new STP. The collection work will be covered by the O&M
teams for sewer reticulation in the MODS Zone Office. Thus, the team should be equipped with

the necessary collecting vehicles and tools.

(6) Data basc on scwerage system

A computerised sewerage Data Base System shall be established. The data base shall include

the following basic information:




Nt

1)

2)

3)

4)

Information on consumers
Address, phone number, name of the owner, number of family members, and diametes

of connceted sewer.

Information on sewer reticulation
Pipe ID number, diameter, length, material of sewer, year of completion, capacily, ex-

isting flow rate, and repair record.

Information on pumping stations and sewage treatment plant
Address, list of facilitics and cquipment, completion year, design criteria, incoming and

cftlucat sewage rate; repair record.

Q&M activity record

Date, work contents, and cost.






CHAPTER 6 PROJECT COST AND IMPLEMENTATION
SCIHEDULE

6.1 Project Cost
6.1.1  Composition of Project Cost

(1} Cost composition
Project cost was estimated based on the following cost composilion:

Project Cost

—— Construclion Cost Drircct Construction Cost —I: Civil Work
Mechanical/Elcctrical Work

Dircet Ixpense ——————— ‘T'apsportation, cte.

—— Land Acquision Expenscs

—— Engineering Service ———

Detaited Design

Construction Supervision
—— Administration Cost

4—— Custom Duty, VAT

L— Contingcncy Physical Contingency

————— Price Contingency

Tt shall be noted that the accuracy and purposc of the project cost estimate at this master plan-
ning stage will be limited to grasp the magnitude of the capital investment requirements and to
determing the most optimum system from alternative plans for provision of the scwerage system

in North Dhaka.



6.1.2  Availability of Materials and Equipment

The unit cost of construction materials and equipment was obtained from local suppliers. This
information included the availability of materialsfcquipment in the local market as well as the

countrics of origin for commonly imported materials/cquipment.
Imported materiats, which arc not available as indigenous materials, such as structural steel and
mechanical/clectrical cquipment were verified. The type of materials, their availability from

neighboring countrics togethee with unit cost and ocean freight was also investigated.

The results of the market survey on the required construction materials/equipment are shown in
Table 6.1.

Table 6.1  Procurement Plan for Construction Materials/Equipment

. Procured to be Imported Namge of Third
Items Procured in Bangladesh from Third Country Country
Crushed Stone, Gravel, Sand,
Cemgent, Reinforcing Bar,
Construction | Fonn-board, Scaffolding, . , e
Materials | Soil for Banking, Reinforced | > oct Pile, Stecl Pipe India {Calcutta)
Concrete Pipe, Polyvinyl
Chloride Pipe
Constructior Bulldozer, Back-hoe, Clam-
PO ) None shell, Hydrautic Pite Driver, | Japan
Machinery
Whecl-crane
Sowane Gate, Screen, Scwage
ewage Pump, Sludge Collector,
Treatment Nong . Japan
Equipment Studge Pump, Chloring In-
pme jection Facilitics

6.1.3  Unit Cost

A cost cstimate for the sewerage system was prepared for the sewer, pumping station and
scwage treatiment plant categories, respectively, The unit cost was prepared as a composite cost

covering labour, materials and equipment, or cost function formwula.

(1} Sewer
The sewer instaltation cost estimation was divided into, (1) trunk sewer with diameter above 500
mun, {2) lateral sewer with diameter below 500 mm. The unit constriction cost was prepared by

diamgter, carth coverape and pipe materials, based on the quantity calculation on standard pipe

O



£
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installation diagram.

(2) Pumping Station and Sewage Treatment Plant

For the cost estimatc of the scwage pumping station and the sewage treatment plant, cost esti-
mate formulas were prepared based on the consteuction cost, required construction site area and
O&M cost, including clectricity, for cach facility with capacity of 20,000, 50,000 and 100,000

cu.m/day. These cost estimate formulas are shown in Table 6.2

Table 6.2 Cost estimation Formula for Sewage Pumping Station
and Sewage Treatment Piant

bnit Cost Unit Pumping Station Sewage Treatment Plant
Area Requirement - y = 6.7699X°** sq.m y = 0.0126X%™ ha
Construction Cost TK’000 y = 239.32X°%1% y =238.18X° 7
0 & M Cost TK’000/year y=02733X°%" y = 1.1034X%3%

Note: 1) Pumping station: X = Design Maximum Hourly Flow Rate (qu.m/day)
2) Sewage treatment plant: X = Design Daily Average Flow Rate (qu m/day)

6.1.4 Project Cost

{1} Construction cost
The construction cost was cstimated as shown in Table 6.3, in accordance with the aforemen-
tioned procedure. Relevant costs, which could not be quantificd at master plan stage, were
estimated in application of certain cost percentage as deseribed below.

1) Direct expense {a) . Direct Construction Cost x 20%

2) Enginccring Service (b) :  (Direct Construction Cost + (a)) x 3%

3) Administration Cost (¢) :  (Dircct Construction Cost + (a) + (b)) x 5%

4} Physical Contingency :  (Direct Construction Cost + (a) + (b) + {c) +

Land Acquisition Cost) x 10%




Table 6.3  Project Cost of Sewerage System
i . R Unit: 1000 and US$'000
Facilities Tongl Uttara | North Dhaka NOﬂh‘Dhak;ﬂ Total
. R East West R
l. ConstructionCost | _ ] ]
Branch Scwer 426764 415716 843,306 949,520 2635306
Tiunk Main 141,357 149553 539,120 5198931 1349923
Pumpig Station 254,520 81,493 893,318 L1M420] 2,445,751
Sewage Treatment Plant 616,157 0 1,663,590 2340602 4650349
Sub-total 1,508,798 616,762 3944334 4,981,435 11,081,329
Sub-{etal
(including overhe ad) 1,810,558 776,114 4,733,201 5971722 13,297,595
2. Land Acquisition B
Land Cost for P8 3030 1326 36325 ] 6,905 41,580
Land Cost for STP 733,740 0 1,440,780 2391110 4,565630
Sub-tefal . me770| 1320 147,105 2398015 4,607,210
3. Engineering Service
54,317 23,283 141,99 179,332 398,928
1. Administration Cost
93,244 39,970 243,760 307,853 684,827
Total (1+2+314) 2694889 840 687 6,550,062 8862922 18,988 560
5. Physical Contingency
269,489 84,063 659,006 886,292 1,898 856
Grand Total 2564378 94,756 7,249,068 9749214 20,887 416
(US$67.785)|  (US$21,145)] (US$I65761)] (US$222930 )] (US$A77623 )]

MNotc:

The above cost excludes price contingency.

{2) Operation and maintenance cost

Forcign exchange rate US$1.00 = 43.73 TK as of July 1997.

The operation and maintenance cost was estimated in accordance with the aforementioned daily

work activitics and manpower requirement of sewerage facilitics as shown in Table 6.4.

Table 6.4 Operation and Maintenance Cost of Sewerage System
Unit: Tk’000/year and US$’000/ycar

- . North Dhaka | North Dhaka
Sewcrage Facility Tongi Uttara East West Total
Power Consumplion

Pumping Station 3,965 861 14,645 21,770 41,241
 Sewage Treatment Plant 254 0 487 616 1,357
Personnel Expense 922 ¥27 1,462 1,844 4355
Total 5,141 988 16,594 24,230 46,953

US$it7)| (US$22) (US$37%) (US$554)] (USSL,07)

Nole:

Foreign exchange rate US$1.00 = 43.73 TK as of July 1997.



6.2

Emplementation Plan

3 The principles of the preparation of a sewerage master plan with target year of 2020 arc as

follows:

Project implementation will begin in the year of 2000 and will be completed in 2020, the
target year of the master plan. The first year (2000) will be allocated to project prepa-
ration, survey and design. Construction will start in 2001,

Sewerage developmcat shall be implemented in the priority order of North Dhaka East,

North Dhaka West and the Tongi service arcas.

Scwerage development in the sewerage zone will also be implemented in the priority
order, from the Core Area followed by the Transitionat Arca.

Project cost will be estimated based on the prices of July, 1997, when the sewerage

master plan was prepared.

Project implementation plans in cach sewerage zone were cstablished based on the re-

quired construction period. Their annual costs were calculated by dividing the total

project cost for the collection system (6,430,980,000 Tk) comprised of trunk main,

branch sewer and pumping station, by the project implementation period (20 years):

6,430,980,000 Tk < 20 years = 321,549,000 Tk/ycar

The project cost for each sewerage zone has alrcady been calculated, so the required construe-

tion period can be cstimated by the said project cost and the annual cost.

The construction period for sewage treatment plant was assumed as two years for both
North Dhaka East and West, while the time anticipated for Tengi, which is smaller than
the other two, was onc year.

The price contingency was calculated assuming that price escalation ratio will be

cquivalent to the present ratio, 5%.
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CHAPTER 7 INSTITUTIONAL ASPECTS

7.1

Sector Institutions Involved in Sanitation/Sewerape Provision

7.1.1  Central-Level Institutions

4}

)

3)

)

Ministry of Planning (MP) - Planning Cotamission — responsible for formulating and

monitoring Five-Year Development Plans,

Ministry of Finance (MOF} -- Extemal Relations Departiment — assesses foreign exchange
requirements; laises with external support agencies and ncgotiates for grant and loan fi-

nancing facilitics for priority projects. Reviews usc of ¢extemat assistance funds.

Ministry for Local Government, Rural Development and Co-operatives (MLGRDC)
— has overall responsibitity for provision of water supply and sanitation activitics except for
waterbome sewage. Its Department of Public Health Engineering (DPHE) has respon-
sibility for water supply and sanitation in small towns and rural arcas. In Dhaka and Chit-
tagong, Water Supply and Sewerage Authorities (WASAs) have some autonomy but are

still uoder the ministry.

Ministry of Housing and Public Works — Rajdhani Unnayan Kartripakkha (RAJUK)
reviews major urban development and building plans and issues permits to ensure compli-

ance. Authored Dhaka Metropolitan Development Plan for 1995-2015.

(5) Other Ministrics — Ministry of Land: for cescttlement policies and issucs; Ministry of the

Establishment: carrying out rescttlement; Ministry of Water Resources: overall water re

sources management and water quality monitoring; Ministry of Health and Family Wel-
fare: responsible for ensuring access to environmental sanitation and public health issues;

Ministry of Environment and Forests: rcsponsible for sctting and enforcing cfftuent stan-
dards.



7.1.2  City-Level Institutions

(1) Dhaka City Corporation (DCC) - responsible for planning and general administration of
Dhaka. lcaded by mayor. Handles onsite sanitation and disposal serviees; solid waste

managcmcnt.

(2) Dhaka Water Supply and Sewerage Authority (DWASA) - rcsponsible for piped water

supply and scwerage scrvices in the city.
7.2.  Key Legislation ad Sector Policy Statements
(1) Town Planning Act, 1953 — forms the basis of the first masler plan in 1959.

(2) Building Construction Act, 1952 - and Building Construction Rules, 1984. Secks to pre-

vent haphazard construction of buildings and other developments.

(3) Dhaka City Corporation Act, 1983 - created the city corporalioh and vested it with powers

to administer the day-to-day activitics of public services in Dhaka.

(4) Watcr Supply and Sewerage Authority Ordinance, 1963 — authorised the establishment of

water supply and scwerage authoritics (WASAs) by local governments.

{5) Others
+ Nationa} Environmental Management Acton Flan (NEMAP)
» Environmental Conservation Act, 1995
e National Conservation Strategy, 1995
e Environmental Protection Act, 1995 |
s Environmental Pollution Control Act, 1977
s Factory Adt, 1965
s Fish Act, 1950

O



7.3 Dhaka Water Supply and Sewerage Authority (DWASA)

1.3.1  Organisational Structure

DVVASA is governed by a seven-man board; the chairman is appointed by the MLGRDC. A
Managing Director handles the day-to-day operations the utility assisted by {hree Deputy Man-
aging Directors. DWASA itself is divided into four departinents: Technical, Administrative,

Financial and Planning and Developinent.

Technical Services is responsible for day-to-day operations, maintenance and repair of the water
and wastewater system. It is divided into six Maintenance, Operations and Distribution Service
{(MODS) zoncs.

7.3.2  Stafling and Human Resources
(1) DWASA employs some 3,264 people and has a staffing ratio of 24 employees per 1,000

conncctions (a high number). The cost for salarics and wages is around Tk 13,000,000

(approximately US$ 295,454) per year. The staff breakdown is as follows:

Technical Service 1,943
Administrative Service 55
Financial Service 698

Planning and Development Service 568

Total 3,264

(2) The promotion and organisation of fraining within DWASA is the responsibitily of the
DWASA Training Institutc. The current training courses cmphasise water-related issucs
and the institute docs not have the capacity to launch any scwage-related courses due to
shortages in staff and other resources. There are only two professional staff members as
most lecturers are part-time {from DWASA). The current budget for the institute is Tk

400,000. The available training proprams are shown below.



Types Of Training f’;*(;gr;;n—\-

Urban Policy Serics (6 modules)

¢ Economics

¢ Municipal Finance and Financing Options

»  Institwtional Arrangeinents

s Technology Options Overvicw

«  Urban Regutatory Policies and Enforcament
¢ Eavironmental Management

Master Planning Series (3 modules)

»  Review of Urban Development Plans

s Development Concepts and Techniques

«  Data Collection, System Mapping and Asscssment Mcthods

Project Management & Development Series (6 modules)
+  Prefeasibility/Feasibility Studies

s  Detailed Design and Costing

¢ Technical Specifications

*  Preparation of Bidding and Tendering Documents

o Procurement Guidelines

s  Construction Supervision and Monitoring

Social Marketing Series (3 modules)

¢ Rescarch Methods

¢ Health and Hygienc Education Planning
¢ Willingness-te-Pay Surveys

Special Skills Development Series

e Computer Training (Word Processing, Data Base, Spreadsheets, Model-
ling, Project Management, Financial Management)

Utitity Management Series {7 modules)
»  Financial Management and Control
s  Corporate Planning

e Customer Relations

+  Management Information Systems

»  Human Resources Development

e Scwcrage Tariff Setting

¢  Billing and Collcction Strategics

Sewerage Operations Series (11 modules)

e Sewer Maintenance

Maintenance of Equipment and Appuricnances

Scwage Pumping Stations

Sludge Management

Wastewater Quality Monitoring & Wastewater Efflucnt Standards
Laboratory Methods

Wastewater Treatment Technology (Biological Treatment)
Industrial Wastewater Management

Sewer/Drains Cleaning and Rehabilitation

s & & @

* & ¢+ &
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CHAPTER 8 FINANCIAL ASPECTS

8.1 Past and Current Financial Conditions

8.1.1  Past Financial Conditions

DWASA’s past financial conditions were charackerised by a lack of commerciatisation, gov-
cramental interference and organisational incflicicncy. DWASA’s manual accounting/record-

keeping practices and problems with graft/corauption added to the difficultics.

8.1.2  Current Financial Situation

Despite the ongeing cfforts of DWASA, a number of problems remain; a number of these are

outlined below.

(1} Incflicient operations
DWASA’s ratio of employees per 1,000 conncctions is 24, This is a high number. For com-
parison, Delhi (India) bas 8.9 and Karachi (Pakistan) has 11.7. Morcover, DWASA only

provides water supply service to 50% of the population and scwerage service to 15%.

(2) Unaccounted-for-water (UFW)

The April 1997 Management Information Report (MIR) of DWASA shows that water produc-
tion amounted to an extremely high 4.6 cu.m/day/connection, indicating a large number of
tlicgal connections. Also, the total number of conncctions docs not tally with the total number of
accounts. However, DWASA has cimbarked on a program for leak detection and a crash meter
installation program in an cffort to reduce its UFW.  As part of the performance agreement
between DWASA and the Government of Bangladesh, the target level for UFW is to be a
maximum of 39% by Dccember 1998.

(3) Low Collection Ratios
DWASA'’s collection efficiency, while officially around 78% (Junc 30, 1996 to Junc 20, 1997)
the actual collection rate is much less. This is due to a number of reasons, including the ineffi-

cient nature of the billing system, corruption and other issucs.



(4) Accounting System

DWASA uscs a double-cntry accrual-based commercial accounting system that is primarily a
manual operation that makes little/ineflicicnt vse of computerisation. Morcover, it only pre-
pares statements once a year and these statements are not trustworthy., However DWASA has

begun an improvement program to rectify a wide range of problems with its accounting system.
8.1.3 Iwprovement Programs

As pait of the World Bank’s DWASA-IV program, a number of improvement programs have

been started. These programs include the following:

(1) Crash Metering Program
This will increase the number of metered conneclions and hopes to improve the efticicncy of

DWASA in terms of billing efficiency and water production/distribution,

(2} Leak Detection and Loss Reduction Program
This program will prepare and implement a comprehensive reform of the DWASA ¢ak Detee-
tion Division. Goal is to reduce UFW by 12%.

(3) Management and Operation Support Training Program (Twinning)
This is a partncrship between Thames Water International Consultancy Lid. and Sir William
Halcrow & Partners and DWASA.  Its key objectives are 1) build operational capacity, 2)

develop commercial practices, 3) provide support in day-to-day activitics.

{4) Performance Agreement between DWASA and the Government of Bangladesh
This covenant cstablishes a number of numerical targets within a set time period. Among these
targets are: achicving a meter coverage of 95%, reduce UFW to 39%, and enhance staff

productivity level to about 17 staff per 1,000 connections.



8.2 Balance Sheet and Assels

The key points for the DWASA asscts arc as follows:

s Over the 1992-1996 period, DWASA had an overall camings loss of Tk -43,310,000

+ Income increased significantly betweca 1992 and 1995, but so did expenscs and interest
payments as DWASA didn’t make payments on ils loans. Fhe impact was felt in 1996.

» Funding was dispersed for various projects without regard for the actual work schedule,

allowing DWASA to carry forward large cash balances.

The DWASA asscts for 1992 ta 1996 arc shown below in Table 8.1 and the income statement is
in Table 8.2. The revenue/expenditurcs of DWASA arcin Table 8.3,

Table 8.1 DWASA Assets

(Tk "000)

1992 1993 1994 1995 1996
Fixed Assets 3,605,428 3871815 4,531,619 45340624 4,653,054
Depreciation 1,159,665 1,243,169 1,356,980 1,473,129 1,581,339
Net Fixed Assels 2445763 2525646 3,174,639 3,061,395 3,061,715
{ntangible Assets 2384816 3024518 3,058498 3,064,024 3,082,158
Works In Progress 64,133 434,479 786674 1,184,663 2,218,180
Deferred Expenses 283,813 304,271 292,172 280,380 427,809

investments - - - - -

TOTAL LONG-TERM ASSETS 5,178,625 6,391,914 7311983 7,590,462 8,782,862

CURRENT ASSETS

Accounts Receivable 278,414 379,643 582,463 675,968 824,392
Stores and Inventories 424,604 225,043 246,436 301,253 218,081
Advances for Matedals 136,570 152,51 150,216 179,877 26,035
Other Current Assets 30,787 46,893 62,441 78,202 89,241
Cash Balance 974 968 832,165 743,787 776,300 785,202
Totai Current Assels 1,845,343 1,736,245 1,785,343 2014,691 1,942 951
TOTAL ASSETS 7,023,968 8,128,159 9,097,326 9605153 10,732,813



Table 8.2 Income Statement

WATER

Actual Production (ML)
Water Billed (M1L)
System Loss (ML)
UFW

REVENUE (x 1,000}
Water Revenue
Sewerage Revenue
Water Connection
Sewer Cenncction
Street Hydrant

ircct Water Sales
Meter Sales

TOTAL OPERATING REVENUI

MRECT EXPENSIES (x 1,000)
Power

Chemicals

Repair and Maintenance

Dircet Salaries and Wages
Other Expenses

Total Pirect Expenses

ADMINISTRATION EXPENSES

Salaries

Other Expenses

Insurance

Provision for Douttlud Debt
Total Administration ixpenses
‘Total Working Expenses
Income Before Depreciation
Depreciation

Operating Prefil

Add Other Income

Income Before Interest
fnterest

MNet Profit

Payment to the Exchequer

Net Earmings

(1% '000)
1992 1993 1994 1995 1996
219363 245985 260,174 275326 292,920
96,624 115110 133892 152,563 161,106
122,739 130875 126282 122763 131814

56.0% 53.2% 4R.5% 44.6% 45.0%
310343 395329  S28872  S58,403 537,050
153,061 222,256 263,557 252060 251,942

7,621 12,701 9,576 9,304 8,365

612 723 549 787 808

- - - 2968 23813

641 1,156 1,423 1,273 1,064

6,752 16,102 3,816 14,527 12,652
479,030 648267 807,793 839322 835694
195,114 250672 298668 258592 287,262
10,416 11,944 14,228 17,376 9,855
31,262 25,981 30298 75,707 16,553
44,016 48,111 72,540 67057 78015
50,059 58,646 76,118 72993 93,234
330,867 395354 491,852 491,725 504,919
32,297 49,214 70987 66,198 80,717
11,174 14,780 12,763 17,598 19,439

95 9% 126 128 501
23,170 30,879 79243 81,046 78,899
66,736 94969 163,119 164970 179,556
397603 490,323 654971 656695 684,475
81427 157944 152822 182627 151,219
115701 115701 117,984 127936 134,876
(34274) 42243 34,838 54,691 16,343
74,464 78,305 7439 53254 61304
40,190 120548 109,228 107,945 77,647
15706 107,794 108015 128087 119,266

4,484 12,754 1213 (20,142) (41619

- - 1,000 1,000 1,000
4,484 12,754 213 (21,142)  (42619)



The most current infonmation from DWASA (MIR of April, 1997), which hasn’t been audited
(hote: thete are often differcnce between the normal account books, the audited books, and the

MiRs; the andited books take precedence in this Study), shows that DWASA’s revenucs and

cxpenscs arc as follows:

Table 8.3 MIR Report on DWASA Revenue Expenditure
- Unit: Tk x 1,000
Revenue Income 1995-1996 % of Total| 1996-1997 % of Total
Water & sewer rates 457,368 89.86 578,350 92.43
Service Conn. Fee 12,597 146 13,787 2.20
Meter sales 14,670 2.88 13,198 21
Rent 8,845 1.74 3,239 0.52
[Miscellancous 3,225 0.63 3,105 0.50
DTW License/Royalty 6,505 1.28 12,623 2.02
Water sales (direct) 743 0.15 1,432 0.23
TOTAL| 508,953 1001 626,274 100
Revenue Expditures 1995-1996 % of Total | 1996-1997 % of Tolal
Power 239,771 46.40 262,667 47.95
Chemical 4,248 0.82 17,790 3.25
Maintcnance 33,679 6.52 35,615 6.50
Salanics & wages 129,858 25.13 129,976 23.73
Overtime 35,161 6.80 36,251 6.62
Others 43,425 8.40 45,131 824
Purchase of storcs 30,595 5.92 20,374 3.72
TOTAL]| 516,737 100 547,804 190
Depreciation o 0
13A Loan Interest 50,000 100,000
Bad Debt 0 )]
Total Expenditure | 566,137 647,804
BALANCE] (57,784) (21,530)




8.3 Taviff Rate

The current tariffs sct by DWASA on April 22, 1997 to be effective starting from June 30,
1997. The new water and sewerage tariff rates are significant but more so is the approval of Act
No. 6 of 1996 which allows DWASA to raise its tariffs by 5% without approval from the Board

of Scecctarics of the Government of Bangladesh.

Table 8.4 Current DWASA Tariff Schedule

With Mcler
Holding Category Witho.uI Meter 1,000 Gallons 1,000 Liters
(%) {T%)
Residential Bldg. & Annual Value Assessment 16.55 167
Comm. Centers (23.77% yearly) ' ]
Office, Industrics & Annual Value Assessment
Comm. Bldg. (23.77% yearly) 54.09 1192
Bldg. Under Construc- | a) %" pipeline per connce- Regidential Commercial
tion (w/o meter) tion per month (Tk) (Tk)
b) 1”- as above- 797.43 2,392.28
c) %"- as above- 1,594.85 4,784.55
d} 2" - as above- 31,322 60 9.967.81
Minimum monthly charge per connection (with & without meter) is Tk 19.00
Holdings having both water & sewer lines shall pay for sewer at the same amount of water charges.
Holdings having only scwer connection shall pay 23.77% annual valuation assessment of holding,
Holdings that are not connected to the sewer but are situated wiin 100 feet of DWASA’s regular
sewage ling must pay 8.56% annual valuation assessment tax.

Source: DWASA

8.4 Financial Analysis

8.4.1 Cash Flow
The basc cash flow for DWASA was estimated using the existing balance sheets of DWASA

and a number of assumptions regarding the future income/expenses. These assumptions

included the following:

(2) Cost Escalation

[t was estimated that the costs for various expenditures would escatate over time. For example,
O&M costs were projected to increase by 15% annually until the year 2006 whercupon they
were assumed to increase at an annual rate of 7%. The annual increase in salaries and wages

was set at 15% until the year 2006 whereupon it is assumed to drop to 7% per annum,



(3) Land Cost
In order to ensure that adequate land would be available for the future needs of the project (and

DWASA), it was assumed that the land acquisition would take place early in the project.

(4) Expansion of Water Supply Capacity
It was assumed that the water supply available to DWASA would increasc over time as the

Saidabad WTP comes on-line and the efficiency of DWASA increases.

(3) Water Tarniff

The domestic tariff in the year 2001 was set at 18.98 Taka per 1,000 gallons and climbs gradu-
ally to 23.69 Taka per 1,000 gallons in 2025, A summary of these assumptions is shown in the
graph below.

® Domestic
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The costs of the project and the debt scrvice requirements of the project were estimated covering
a varicty of interest rates as shown below in Table 8.5, In addition, a series of alternative
scenarios were anafysed to determine the impact of various conditions on the FIRR. This

sensttivity analysis is shown in Table 8.6.

Table 8.5 Loan Repayment/FIRR of Alternative Loan Interest Rates
Loan Amount: 15,035,991

Intcrest Rate: 10% 8% 6% 4% 2%
Annual Debt Service | 1,255,389 | 1,041,981 870,169 711,999 569,720
FIRR (base) | -0.72% 3.17% 7.08% 11.37% 16.52%

Note: costs in Tk {'000)
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85 Fconomic Evaluation

8.5.1 Economic Benefits

The vatue of the project will be viewed in terms of cconomics as well as purely financial terms,
A sewerage project prevides the community with a wide range of cconomic benefits that, while
sometimes not readily apparent 1o the average citizen, are nonctheless signiftcant in terms of

health, sanitation and overall living conditions. A number of these benefits are outlined below:,

(1) Health Benefits

¢  Public Health - The health benefits that accnue to the community from the sewerage
system have two aspects. Namcly, 1) the preventive effoct brought aboul by the sew-
crage system reduces the burden on the local and central governments concerned with
discase prevention and paticnt treatment activitics, and 2) the reduction of opportuni-
ties of contact with infected matters reduces the incidence of discases on the part of the
individual.

»  [Individual Health - The provision of the proposcd sewerage system will result in health
benefits to individuals in the scrvice area, such as the reduction in the risk and inci-
dence of water-bore discases, the conscquent clongation of people’s life spans, re-

3 duccd expenditure on medical care, reduction in income loss because of absence from

work, and others.

(2) Environmental Bencfits
The project will contribute to an iniprovement in the environmental conditions in the arca
by improving the water quality of the surrounding waler bodies. These effects, while im-
measurabte, will cover a wide variety of cnvironmental benefits; perhaps the most marked

benefit will be aesthetic.

{3) Local Economic Bencfits
The locat economic benefits will be both long-term and short-term.  The project will
provide an cconomic boost to the arca as workers will be employed to build and maistain
the system and the local cconomy will reap some reward. Also, there land values as well as

the intensity of the land usc of the area can be expected to increase as a result of the project.




8.5.2  Public Revenue Benefits

Public tax revenuc to the local and central governments will be increased in two ways. First, the &
appreciation in tand values will produce an increase in tax revenues.  Second, commercial,
residential, and other buildings will increase in number and improve in quality; thus, property
taxes will increase. This benefit cannot be readily quantified, but it constitutes an imporiant and

rcliable tax sourcee for the governments concemned.
8.5.3 Economic Analysis

The cconomic analysis should, ideally, be a comparison of the benefits and costs of a project.
However, in sewerage project a major problem occurs in that a majority of the benefits of the
project cannot be quantified with any degree of validity. Tn Dhaka, this situation was further
compounded by the lack of reliable data regarding health cate costs, land values, etc. Therefore,
the ovesall economic benefits of the project must be taken prima facie and the project should be

viewed as economically desirable.
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CHAPTER 9 SELECTION OF PRIORITY PROJECT

9.1 Selection Criteria of Priority Project

The feasibility study on the priority project commcenced from the Stage 2 Field Work to with the
technical feasibility and financial/cconomic viability. In vicw of the urgency and importance of
the priority projeet, the target year was s¢t forth in 2005, This coincides with the medium-term

target year of the DMDP,

The sclection criteria of the priority project were prepared rom the viewpoints of two key
features; technicat suitability and sociocconomic suitabitity as shown below, in duc considera-

tion of the above menttoned nature of the project.

(1) Technical suitabitity
1) The target arca shall be fully served by DWASA’s existing water supply system.
2} The target arca shall have a well organized road network to allow for installation of the
sewer network.

3) 'Thetarget arca shall have a reasonable population density to attain cost effectivencss.

(2) Socio-cconomic suitability
The priority project shall have high potential for:

1) realization of investment effects in the shoriest time possible.

2) cost recovery of capital investment and O&M cost as demonstrated by prospective
beneficianies in terms of willingness-to-pay and aftordability-to-pay for the sewerage
services.

3) financial affordability of prospective bencficiarics to shoulder the cost to connect with
the sewer network.

4) sufficicnt level of motivation to parficipate in the project.

Project implementation will require preparatory work, such as the institutional strengthening of
DWASA, funding arrangements for capital investment, fegislative arrangements to provide a
clear-cut the cost recovery policies, ete. The target arca shall fulfill the above-mentioned sclee-
tion critcria and allow for the successful achicvement of the project objectives. Needless to say,

the target arca will be chosen from the core arcas of the master plan output,
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(1) Candidate arca

Selection of Priovity Project(s)

The candidatc arcas {core arva of cach sewerage zong) in the master plan are as follows:

- Tongi
- Uitara

- North Dhaka Fast (Badda, Banani, Baridhara & Guishan)

- North Dhaka West (Mirpur & Mohaminadpur)

(2) Comparison of candidate arcas

The candidate areas were evaluated based on the sclection criteria as shown in Table 9.1,

Table 9.1 Comparative Evaluation of Candidate Areas
North |
. Lo . North
Se¢lection Criteria Tongi Uttara Dhaka East Dhaka
West
Technical Suitability
Poor
1)  Watcr supply coverage (Not served by Good Good Good
DWASA
2)  Road nectwork Poor Good Good Good
3 Population density High Low Medium Medium
Socio-cconomic Suifability
, Low (large | Highest .
1} Realization of invesiment cileets High (small vacant (existing Low
area) : (large arca)
space) sowers)
2}  Cost recovery Low Medium Highest Medium
3}  Financial affordability Low High Highest Medium
4)  Molivation Moderate High Highest Moderate
Overall Evaluation 4th 3rd Ist 20d

Resultant from the above evaluation, the Core Arca in North Dhaka East was determined to

have the highest priority, both in technical and sociocconomic suitability. The main focus of the

overall evaluation was cost recovery, aside from the technical evaluation, since the burden of

cost sharing by the prospective beneficiaries was anticipated.
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