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ABSTRACT

il e v e e b b oy et b ek

This study investigates the characteristic quality of sewagé of
Dhaka city. The variation in physical, chemical and biological che-
recteristics as well as the flow rate of sewage with time and also
the seasonal effect both in wvolume and characteristics are studied
and an attempt is also made to investigate the most effective method

of sewage treatment,

This study attempts to determine the effect of discharging
partially treated or untreated wastewater on the quality of water
of the Buriganga river, The pollution load and self-purification

process of the river ars also discussed in this study.

Considering the established characteristics of sewage, climatic
and meteriological factors, numbsr of people utilizing present aswe-
rage facilities and other socio—acnnamib‘Factors some alternative
methnds of sewags treatment are studied in detalls, An attempt 1s
made to .select the most appropriate mettnd of sewage treatment for

Dhaka city based an both engineering and economic analysis,

A detail study and survey on the existing sewerage system is
done and some present and future problems with the existing sewe-
rage system are identified. The ramedeal measures of such problems

are also investigated and discussed in this study,
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CHAPTER 1
INTRODUCT ION i - - g /
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1.1 Benersl

The ailm of sewage treatment is to protect health and well being of
the community. It is conventional to say that better enviromment for
better health, Good sanitation 1s an index of civilization and sound
society, Without characterization and proper treatment of sewage, the -
health and well being of the community and downstream water users will
suffer. The physical and chemical characteristics of domestic sewage
as well as 1ts volume are different and vary significantly with time,
This'diversity affects not only the types of treatment processes used

but also their method of opefation.

The population of Dheka city 1s increasing at a high growth rate
of about 12% per year(le) for which the existing sewerage system in
Dhaka city is not able én satisfy the rapidly increasing demand by
- the expanding population, Consequently the treatment of sewage is
ihsuFFicient and the quallty of effluent 1s not satisfactory. As a
result, probieﬁs such as pollution 5F rivers and streams, deteriore-

tion of environmental and health sanitation have become agerious,

The high fluctuations of both quality and quantity of asawage ara

" opbservaed in Dhaka city(gﬁ)

due to ground and rain water infiltration,
Infiltration occurs when existing sewer lines undergo material and
Joint degradation, as well as when new sewer lines are poorly cone-
tructed, Inflow normally vccurs when rainfall enters the sewer system
through ‘direct connections such as roof leaders, catch basins and
manhole covers, The elimination of inflow by sewer system rehabili-
tation can often substantially reduce the cost of wastewater collection

and treatment,

The discharge of industrial wastes is one of the major reason for

the degradation of water environment, A gradual deterioration of water

guality and occasional upset of the balance mechanism of pollution
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recovery system have baen observed.(z) Hence, it is necessary to eva-

luate the industrial wastewater production and disposal system in order
- to determine the effects of industrial wastewater discharges on recei-

ving water or public sewer or dn any proposed treatment process and to

explore possible pretreatment process requirements to eliminate such
effects.

In'Bangladesh, the sewage is not treated properly and sometimes is
disposed off in untreated eendition which "is dangerous for public health,
Most of our urban centres do not'heve_an acceptable sewsrage system,
Aecently, government has taken a decision to provide sewerage facillities
in all major cities and towns and low-cost sanitation in rural areas,

To select the most effective and economical method of sewage treatment
in our climatic condition based on modern engineering and technology,
the sewage is needed to be characteristized first, The appropriate
. method eF sewage treatment is greatly influenced by the nature and
‘.-velume of influent required effluent guality, population utilizing

the sewerage facilities, climatic and meteriologicel factors and socio—

economic” cenditiens.

The most serious effect of the wastewater discharge to the river or
adjacent areas is the contamination of the water supply system down-
.otream of the river. The cases of commuhiceble diseases for the year
1984 in Bangladesh were 6, 99 891, ( 7) If the sanitary condition and
sewerage system isg upgraded and rehabilitated, a significant reduction
in the cases of diarrheeel attack is expected,

1.2 Need for the Study

The population end the needs for improvement of the living condi-
tions in the most of majer cities in our country have repidly increased
and will further increase. The service facilities of these cities have.
lnot expanded to cope with the rapid population growth and urbanization,

As a result it has not been possible to meet the minimum service faci-

lities for the citizen. Even in the city of Dheka continous deterio-




b

ration of service facilities is being experienced by the dwellers,

The most needed service facility such as' sewerage needs special
attention due to its importance- and priority in meintaining sanitary
condition which 1s an essential component of primary health cars.

- The History of sewerage system‘of Dhaka city is old, dating back to
1323, Since then, the sewerage system has been expanded as the city
has grown, The present population of Dhaka city is approximately

d;32Q,DDD.(17) Among these people, approximately 1 150,000 are ser-
viced by the sewerage system and the rest of the peoplse do not have

adequate sewarage Facility;(l7)

The existing sewerage system is insufficient and also unsatis—
factory which created serious unsanitary problems at many locations
in the city, The waste staobilization ponds system installed for the
treatment of sewage in Dheka city is overloaded and produces an eff-
luent which does not satisfy the minimum reguirement to prevent con—
tamination of the receiving waters, The river water contamination
caused by unsatisfactory treatment of sewage has alreedy become a
deplorable level regquiring immediate actions to prevent degradation
of the sanitary conditions in the area. Narayanganj city, located a
few kilometers downstream from the outfall, is planned to rely on
river water as a source to supply drinking water to 120,000 residents
and large number of industries, and therefore, the city has been in

the chronic danger with the contamineted river water.(g)

These deteriorated sanitary conditions have further been aggre—
vated due to various economic and sociael reesons associated with
unp lanned growth of the city, The present sewerage problems include
insufficient capacities of sewers, clogging of pipe line by sand
deposit or broken manholes, insufficient cepacity and degree of
treatment of sewage of the ‘existing sewage treatment plant at Pagla.
A properly designed sewage treatment plant is the vital selement in
sewerage system, In-thq-context of sewerage problems in the city of
Dhaka, it is essential to characterize the sewage and analyze the
existing system to ldentify the deficiencies and to suggest improye—

ments in the existing system, The study is expected to outline a




rational séwage treatment system suitable for Dhaka city,

et vt e s i o e e e e e . i i sl e e i

The above discussion of the study essentially focuses on the
greater importance of analysis and design of an effective and eco-
nomic rational sewage treatment system for Dhaka city. The present
sewerage problems of Dhaka city sets the following objectives of

this study:

i] To characterize the combimed sewage of Dheka city and the

the sewage collected from industrial and residential areas,

ii) To study the Dhaka WASA sewerage system including existing
sewage treatment and disposal facilities and its effect on the

quality of river water,

iii) To evaluate the alternative sewage treatment system based on

characteristics of sewage and select a method suitable for the

existing envirommental, economical and social conditions,




CHAPTER 2
LITERATURE REVIEW
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2.1 History and Development of Sewerage Engineering

Sewerage Englneering has its history, archeology, literature and
science as there was not real sign of clvilization and culture with-
- out good sanitation, Therefore, a knowldge of historical development

of sewerage engineering_is highly desirable,

In fact, the needs far proper sewerage'system seem to have been
felt long before i.e., even in anclent times, The efficient sewerage
éystem is known to héve exlisted in Babylon, Greece; Rome and Egypt
several centuries before chirst, And also, the effieient sewerage
system have been discovered in excavatlon of anclent Indian towns or

medieral towns notably Mohen-Jo-Daro and Harappa.(ls)

It is strange
to note that no progress in sewerage englneering seems to héve been
made for nearly a thousand yesars, But 1n the 18th century the renai-
ssance begen and attentlon began to be psid to sanitary enginsering
and citles started ilmproving in accordance with modern ideas of con-
venience, Sewage treatment and disposal basad on scilence and tachno-

logy is of recent origin,

The men who prodded the social conscience end arcused the sani-
tary consclousness of the people and their representatives 1n govern—
ment included engineers, doctors, lawyers and many others, Sir Edwin
Chadwick, by training a lawyer in Britain (1B842) raised the slogan
"the rain to the river and the sewage to the =s0il" and the general
public accepted the slogan whole~hsartedly.(1) British people are in—
debted to him for his general contribution to the advancements of
public health, Engineers for their specific interest in sanitary works
including advocacy of the gmall tile sewers and seperate system of

sewers, Notable among doctors were Sir John Smith, first medical

officer of health of London (1860], Dr. Lemuel Shattuck of Boston
(1860), Dr. Stephen Smith of New York (18639), Or. John Snow, Britain

(1849) and Dr., willium Sudd, Sritain (1857) who were responsible for
the great sanitary awakening of the people of the world, {1} i




Among engineers, Sir Robert Rawlinson, Superintendant Inspector
of the General Board af the Health (1848), conducted engineering stu-
dies for sanitary works in industrial Britain‘ Sir.John Bazalgette
started the main sewerage scheme of London in 1850, John Roe accepted
the Chadwickts suggestions to construct sewer lines of vitrified tile
Pipe, Julius W, Adams in 1857, designed the, first comprehensive system
of sewerage for Brooklyn, New York, U.5,A, and Hiram F, Mills in 1886,
a8 the engineer member of the Massachussetts State Board of Health,
gave direction to its newly formed engineering division and caused
its work to be supported and advanced by the sanitary researches of
the Lawrence Experimental Station of the Board.(l)

Therefbra, it is seen that the present stage of development of
sewerage engineering is the result of the combined efforts of engin-

eers, doctors, lawyers, chemists, microbiologists and others,

In our country, sewerage engineering in modern line has just
started, Many of our cities ars without sewerage system, But the
government has taken up plans to construct sewerage facilities in
all the cities and towns, '

2.2 §§Eage-and its Characteristics

2.2.1 General

Sewage 1s largely the water supply of a community after it has

been fouled by various uses, The constituents of sewags are:

i) Domestic wasfe which includes human excreta as waell as dischae—~
rges from kitchens,'baths, lavatories etc, from private public build-
~ings; ' )

11) Industrial waste from manufacturing process such as tanneries
paper and pulp mills, slaughter houses, distilleries, textile proce~
ssing mills, chemical plants atc,

a




1i1) Groundwater entering to sewers through menholes and leaks and
iv) Rain water from houses, roads etc,

S5ewage pollutes the various phases of human environment like air;
‘water, food, land and shelter and thereby endangers public health in
general, Sewage cantains pathogenic microorganiaﬁs which causea most
of vital digeaées. To prevent the creation of intolerable nuisance,
spread of Qiseases and creatlon-of unhealthy environment in a commu~

nity, proper treatment and disposal of sewage is essential,

2.2.2 Need for Characterization

Sewage characterization is essential in the design and operation
of collection, treatment and disposal facilities and in the enginee—

ring management of environmental quality.
The following are the objectives of aswage characterization:

i) To determine thevphysical; chemical and bilological characteristics

of sewage in order to know the type and degree of treatment required,

ii) To determine the vaerious matters and their quantity present in

the sewags,

11i) To determine ths informatlions required for operation and main-

"-tenance of sewage treatment works.

An importaent aspect of formulating a wastewater treatment plant is
to characterize .the wastewater. This is not only indicates lilkely methods
‘of treatment but also provides a reliable means of evaluating on a con—
- tinuing basis, ‘the effectiveness of the planned water pollution control

measures,

*;




2.2.3 Characterization of Wastewater

Wastewater is characterized in two mejor ways: by origin and by

enumeration oP'bhysical, chemical and biological characteristics,

Characterization of wastewater by origin: Wastewater is generally

classified as being of domestic, industrial or storm origin,

Domestic wastewater is derived principally from rasidential'
business and industrial users, It may or may not contain storm water
or surface -water, However, because of infiltration, groundwater is
always present in water bearing ground, Domestic wastewater refers to
the waste .flow that originates mainly from the kitchen; bathroom and
laundry, Kitchen wastewdter may contain waste from food preperation,
dish washing, garbage gfinding etc, Bathroom wastes include those from
'toilets, baths, showers, hand and face washing; tooth brushing and

shaving water. Laundry waste consists pfimarily of s0il and detergent,

The domestic wastewater of a country tends to be uniform in chara-
~ cter, Considerable variation is possible betwsen individual cummunities:
however because of differsnces in such factors as geographic location,

climate and social end economic conditions,

Industrial wastewater may be thought of as that waste flow not
originating from domestic sources., Each individual wastewater is unique,
It ganeraliy reflects the raw material components, the intermediate
products and the end products and by-products of a particular manufactu-

ring or production prucess,

Storm wastewater is that portlon of liquld resulting from preci-
pitation runcff that flows in combined sewers during or after a period
of rainfall,

Characterization of wastewater by physical, chemical and biological
characteristics: Characterizing a wastewater by origin is limited in

usefulness because only "grouped" parameters are considered, Consider—

 ably more insight into the quality of the wastewater is derived from a
description of 1ts specific physical, chemical and biological characteristics.




Physical characteristics commonly used to describe wastewater
‘quality include temperature, odor, colof;'aolids and flow variations,
The chemical characteristics of wastewater are determined by the che—
mical properties of the suspended, colloidal or dissolved inorganic

" materials in the wastewater and their relative concentrations,

Biclogical constituents include all forms of living organisms
present in wastewaters, A wide variety of microorganisms are found in
-most wastewa%érs,.with:conCEntfationé ranging from 105 to 10° crganism/
ml, Most are free living single or clustered cells that are capable
of independently carrying out life processes of growth, metebolism

and reproduction,

The bacteria present in-a wastewater treatment plant are the key
mfo secondary biological unit process efficiency, In the presence of
suffictent oxygen, serobic bacteria convert the soluble orgenic matter
" in the wastewater into new cells and inorgaenic elements, Thesse matters;
in turn  provide the foods for other organisms and/or permit removal
via other treatment pfucesses. Bacteria also pfouida a means of eve-
‘luating effluent quality, The number end types of microorganisms
present before and after a unit process are en indication of process

efficiency.

2.3 Formulation of the First Stage BOD Curve

" 2.3.1 First Stege 80D RAeaction Egquation

The rate of BOD reaction is proportional to the emount of oxidizable
orgenic matter remaining at any time, Once, the population of organisms
" has reached a level where only minor varietions occur; the reaction rate
~is controlled by the amount of food available to the organisms and may

be expressed as follows:

dC
dt dt




where 'C* represents the concentration of oxidizeble organic metter
at tha start of the time intervel rt* and 'k+t 18 the rate constant
for the reaction. This means that the rate of.reaction gradually de—

crease as the concentration (C) of organic matter (food to micro-
organism) decreases.

In BOD consideration it 1s customary to use L in placs of c,
where L represents . the ultimate‘BOD'(shown in Fig, 2.1). Because
" BOO 18 directly proportional to the organic substances present in

sewage, the expression can be written as follows:

dlL di -
= o L or i =l (1]

representing that rate at which organic polluting matter is destroyed,

L __-"-__h__ﬁ_—_|
i
1 g% = =
i 80D remaining Curve
I
Lt i
1
|
t
|
= 2 1
et ——— TIME, days

Fig., 2.1 80D Satisfaction Curve
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Since oxygen is used in stabilizing the organic metter in direct retio
to the amount of organic matter oxidized, it 1s possible to interpret
L in terms of organic polluting matter or in terms of oxygen used, as

preferrad,
Integrating equation (1},
L =t

t
!. (_le_tL. - -f krdt

or [ logEL]l- = =Kt [t] z - kit

or log_ (Lt -1} = k't

L

or 1ogB—E = =krt
oy St Lkt
or 99 U7 T 303028
tting K = ——
putting K= 53526
L L
t —kt
log o == =Kt le, ¢ « 10 (2)

in which K is termed as the BOD reaction rats or biochemical oxygen

rate constant. It is the reciprocal of time unit,
It is to be mentioned that Lt/L is the remaining fraction of
" oxidizeble matter and, therefore, {1 - Lt/L) is the fraction oxidized

“in time t,

If Yt is the emount oxidized in '%' days, then

L
t —kt
Y, = (1_--':-), Lt = (1-10"7)

. L
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i.e.. v, = t(1- 10 ""H (3)

ot
By the help of eguation [3), the BOD of sewage at any time can be
determined. This equation is termed as First Stage BOD reaction sque-

tion, It 'is represented by the curve A in Fig, 2.2,

Organic Matter
Oxidized

\X >

Organic matter

\g\remaining B g% = kG
B .

Organic Matter

Time, days ———=
Fig. 2.2 Changes in organic matter during Bilochemical

Oxidation of sewage under aerobic condition -
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e

2.3.2 Variation of BOO Reaction Rate Constant (K] with temperature

As mentioned, the temperature at.which the BOD of a wastewater
sample is determined is usually 20°c, It is possible; however, to
determine the reaction rate constant K at a temperature other than
20°C. The following epproximate equation, which is derived from the
Vantt Hofﬁ-Arrehenius'relationship, may be used:
a(T7-20)

Ky = Ko

(4)
The value of @ (the thermal coefficient) has been found to vary from
1,056 in the temperature range between 20°C and 30°C to 1,135 in the
temperaturs range between 4°C and 20°C, A value of @ often quoted in
the literature is 1,047, but it has been observed that this value does
not apply ét cold temperature i,e., below zd’c,(l)

2.3,3 variation of BOD with temperature
The BOD also varies with temperature as follows:

Ly = Ly (0.02T + 0.6) - (s)

in which Ly is the BOD value at T°C. Fig, 2.3 shows the effect of

tempaerature on BOD,

with the help of equation (3), (4) and (8) it is possible to
determine guickly the BOD at eny temperature or at any incubation

period if 1t has been observed at other experimental conditions,

BOD-satisfaction is achieved in two stages, first stage and second:,
stege as shown in Fig, 2,4, During the first stege, only the carbone-
ceous organic matter is oxidized by bacteria, But during the second

stage, both the oxidation of carbonacecus and nitrogencus organic

metter tekes place but the oxidation of nitrogenous matter is pre-

dominant,




O
Q
@
Nitrogenous
Carbonaceous
Time, days ———>
Fig, 2.3 Effect of temperature on BOD
N
Curve for combined {b)
BOD { carbonaceous & B
nitrogenous)
(a) Gurve for carbonaceous BOD
a A
[&
i

Time, days —————»

Fig., 2.4 BOD Curve : {a) carboneceous BOD curve

(b) Combined BOD curve
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2.3.4 Rate of Biochemical Oxidation

BOD reaction rate constant value was established by extenaiva studiss
on polluted river waters and domestic sewage In the United States and
England, As epplication of the BOO test spread to the analysis of indus-
trial wastes and the use of synthetic dilution waters became sstablished
it was soon noted that K value considerably in excess of 0,10 per day
were 1lnvolved and that an eppreciable variation occured for different
waste materials, In addition, it was found that K values for sewage
varied considerably from day to day average about 0,17 per day rather
than 0,10 per day as originally determined,( 1)} The importance of the

reaction rate K with respect to BOD developed at any time is_shoﬁn in
Table 2,1, '

i
Tables 2,1 Significance of Reaction Rats K upon BDD( )

Time(days) Percent of total BOD exerted
K= 0,10 K= 0,15 K= 0,20 Ke 0,25
1 20,6 29,2 36,9 43.8
2 37.0¢ 50,0 60,0 68,0
3 © 50.0 64.0 75.0 B2.0
4 60,0 75,0 84.0 90,0
5 66,0 82,0 90,0 94,0
6 75,0 87.0 94,0 97.0
7 80,0 91,0 96,0 98,0
10 90,0 37.0 93,0 99,0
20 99.0 99.0, 99.0, 99,0,

From Table 2.1, it is noted that the course of the BOD reaction
varies greatly, depending upon the reaction rate, The 5 day BOD values
represent about 68 percent of the fotal BOD when K « 0.1 per-day and as
much as 394 percent when K = 0,25 per day, From this it may be concluded

that K values must be known if a proper evaluation of ultimate BOD, or L

is to be celculated from 5 day values,
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2.4 Philosophy of Biglogical Treatment of Sewage

In the removal of carbonaceocus BOD, the coagulation of nonsatt-
leable colloldal solids and the stabilizetion of organic matter are
accomplished biologically using a variety of microorganisms, princi-

pally bacteria, The microorganisms are used to convert the colloidal

-:.and dissolved carbonaceous orgenic matter into various gases and into

(21)

greater than that of water, the resulting tissue can be removed from
the treated liquid by gravity settling,

cell tissue, Because cell tissue has a specific gravity slightly

. It is important to note that unless the cell tissue that is pro-
duced Ffum the organic matter is removed from the solution, completed
treatment has not been accomplished because the cell tissue, which
itself is organic will be measured as BOD in the effluent, If the cell
tissue 1s not removed the only treatment that has been achieved is
fhat associated with the bhacterial conversion of a portion of organic

matter originally present to various gaseous end productas,

Bacteria are the most influenciel organisms in sewage treatment
processes, The decomposition of organic mattér in sewage is directly
~ linked to the presence of bacteria and other organisms, Although some
bacteria are responsible for causing diseases most of them are beneficiual
ih the decomposition of sewage organic matter and convert it into energy
and new cells, This is shown schematically in Fig., 2.5_(1') Bacteria can
continously remaove organic mattor From liquid westes under favourable

conditions of temperature, PH and nutrient substances,

Bacteria

Mew Cells
%(nf ______’,d,,df——””’—

— "

Fig, 2.5 Conversion of organic matter into energy

Qrganic
Matter

Energy

and new cells by Bacteria




r ' 17

The conversion of organic matter to gaseous end products and cell
tissue can be accomplished aerobically, anaercbically or Fqcultativaly
using suspended growth or attached growth system, The .asrobic conver—

sion of the organic matter in the batch culture can be explained in

‘ 1
terms of the sketch shawn in Fig, 2.5.(2 )
4 End
i ot
| Product
t 4
1 End
. }
Organic Energy Respiration
Carban ! '
I
|
I
¥ Cellular .| Organic
[ Synthesis AResidue
Nutrient

Fig., 2.6 Schematilc representation of

heterotrophic bacterial metabolism

As shown in Fig, 2.6, a portion of the organic material is oxidized
to end products. This process is carried out to obtein the energy necessar
for the syntheéis of new cell tissue, In the aebsence of organic matter;
the cell tissue will be endogenously respired to gaseous end products
and a residual to Dbta?h energy for maintenance, In most biological

treatment system, these three processas may be reprasanted as follows CTIN
for en serobic process: N
. 4

Oxidation (Dissimilatory process)
COHNS  + D? + Bacteria ——— e 802 + NHB +

(organic matte;] Other end products + energy veveverennnnes(l)

Synthesis (Assimiletory process)

COMNS + 0. + Bacteria + Ernergy -—- - 05H7N02......(2)
(New bacterial cell)

2




18

Endogenous Respiretion (Autoxidation)

05H7N02 + 502 ———— 5 GO, + 240 + ENErgy.eeeeess.(3)

In these equations, COHNS represents the organic matter in waste-
water, The formula GgH.NO,, which represents cell tissue, is a gene-
ralized value obtained from e(g%{imental studies and was first suggested
by Hoover and Porges in 1952, Although the endogenous respiration
réaction is shown as resulting in relatively éimple end products and

energy, actually stable organic end products ere also formed,

2.5 Sewage Treatment Procasses

There are three major groups of biological processes used for waste—

water treatment, These are as follows:

i) Aerobic frocess
ii) Anaerobic process

iii) Facultative process

The aerobic processes are biological treatment processes that occur
in the presehqe of oxygen, Certain bacteria that can survive only in the
presence of dissolved oxygen are known as obligate (restricted to a
'specified condition in 1life) serobes,

The anaefqbic processzs are bioleoglcal treatment processes that occur
in the absence of oxygen, Bacteria that can survive only in the absence
of any dissolved oxygen eare known as obligats anasrobes,

I

The facultative processes are blologlcal treatment processes that

occur bath in presence and absence of oxygén. The microorganisms involved

in these processes are known as facultative microorganisms,

The inﬁividual processes are further sub-divided, depending on whethez
treatment is-accomplished in 5u5pandedwgruwfh system, atteched-growth

systems dr pbhbinatioqs thareof, The classification of treatment process 4%
§ 1
is shown in Teble 2.2 21)

L3




(21)
Teble 2,2 Classification of Treatment Process

— Activated Sludge Process

Aerobic Suspended-Growth VSuspended Growth Nitrification Pr?cess

Treatment Process Aerated Lagoon
' Aerobic Digestion Process
High Rate Oxidetion Pond
Aerobic Processes-
Tridcling Filter

Roughing Filter

Aerobic Attaeched-Growth
— Rotating Biological Contactor

Fixed Bed Nitrification Reactor

Treatment Process

Anserobic Suspended-Growth Anaerobic Digestion Process

Treatment Process . ~Anaerobic Contact Process

Anaerobic Processes

Angerobic Attached-Growth Anasrobic Filter Procass

Treatment Procgss

— Facultative Lagoons

-Matufation Ponds

. Facultative Processes—~—Anaerobic Facultative Ponds
—Anaerobic Facultative Aerobic Lagoons
—Nitrification - Denitrification

=
1%1)




2.6 Previous Studies

In 1959—1961' & sampling programme was done by Ralph M, Parsons
company under the sponsorship of the United States Agency for Inter-
national Development to characterize the sewage for Dhaka city, Table
2.3 is a summary of data for the raw sewage feed data and Table 2.4 is
a summary of the activated sludge effluent data, While good BOD and COD
removals were obtained, trouble was experienced in the begining in obtain-

ing & good activated sludge,(zzl

The BOD/GOD ratio was low, near 0,3, which indicates that the sewage
samples were approximately three days old, A fresh domastic sewage will
have a BOD:C0D ratio of approximately 0.6. The 5-day BOD test is a measure
of mostly the carbonaceocus demand, while the COD test is a measure of
approxima%ely 90 to 99% of the total organic matter,

Approximately 20% of the total remaining BOD will be satisfied each
day, ThéreFore, if sewage had been three days old when the sample was
taken, approximately 49% of the total BOD would have been satisfied,

Then BOD of fresh sewage was calculated approximately as follows:

300

BOD = 1756 = 5-35 = 590 mg/1l

590
BOD:COD ratio = 1660 0.59, the ratio for

fresh sewage,

The sludge volume index varied between 22 and 60 mg/1l with a
median of 29 mg/l, This indicates that the sludge was over oxidizsd;
however, no problem were encountered with the sludge settling chara-

cteristics, For example, suspended solids in the effluent had a
median of 42 mg/1,

Yhile BOD loadings were not high, [averagéd 20 1bs BOD per 1000 cft,
of aeration volume) a maximum loading of 100 1bs BOD per 1000 cft, of
aeration volume did occur on occasions with na problems, The percentage

of BOD and COD removals averaged 23.6% and 93.9% respectively. This

indicates the high degree of treatment is possible with the activated
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Table 2.3 Summary of Raw Sewage
Auality for Dhaka 1960 and 1361

H BoD con BOD Total BOD
P 5 ==
00 solids loadin
(mg/1) (mg/) g
(mg/1) (1bs/cf)
Minimum 6,3 50 160 0,31 450 00,0021
Averzga 6,.,B 480 1780 0.27 1650 0.0200
Maximum 7,2 2370 10400 0,23 6460 0, 1000
Table 2.4 Date from Activated Sludge
Process in treatment of Raw Sewage
H BOO cop BOD Total % B0D
P 5 2=
CcoD Solids Removal
(mg/1) (mg/1)
et e Amg/1)
Minimum 6.9 7 1n 0,70 320 86,0
Average 7.8 31 110 0,28 600 33,6
Maximum 8.5 94 320 0.29 780 96,1

—
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sludge process even when handling a strong septlc sewags that fluctuated
wldely in strength,

An adequats sewage works serving majority of the population of Dhaka
would greatly change ths characteristics of the raw sewage. Tharsewage
would be less septic and more dilute than when sludge is dumped into tha
sewers and pumping occurs intermittently, Becauss of this no further
attempt was mede to evaluate the sewage charactsristics as they might

affect a sewage treatment plant, It was found that the sewage is treatable

In 1980, a study on selzction of sewage treatment method for Dhak
city was conducted by AP Intesrnationel Ltd, end Jemes M, Mantgomery.

foa)

The following four types of treatment system were considered:

i) Trickling Filters
11) Oxidation Oitch
iii) Stabilization Pond

iv) Aeraved Lagoon

All four systems possess the virtue of relaetive simplicity in operation,

Cost (January 13980 shadow costs} for the sewage treatment and sludge
handling component systems had been developed for a typicel case of 33,3
million imperial gullon per dmy (IMGD) averange sewage flow, The totel cost
of the most feasible combinations of the component system was expressed
on a present-worth basis for the purposes of comparision, From cost
estimate it was apparent that with the high land prices and the antici-

‘pated large sewage flows, Asrated Lagoon was the most cost-effective

treatment method,

In 1985, the pond effluent of Pagla Sewage Treatment Plant were
collected at each pond outlet by the Japanese Study Team and analysed
in the Envirormmental Pollution Control lLaboretory for PH; sugspended

solids, 8005 and others., The result of the analyses are shown in Teble 2,5

5 :
Ahmed mentioned that the awverage BOD of Dheka city sewage 1s
around 180 mg/1l which requires 12 times reduction by a efficient treatmant

‘process for inoffensive disposal in the river water,
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Another study work was done by some Japanese consulting engineers
together with DWASA's englneering staff for select%ng the suitable
method of sewage treatment for Dhaka city in 1985, The followlng
five alternative biological treatment processes have been evaluated

to select the most desirahle treatment method:

1) Anaerobic Pond
11i) Oxidation Ditch
iii) Aerated Lagoon
iv) Biological Filtration
v} Activated Sludge

The Study Team recommended that the Trickling Filter orocess should
be adopted to the new sewage treatment system, Tt is understood that the
system was selected mainly from the view point of land availability and

ensrgy cost requirsd to treat sewage of 40 IMGOD,

In order to improve the sewerage systém of Dhaeka city; the Goverrment
of Bangladsh prepared an emergency project to improve the existing system
and requested the Govermment of Japen for granting aid co-operation for
its execution, In response to the request, the Japanese Govermment dis-
patched a preliminary Study Mission to Bangladesh through Jepan Inter-
national Cooperation Agency (JICA). Baéed on the result of the study by
the delegation, a basic design Study Team was sent in 1987, The followling

three systems were studied as possible alternatives by the study team:

i) Facultative Lagoon
ii) High Rate Trickling Filters
111} Aerated Facultative Lagoon

After careful evaluation, the Study Team recommended the Facultative

Lagoon system as the most suiteble method of sewage treatment for
Dhaka city.'

The river Buriganga flows by the side of the city of Dhaka, The river
directly receives partially treated sewage effluent from overloaded
stabilization ponds and untreated storm drainage from the city, The river
elso directly and indirectly receives effluents from 151 tanneriss cluste:
at the western perifery of the city, effluents from 53 small and big indus
trial and commerciel installation of Dhoke—-Nareyanganj industriel belt fhg

and leachate from a solid waste dumping site,

PR N
i I
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Table 2,5 Anaerobic Ponds Effluent Qualities
Location P Temperature Transparency BDD5 Color S5 Data
(°c) (cm) (mg/1) (mg/1)

Lagoon No,1 7.2 . 2-13 104 Slightly 2328 27.2,1'85
darkgrey

Lagoon No,3 7.2 5=~ 6 118 " 3 "

Legoon No,2 7,2 27.5 2.0 56 Light 111 3.3,'85
pink

Legoon No,3 7.2 27.5 5.0 76,5 Light 39 "
green

The comparision of the important water quality parameters with pre-
vious studies by Parsons Corporation{1959-60), Kalam(lQGB); Ahmed(1974);
weP(1973-75), Islem(1977), DWASA{1985), Mitsubishi Corporation(19687)

a

‘an JICA(lQB?) reveals that the quality of water of the river Buriganga

has tremendously deteriorated,

Ahmed mentioned that the effluents with very high pollution potentials
are discharged in the river system around the city of Dhaka, The pollutant
are inorganic, organic and toxic in nature and require extensive treatment

before disposal to prevent physical and biological pollution of the

receiving body of water. In any developed country, polluting effluénts
of this nature are not allowed to be discharged in natural water.( 2]




CHAPTER 3
THE EXISTING SEWERAGE SYSTEM OF DHAKA CITY

3.1 Historical Development

On the 15th August 1923, after World War I, modern sewerage system
was inaugurated in Dhaka, At that time filrst sewage 1ift station was
established at Narinda, Ahout 182 ‘gully pitst' admitted surface drainage
into the sewers to carry the sewage to Narinda where it was pumpead ta
a large septic Lank. After natural treatment of sewage effluent was than
disposed to the nearby irrigated field, (23)

In 1950 two more sewage 1lift stations were constructed and 24-1inch
and 36-inch brick sewers were extended to the new pert of the city, In
1954 attention was directed back to the ocld town where tha sewerage
System was expanded with the construction of storm drains and the Dholai
khal. Tt was done by the Department of Public Health Engineering,

'Althaugh these lines were constructed by the Department of Public Health
Enginaering, but Dheka Municipal Corporation was malnly responsible

for operation and maintenance of sewerage aystam.(gs)

In 1958 the need and importance of water supply and sewage disposal
system Far the greater Dheke city was identified, With the assistantship
of International Co-operation Agency M/s, Ralph M, Parsons were engagad
to prepare a comprehensive master plen for sewerage system of Dhaka, In
13580 the master plan for sewerage system of Dhalka Metropolitan area was
pPresented, The comprehensive scheme campriaad a sewage treatment plant
consisting of a system of 90 acres waste stabilization ponds at Pagla
three large sewage 1ift stations, 21 miles of main sewers (24 to 96 inches
and 150 miles of collectors (8 - 18 inches), (25)




3.2 The Sewerage Authority

The collection, treatment und disposal of sewage for Dhaka city 1is
menaged by Dhzka Water Supply and Sewerage Authority (DWASA]' created
in 13963 as a semi-autonomus goverrnment agency. It was enpowered to
provide potable water supply and sewage disposal service to greater Dheaka,
‘The authority falls under the aegis of the Ministry of Local Government;
Rural Development and Cooperatives (LGAD), The storm sewerage system and
surface drainaéersystem are managed by the Oepartment of Public Health
Engineering (DPHE) and Dhaka Municipal Corporation (oMC) respectively
under the same ministry, (14)

Dhaka WASA consists of three departments under the control of the
Chairman: the Secretariat (administration), the Engineering Department
and the Commercial Department (for commerce, accounté and ravenues),

In addition, there is a Traoining Institute under the direct control of
the Chairman, A total of 2610 personnel are working with Dhaka WASA!B)

The sewerags system of Dhaka city covers almost entira old area and
a part of the new Dhaka, Since its construction started in the early:
1220+s, the sewerage system has gradually beeﬁ extended and now serves
approximately 80 to 85% of the old Dhaka city area and 30 to 40% of the
new Dhaka city area with the served population of about 1 million,
OVIASA has a sewerage improvement programme to serve upto B0% of the
city's population by the year 2010!9)

3.3 The Sewerage System

3.3.1 Existing System

The exlsting sewerage system consists of laterals, trunk lines,
interceptors, 1ift stations, sewage treatment plent and disposal faci-
lities. Dum to general flatness of the area in and around af the city

of Dhaka, the sewage flows by grauity in collection pipes to a 1lift




station where it is lifted by pumps about 25 to 40 ft. and then flows
by gravity to the next 1ift station and so on until it reaches the
treatment plant at Pagla. From treatment facllity the effluent is
discharged by pump to the Buriganga river (shown in Fig., 3.1). The

outline of the existing sewerage system is as Follaws:ﬁe

Total sewer length = 300 milas,
Number of sewage 1lift station = 14,
House service connection « 27,058,

Sewage treatment plant = 1

3.3.2 Sewerage Serﬁice Area

At present, the existing sewerage system collects and treats only
40% of the total wastewater production, the rest being discharged to
the nearby drains, ground and other water ways, 9) The presumed popu~
lation utilizing the sewerage facilities is 1.15 million,''8) The
entire seweraga service area is divided into Fiversewerage zonaes for

administrative and managerial purpeses as shown in Fig, 3.2.(25)

3.3.3 Sewer Network

The existing sewer system consists of laterals, interceptors and
trunk lines., In the gld city, the sewer range in size from 9 inchas
to 39 inches and in the new city it range from B inches to 54 inches,
The sewage 1is collected from various areas through these sewers and
transmitted to the Pagla sewage treatment plant through 54 inches

main brick sewer, The sewars are made of PVC, vc; RCC etc,

Py
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Fig. 3,2 Administrative Zones of the Seawerage System




3.3.4 Sewage Lift Statiant23)

In each of five sewerage zonas, the sewage pumping stations ars
provided to boost the sewage, Sewage from the sewsrage zone 3,566
is conveyed to Swamlbagh pumping station and transmitted to the
treatment works, whereas that from the remaining zones is led to the
treatment plant via Narinda central pumping stetion, Becauss of the
gensral flatness of the existing service area in and arcund the city
of Dheka, the sewage collection system is constructed on minimum
slopes that necessitate the frequent hydraulic assistance by pumps
to transport the wastewatep properly, There are 14 nos, sewage 1lift
station in Dheka at present. These are shown in Fig., 3.3 and Fig, 3.4

and the characteristics of all the stations are shown in tabular form
in Table 3,1,

3.4 Sewage Treatment and Disposal

The existing sewage treatment and disposal facilities are the Pagla
sewage treatment plant, its associated lift stations, as well as a 54
inch squivalent brick arch outfall discharging into the Buriganga
river. This plant is the initial phase of a long-term plan to traat

and dispose of sewage collected by Dhaka's expanding sewerage system,

4

3.4,1 Pagla Sawage Treatment Plant

The sewage from Swamibagh and Narinda central pumping stetions is
finally transmitted to the sewage treatment plant at Pagla, The trsat-
ment plant consisting of three waste stabillization ponds (two parallel
ponds of 19 acres area sach with a third 48 acres pond), The sewage
first inflows into the partially enaercbic ponds (No, 1 & 2}, The
pond effluent is than led to the "final pond {No.3). The effluent is Eﬁ
chlorinaeted and pumped up at the Pagla outfall pumping station for

the final disposal to the Burigangs river. '
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Table 3,1 Details of Sewaga Lift Stations

51, Name of the No, of Flow, Q Head™ H,P,

No, pump pump (Us gpm) (ft)
1, Asad Gate 3 1500 25 15
2. ‘Azimpur 2 1000 30 25
3. Faridabad 2 1000 ao 25
4, Khilgaon 5 7500 a0 115
5. Maghbazar 2 1000 30 25
6. Madical 3 1000 25 15
7. Nawabgan j 2 1000 30 30
8, New Market | 3000 25 30
9, P&T 2 2500 ao a0
10, Swamibagh 5 7500 a0 115
11, Hazaribagh a 3000 25 30
12, Tejgaon 5 . 6500 a0 110
13, ' Pagla 7 ' 28000 35 azs
14, Narinda (old) a 17000 ag as6
Narinda (new) 7 - 28000 55 525




The total capacity of the ponds is estimated to be approximately
334,000 n°, which retains the daily average inflow for about 2.5 days,(18)
Thé treatment flow chart, the plot plen and:tha relsvant facilities
ars shown iﬁ Fig, 3.5, Fig., 3.6 and Table 3,2 respectively,

In the stabilization process the sewage organic matters are axi-
dized and thereby stabilizing the sewagae, Facultative ponds contain

" an merobic layers near the water surface, whera aerobic bacteria uti-

lize dissolved oxygen to breskdown sewage organics and anaerobic bac—

teria convert settled organic material to wmethane gas and carbon di-

oxide (as shown in Fig, 3.7).

Stabilizetion ponds are being used extensively in tropical areas
of the world because of their reliability, flexibility in operation
and low installation and operating cost, The Pagla stabilization ponds
are designed to be reliable under varying conditions of sewage stren-

gth and sewage load,

3.4,2 Dutfall System

The final effluent'Frnm the Pagla plant is discharged via a 54 inch
eguivalent brick arch outfall to the Buriganga river, approximately 1
mile to the west.

3.4.3 Operation and Maintenance

The ponds require only routine weed control, dike maintenance,
welr adjustment and periodic cleaning., The 1lift stations require

routine operation and maintenance of pumps, valves, sluice gates,

chlorination equipments and eiectrical motors,




Fig, 3,5 General Layout Plan of Pagla STP
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Table 3,2 MaJor Facllities of Pagla STP
Facility Dimension, Specification Q'ty Capacity

Pond (1) Solid banking type ] Retention time:
stabilization pond fipprox. 0.40 days (*)
19 acres (7.69 ha}
Design depth: 1.5 m

‘ -
Pond (2) {ditto) 1 (ditto)
Pond (3) 50lid banking type 1

Qutfall Pump

Sterilization
Unit

Influent
Chamber

Outfall
Chamber

stabilization pond .
48 acres (19.43 ha)
Design depth: 1.5 m A

Horizontal-shaft volute pump

10D x 1000 GF/1 x 35'H x 20 Hp
10"D x 2500 GPM x 35'H x 30 Hp
16"D x 7000 GPH x 35'H x 75 Hp

Liquid chlorine sterilization
!
Brick-arch sewer line ofi

54" diameter
!

Brick-arch sewer line of
54" diameter !

|

(SRS EaN |

Retention time:
Approx. 1.18 days (*)

Total lifting capacity:
28,000 GPM
(127.3 m3émin) or
183,000 m3/day

With 68 kg cylinder

Note (*): The retention time is indicat

i
ed against 40 IMGD (183,000 m3/day).
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3.5 Problems in Existing Sewerage System

The following are the problems detected in the existing sewerage
system of Dhaka city:

(1) Sewage 1ine blockage and Manhole overflow: Blockage of sewers
and manhole overflow are the main problems in the existing sewerage
system, The following are the reasons of sewer blockage and manhole

overfloy:

i) Surface Orains: The scwerage system 1is designed only for doméstic_
sewage, But now a days, it 1s common practice in the city to connect ths
surface drains to the sewers, Though a seperate system is adopted for the
surface drains, intentionally or'nDt, drainage 1s actuelly comnected to

the sewers,

ii) Rainwater: Ouring rainy season, the surface drains and undergraund
storm sewers become overloaded by rainwater because of their insufficient
capacities, Most of the streets, lanes and by-~lanes merged under water
and water stagnancy is a commDh'problem in the city, Then the city dweller
open the manheole eover for disposing of these excess water through sewer
and all street sweepings like sand, stone,papers etc, intruducaq into the

sewer and.block the sewerage system,

1ii) Road Level: Maost of the places in Dhaka city, the level of housa
floor is below the adjacent roédllevel. Moreover, the road level increased

day by day by. road carpeting, Then the sewage overflow appears in the

house premices,

iv) Use of manhole and sewer-pit as dustbin: Household and kitchan
waste lilke piecas of naper and cloth, skin of green vegatable, fruits
and skin of green coconuts is directly dumped through manhole and sewer-
Pit into the sewerage system, The solid westes thus discharged into

@vers block the whole system and create overflow through manholes sewer-

pits,

v) Dumping of Might-soll: Sometimes swespers dump the night-soil from

katcha latrings into the sovers through manholes and sower-pits and thus _
block the sewsrage systom, f .
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(2) Common problems among Sovege Lifting Pump Stations: There are
no grit chamber or screen in sevage 13Tt pump station for the protectlon
of pumps, Because of abs.nc: of screen and grit chamber which are supposed
to protect pumps, troubles often take place in the pumps due to clogging
of foreign materials, There are also some deflciency of influent gate,

level gauge, floor discherge. pump and others, (16]

(3) Dispesel of raw sewane: ITn osome places the raw sewage 1s direectly
disposed to the adjacent low-1ying ereas through leakage and broken portio
of sawers, Sewers are displaced in some places. Construetion of Sewers
on clay or soft soil in lov-1lying areas without any base or foundation
might be the reasons of such displacement, Sometimes, the raw sewage la
disposed directly to the lov=lying creas through by-pass line due to

1nsufnlclent capacity aof scwers and pumps, (16)

(4) Problem of influent to New MNarinda Pump Station due to faulty
construction: The influent pipe to New Narinda Pump Station constructed
in 1978 was connected at a level higher than the top of the pipe to the
old station (as shown in Fig. 3.8), The insufficient capacity of the

pump pit interferes with a continous operation of the new station, (18]

(5] Countercurrent to Hazaribagh Lifting Pump Station: Due to faulty
design and supervision of Hazaribagh sewaqe 1ift station by the Foreign
Consultant 1t could not be operated since its canstruction, DWASA personnel
reported that Hazaribagh lifting pump station had an advarse grade, (18)

(6) Insufficient capacity of Sewers: In the midst of natlon-wlde
urbanization, density of the population into Dhaka city is inereasing
at a rapid pace, Such =& steep population increase has put the old existing
sewerage system under increasing stress and at many locatlons the system
is overloaded, In many places, it was ohserved that the capaclty of sewer
is not sufficient, It was found that at many points 24 inch sewers have
been combinmad and connected to another 24 inch sewer and that 36 inch

sewer and 24 inch sewer have besn combined and connected +o another 36

inch sewer to which anothﬁr 36 inch sewer 1is connected on its downstream
side,
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Plate 3.1 Overflowing of sewage through manholes

Place: B,B.C, Road (above} aond Azimpur Road (below)
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Plate 3.2 Connection of Surface Drain to Sewer

Place: Karatitola, Hatkhole Road
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Plate 3.3 Connection of Sewer to Surfacae Drain

bagh Bazar

Place: Mali
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Plate 3.4 Direct Discherging of Raw Sewage into the River
Place: Nawabgan]j Road, near Sewage Lift Station
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Plate 3,5 Use of Manhole es Dustbin

Plece: Rajnarayan Ohar Road

S,
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Plate 3.6 Deposition of Sludge in Pagla Lagoon
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Plate 3.7 Removing of Sludge Menually from Pegla Legoon




CHAPTER 4
LABORATORY ANALYSIS

4.1 General

Wastewater treatment facilities include chemical and biochemical
processes, An understanding of the nature of wastewater is important
in design and operation of collection, treatment and disposal facili-
ties and in the engineering management of environmental quality, Labo-
fatory data are therefore essential before a sound engineering design
Can be made, To obtein these data many sampling locations were sele-
cted in and around the city of Dhaoka., Wastewater characterization
studies were conducted to determine physical, chemical and biological
characteristics and the concentrations of the constituents in the _
wastewater and the best means of reducing the pollutant concentrations,

The nature, significence and purposes of the more important tests were
discussed,

RS Ap———

A sample is a part or piece teken from a large entity and pres—
ented as being representative of the whole, The concept of tbeing
representative? is‘highly important because subseqguent conclusions;
decisions and action steps will depend to some degree on the validity

of the samples initially collected,

Samples are generally deflned and identified by type and the
method of sampling, Grab (spot, catch, instantaneous, snap) samples
wera collected at a particular instant, To obtaln and preserve the

integrity of a representative éample the following general principles

were considered during the collection of sample,




i} The sample should be teken at a place where the wastewater is

well mixed, such as at a point of hydraulic turbulence,

1i) The sample should be teken in the centre of the channel of flow
where the velocity 1s high and the possibility that solids have ssttled
is minimum, Another sample point is et a top on the discharge sids of a

pump or at e free fall from the end of a pipe.

1ii) Where it is necessary to avoid an excess of floating materials;
thé mouth of the collecting container should be held a few inches below
the liquid surface, Vthere the liquid surface height varies, a float to
position the mouth of the collector may be used, Care also should be

taken to avoid solid accumulated on the bottom of a channel,

iv) Deposits or non-representative material at the sampling pDiﬂt;

such as excessive grease and scum should not be included in the sample:

v} The volume of 'the sample obtained should be sufficient to perform
all of the required analysis, with an additional amount obtained for f'
: "
repeating any doubtful analysis,

vi} The sample should be stored in a manner that the characteristics

to be analyzed are not altered,

vii) When composite samples into other containers, the contents of

each sample should be mixed vigorously before pouring,

viii] The sample container and sampling devices should be clean, un—
contaminated and suitable for the selected analysis, Before the sample
is taken, the container should be rinsed several times with the wastewaeter
The possibility of adsorption of solutes from the bulk ligquid onto the
container surfaces, or the leaching out of a materials from the container

itself also should be. guarded against,

ix} 3ampling points should he rendily accessible; proper sampling

equipmgnts should be available end edequate safety precautions must be

ohserved,
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4.3 Sampling Locations

Dhaeka is the largest metropolitan city and the capital of Bangladesh
having populetion of 4,32 million, Different types of small and large
industries have been develaoped in and arocund the clty as well as major
sfate offices and residential arcas settled in the city, Tannery industrie
at Hazaribagh and rubber, soap, detergent, cosmetics, pharmaceuticals,

paint & dye and textile industries at Tejgeon can be mentioned in this

respact,

Chemicals and raw materials are used in the processes; which are.toxic
Based on the data from the industrial survey, there 1s no current provisio
for the prbtreatment of .wastewater prior to discharge, 0On an average day
in Dheka about 6 million gollons of industrial waste are produced and
discharged to the waterways, rivers, street drains etc, 2 Existing
‘sewerage system in the city of Dhaka have been broached at many polints
to admit surface water. Some industrial wastewater find their way into
the sewer system, prasumably through illegal ﬁonnections; manholes and
sewar pipe Jjoints, The characteristics of sawage collected from the system
of industriml areas would be different from that collected from resider-
tial ereas which needs different deqgree of treatment, ThereFore; the
sampling polnts, taking all the factors into account, were located in

different areas as follows:

1) Hazaribagh Tanning Areas: The Hazaribagh area 1is situeted on the
southwestern periphery of Dhaka city. It is a mixed type of locality
(both residential and industrial) with tanning industries scattered throu-
ghout the area, Semples were collected from Hazaribagh sewage 1ift

statian at the point of discharge side of pump where hydraulic turbulencs

Occured,

ii)} Tejgaon Industrial Areas: Tejgeon, also & mixed industrial zone;
is situated north of tiaghbazar extending to the southern portion of
Mohakhali area. Among the different types of industries in Te Jgaon are
rubber, socp, detergent, cosmetlcs, pharmaceuticels, paint & dye factories

metal, fabriceting and processing and textiles., All of thase are potential
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pollution producing sources and therefore, reguire special attention,
Samples were collected from Tejgaon 1ift station at the point of

discharge side,

iii] Dharnmondl and Mohammedpur Resldentisl Areas: Dharmmondi and Mohammaed
pur areas ére situated on the west side of Dhaka city, Thefe is no industr
in these t@o areas, For representetive semple of domestic sewage; sampies
were collected from Asadgate sewage 1ift station which collects sewage

from these two residential aregas,

iv) Pagla Sewage Treatment Plant: Semples were also collacted from the
inlet and outlet point of Pagla sewage treatment plant to assess the

guality of the combined sewage, the degree of treatment and the efficiency
of the sewage treatment plant,

v) Pagla STP Cutfall Point:; To determine the impact of treated sawage
disposal on water quality, water semples were collected from upstream

and downstream point of outfall of Pagla STP,

vi) Intekd Structure of Dhaoka Nater Works at Chadnighat:; To determine’
the river water quality, samples were collected from Buriganga river near

the intake structure of Dhalka ater Works at Chadnighat,

vii) Different points on Buriganga river: To determine the assimilative
capaclty of the Buriganga river, six different sampling stations were

established along a 10-mile stretch of the river,

The location of sample collection stetions are shown in Fig, 4;1,
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4,4 Leboratory Tests

4.4,1 Parameters for Sewage

The characteristics of sewage include the physical, chemical and

bilological parameters, Leboratory tests were performed for the following
characteristics:

i) Temperature
11) pM
111) nolor
14v) Turbidity
v} Total solids, Suspenced solids and Dissolved solids
vi) Dissolved Oxygen
vii) Biological Oxygen Demand (BoD)
viii) Chemical Oxygen Demand (cop)

Temperature: Temperature represents the 'degree of hotnesse aof the
wastewater in teyms of arbitrarily established scale, Temperature is
an important paramster 1in woastowater treatment plant opsration because
of 1ts significant effect on biological and physical-chemical unit
processes, The temperature of wasféﬁater is usually higher than that of
water because of the bacterial activity and addition of warm water from

domestic, commerclal and industrial sources,

PH Value: PH is a method of expressing the acid concentration (hydro-
gen ion concentretion) of a vwastewater, The PH scale ranges from 1 to
approximately 1la, with a PH of 1 to 7'considered the acid range and 7 to
14 the basic range, PH 7 is defined as neutral, PH 1s a vital tool of the

wastewvater treatment plant oprrator when determining unit operations,

Color: The general condition and color of wastewater 1s very important
Fresh domestic sewage has a not unpleasant odour, the color being usually
light to yelloﬁish—grey. As the dissolved axygen is used up and the sewage
becomes staele, the color dmfkens, Finally to derk grey or black; whan tha
sewage smells of hydrogen sulphide and is called septic,

Turbidity. Turbidity is caused mainly by highly dispersed (but not

soluble} suspended substances of particlz size mainly in the colldidal
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range, and its degree is correlated with the strenpth of raw wastes such

as sewage,

50lids in wastewater: The detcrminations of varlious forms of residus
ars usefu; In the control of a wastewater treatment plant, Total solids
(73], dissolved solids(N3) aond suspended solids(SS) and their volatile
and fixed fraclions mny b used to assess vastewnter strength; pProcess
efficicncy and unit loadings, lMeasurments of the various residue concen-
trat’cns are nccessery to establish: and assure satisfactory operation
control, The organic solids putrefy and thereby increase the stfength
of sewaga, The inorganic solids are not of mucﬁ importarnica, Total solids
are important as indicators of the strength of sewage and the amount of

treatment required,

Oissolved Oxygen: DU Le the amount of oxygen dissolved in a sewage,
The presence of dissolved oxygen in a sewage indicates that it is fresh
or wealk, Its pfesence in th2? ofFfluent of a treatment works indicatés
good treatment, The concentrution of oxygen dissolved in a running stream
into vhich sewage effluents discharge must be such as not to deplaet the
level of DO concentration to a level as to endanger the 1ife of aquetic
animals, Besides, for maintaining aerobic conditions in water receiving
pollutional matter so as to avoid anasrobic condition; resulting into the
liberation of obnoxous gases and public nuisance, It is important that
the 00 concentration should he maintoin to a level of 4-8 mg/l at all

times,

Biochemical Oxygen Demand (00D}: BOD is the most importent characteris
tics of sewage which is widely used to determine the pollutionsel strength
of sewage and industrial waste, This test is of prime importance in
regulatory woric end in studies designed to evaluate the purification

capacity of receiving bodics of sewoge.

The BGD test has been developed on the basis of a 5 day incubation
period atw 20°C, Therefore, 5 day 00D values represent only a portion of
the total B0OD, The exact percentage depends upon the character of the

bacteria and the nature of the organic matter and can be determined only
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by experiment, In the case of domestic sewage and many industrial waste;

it has been found that the 5 day 30D value is about 70 to 80% of the
total EBOD,

The 8005 of a wastewvoter is widely used as an indicator of the fractio
of organic matter that may be degraded by microbiesl action in a given

time period at a temperature of 20°C, BOD test results are used to:

i) determine the approximate quantity of oxygen that will be required
to biologically stabilize the organic matter present,

ii) determine the size of the wastzwater treatment facilities,

iii) measure the efficiency of some treatment processes,

The limitetions of BOD test are as follows:

1) a high concentration of active, acclimated seed bacteria is require

ii) pretreatment is needed when dealing with toxic wastes; and the

effects ef nitrifying organisms must be reduced,
iii) only the biodegradable organics are measured,

iv) the test does not have stoichiometric validity after the solubla

organic matter present in solution has been used,

v) an arbitrafy, long period of time is required to obtain résults.

Perhaps the most serious limitation is that the 5-day period may or
may not correspond to the point where the soluble organic matter that is
present has been used, This reduces the usefulness of the test results,

- As a historical note, it was the British Royal Gommission of sewage
disposal that popularized the use of the BDD5 test measured at 20°G,
The temperature originally used was 18,3°G, The BODS measured at 18,3°C

was chosen because none of the river in England hes a flow time to the

sea of more than 5 days and the mean summer temperature is 18,3°C,
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Chemical Oxygen Demand (COD): COD is another means of measuring tha
pollutional strength of wastewater, By using this method; masat oxidizabla
organic compounds present in the wastewater sample may be measured, Gane-
rally, COD values will be higher than those determined with the BOD tast,
The reason for this difference 1s that the 5005 tést measures only the
guantity of organic material copable of being oxidized by microbial action,
while the COD test represents a more complete oxidatinn; more organic

compounds can be chemically oxidized than can be biochemically oxidized;

For many types of waste, it is possible to correlaste COD with BOD,

The COD test has a ma jor advantage over the BOD analysig because of the
short time required for performance - a few hours (3 hours) as opposed to
5 days for the standard BOD test, This advantage permits closer operationsl
control of the treatment process, Typical COD values for a domestic waste
range from 200 to 500 mg/l., As the industrial content of the wastewatar
increases, COD values may be 2 to 5 times (or higher) 8005 values, A fresh
domestic sewage will have a BOD:COD ratio of approximately 0,6, The 5 day
BOD test is a measure of mostly the carbonaceous demand, while the COD

2
test 1s o moasure of epproximately 90 to 99% of the total organlic matter,

4.,4,2 Quality of river water

The river Buriganga flows by the side of the city of Dheka, The
river directly and indirectly receives partislly treated or untreated
sewage and storm drainage from the city, The common paremeters involved
'in the pollution and self-purification process of a river were determined
for the river Buriganga through extensive laboratory works, The analysis
of these parameters are cssentinl for the evaluation of assimilative
capacity of the receiving water which is required to select and design

wastewater treatment and disposal facilities,




4,5,1 Laboratory Analysis

To characterize the stwage, samples were collected from five
different places of the existing sewerage system as shown in Fig;
4,1 and leboratory tests werc done for some important paramatnral
The test results of sewage ere shown in Tabled4,1 The BOD of sewage

for 1, 3 -5, 7, 206 15.days at 20°C were also determined as shown
in Table 4,2,

BOD vs, time curve for different samples collected from different
locations are shown in Fig. 4,2, From the curve for outlet point of
Pagla sewage treatment plant it can be seen be that second stage BOD
satisfaction is achicved after 8 days, In other points; second stags
BOD satisfaction 1s achieved after 10 days, This indicates that dhflet

effluent contailn much less carbonaceous organic matter,
4,5,2 Determination of K and L

The value of the BOD reaction rate constant (K) and Ultimate BOD
(L) is important in designing the sewage treatment facilities, The
value of K is needed if the 8005 is to be used to obtain L, The
usual procedure followed when these values are unknown is to determine
K and L from a series of BoD measurements, There are several ways of
determining K and L from the results of a series of BOD measurements
including the least squares method, the method of moments, the daily-
difference method, the rapid-ratio method and the Thomas maethod, The

least-squares method and the Thomas method are illustrated in the

following discussiqn:

58




59

The Least-squares method: The least-squares method involves
fitting a curve through a set of data points, so that the sum of
the sguares of the residuals (the difference between the observed
value and- the value of.fhe fitted curve) must be a minimum, Using
this method, a variety of different types of curves can be fitted
through a set of data polnts, For example, for a time series of
BOD measurements on the same somple, the following sguation may be

written for each of the various n dato points:

g{;n = KL= y) e, (1)

In thils eqguation both Kt and L are unknown, If 1t 1s assumed that
dy/dt represents the value of the slope of the curve to be fitted
through all the data points for a given K' and L value, then because
of experimental error, the two sides of eguation (1) will not ba
equal but will differ by an amount R, Rewriting equation (1) in terms
of R for the general case ylelds

R=Kr(L-y)- g{ S -3

S5implifying and using the notation y' for dy/dt gives

R= KiL = Kty ="yt ,...... RPN ¢<3
Substituting a for K'L and ~b for Kt* gives

R= 8+ bBY = ¥' eveveresnrennrnncnnsanald)
Now, 1f the sum of the sguares of the residuals R is to be a minimum:

the followlng equations must hold:

— 2 ._.5-.:

EEER = Z27R pt 0 : ]
Sr s d s s raE B e 5

o 2 128,

éﬁ;ZFW 2 ZTEDb 0

If the indicated operations in equation {5) are carried out using the
value of the residual A defined by equation (4), the following set of
equatlons result:
na+ by —-Zy' =0 R =)
a¥y + b‘iy:2 ~“SYY' = 0 sirenennnencees(?)

vhere, n = number of data points, Kt = =b (base e), L= —-a/b




The Thomas method:(zl) This method based on the similarity of two
seriles functions, 1s 1llustrated here, It is a graphical procedure based

on the function

I 2/3
£\/3 ~1/3 K
(—)—/j = (2.3'(‘_) / + “5‘:21'—3"["173 t ..---o..---lc(l]
where y = BOD that haos been exerted in time intervel t

K
L

"base 10 reactiom~rate constant
ultimate BOD

1l

fl

This equation has the form of a straight line;

Z= a+ bt
where Z = (t/y)1/3
a= (2,3L)Y3
b= k233, a3.Y/3

and Z can then be plotted as a function of t, The slope b and the
intercept a of the line of the best fit of the data can then be used
to evalculate K and L., .

b
K=2.61= .. (2)
1
L-*é-:a—ﬁ*é:i ¢ rer e crnrena ﬁ..(a)

To use this method, several observations of y as a function of t
are needed, The data observations should be limited to the first of
10 doys because of nitrogenous interference,

From the data obtained by laboratory tests the BOD reaction rate
constant (K) and ultimate BOD (L) is determined by both Least squares
method and Thomas method. The results are sﬁown in Table 4,3 The
graphical approach for determination of BOD reaction rate constant

and ultimate BOD by Thomos mathod is shown in Fig, 4.3,




Table 4,1 Test results of Sewage

collected from different locations of sewarage system

of Dhaka city
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Location Temper- PH Color Turbi- 8005 coD B0OD TS5
ature (ppm) dity CoD
( C) (ppm) (mg/1) (mg/1) (mg/1)
Pagla STP .

Inlet point

30.4 7.10 480 212 260 394 0,66 672

Pagla STP
Qutlet point

30.4 7.95 400 180 81 260 0,4 a37

Nawabgan j
SLS

31.8 7.60 144p 420 2688 469 0,61 1203

Tejgaon
5LS

. ™~ )
al,8 7.80 as0 172 275 481 0,57 2790

Asadgate
5LS

32.0 7.20 460 200 270 400 0,68 780
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Table 4,2 BOD of Sewage
at 20 C (mg/1)

.t it et e

Location 1d B0OD 3d B6o 5 30D 7d 30D 10d BOD 15d BOD

Pagla STP
Inlet point 122 246 ele 295 314 3sz2

Pagla STP
Outlet point 25 66 gl 30 157 176

Nawabgan j

S1LS 114 262 erals) 320 363 456

e o T A ] i o et 8 s el - e o o e kT P i ok ok 4} ot

Te jgacn

SLS 152 062 275 308 354 ao0

Asadgate
SLS 160 258 270 323 357 410

- e it
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Nawabganj SLS '
TelJgaon SIS

Pagla STP inlet point

Pagla STP outlet point

| | | i [ | ) | f J

I |

3 a 5 6 7 8 7 10 11 l2 13 la 15

Time, days

Fig, 4,2 80D vs, Time curve for sewage collected

from different locations of the existing sewerage system




Intarceptor, a
Slope, b

a= (0,212

b= 0,009

k= 0,25

L= 414,83 mg/1

i | !

5 10 15
Tima, days
Location : Nawabganj SLS
a,.21
0.010
0.28
378 mg/1
{ . 1 !
5 - : 10 15
Tims, days

Location : Pagla STP inlet point

(t/y ) Y3

( t/y )3

.30

a= 0,19

b= 0,011
k= 0,34

L= 419 mg/1

1 1 1

1 5 _ 10
Tima, days

15

Location s Tejgeon SLS

a= 0,35

b= 0,0083
k= 0,14

L= 192 mg/1

1 1

1 5

10 15
Tims, daya
Location : Pagla STP outlet point

Fig, 4,3 Oetermination of kK & L by Thomas Method




Teble 4,3 The BOD reaction rate constant (k)
and Ultimate BOD (L) of sewage of Dheka city

BOD reaction rate constant (K) Ultimate BOD (L), mg/1

Location Least-squares Thomas Least-squares Thomas

method method method method
Pagla STP 7
Inlet point 0.25 0.28 347.688 378
Pagla STP
Outlet point 0,057 0.14 287.71 192
Hazaribagh
SLS : 0.232 0.255 398,27 414,83

Te jgaon

5L5 0.23 ‘ - D34 366 419
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4,5,3 Discussion

The ratios of BOD to GOD are found 0,58 and 0,57 for the repreasen-
tative sewage of residential areas (Dhanmondi and Mohammadpur) end
industrial areas (Tejgeon) respectively. The ratio of BOD to COD for
the representative industrial sewage should be less in comparison to
the representative domestic sewege, because the industrial sewage
contains non-biodegradable organic matter which can be oxidized che—
mically, But the difference between thesé two ratios found very little,
It indicates that the industrial sewage contains sufficient biodegre—
dable organic matter that comes from domestic sawage of the adjacent

residential areas,

The ratio of BOD to COD for the treated sewage at outlet point 1is
found 0,34 which is less than that of untreated sewage, It indicates
that the effluent contains the non~biodegradasble organic metter and

the biodegradable organic matters are already oxidized in the traat-

ment process,




CHAPTER S
FIELD OBSERVATION AND DATA ANALYSIS
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5.1 Climatic Condition of Oheka City

The climate over most of Bangladesh is morse or less tropical with
moderately warm temperature, high humidity and high annual rainfall,
There are three seasons - summer, winter and monsoon (rainy season),
Winter is from November to February, summer from March to May and

the monsoon season starts in June and continues till October,

5.1.1 Reinfal1t18)

The distribution of monthly average rainfall in Dhaka is shown in Y

g

Fig 5,1, The maximum monthly rainfall is generally seen in June end *f
July,

5,1.2 Temperature and Humidity(ls]

The lowest tempefature is recorded in January and the highest in
“dJune, The average lowest and highést temperatures in dry season are
10 C to 13 C and 24 G to 26 C respectively, while thosa in rainy
season are 25 C to 26 C and 30 C to 32 C respectively, The avarage
monthly humidity in dry season is 50% to 70%, and in rainy season

it exceeds BO%., Annual temperature and humidity in Dhaka is shown in
Table 5,1,
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5.1,3 Hydrological condition

The water level of the Buriganga river, the major water source of
Dhaka, 1s 0.6m to 1,Bm during the dry ssason, but when the rainy season
is in full swing, it exceeds 6 meters. The period when the water level
exceeds 5 maters lasts for about two months with the surrounding area
immersed in water for nearly 2 to 3 months, Seasonal varlation in

water level of the Buriganga river is shown in Fig, 5,2,

(mm)

400

300

100

00

1 2 3 a4 5 6 .7 B8 9 10 11 12 Month

Fig. 5.1 Monthly Rainfall in Dheka




(fll)

WATER LEVEL

Fig., 5.2 Seasonal variation of Buriganga river at Millbarrack station
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Tablé 5.1 Temperature and Humidity in Dhaka (18)

Item Jan Feb Mar Apr May Jun Jul Aug Sep QOct MNov Dec
Tempt, (°C) tax, 25,5 28,0 32.5 35,0 33,7 31:7 30.7 31,0 31,0 30,9 2;:; 26,2
Tempt, (°C) tin, 11.7 13,4 18.8 23,4 25,4 25,9 26,0 26,2 30,8 23,7 17,56 12,7
Humidity (%) at 6 AW 93 390 88 91 93 95 95 oa 95 95 94 95

Humidity (%) at 6 PM 6l 48 44 34 75 81 82 83 B3 73 N ™
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5.2 Population of Dhaka City

5,2.1 General

A combination of economic, social and other factors has created
a high growth rate in Dhaka city and environs, Dhelka has experienced
rapid population as a result of High rates of natural increase and
massive in-migration from all regions of the country, 26 As of 1985;
the Dhaka metropolitan area has a population of 4.2 million, (27)
According to the United Nations 1354 assessment; Dhaka was the 31st
largest city in the world in 1985 and is expected to he the 15th
largest by the year 2000 {United Mations; 1987)., The present popula—
~ tion of Dheka city is 4,32 million and the annual rate of population
increase has reached as high as approximately 12%, 18 Out of 4,32
million people, 4.0 million people are in water service area and 3;3
million are receiving water service and 3pproximately 1,15 million

18
are serviced by the sewcrapge system, (

5.2,2 Population Forecasting

Any sewerage system must be planned to serve the present as well
as the future needs of the community, Therefore, future population
must be assessed while designing the sewerage system, Some of methods
of forecasting population are diécussed as follows:

Grophical Methods (4) The population during the past years is
plotted against time, The nraph wins extended into the future in a
manner which fitted the trend of population growth in the past, By
mcans of such a graphieal extfapolation, future population mny be
predicted, Using this oranhical method, urban population of Dhaka
city is predicted to be around 9,0 million by the year 2000, Tha

graphical method af forecasting population is shown in Fig, 5.3
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Population in million
€
t

1 -
0 __“—d_—F{F%__ﬁi——Jr I \ | | ]
1330 1940 1350 1960 1970 1980 1990 2000

Year

Fig. 5.3 Growth of population in Dhaka city
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Arithmeticel Hethod:(d] In this method it is assumed that the
rate of population chenge has been and will remain constant, Expre~

ssing it mathematically,

dP
o= Ky e, (1)
U = K dt

a1

Here dP/dt represents the change in population P in unit time

and KEI is an arithmetic constant,

Integrating between the initial population Pi at the initiel
year ti and population PF at the future yesar tFp

P} t}
d? = K S dt
P - B ti
(Pe=Py) =K, (tp — 1)
or = Pom= P, +Pl<a_(PtF-ti) canrrernenaa (2)
Therefore' Ka = T
.F
P, - PG
- :E_-:-_T..“ . *rFavuras --uuuu(‘j]

vhere Pe is the population 1n some earlier year te, From equation (2]
it is clear that the relstionship between time and population is a

straight line end the slope of the line will give the value of Ka'

Using the Arithmcetical method the population of Dhake city is

estimated to be g gomillion by the yeaer 2000 .
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5,3 Sewage Flow for Dhaka City

Sewage- flow rate was estimated on the basis of the results of

the preliminary study and the supplementary data obtained from the
recent field survey,

5.3.1 Watér consumption of Dheka WASA

As shown in Table 5,2 Dhaka WASA is supplylng water to approxi-
mately 3,3 million out of the population of epproximately 4.0 million

living in tha water service area whose water supply volume reaches
4, 21, 300 m /d ( 92.50 MiGD ). (18) -

According to the Dhaka WASA's Management Information Report,
the average effective utilization is 65 .05%, Thus the averags daily
water consumption per capita is

128 1itres/head/day X 0,65 = 83 litres/head/day.

Table 5,2 Supplied water volume (per capita)
for Dhaka city

Total Supplied Supplied water Supplied

Zone population populetion volume (mslday) volume per cepita
(1000) (1000) ( 1itre/head/day)

1 504 746 93, 600 125

2 387 319 53, 900 169

3 635 524 73, 800 | 141°

4 64 700 44, 100 63

5 317 262 58, 400 223

6 993 B19 97, 500 119

4000 3300 : 128
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5.3.2 Estimated sewage flow rate

(a) Presumed population utilizing the sewage is approximately
Il, 51, 000, Sewage flow rate was calculated on an assumption that
70% of domestic water consuption would be discharged to the sewerage
system, Table 5.3 shows the sewage flow rate for Dheka city,

(b) Presumed water supply from non-governmental sources reaches
6.14 IMGD ( 28,000 ma/day ). The water from those sources is used as
industrial water and commercial water, Although as a rule industrial
sewer 1s not to be connected to the WASAL 5 sﬁ?ﬁffge; many industria}
sewers have been reportedly connected to it., " The ratio, however,
has not been clarified,

On an assumption that the effective utilizaetion of the water supplied
from non-governmental sources is 80% and half of which 1is flowing into

the sewerage, the sewage flow rate will be as followss
28,000 X 0.8 X 0,5 = 11, 200 ma/day

(c) For the infiltration of groundwater (amount unknown ), by
applying the figure,8, 000 IGPD/mile, used in the Feasibility Report
( AMP and o.M, Montgomery ), the flow rate will be as follows:

300 miles X 8, 000 16PD/mile = 24, OO, 000 IGPD
' = 11, 000 mS/day

(d) The Feasibility Report presents illegal storm/infiltration w
55/35 as the filgure for the penetrating rainwater volume . from the results
of pumping test at Narinda pump statioh. Using this figure in the -cal-
culation, the 1llegal storm volume will be as follows:

11, 000 m°/day x gg = 20, 000 m°/day
Table shows the sewage volume flowing into the sewerage calculated
from the given conditions in the sbove (a) to (d).




Table 5,3 Sewage Flow RAate for Dhaka City

Zane Supplied Sewerage +Uﬁit actual Gonsumption of Sewage
population (IQDD] -utilizing consumption sawerage utilizing Flow rate
population (1000)  (1/hd/day) population
(a) . (c) (a) = (b) x (¢} (e) = (d)x0.7
malday
1 746 357 81 28,900 20,000
2 319 153 110 16,800 11,800
3 524 188 92 17,300 12,100
a 700 - - - -
5 262 110 145 16,000 11,200
6 819 © 343 77 26,400 18,500
Totel 3,300 1,151 92 105,400 73,800

+ Unit actual consumption = Unit consumption X Effective utilization {G5%)

) -
o,
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Table 5.4 Volume of sewage Flowin

into the sewsrage system

oy
Type Flow rate Remaris
3
(m=/d)
(a) sewage relating to
WASA' s water supply 73,800
(b) Sewage relating to
non—~governmental 11;200
viater supply
(e) Infiltration 11,000
Subtotal: {a)+{b)+(c) QE;DDD In dry season
(d) Illegal storm 20,000
Brand total: (a)+(b)+(c)+(d) 116,000 In rainy season
Table 5.5 shows the sewsrage flow rate by the zone where sewerage
services are avallable on the basis of the above calculated rate,
Table 5,5 Estimated sewage flow rate
of Dhaka WASA by the zone with sewerage service available
b OASA Other Infiltration Illegal Flow Rate
Zane supply - supply water storm Dry season Aainy season
(a) (b) (c) (d) (e+rbrc) (e+b+cid)
1 20, 200 2,500 ' 3,000 5,400 25,700 31,100
2 11,800 600 1,700 3, 300 14,100 17,400
3 12,100 €00 1,800 3,300 14,500 17,800
5 11,200 3,000 1,700 3,000 15,900 18,900
] 18,500 4,500 2,800 5,000 25,800 30,800

—— e et ot e v
P

73,800 11,200 11,000 0,000 96,000 116,000

et et 1 vl ot e b el
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5.4 Collection of Sewage by Lifting Pumps

In the existing sewerange system, sewage flows by gravity, Thefs
are 14 number of sewage 1lifting stations in Dhaka city, The service
area covered by each seswage 1lift station and the estimated flow rate

of each Sewage lifting pump is shown in Fig, 5.4

The sewerage system of Dhake city is roughly divided into two lines,
comparatively new Swamibagh line (Asadgate ~ Tejgaon - Bashaboo ~ Swami-
bagh} and the Marinda line covering the other areas, Fig, 5,5 shows the
lifting capacity of Svamibagh lifting station and Narinde pumping station;
both of which are located at the final destination of the above mentioned
lines respectively, For comparision, the lifting capacity of Bashaboo
1lifting pump station, which 1s located on the upstream side of the Swami-
bagh line; is also shown, As the figure shows, the lifting capacity of
Swamibagh 1lifting pump station is smeller than that of Bashaboo pump in
spite of its location on the dovnstream side of the line, The reasQn

for such arrangement could not be clarified by the field study, 1ha

5.5 Actual Sewage Flow Rate

A field survey is done for the vhole area of exlsting sewsrage
system; it 1s supposed that the total amount of sewage coming at outlset
point of Pagla sewage treatment plant will be equal to the sum of
sewage discharged from Marinda sewage 1ift station and Swemibagh sewage
1ift station {with some limitations), But the field study shows that
fhe sewage incoming Pagla scwage treatment plant is much less than the
sum of sewage discharged by Narinda and Swamibagh sewage 1ift station,
It indicates that some sewage are going out to the adjacent low-lying
areas through leeskage or broken of sewers and through by-pass 1ine which
create the unhygenic condition, Subtantial portion of the trunk sawers
are exposed in the low marsh land, resulting in the 8gress of sewage

from the joints and the damaged section in the dry season and the

ingress of flooding water in rainy season,
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A : Sewage flow rate (-ma/day) of the

sewerage service area covered by a

' n lifting pump station.
B : Total sewage flow rate (mS/day) of
' the lifting pump station,

= C C : Sewage flow rate (m3/day) of trunk
i sewers connected to Narinda Pump
Station.
. T
Zone-V | . . R .
] 1
- JA840 GATE LS. | TEJGAON L S. | BASHABOO L.S. SWAMINBAG LS.
5300\ | {16,900\ 3,000 |,B00 |

! o

. Zone-W L ..

- ImoGHBAZAR LS.

NEW MARKET 6,600

AZARIBAG LS, L. S -
580\ 1 /ias00\

MEDICAL
AZIMPUR L.S. :COULEGE L.S. 1.

3,500 6,500

' NDA P. S.
) u?giw\l.._s. ‘ ! | NARI
, @ r ——4 ¥ 67,000

8,400 3,600 27,500
)
Tone-1TI FARIDABAD L.S. Zone - 1 ;
e = ——— - . -
m%m
116,000
B PAGLA STP

' Fig, 5.4 Estimated secwage flow rate by the area with

. sewage service available
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Fig. 5,5 Monthly 1lifting capacity of Narinda and Swamibagh

stations based on the actual pump operation record




gl

Dased on the data of actual operation hour as shown in Table 5.6
and in Fig,5,6, 5.7 and 5.8 the discharges from Swamibagh SLS (Ql] .
Narinda SLS (Q ) and Pagla SLa(DU) were determined, It is seen that the
total quantity of sewage from Swamibagh SLS and Narinda SLS 1s less ‘

than that of discharged by Pagla a3,

5,6 Effectiveness of Treatment

Table 5,7: shows the past data concerning the water quality at each
measuring point in the plant and the observation pointe on. both upstream

and downstream sides of the outfall point of the Burigange river.

Both influent and treated water show fluctuation in quallty,

However, as far as the biologlcal oxygen demand (BOD) 1s concerned, the
influent has 180 to 260 mg/1 which is reduce to 76 to 109 mg/1 by the

treatment, Accordlngly, BOD reduction eFFiciency is roughly 50 to 60%
at present,




‘Table 5,6 Actual pump discharge of various SLS calculated from operation hour(lﬂ'll'lz]

Narinda )
al(m3/d) 60C00 54000 52000 S2000 47000 48000 50000 S0000 50000 49000 SC000 57000

Swamibagh )

Gz[ma/d] 8600 9B00 10000 BOOO 1300 1700 2000 2000 6400 7000
Total :

Qy=H+Q,  GBEC0 63800 6200 60000 48300 4BODD S0000 51700 52000 51000 86200 62000
Pagla

Q (mS/d] S0C00 55000 S3000 33000 19000 29000 20000 25000 13000 1600 35000 43000

4

% of 4 43,6 86,20 B85.5 0.0 40.4 0.4 40,4 48,8 250 31,0 405 67.0

cg
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Table 5.7 BODg at 20°'C for Pagla
S5TP and Buriganga river

Upstream Downstream

Period Influent Effluent of discharge point at
Buriganga river

In last wet

. season 250 06 2.8 19,0

7.10,1967

In last dry

season 210 76 2.2 17.0

2.12,1987

(Unit: mg/1)




8?7

5.7 Disgyssigg

The estimated sewage flow (QB) and tha actual sewage flow (Qa)
based on operation hour of each sewage 1lift station 1s shown in
Table 5.8, From the comparison of these two flows, it is observed
that the actual flows are less than the estimated flows, The ree-
son of such flow differences is due to the disposal of raw sawags
to the adjacent low-lying areas through by-pass line, leakagse and
broken sawers, overflowing the manholes, connection of seawers to

surface drains etc,

The actual flow (Qa] of Swamibagh and Narinda sewage 1ift ste-
tion and the incoming flow (@;) at inlet point of Pagla sewage treat-
ment plant is shown in Table 5.9. The total amount of sewage coming

"at 1nlet point of ﬁagla treatment plant should be more or less equal
to the sum of actual flow of Swamibagh and Narinda sewage lift sta-
tion, But it is observed that the incoming flow is lesa than the
sum of actual flow of these two 1lift stations, The leakage and
damage of trunk sewers is the main reason of such flow diffarence,

There are some flows into the trurk sewers by infiltration of ground

and surface water; but the rate of exfiltration exceeds the rate
of infiltration,
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Table 5.8 Estimated sewage flow and Actual

sewage flow of sewage 1lift station

s1. Neme of the Estimated Flow, “Actual flow,
No. Sewage 1ift station 0, (m3/d) a, (m3/d)
1, Asad Gate 5,300 5,034

2. Te jgeon . 24 200 4,934

3. Bashaboo 27,200 6,835

a, Swamibagh 29,000 7,400

S. Hazaribagh 4,500 -

6., New Market 15,000 7,670

7. Moghbazar 6, 600 5,000

8. PE&T _ 9,400 . 7,330

9. Nawabgen} " " 3,000 2,000
10, Azimpur 3,500 2,000
11, Medical College 3,500 2,200
12, Faridabad 3,600 - 2,000
13, Narinda 87,000 65, 660
14, Pagla : 116,000 36,000
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Table 5,9 Actual flow of Swamibagh and Narinda

sewage lift station and Incoming flow to Pagla

treatment plant

51, Neme of the Actual flow, Incoming flow,

‘No., sewage 1ift station 9, (ma/d)' 8, (mS/d)
. Swamibagh 7,400 —

2. Narinda 65,600 —

3, Pagla - 36,000
Total - 73,060 36,000




CHAPTER 6
WASTEWATER DISPOSAL IN DHAKA CITY

6.1 General

The disposal of wastewater in the rapidly expanding city of Dhaka
has become a great concern in the face of increesing pollutich prnblems;
Wastewaters that are discharged throughout the Dheka metropoliten area
have both a regionai and locel impact on the water quality.(zs) There-
fore, an evaluation of assimilative capaclty of receiving water is
required to select and design the greater Dhaka wastewater treatment

and disposal facilities and, in particular, the level of treatment
required,

Alver pollution is now recognised as a world problem, The problem
has become inténéified by the technological and industrial revolution
of this century, As a resdit, large volume of industrial wastes in
addition to the domestic sewage and sewage plant effluents found their
easy way to the nsarest water courses and polluted their water,

In a normal stream there is a cycle which results in a balance
between animal and plant 1ife, When the amount of pollution is 1535;
the river behaves as a balanced ecosystem, Whenusewage is discharged
inte a natural stream, a succession of changes in river water take
Place. The initial effect of pollution on a.river 1s to degrade the
Physical quality of water, As decomposition'becomes more acfiva a
shift to chemical degraedation is biologically induced, The supply of
dissolved oxygen may be completely exhausted if conditions allow For
the active development of bacteria. In course of time and flow, the
Normal cycle of the river is graduslly re-established, The river ias

returned to normal purity. This restoration is tigged as the self—

purification or natural purification of streams,
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When heavy sewaqe pollution occurs, faoirly well defined zone of
pollution recoverly can be Dbéerued. Each of these zones is charact-
erised by physical, chemical and'biulogical conditions, These zones
are (1) zone of degradation {2) zane of active decomposition or septic
zone (3) zone of active recovery and (4) zone of clear water, The
pattern of pollution and the effects of pollution on the biological
life in sewapge polluted streem is schematically shown in Fig, 6.1.[1)

The degree of pollution caused by the waste depends upon the
polluting load ana the assimilation capacity of the body of water
in which the polluting substances are discharged, The BOD exerted
by the waste in water couses a depletion of dissolved oxygen which is
replenished by reoxygenétion through surface aeration and algeel photo-
synthesis, Deoxygenation of the body of water by excessive polluting
loads beyond critical limit discrupts the balance between animal and
plant 1ife and ceuses characteristic changes in physical, chemical and
biological conditions of water, Dilution, sedimentation, current,
sunlight and temperature are the major factors influencing water
pollution and self-purification processes, The organic, inorganic and
toxic wastes discharged in the stream within or beyond the assimilation
capacity leave some residual pollutants in water., In tidal rivers,
under certein conditions, a gradual deterioration of water quality with

time by the accumulating residuals of naturally degraded wastes may

G CCur,

6.2 Waste Disposal in Dhaka

6.2.1 Domestic sewage

The ever—increasing population of Dhaka has rapidly increased the
wastewater production and the city area has outgrown its sanitary system;
particularly the sewerage extension, At presant, the existing sewerage
system collects and treats only about 40% of the total wastewater pro-

duction, the rest being discharged directly to the nearby drains, ground




e

92

and other water ways.(g) As a result, the wasteswater 1a evarywhare

in evidence, and now, the sanitary condition and water contemination
of public water bodies have become a deploraeble level, A significant
water guality deterloration has also been obsarved in the Buriganga

river and will progressively become worse due to accelerating growth

of population and industry,

4 C
935
g;g Zone of Septic Zone Zone of active Clear wate
alo degradation recavary zone
83 a .
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Fig 6.1 Diagrammetic illustration of
the patterns of pollution and effects of pollution upon

1)

Do and biological 1life in rivers(
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<§Z§;§£kndystrial Wastewater

The industrial pollution within Dhekas city is concentrated

primarily in the Follnwing)locationsg
¢ .

L .
i) Hazaribagh Tanning Area .-

i1) Tejgaon Industriasl Area _.—
iii) Dhake—Narayanganj Industrial Belt (along the river Buriganga)
In and around the Ohaka city, there is no any particular aystem

for industrial wastewater collection, treatment and dieposal, Untreated
or/and partially treated industrial wastewaters with vary high pollution
potentials are discharged to the "ad jacent low-lying areas, drains and
other water—-ways ahd ultimately with the river system around the city
of Dhaka., The pollutanfs are inarganic' organic and toxic in nature and

require extensive treatment before disposal to prevent the enuironment,

6,2.3 Solid Waste’

- The guantity of solid wastes produced in Oheka varies between 700
and 800 tons per day in dry season and 300 and 1100 tons per day in

rainy season.(z)

The present dumping site in open ersa near Mirpur
Bus Terminal is a focus of pollution, The leachate from open garbage
dump produced in rainy season which is krnown to have extremely high
pollutioﬁ potential, reaches groundwater and surface water sources,

Oumping of solid waste in river water by people living or working

naarby is very common in Bangladesh,




The Uolﬁme of wast>ueter in Dhaka city is increasing with industri-
alization and the rapid grow%h of nonulotion, The river water contami-
nation caused by unsatisfactory trertm=nt svstem of wastewater has
a}ready become a deplorable_lavel, requiring immediate actions to
prevent defiradation of the sanitary conditions in the area, Mozt sPrious
effect of +the wastewater.diecharga to the river is a potential high
danger to contaminate the weter supply avs tem downstream of the Buri-
ganga river, The é;mparlson.of the 1mportant vater guality parameters
of “the Buri;anga_riuer w%?h previous studies by Parsons Corporation
(1959-- 60), Kalem(1968), Ahmed(1974), wor{1973 - 75), Islam{1977),

WASA(1980) and JICA(1987) reveals that the quallty of water of the #ffﬁ

river has tremendously deteriorated, Careful examination indicataes

Pl 2

that the water from the river is unsafe for many uses. and needs exten—

sive and costly management to achieve International Standard for
drlnking water,

In 1980, a sampling programme of the Buriganga river shown dete—
riorating water quality and Table 6,1 shows the comparison of the

different sampling results,

A comparison of sampling data of the Buriganga river water near

Chandnighat allows the following conclusions

i} The DO levels decreased in comparison to the results of March,61975,
ii) The BODg at 20 C velues increased, but not substantially,
1ii) Chloride concentration increased about 25% in 5 years ( 1975 -180)

iv} The average coliform colonies increased threefold in 7 years
( 1968 - 175 ).

In May 1385, during SARC seminar on Protecting the Enviromment
From_Degradation, another study on the guality of Buriganga river water

was done and'presented .bylAhmed’F. as shown in Table 6,2,

In July 1987, Mitsubishi Corporation of Japan conducted a study on

water quality of the Burigange river and the test results are shown in
Toble 6,3,
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Table 6,1 water quality changes _
5 )
in Buriganga river (near Ghandni ghat), 1968-1980 (25)

BUET 1968 DPHE 1975 Study Tesm 1980

Parameters e e

- Min, Max, Ay, Min., Max, Av, Min, Max, Av,
EC (4mho/cm) 950 332 207 325 650 - 282 512 -
pH : 7.1 B.2 ~-. 7,1 8,5 - 2.1 7.7 -
Chloride (mg/1) 1.0 7.0 - 14 62 - 28 30 29
00 (mg/1} 5.4 8,0 6,7 1,55 10 - - 2.4 a6 3,3
BOD; at 20°C (mg/1) 0.0 1.5 0.8 1.4 6,5 -~ ° 1,6 8.4 3.0
Nitrate (mg/1) 0.1 0.6 0.3 2.6 6,2 - 0.1 1.9 -

Coliform colonies/

100 ml 260 1600 1480 200 20,000 - - »20,000
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Table 6,2 Quality of Buriganga river water (24)

Paremeter

Suspended sclids
Turbidity

GColar

Total alkalinity
Acidity

PH

Total hardnees
Dissolved oxygen
cab

BOD
Garbondioxide
Ammonia

Nitrate

EC (Zlec, cond.)
Coliform count' '

X 100/100 ml

[

—— et

Minimum Average Maximum
37 75 105
30 52 , a8s
25 32 a5
15 75 230
00 5 12
7.1 7.8 8,2
=0 75 150
5,8 7.8 8.4
0.3 2.2 5,0
0.7 1.8 4.3
1 13
1.2 2.6 3.8
C.6 2.2 7.0
120 260 450
1 36 125




of the Burigenga river, July, 1987 (26)

Table 6,3

VWoter analysis

9?7

Parameter Unit AQuantity
Tarbidity 2.5 NTU
Color 14 degree
Total hardness mg/1l as Can0 al.z4
Calcium mg/l as CaCo, 26,390
tlagnesium mg/l as CaCO3 14,34
Sodium mg/1l as Ma 4,30
Potossium mg/1l as K 2.70
Iron mg/l as Fe 1,06
Manganese ma/l as Mn 0,029
Chloride mg/l as Cl 2.60
Sulfate mey/1 as'SDd 9,10
Ammonia nitrogen mg/1 as NH, 0.10
Nitrite nitrogen mg/1l as NO,, 0,025
Nitrate nitrogen mg/l as MO, 3,70
Silica mg/1l as 8102 12,38
Fotassium permangannte

consumed ma/1 5,90
PH value 7.25
Total alkalinity mg/1l as CGCD3 47,00
Conductivity s/cm 105,0
Total dissolved solid mg/1l as CaCO 75.0
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The recent water guality survey cqnducted by Dhaka WASA and Environ-
mental Pollution Control Board confirmed that the river water has been
gradually polluted by the wastewaters, BOD concentrations at the selected
monitoring points in the Buriganga fiver at the upstream of the treatment
works ranged between 2,1 and 2.6 mg/l, whereas that of about 1,2 miles
downstream of the outfall was 4 mg/1, The BOD concentrations at just
downstream of the outfall were in the range of 14 to 18 mg/1,

In the recent field study by JICGA, water quality of the river was
analyzed, The rasults and sampling points are shown in Table 6.4 end
in Fig, 6,2 respectively,

Table 6,4 Wwater quality of the

Burlganga river

Sampling date Sampling point 8005 58 CoD
13,11,1985 Outfell point (up) 2.0
Outfall point (down) 17.5
12.4,1986 Outfall point (up) 1.8
Outfall point (down) - 20.0
7.10.1986 Outfall point (up) 2,8
Outfall point (down) 13,0
1,12,1986 Outfall point (up) 2.2
Outfall point (down) 17.0
2.7.1387 Outfall point {up) 4,3 57 14,4

Outfall point {down) 18,3 66 43,2
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6.4 Estimation of Pollutign Load

6,4,1 Oomestic sawage Pollution Loed

Wastewater thet are discherged'throughout the Dhaka city have
both a regional and local impact on the water guality, Considering
the present and future population of Dhaka city and based on a D,12
pound BOD per capita per day, the organib pollution from municipal
sources 1s tabulated in Table 6,5, Fig, 6,3 shows the grephical
form of the population and corresponding pollution load, Data from
fig.6.3 reveals that the present orgenic pollution within the city ~
area 1s 5,20,000 pounds BOO per day,

6,4,2 Industriaml Pollution Load

On an average day in Dhaka, about 6 million gallons of industrial
liquid wastes are produced and discharged to the waterwaya; rivers, st
street drains etc. (28)Fiq. 6.4 shows the location and daily quantity
of pollution (5 day BOD) discharged from each erea into the low=lying
areas and/or receiving @aters. 25 Industrial wastewater flows and
pollution loads are as shown in Table 6,6 (25)P011ution potentlial of
industrial wastes arises from high concentration of organic and in-
oraanic loads, presence of toxic substances, aclds or alkulis;:oils

and other floating substances,

|
N
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Table 6.5 Pollution load of the Butriganga river

Year Populntion Pollution load (5005 - 20°c)
o L 1b/day

1900 27,00,000 3, 24,000

1985 35,00,000 4,20,000

1990 50,172,000 6,25,000

1595 €0, 75,000 8, 30,000

2000 90,00, 000 10,80,000

(
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Table 6.6 Major industrial orecs and pollution load (2 ]

Industrial Number of pollution Industrial Pollution load
area producing industries wastewater = S-day BOD
flov(MGD) | (pounds/day)

Hazaribaéh "128 ' 2,94 36,5600

Tangi 29 ' 0.96 20,000

Tejgaon 61 0,50 2,000

Lakhya river 29 0.96 18,500
Dhaka=N,Banj 76 0.64 10,500
Joydevpur 3 0.05 a,500
Scattered 4 : _ 0.18 2,500

Total 330 6,23 101, 500
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6.5 Effect on_the River of Buriganga

6.5,1 Dissolved Oxygen Sag Curve for Burigaenga river

In February 1987, a sampling programme of ths Buriganga river was
done, Six different sampling stations were established along a 10-mile
stretch of river étarting from 6 miles upstream of Pagla outfall point
upto 4 miles downstream side, Six samples were taken from different
depths at each sampling station, Fig, 6.5 shows the location of the
sampling station, It was assumed for this study that the-Flows, tempe-
ratures, BOD loads and rate constants at each point remain constant.with
time. It was further assumed that the concentration of BOD and DO is
uhifnrm over the cross-section of any river station, Since, in most
cases, there will be daily variations in pollution loads; flows and
temperatures, oxygen produced by photosynthesis throughout 24'hours
etc., the assumption of steady state conditions will introduce some
errors, However, for planning purposes, this simplified version of the
00 sag curve determination is sufficient,

The result of the sampling progremme of the Buriganga river are
summarized in Table 6,7,

%
*

Table 6,7 Buriganga river assimilative

study results of sempling programme

Sampling station : Av, DO (mg/1) Av. BOD (mg/1)
1 3,4 5,7
2 3.1 2.6
3 3,0 3,2
4 4,2 2.1
5 6.7 2.2
6 7.8 1.4
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Fig. 6.6 shows the DO sag curve of the Buriganga river during the
perlod of low-flows, It 1s apparent from the oxygen sag curve that the
major pollutional impact i1s from the sources upstream of the direct
municipal discharges at Pagla, These upstream pollution sources are
principally uncontrolled industrisl discharges (specially from Hazari-

bagh tanning areas), storm sewers and khals and runoff from agricultural
land, city streets etc,

Another sampling programme is done in December, 1987, Three different
sampling station were selected as shown in Fig, 6.7. The upstream and
downstream point of Pagla sewnae treatmant plant ocutfall werse selacted
100 ft, upstream and 100 ft, downstreem side respectively, The results

of this sampling programme 1is summarized in Table 6.8,

Table 6.8 Result of sampling test of

. Buriganga river rear Pagla STP out-fall

Sampling station _ 00 (mg/1) ~ 80D (mg/l]

10,9,1987 - 14,9,1987 10,9.1987 14,9,1987
Milbarak a.9 6.7 12.5 2.1
Upstream point 5.6 7.1 1,8 1.5
Downstream point 3.7 1,1 12,0 20,0

From Table 6,7 and Table 6.8, it is seen that the DO and BUD5 af
river water 100 ft, downstream of Pagle outfell is 3,9 mg/1 and 19,5 mg/1
respectively, whereas the DO of the point 1.5 miles downstream of outfall
is 6.7 mg/1 and BOD; is 2.2 mg/l, These data indicate that a very high
degree of mixing occurs in the Buriganga river, Any wastewatser discharged
into the river is dispersed very quickly, Mixing of the river weter will
also result in a relatively high degree of reaeration,, Algae was found to

play a smell role in the river flow reaeration, This information and the

associated computations lead to the conclusion that the river acts sasenti
ally as a large dilution and stobilization pand,
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6.5.2 Discussion

The principal objective of this study was to define a level of treat-
ment for sewerage facilities that would be technically sound and economi-
cally viable and that will attain the level of environmental protection
desirable for Dhaka city. In Fig, 6.6, from DO sag curve, it is seen that
the critical zone is from 0O mile to 5.8 miles where DO is lass than 4 mg/1
which is required for fish and other aguatic life for their survival,
Minimum DO concentration is observed at downstream point of Hazaribagh
tannery waste discherge point. From O miles to 6 miles (Fig, 6 .6), 0O
level is found less than the minimum DO rEquired for aguatic 1ife for
the following reasons:

g

i) Discharging of Hazaribagh tannery waste: Tha Hazaribagh area is
situated on the south-wvest periphery of Dhaka city alongsida the Buriganga
river, Upto 1987 151 tanneries were identified in Hazaribagh and their
locations is shown in Fig, 6.8, (5) This industrial area is not served
by sewer system., The aree is provided with a system of open drains which
discharges onto the floodplains of the Buriganga river, Unlined canal
carries the wastsweter from Hazaribagh to the river about 1.5 km, The
average wastewater flow from Hazaribagh into the Buriganga amounts to
about 400 m /h Based on an average production day of 10 hours - the
daily Flow is estimated at 4000 m°/d, (5)

The wastewater flow from the tanreries contains a very high 80D
load in the form of suspended organic matter and various chemicals of
which chromium and ammonium are the most toxic components, The discharge
of tannery wastewater from Hazoribagh couses serious pollution in the
receiving water of which the impact reached further than only the loca-
lities in and around Hazaribagh, Since the discharqe is directly upstream
of the densly populated arees af Dhaka alongside the Buriganga river,
the health risks to hundred of thousand citizens have to be considered
too. The high concentrations of organic materials, sulphides and organic

Or ammonium nitrogen rapidly deplete the DO in the receiving water and

at the same time the sulphides are extremely toxic to fish,
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11) Dischergimg of wostewater by khals and storm drainage: Dhaka
city is provided with étarm drainage pipes, having a total length of
109 km and a diemeter ranging from 0,3 m to 3,0 m, Location of trunk
drainage pipes 1s also illustrated in Fig, 6,9, Wastewater is directly
discharge onto the Buriganga river through the major four drainage
pipes as indicated by 33, S4, S5 & S6 in Fig, §,9. (17)

There are a number of khals in Dhake city of which total length
is 53 km, Major khals included are Dholail khal, Segunbagicha khal,

Gerani khal and Begunbari khal, Locatlon of khals is as 1llustrated
in Fig, 6.10,(17)

6.6 Disposal of Effluent

6,6, Effluent Quality Standard

The average BOD of Dhaka city sewage-is around 260 mg/l which
requires 13 times reduction by a efflclent treatment process for
 inoffensive disposal in river water, As the volume of wastewater is
inbreasing with industrializatiun and repid growth of population,
therefore, it is requirsd to formulate a standard effluent quality

to control the pollution of river wnter.(l7)

The Royal Commission adopted two basic effluent huality perameters,
B0D and suspended solids and proposed that normal treated effluent
should have a guality of 20 mg/l BOD and 30 mg/l S5 or better, The
Royal Commission's 20/30 standard has been widely adopted although
sometimes a stringént standard may be required for streams receiving
effluent with dilution factor less than 8, The tolerance limits suggested
by Indian Standard Institution for industriasl effluent discharged into
inland water are 30 mg/l for 80D, 100 mg/l1 for suspended solids, 0.1 mg/l

for hexavalent chromium and 5,5 to 9.0 for PH. The magnitude of -
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polluting loaeds received by the river system can be visualized by
comparing the effluent quality parameters with the tolerance limits

suggested by the Royal Commission and Indian Standard Institution,

Bang}édesh does not have a effluent guality standard &f its own to
guide the design of treatment facilities and regulate the quality of
effluents discharged in water, Considering the conditions exist in the
country, Bangladesh should formulate a workable effluent guelity
standard to protect the environment of the natural water resources from

degradation.,

6.6.2 Determination of effluent standard

The design flow-rate of Pagla sewage treatment plant is 40 IMGD
( 183,000 ma/day]. The maximum 1ifting copacity obtained from the actual
pump operation record for the past one year is 88,000 ma/day. with the
the addition of approximately 25,000 m3/day which 1s apparently a
byhbass outfall ,caused by the feilure of the pump or the outfall of
some sewage, it will reach 113,000 ms/day. On the other hand, estimated
sewage Flow rate calculated from the water consumptlon is 115ADDD m3/day.
A ma;ter plan of the plant will be made to meet the capacity of 183 UDD
m /day. ThereFore outfall flow rate of Pagla treatment plant 1s consi-
dered as 183,000 m /day (18)

According to the Feasibility Report {April, 1981}, the flow rate
of the Buriganga river seems to be approximately 570 m?/éec.(lal

As the Buriganga river to which the treated water is discharged has
sufficient water volume even in dry secason, sufficient dilution of the
outfall water and the rivert's spontaneous rehaehilitating function are
expected, Therefore, wedium grade treatment (BOD = 60 mg/l or below)

is selected as the target quality of the outfell water,

The average BOD5 of the Buriganga river is considered as approxi-
mately 2 mg/1,
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6.6.3 Influence on the water quality of the Burigenga river

The following shows a trial calculation for the expected water
quality (BUDS) on the downstream side of the outfall point in the case
of medium grade treatment.

Conditions:

Flow rate of the Buriganga river:

Q) = Approximately 570 mafsec (dry season)

Average water quality of the river (BOD
S, = Approximately 2 mg/1

6

Outfall flow rate of Pagla treatment plant
Q, = 183,000 m /dey = 2,1m /sec
Outfall water quality (BOD

S, = 60 mg/ 1

)

If the outfall water is mixed up with the river water on
the downstream side of the outfFall point, the quelity of the river

water will be as follows:

3 = 2,2 mg/l <3 mg/1,

From the preceding analysis of assimilative capacity and pollution
sources of the Buriganga river, it is concluded that the level of
treatment achievable by pond systems will be adequate to prevent
significant degradation of river water guality dus to treatment plant
discharges, Thus an effluent guality of 60 mg/1 8005w111 be considered

the recommended treatment objective for sewage treatment facilities,
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CHAPTER 7
THE METHOODS OF SEWAGE TREATMENT

'?.1 General

et et e

The large volume of sewnge projected for Dhaka city during a planning
period must be collected, transported, treated and disposed of properly
to prevent disease transmission and adverse environmental impacts. Many
systems have been developed to transport and treat sewage that are used
successfully by the municipalities throught the world,

Based on the basic policy for selecting'the method of treatment,
different alternative biologicel processes have been studied ﬁnd evaluated
to select the suitable and most effective method of sewage treatment for
Dhaka city, Sewage samples have been collected from the different locations
of Dhaka city's sewsrage system and it haé been characterized, Field Btudy;
investigation and laboratory analysis shown that the 8005 of raw sewage is
varying from 210 to 288 mg/l. Other characteristics aof sawage like PH,
temperature, color, turbidity, TS, D5 and SS are alsoc considered in investi-
gating the methods of sewage treatment and selaecting the suitable one, A
complete study was conducted for formulation of alternative sewage treat-
ment schemes that will provide sahitary disposal of sewage without degrading
the environment. Not all systems are well-suited to every set of climatic,
topographic, economic and social conditions, To obtain the desired degree
of treathent, in view of the conditions of Dhaka city, the climate; economy,
p0pu1ation, habit of the people, topographical and geological conditiqn,

status of infrastructure and other socio-economic factors were considered,

7,2 Basic Policy for selecting Treatment Method

el o et R e v S i o i AR . AT e B i s el

In selegcting the methéd of sewage treatment for Dhaka city, the

following points were taken as a quide ling:
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i} To employ a system which 1s effective in treatment and reliable

in operation and maintenance,

i1} To employ a system whose power consumption is minimized as much
as possible; because of the difficulties in electric power, supply and

economic situation,

iii) To employ a system which requires less construction materials that

depend on the import and also minimizes the construction cost,

iv) To employ a system whose operation and maintenance are as easy as

possible requiring 1ittle advanced technology,

v) To employ a system whose treatment level can be easily upgraded

in future,

vi) To employ a system whose maintenance cost is minimized as much as
possible,

vil) Target of the DutFall woter shall be placed upon the quality of

medium grade treatment,

7.3 Basic Design Criteria and Daota

The following are the basic design criteria and data which are con-
sidered in selecting the suitable method of sewage treatment for Dheka
city:

i) Physical, chemicel and biolagical characteristics: Table 7.1 shows

~the physical, chemical and hinlegicel characteristics of sewaqge of Dhaka
clty,

ii} Population: The present populatinn of Dhaka city is 4.32 million,
 Dhaka WASA 1s supplying weter to approximately 3,3 million people whose

water supply volume 1s 32,50 IMGD, Presumed populaetion utilizing the
sawerage facllitles is approximately 1,131 million,
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i11) Quantity of sewage: Sewage flow rate was calculated on an assum—
ption that 70% of domestic water consumption would be dischargad to the
sewerage system, Accordlng to the consumption 83 litres/head/day sewage
flow rate is 73,800 m /day. Gonsidering other sources of supply, infil-

tration water, 11legal storm, the flow rate is as Folluws:

1

Q4 mean 96,000 mB/day in dry season

116,000 mS/day in reiny season

Qd max
Q, mex = @, max X 1.7 = 147 000 malday

Seasonal variation of flow is 20,83% of the dry seasen flow,

Table 7,1 Characteristics of Sewage of Dhaka city

Parameters e Values

Minimum Maximum
Temperature 11,0 C 3500
pH | 2.2 8.0
Color | 400 12440 ppm
Turbidity 180 420 ppm
Total splids 437 2730 ppm
BOD, 210 288 mg/1
COD 320 481 mg/1
BOD reaction rate constant (k) 0,25 : 0.28
Ultimate BoD (L) 420 mp/1

iv) Target guality of outfall water: Burigangé river to which the
treated water is discharged has sufficient water volume even in dry
season, therefore, sufficient dilution of the outfall water and the
river's spbntaneous rehabilitating function are certainly expacted,

To provide a better envirorment for the resldents along the left bank
on the downotroam elde of the outfell point, Tharsfore, modium grade
treatment is determined ss the target nuality of the outfsll water,
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Medlum grade treatment:

300 60 mg/1 or below
35 120 mg/l or belaw
Colony of Colon Bacillus : 3,000 pcs/m3 or below

v) Availability of land: Land is avoilable around Dhaka'city for
sewage treatment plant at a reasonable price. There is a flexibility

in utilizing the land,

vi) Indegendus materials: In selecting the sultable method of
sewage treatment, importance is given in using the ldcally available

materials on priority basis,

7.4 Selection of alternative sewage treatment method - . l

tA varlety of processes have been introduced and used as wastewater E
treatment system. Considering the desired degree of tréatment, technical
feasibility, evailability of the materials, simpliclty of operation and
maintenange the following alternative systems are evaluated)carefully
and compared with each other on technicel suitebility (engineering
analysis) and economy (cost énalysis] to determine the suitable and

economic method of sewage treatment:

1) Waste Stabilization Pond
i1} Oxidation Ditch
iiil) Aerated Lagoon
iv) Biolobicnl Filtration
o~
All four systems posses the virtue of relative simplicity in operation.
Other systems were rejected either because they involved excessively
" sophisticated technology, highly skilled operators,were very sensitive
to electrical power failure or were so simllar to one of the selected

systems that further analysis appeared redundant,

3o Wosto Stabilization Pond: The stabilizetion pond consists of a largs .
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land arean with earthen dikes similar to the one at the present Pagla
treatment facility, Algae growing in the sewage near the pond surface
produce oxygen that is used by other mlcroorganlsms throughout the gund

depth (up to about 5 ft, }. These microorganisms ingast organic mattar,
therby stabilizing the sewrge.

Stabilization ponds require very little care and maintenance in their
operation and are the simplest of the systems studied, No clarifiers are
required, and the sludge is built up in the ponds very gradually, requiring
cleaning only once in 5 - 10 years, The effluent quality is generally
acceptable although it is not as fgood as the other systems, The major

drawback of stabilization ponds is the requirement of a large land aren,

Oxidation Ditch: This ditch is a modification of the conventional
activated sludge process, which has the advantages of not requiring
primary clarification and of being less sensitive to changes in its
operation. The oxidation ditch is a large, circular concrete-lined channel j
in which wastewater circulates, impelled by brush rotors that functiaon j
to bring the sswage in concrete with oxygen in the air, Sludge returned
from the secondary clarifier to the channel contains large quantities
of microorganisms that ingest organic matter in the sewage, reproduce and
grow, and are theén separated in the secondary clarifier, A portion of the
sludgé that is settled in the clarifier must be disposed of, the remainder

is returned to the oxidation ditch,

Oxidation ditches are capable of achieving a very high level of
treatment, However, as with‘the trickling filter, they have the disad-
vantage that the large quantities of sludge produced must be properly
disposed of,

Aerated Lagoon: Aerated lagoons function similarly to stabilization
ponds, except that oxygen is provided by mechanical nmerators rather than
by algae. As a result, the depth can be increased to 10 - 20 ft. and the
land area reduced proportionately., The treatment capacity of an existing .
stabilization pond can be expanded greatly by increasing the liquid depth
and by adding mechanical aerators, thereby converting it to an aerated

lagoon, Aerated lagoons require no clarification units and cleaning is

required only once in 5 to 10 years,
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Biological Filtration (Trickling Filter): The trickling filter is a
large tank that 1s filled with rocks or other similar media. Clarified sawage
is sprayed over the top of the'Filter, whereupon it trickles through the
. racks to & collection chambef_at{ﬁhq.bpptom.,Aa,thg”sewqgg.passea through
the rock béd, microorganisms growing on the surface of the inq;gédual
rocks ingest the dissolved and suspended organig matter in the‘sewage;
using the organic matter as food to support their further growth, Eventu=
ally the microorgenisms become so numerous that some are unable to remain
attached to the rock surfaces, these are sloughed off with the pasaing

Wastewster and must be seperated in a subseguent clarifier,

Trickling filter are relatively insensitive to large fluctuations
in flow and organic loading and are fairly simple to operate, However; )
one drawback of trickling filters is that they must be preceded and followed
by clarifiers, and the sludge produced must be treated and disposed of

daily,

Before going to the selection of a suitable method of sewage treat-
ment of Dhaka city, an extensive literature on the same issue was revi-

ewed to determine the most appropriate method of sewage treatment,

In 1981, AMP International Ltd, & James M, Montgomery, Consulting
Engineers, Inc, conducted a sfudy on selection of sewage treatment
method for Dheka city, They evaluated the following four types of

treatment systems:

i}/?rickling Filter
ii) Oxidation Ditch

1i1) Stebilization Ponds
'iv) Asrated Lagoon

The most feasible combinations of the component of sewage treatment

oyetams are ehown in Flg, 7.1 &nd Fig. 7.2. Cost (January 1980 shatow nust]
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Table 7.2 Replcement Interval and Component Costs for (25)
Conventional Sewage Treatment Plants®s? (Million Takas)

Feplacezent Replacement "0&H Salvage Tota
" Intervzl Initial Present Present Present Prese
Component (years) Cost - Cost Worth® Yearly Worth®  Yearly Worth¢ Wort
1nfluent pumping 15 ‘ 18.0 - 9.0 2.2 1.3 12.4 - - 32.6
Primary clarifier 15 84.2 9.4 2.2 2.2 211 : - - - 107.5
(& sludpe pumping) -
Trickling filter 15 . 168.7 42.4 10.1 9.3 B7.4 - - 266.2
{and pumping) .
Secondary clarifier 15 168.5 18.7 4.5 4.46 42.1 - - 215.1
(& sludge pumping) ' ‘ ‘
Oxidation ditch 15 290.2 114:1 27.3 30.0 282.9 117.0 6.8 593.6
Aerated lagoons 15 : 244.,8 - 27.5 6.6 14.8 139.4. 80.0 4.6 186.2
Stabilization ponds 30 - 602.6 - - 7.6 71.0 320.0 18.2 655.4
Effluent pumping 15 40.7 9.0 2.2 1.32 12.4 7.6 .4 " 54,9
and outfall
Aerobic digester i5 128.0 44,2 10.6 24.3 229.1 - - 367.7
Anaerobic digester . 30 192.0 - - 3.8 36.2 - - 228.2
Sludge lagoon 3o 45.4 - .- 0.6 5.4 16.0 1.0 49.8
Sludge drying beds = 30 371.2 - - 6.1 57.9 89.6 5.1 424.0
Sludge pumping 15 16.6 16.6 3.8 1.3 12.5 - - 32.9
Sludge storage ‘ 3o - 63.4 - - 1.0 9.0 16.0 1.0 71.4
Spreading an NA ~- - - 12.2 114.6 - - 114.6
agricultural land
(and hauling) . .
Sanitary landfill 100 96.0 96.0 51.2 20.2 19n.1 144.0 8.3 329.0
(and hauling) T 7
Hunicipal cooposting NA - - - 24.3 229.1 - - 225.1
(and hauling) . \ ‘

BAssumed average flow capacity of 33.3 IMGD for comparison purposes, Janvary 1980 shadowv costs.

bThe raw sewage BODg vezlue used in the Draft Interim Feasibility Report has been modified in thisg report,
"and the component costs have been revised. : S
€30-year planning period; 10 percent discount rate.

SeT
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for the sewage treatment and sludge handling component systems have
been developed and are presented in Table 7.2 for a typicel case of
33.3 million imperial gallons per day (IMGD) average sewage flow,
The-total cost of the maost feasible combinations of the component
systems (Fig, 7.1) are listed in Table 7.3, expressed on a present—

worth basis for purposes of comparison.

From the cost estimates presented in Table 7.3, it was apparent that
only treatment system having little or no sludge handling would be the
cost effective, i.e,, system (111) & (iv)., The choice between Stabili-~ :
zation ponds and Aerated lagoons was primarily a matter of land cost anﬁ !
sewage Flow, since aerated lagoons cost more to construct and operats
but use less land to treat the same flow, The flow above which aerated
lagoons are more economical than stabilization ponds was analyzed for
various land prices and the results of the analysis are shown graphically
in Fig, 7,3, It was apparent that with the high land prices found in most E
- of the study area and the anticipated large sewage Flows; aerated lagoons

would be the more cost-effactive treatment method, !

In 1985, another study work was conducted by Japanese Study Team ,
together with D¥ASA for selecting the suitable method of sewage treatment. ?
for Dhaka city, The following five alternative blological treatment .

processes have been evaluated to select the most desirable treatment
method:

i}/ﬁnaerobic Pond

ii) Oxidation Ditch

iii) Aerated Lagoon

iv) Biological Filtration
Yl/ﬁctivated Sludge

Each’ of the five alternatives had bean evaluated for four major
features, nemely: &) cost effectiveness b) simplicity of process
c) ease of process operation and maintenance and iv) treatment effeciency:

reliability of process operation and meintenance.

The study team reported that both'anaerobic pond and oxidation pond

systems were the least expensive among the alternative plans mnd enay to

construct, operate ond maintain, There were no mechanical equipment to S
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Table 7.3 Cost Summary of Complete Sewage Treatment System (25)

Present Worthd

Components : " (million takas)
systew J: Trichling Fllier

Influent pumping 32.6
Frimary clarifier 107.5
Trickling filter 226.2
Secondary clarifier ' 215.1
Effluent pumping and outfall 54.9
Anacrobic digester , 228,72
Sludge pumping 32.9
Sludge drying bed 424.0
Sludpe srarape _ 1.4
Spreading on tfarwlund 14,0

Total present worth TT?Z?TZ

Systuem 4@ Oxldation Didel

Influent pumping 32.06 o
Oxidation ditch : 593.6 N
Secundary clar [l 215.1
Effluent pumping and outfall 54.9
Sludge lagoon . 49.8
Sludge pumping 32.9
Sludge drying bed 424.0
S5ludge storage 71.4
Sanitary lundfil] : 329.0
Total present worth 1,803.3

System 3: Stabilization Ponds

Influent pumping - 32.6
Stabilization pond - 655.4
Effluent pumping and outfall T 54,9

Total present worth 742.9

System 4: Aerated Lagoons

Influent pumping - 32.6 -

Aerated lagoons 386.1

Effluent puwping and outfall 54.9
-Total present worth : 473.6

830-year planning period; 10 percent discount rate.
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Fig. 7.3 Cost of Aerated Lagoons versus Stabilization Pands
(as a function of plaent capacity and land cost ) (25)
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maintain, however, the large space requirement was the governing factor

to rules out these processes from further consideration, The team also
mentioned that the available land space for the expansion of the exiating
treatment works was not sufficient to provide facilities to treat the
sewage inflow in future. They have shown that the required land space

for treating the sewage from the B8 million inhebitants in the year 2010
would be about 1300 ha for oxidation ponds (if the 80D loading of 300
kg/ha is applied). Also, the present anaercbic ponds system can not reduce
the BOD below 20 mg/l within the detention time of a few daya, and there—

fore, can not produce a high quality effluent to prevent further pollution
of river water.

The aerated lagoons system required less land space than the oxidation
ponds and anaercbic ponds, and had various other advantages, however; the
energy consumption was the highest among the alternatives, Although many
advantages were realized, the high energy requirements did not overcome

the advantages and therefore, this process cancelled out from further
study,

The activated sludge procsess had many such advanteges as small space
requirements, reliability of operation, high quality of effluent ete,,
however, the power requiremehts were high, The overall costs were also
high compared with other alternatives. In view of the facts that both
capital and recurrent costs were prohibitively high and operation and

control of the process were complicated, this process was acreenad,

The biological filter process reauired energy only for lifting up

the sewage to the biofilters but no other power 1s requiréd for the sewage
aeration, thus the power consumption was the lowest among other mechani-
cally aerated methods, Oe=sldes, this process was stable under condition

of fluctuating hydraulic and organic loads, requiring simple operation

and control, Maintenance of the units was also simple, becmuse the main
mechanical components were those to distribuke the sewage, and because

no drive units were provided for each set of the distributor. The minimum
number of moving components make the servicing very easy, only occaslonal

checking or greasing would be required,

o
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According to the Japanesafeam, the above discussion had led to the
conclusion that the trickling filter process should be adopted to the
new scwage treatment system, The new biological filters by rotary dis-
tributors would treat the sewage effluent from the existing anaerobic
ponds, Ehus the costs wvere conslderably saved, The excess eludge is to

be introduced te the sand sludge drying bed,

The proposed treatment plant flow diagram and plot plan are shown
in Fig, 7.4 and Fig, 7.5 r~spectively,
The Jepanese team summarized the asdvantanges of trickling filter

process 8BS follows:

i) Low operation and maintenance cost
11) Production of e high quelity effluent, prrticularly in hot
climate regions like Dheka
i1i) Simple structurc of the facilities
iv) Easy operation and maintenance
v) Simple process and reliability of opération particularly
againat the fluctuation of hydraulic and organic loeds '
vi) Low excess sludge production
vii) Low power cost requirement

viii) Low capital cost requirement

In 1987, the Japanese Government dispatched a preliminery study mission
to Bongladesh through Jepan International Cooperation Agency (JICA), Based
on the results of the study by the delegation, a basic design study tea&
was sent, The following three aystems wers studied as possible slternatives

by the study team:

1) Facultative Lagoon
ii) High Rate Trickling Filter

iii) Aerated Facultative Lagoon
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Fig. 7.5 Plot Plan of Advanced Sewsge Treatment Plant Propaosed
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In order to effectively utilize tha existing facultative lagoon of
the treatment plant and also to reduce the influent load on the secondary

treatment facility by providing primary treetment facility as required
the following combinations were Proposcd as alternative:

i) Primary Sedimentation Tank + Facultative Lagoon (existing facility
+ new facility)
i1} Primary Sedimentation Tank + High Rate Trickling Filter +
Sedimentation Tank (existing lagoon)

i11) Aerated Facultative Lagoon + Sedimentation Tark (part of the
existing lagoon)-

The flow diagram of the above three cases are shown in Fig. 7.6,

Fig., 7.7 shows the flow and major facilities of each alternatives,

Case '1 gave priority to the improvement of the existing lagoon and

the upgrading of treatment capacity of the plant., In order to saecure the !
treatment and to reduce the influent load on the subsequent lagoon, primary ?
treatment would be conducted in the primary sedimentation tank and sscon-
dary treatment would be managed by the facultative lagoons including the
existing one, Although the quality of the treated water might be slightly
fFluctuated from season to scason, especlally by temperature, medium grade
treatnisiwill be achieved,

Casa 2 aimed'at the effective utilizetion of the space as well as the
secure treatment, For the same reason as case 1, a primary sedimentation
tank would be provided and the sacondary treatment would be conducted by
high rate trickling filter,

Existing lagoon would be used as a sadimentation tank, Thia alternative
also could satisfy the medium grade treatment, In addition to sludge scraper
and sludge pump, rotating tricklér would be required,

Case 3 almed at the expansion of the existing lagoon and the improve-

ment of the treatment capacity by mechanical asrator., In order to improve

the removal efficiency at the subsequent stage following the aerated lagoon,
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part of the existing lagoen would be used 8s a sedimentation tank,

Medium grade treatment could be achieved without requiring a 1ift pump
because of a small level difference required for the system, The system
component was only aerator but n large number was required, As the sludgs
accumulated on the bottom of the lagoon was exposed to tha_sun_for drying
whenever occasion arises and removed from the plant for disposal, it was

not necessary to install odditionel sludge treatment facilities,

Each alternative had its positive and negetive aspects in the features
of treatment, However, high rate trickling fPilter system required biologi-
cal control to a certain extent while acrated facultative lagoon demanded
a lot of asrators to achieve the glven treatment capacity and énnsumed
time and effort in the maintenance . Accordingly, case 1, requiring fewer
equipment sesmed the most advantageous, ,
For the maintenancs cost, case 1 was the least expensive because of

its 1limited watt consumption,

From the view point of required construction area, case 2 and cass 3
could be installed in the avallable land space of the plant. For case 1,
the presently projected portion could be constructed in the plant, but

expansion of the plant site by epproximately 23 ha is required in fha
master plan,

In the high rate trickling filter system of casa 2, sonuttreétment
conditions may require the returning of treated water {twice or three

times recyling], resulting in a more watt consumption,

On the basis of the study and the comparison discussed above,
"Primary Sedimentation Tank + Facultative Legoon" system i.e,, case 1
was recommended by the JICA study team as the treatment method for the

following reasons:

i) Under the present plant ocperating conditions, a system with the

minimum running .and maintenznce costs should take precedance,
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ii) Unstebility of trectment efficiency and egress of algal fungi
are expected in case 1 because of seasonal influence but the situation
of outfall river will ndt make them problematic,

1ii) The system after the primary treatment can be easily expanded or
modified to meet the increase in effluent volume and follow the progress

in the treatment system in the future,

iv] With the cost for replacing equipment tasken into consideration,

it is desirable to minimize the number of equipment,

v) Although expansion of the plant site (by approximately 23 ha) is
required in the master plan, the facilities subjected to this project
(l?D 000 m /day] can be installed in the present available space,
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7,6 Cost_comparison of WSP _and Aerated Lagoon

A cost comparison has been made between waste stabilization ponds
system and aerated lagoon (Appendix-F) from which it is seen that the
initi8l cost of waste stabllization ponds is higher than that of aera-
ted lagoon due to requirement of a vast area of tha land, But consider—
ing total annual cost of operation and maintenance for an operation of
15 years, the wéste stabilization ponds system 1is seems to be much
more economical than that of amerated lagoon, Therefore, for the exist-
ing condition and the present situation the waste stabilization ponds

system is recommended as the method of sewage treatment for Dhaka city.




139

7+ 7 Recomnended ficthod! of sevorge Treatmnent

et e et S g i 1t e ok e o

The existing scware troatment plant consisting of three facultative
vaste stabilizatlon ponis, Two ponds are parallel with an area of 19

acres for each pond and the third pond 15 in series with an area of 4n
acres,

[‘and 1
: Hoioren Jon:dt O
0 = 116000 mS/d 13 re . Pond
> : 18 acres | e L, = 74 mg/l
L, = 260 mg/1 Pond o
i 1 ..
19 ceoras

Fig, 7.8 Effecicncy of the Existing Sewapge Treatment Plant

Yhen all the ponds are in mﬁmratinn, the existing tragtment plant
profuces an effluent BUD5 of 74 mg/1l with a detention time of 4,5 days,
To reduce the effluent E?IDD5 to a level of 60 mg/l, a 4th pond of area
12 acres is {0 be constructed in series and the treatment system will

require a detention time of $,1 tays, Thus the total area required for

“the system is 90 acres, (ﬂunenuix—n).

GConsidering desludcin: incilities, if one of tho parellel pond is
not in operation, then the existing treatment system will produce an
ef "luent 80D of 35 ma/l vith a detention time of 3,5 days, To improve
the offluent quality Tor GO mn/l, another 4th pond of an area of 28
acres is to be conétructmﬂ in series, Thus the totel area required for
the treatment system is 114 ocres 'with a detention time of 5,0 days,

(Appantix-B ).

If one of the porcllel mond is not in opaeration for desludging
purpose the accunulated cluioe in the other parailel pond will be
16,040 ma/year vhich renuired desludgine after euefy 1.25 years, Thus

one afi the parsllel pon:' «ill not be in operational condition for 1,25

years which is not cconomical antl ccoceptable, (Appendix—c)s

I T
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“hen all the poni's are in operation, the slutge sccumulated in the
two parallel ponds will be 46,040 mB/year vhich required a desludging
frecuancy of 2,5 years, (ﬂppenﬂix~ﬁ). After every 2.5 years the capaclty
of the tvo parallel pon:is will wcrease onr! the treatment plent will
produce an effluent of 25 mg/l, To obtain the target quality uncer
critical conttition, anothor 4th nond of an earea of 28 ecres is to be

tonstructed in serics for this system, (Anpendix~0).

Thus for the present situction of Dhaka city and avallable sewsrage
facilities, the rocommcn:cd mnthor! of sewnge treatment 1s the faculta-
tive legoon system with an area of 116 scres having desludging faclli-
tizs «Mer cvery 2,5 years, The racommenrded system of sewage treotment

will protiuce the effluent with an acceptahle BUD3 leas than 60 mg/1,

T Deslucaing

Pond 1
L,= 260 {4 19 ncres Pont 3 L1=-95 Fone 4 Le G0 mg/l
i ‘ 1
3n . -
me/1 Pond 2 A0 acres ma/1 30 acreq

19 ecres E

i

1 Besludoing !

Flg. 7.9 fAccomoensetd Systom of Sewage Treatment

armept (3 ) 30
I o men 1s assunad to ischarge 2004107 coliforms per duy£ )

the sveraye concentrations of total coliform in the sewage and in the

. B8
@ fFfluent aftor trentment arm cipected to be about 2,5 X 10 /100 ml,
4,

andd 2,0 X 10 /100 ml, respeclively, (ﬂppenﬂix~E).
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7.8 Discussion

T e ——y

Applying first ordéf B0D removal kinetics equation the effluent
BDD5 from the first two ponds determined 145,73 mg/l. But from labo—
ratory analysis and considering the third pond functioning as facul-
tetive pond, the effluent 8005 is calculated 160 mg/l, Again consi-
dering the first two ponds as enaerovhic pond, the BOD removal would
be 53% on the basis of empirical procedure (Appendix—G). These data
indicate that the retenticn time in the first two ponds 1s less than

the actual detention time (2 days) due to the sludge accumulation in
the ponds,

The volumetric loading in the first two ponds is found 130 g/mad
which is less than 400 g/mad. Therefore, there is no odor releasing
problem, (eppendix-G}.

The third pond is not functioning as a complete facultative pond,
No algae are observed near the inlet point of this pond, algee are
observed near the outlet point. Thus the facultative condition is
not malntained near the inlet poilnt of the pond. The effluent BOD
of the third pond is observed 81 mg/l which is more than the accept-
able value (60 mg/l), So another pond is required to reach the allo-
wable value of the effluent B0OD, This pond will reduce the pathogens
also. Although usually two ponds in series with a retention time of
5 days is required to remove the pathogens, for the limitations of
land areas at least one maturation pond can be provided, For further

reduction of pathogens disinfection process can be taeken into the

consideration,
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CONCLUSIONS AND RECOMMEN DATIONS
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The conclusions drawn from this study are summerized below:

1) The characteristic quality of sewage of Dhaka city is not
uniform, The existing sewerage system collects sewage from regi-
dential, industriel and tanning areas, The BDD5 values of. sewage
from residential, industrial and tenning areas are found to be
250 mg/1l, 275 mg/l and 288 mg/1l respectively, The BDD5 of the
combined sewage is found to vary from 180 mg/1 to 270 mg/l, The

lower BDD5 values of combined sewage at final pumping atations

h "1‘\‘.‘-_

are due to partial stabilizetign of sewage or infiltration of

fresh water into the sewers during conveyance of the sewage,

11) The ratios of BOD to COD are cbserved 0,68 and 0.57 for
the representative sewnge of residential and industrial arees reg-
pectively, A very little difference between these two ratios indi-
cates that the industrial sewage contains sufficient biodegradable
organic matter that comes from domestic sewage of the ad jacent

residential areas,

The ratio of BOD to COD for the treated sewage 13 observed
0,34 which is less than that of untreated sewage, It indicates
that the effluent contains the non-biodegradeble orgsnic matter
and the biodegradable organic maetters are already oxidized in

the treatment processes,

1i1) The BOD reaction rate constant of the combined sewage isg
determined as 0,28 by Thomas method and the same is 0,25 by Least
3quare method, The ultimate BOD of the combined sewage is found
to be 378 mg/1l, The values are within usual range for domestic

sewage and may be considered satisfactory for biological treatment

of the sewage.
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iv} The oxidation of nitrogenous organic matter starts after 10
days for untreated sewage and after B days for treated. sewage. This
is an indication that the sewage has been detained in the treatment
Plant for a period of not more than 2 days.

v} The Dheka Water Supply and Sewerage Authority collects about
8 percent of the estimated 8005 load of sewage produced in grester
Dhaka serving about 18 percent of the total population, It is obvi-
ous that a fraction of unaccounted 8005 load of the DWASAts share
is destroyed in the sewers but a major fraction finds alternative

routes,

vi} The actual sewage flows based on operation hour are ohserved
much less than the estimated sewage flows for each sewage 1lift sta=-
tion, The reason of such flow difference is due to the disposal of
raw sewage to the adjacent low-1lying areas through by-pass line,
leakage and broken sewérs, overflowing the manholes, connection of

sewers to surface drains etc,

vii}) Applying first order 80D removal kinetics, the effluent EIDD5
has been determined 74 mg/1 from the existing sewage treatment plent
at Pagla with a detention time of 4.5 days, But practically, from
laboratory enalysis, the effluent BOD; 1is found 81 mg/l, In the
context of the present situation, it has been determined that an
effluent quality of 60 mg/l for 8005 may be considered as a treat-

ment objective for the sewage treatment facilities,

viii} Effluent BODg from the first two ponds has been determined
145,73 mg/1 by applying first order BOD removal kinetics, but from
laboratory analysis, it is found 160 mg/1, These data indicate that

‘the retenéion time in the first two ponds 1s less than the actual
retentioﬁ time (2 days) due to the sludge accumulation in the ponds,

The third pond is not functioning es a complete facultative pond,
facultative condition 1is maintained only near the outlet point, The
The effluent BOD of the third pond is more than the acceptabls value
of 60 mg/1 (‘5 day BOD3I. Therefore, another pond is required to reach
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the allowable value of the effluent BOD which will reduce the

pathogens also,

ix) In‘the river Buriganga, during dry season, the dissolved oxy-
gen concentration in about a 6 miles stretch of the river et the
western perifery of Dhaka city starting from 0,2 mile upstream. of
Pagla sewage treatment plant is found to be less than 4.0 mg/1,

The 00 sag curve indicates that the major pollutional impact on
the river Buriganga is from sources upstresm of the Pagla sewage
treatment plant dischérges. in fact sewage treatment plant at
Pogla usually discharges 3000 kg/d of BOD; load in comparison to
huge 8005 loads discharged upstream through large number of drains
which include 139,000 kg/d of polluting load discharged by tanne-

ries and glue factories,

x) A cost comparison has been made between waste stabilization

ponds system and aerated lagoon from which it is seen that although

the initial cost of waste stabilization ponds system 1s higher than
that of aerated lagoon, considering a long period, the waste stabi-
1lization ponds system is seems to be much more economical than that
of aerated lagoon, Therefore, for the existing condition and the

present situation the waste stabilization ponds system is recommen—

ded as the method of sewage treatment for Dhaka city.

xi) For the present situation, the recommended method of sewage
treatment is the facultative lagoon system with an area of 116 acres
having desludging facilities after every 2.5 years, The retommended
system of sawage treatment will produce the effluent with an accept-
able 8005 less than 60 mg/1 and the aversge concentrations of total
coliform in the effluent after treatment are expected to be about
4,8 X 104/100 ml, For the future expansion of the existing treat-

ment facilities, the intermediate management technology like amsre—-

ted lagoons should be teken into consideration.,




8,2 Recommendations for ﬁgrther_studz

i] To protect the environment of the natural water resources
from degradation, guide the design of treatment facilitiaes and to
regulate the guality of effluent discharged in water, the study
Can be extended to formulate a workable effluent standard for

Bangladesh,

11} The study can be extended to establish a model on assimi-
lation and DO sag curve for discharging the wastewater into the

river Buriganga.

iii] The Mirpur area has not yet been brought under sewerage
system, For the sewerage system of Mirpur area and a seperate
small sewage treatment-plant near_the Mirpur bridge the study
can be extended, Similarly, considering the system geometry,
for geographically isolated areas installation of seperate sewage

treatment plant can be studied far greater Dhaka city,

iu) The existing sewerage system has been designed only for
the treatment and disposal of domestic sewage, Storm water and
wastewater from surface dralns are handled by other seperate

system. A combined sewerasge system may be studied for Dhaka city,

v) To discharge the wastewater from tanning and other indus-
tries into the existing séwerage system a study on pretreatment

of tamning and industrial waste is to be required for combined

sewerage system,

145
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APPENDIX - A

(i) Efficiency of the.existing Sewage Treatment Plant

Pond 1
Q- 116000 m°/d 19 acres Pond 3
_._.___}.
Pond 2 48 acres Le -7 mg/l
L; = 260 mg/1
13 acres

Pond 1 ¢+ A= 19 acres = 76, 833 m2
D= 1,5m
V< 76,893 X 1,5 = 115,339.5 m°
t) - v/@ = 115 339,5/116000 « 1 d

Pond 2 : Same as pond 1,

Pand 3 : A= 48 mcres = 194,956 m”
D= 1,5m '
V= 194 256 X 1,5« 291,384 m
ty = 291,384/116,000 = 2,5 d

3

8 8
kog = Kog (1.05)" = 0.265(1,05)" = 0.392

1 1+ kt 1+ 0,292 X 2

= 145,73 mg/1

125,73
8 1’y 0,392 x 328" 74 mg/1 > 60 mg/l

Therefure, another pond is to be constructed in series which
will produce an effluent B0D; of 60 mg/1l.

5
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(11) Improvement of the existing system

Pond 1 Ly =
- 3 19 acres Pond 3 74 mg/1 |Pond L_ = 60 mg/1
116,000 m>/d . | ¥ AN N O B ma/
- 48 acres o
Li = 260 mg/1 Pond 2 12
19 acras acrs.
L L
1 1
LB = iﬂ;—ﬂg or, t3 - ( t-a' - 1 )/ k

74
i.e., ty= ( 0 - 1)/ 0,392 = 0.6 d

V= R,t= 116,000 x 0,6 = 69,600 m3

A= 46,400 m2 = 12 acres

D« 1.5m
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APPENDIX -~ B

(i) Efficiency of the system when one of the parallel pond is

not 1n operation -

t) = v/Q - 115,339.5/116,000 « 1d

Lol . 260
17 T37RE] © 740,352 X1

= 186,8 mg/1

L1 186,8

o= T RE 136,395 %35 = 95 m/1 >60 mg/1

Thefefore, ancther pond is to bes conatructed which will produce

an effluent BODg of 60 mg/1,

(i1) Improvement of the system

-~ 1 })/0,332 = (?ég - 1)/0,392 =« 1,5d

Py
[}
—
o 1

V = Q.t= 116,000 x 1.5 « 174,000 m°

A = 116,000 m2 « 2B acres

D = 1,5 m
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AFPENDIX - C

(1) when one of the pond is in operation i

The rate of sludge accumulation is spproximately 0.03 - 0,04 mslhd
per year and desludging is required when the pond is half-ful of sludge(7)

Volume of sludge = 0.04 X 11,51,000
‘ ' = 46,040 m3/year

n = % ( pond volume ) < ( volume of sludge accumulation )
= 0.5(76,893x1.5)= (46,000 ) = 1,25 years,

(11) when both the ponds are in operation

Volume of sludge = 0,04 X 11,651,000
= 46,040 malyear

n = 0.5( 1,53,786 x 1.5 ) = ( 45,040 )

= 2,5 years,




150

APPENDIX = D

Improvement of effluent quality :

After 2.5 years .
t, = v/@ = 230,679 x 0,75 / ( 116,000} = 1 d

L, = 260 / (140,392 X1 )=186.8 mg/l

L, = 186.8/ (1+ 0,392 x2,5)= 95 mg/l

For additional pond,
t, = {o95/58 -~ 1)/ 0.392 « 1,6d

= Q.t = 116,000 X 1.6 = 185,600 m°

- 124,000 m2 = 30 acres

L

1.5 m
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APPENDIX - E

ot e o i B P

Coliform count

Totel coliform dischaerged per man per day = 200 X 109

Ruantity of sewage per men per day

1

25 ( gpcd of ‘water ) X 0.70 X 4.5
80 1pd

1

200 X 109 coliform is to be mixed in 80 litres of sewags,

No. of coliform per litre = 2,5 X 109 {,e,, 7.C, = 2,5 X 108/100 ml,

ky = 2.6 ( 1.19 )8 = 10.a5

2.5 x 10°
N e =~ o ——
( 1+ kyty Y (14 kpt, ) (14 kpta )
2.5 x 10°

(141045 x1)(1+10.45x2,5) (1+ 10,45 x 1,6 )

= a.8 x 10° 1.6, / 100 m1,




APPENDIX - F

Cost comparison of WSP and Aerated Lagoon

Si. Description of WSP System Aerated Lagoon
- No. {tems Quantity : Cost Quantity Cost

1. Land - 78 acres Tk, 11,70,00,000/ 38 acres Tk, §,70,00,000/

2. Personnel cost
(a) Plant Manager 1 _ 48,000/ 1 48,000/
(b) Technical Staff 2 . 72,000/ 2 72,000/
(c) Operation Staff 6 72,000/ B 96, 000/

. Maintenance cost 200,000/ 400,000/

4, . Machantcal ° ’ ) - 30 1,95,00,000/
Equipments - - - perators ..

5, Operation cost - - o 47,04, 850 98, 80, 185/

(power) ' L - T KW/ year

Cost for one year (initial) Tk, 11,73,92,000/= Tk, 8,69,96,185/=

Operation and .maintenanca ‘cost ‘ ' .

- for 15 years : 58, 80,000/= 15,74,42,775/=

Cost for 15 years Tk. 12, 28,80,000/= - Tk, 23,39,42,775/=

L

-{=1
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Performance of the existing Sewage Treatment Plant

(1) Applying first order BOD removal kinetics in. the first two

ponds the effluent BODg is determined 145,73 mg/1,

Ly 260

17 TFkt " T+0,392%X 2

L ~ 145,73 mg/1,

(ii) But from leboratory analysis and considering the third
pond functioning as facultetive pond, the effluent BOD5 is cal-

culated 160 mg/1,

e, 1
tl 14+ 0,392 X 2.5

= 81 (1+0,392X%X2,5) = 160 mg/l.

(i1i) The efficiency of the first two ponds were found

( 260 - 160 )
260

X 100 = 38%

Retention time = V/Q e« 299?22‘ = 2 days

From empirical procedure basis the BOD removal would be 53% ,

(iv) volumetric loading :

L,Q L
i i 260 3 3
v T T T ot 130 g/m"d > 400 g/m-d

Therefore, no problem of odor releasing.

ie., L= l_e (1+ 0,392 x 2,5 )

-183
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