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Need for Protected Water Supply

 water is absolutely essential not only for survival of human being 

but also for animals, plants and all other living creatures 

 must be safe in all respects and it should not contain unwanted impurities or harmful 

chemical compounds or bacteria‟s in it 

 imperative in modern society to plan and build suitable water supply schemes which 

will provide potable (safe for drinking) water 

 WSS - supplying safe whole some water to the people for drinking cooking, bathing, 

washing, etc.., - keep the diseases away - promoting better health, - maintaining 

better sanitation & beautification of surroundings. 



Need for Protected Water Supply

 it shall ensure a safety against fire by supplying sufficient quantity of water 

to extinguish it. 

 attracting industries - industrialization and 

modernization of the society - reducing unemployment and 

ensuring better living standards - promoting health, 

wealth and welfare of entire community as a whole. 

 water may be considered as a carrier for bacteria and not multiplier thus the control of 

pathogens is possible by simple disinfection principles (process) 



DEMAND FOR WATER 

 i) Domestic water demand 

 ii) Industrial and commercial water demand 

 iii) Demand for public uses 

 iv) Fire demand 

 v) Water required compensating losses in wastes and thefts. 



DOMESTIC WATER DEMAND: 

 water required in private buildings for drinking, cooking, bathing, lawn sprinkling, 

Gardening, sanitary purposes etc…. 

 varies according to the living conditions of the consumers 

 on an average this in a Indian city - 135 litres /day/person 

 total domestic consumption generally amounts to 50- 60% of the total water 

consumption 



AVERAGE DOMESTIC WATER CONSUMPTION IN A INDIAN CITY 



INDUSTRIAL AND COMMERCIAL WATER 

DEMAND 

 quantity of water required to be supplied to offices, Factories, different 

industries, hospitals, hostels, etc…. 

 vary considerably with the nature of the city and with the number and types 

of industries and commercial establishment 

 no direct relation of this consumption with the population 

 50 lpcd -450 lpcd

 20-50% of overall demand



INDUSTRIAL 

AND 

COMMERCIAL 

WATER DEMAND 



DEMAND FOR PUBLIC USES (MUNICIPAL 

CONSUMPTION) 

 quantity of water required for public parks, gardening, washing and sprinkling 

on roads, use in public fountains etc…..

 not exceeding 5% of the total consumption 



FIRE DEMAND

 fire hydrants with separate water mains at about 100-150m apart are 

provided 

 Pressure in pipe should be 10 to 15 m of water

 Flow rate is 1100 l/min of 3 jets,. Left of property - On the property- Right of 

the property

EMPIRICAL FORMULAS FOR FIRE DEMAND 

 Buston’s Formula  

 Freeman Formula 

 Kulchiling’s Formula 



FIRE DEMAND

 NATIONAL BOARD OF FIRE UNDERWRITER’S FORMULA 

When population 2,00,000 

 When population is > 2,0,000 a provision for 54600 litres/ min + 9100 to 30400 

litres/min for a second fire. 

 For a Residential City 

 1. Small low buildings = 2200 litres/min 

 2. Large and higher buildings = 4500 litres/min 

 3. High value Residences apartment and tenements = 7650-1350 litres/min 

 4. Three storeyed buildings = 27,000 litres/min 



WATER REQUIRED TO COMPENSATE IN 

THEFTS, WASTES, etc.. 

 water lost in leakage due to bad plumbing or damaged meters, stolen water 

due to unauthorized water connections and other losses and wastes, etc…. 

 losses should be taken into account while estimating the total requirement. 

 Even in the best managed water works this amount is usually taken as 15% 

of the total consumption. 



PER CAPITA DEMAND (RATE OF DEMAND) (Q) 



FACTORS AFFECTING PER CAPITA DEMAND 

1. Size and type of 

city 

2. Climatic 

conditions 

3. Class of 

consumers 

4. Quality of water 

5. Pressure in the 

• 6. Sewerage Facilities 

• 7. System of supply 

• 8. Policy of metering system 

• 9. Cost of water 



ASSESSMENT OF NORMAL VARIATIONS

 MAXIMUM DAILY CONSUMPTION 

 Maximum daily demand(MDD) = 1.8 

Average daily demand (ADD) = 1.8q

 MAXIMUM HOURLY CONSUMPTION 

 Maximum hourly consumption = 1.5 

Average hourly consumption 

 PEAK DEMAND -Maximum hourly consumption of Maximum 

day

Peak Demand = 

Maximum hourly consumption of the

maximum day

= (2.7 Annual Average hourly demand)COINCIDENT DRAFT = MAXM DAILY DEMAND (MDD) + FIRE DEMAND (FD) 



ASSESSMENT OF NORMAL VARIATIONS

 P = % of annual average draft for the time t in days 

 T = Time in days from to 1/24 - 365





EFFECTS OF VARIATION

Design consideration 

 1. The sources of supplies( well ) = MDD 

 2. The pipe mains from source to service reservoirs = MDD. 

 3. The filter and OTHER UNITS at water treatment plant = MDD. 

Additional provision for reserve = break down and repairs = 

2ADD 

 4. The pumps = MDD plus some additional reserve (2ADD) 

 5. The distribution system =  maximum hourly demand of the 

maximum day or coincident draft (whichever is more) . 

 6. Service reservoirs = 8 days consumption. 



DESIGN PERIOD

 like dams, reservoirs, treatment works, penstocks etc…., which cannot be replaced or increased in their 

capacities, easily and conveniently for example 

 The future period or the number of years for which a provision is 

made in designing the capacities of the various component of the 

w.s.s- DESIGN PERIOD. 

 20-30 years - distribution system

 1.Length or Life of Structures. -Steel Pipes 25 – 50 Years , Cast Iron -100 yrs

 2.Ease of Extension. - Treatment Plant : Easy to enlarge. Tubewell : Easy to drill 

 3.First Cost - High first cost & Rate of interest – Less D P

 4.Economy of Scale - production cast/unit decreases with increase in scale (size) of facility 

 5.Lead Time – (Time for Design of Project + Construction Time) - lead time is more high DP



POPULATION FORECASTING

 Arithmetical increase method 

 Biometrical increase method 

 Incremental increase method 

 Decreasing rate of increase method or 

decreasing rate method 

 Simple graphical method 

• Comparative graphical method 

• Master plan method or Zoning method 

• Ration method or Apportionment 

method 

• Logistics curve method. 



POPULATION FORECASTING

 ARITHMETICAL INCREASE METHOD 

 assumption that the population is 

increasing at a constant rate, ie. 

 The rate of change of population 

with time is constant. 

 GEOMETRICAL INCREASE METHOD 

 percentage increase in population 

from decade to decade is constant.

 for young cities expanding at faster 

rates and useful for old developed 

cities. 



POPULATION FORECASTING

INCREMENTAL INCREASE METHOD 

 combination of the AIM, GIM 

methods 

 advantages of both and hence 

gives satisfactory results average 

decreases in the increases

DECREASE GROWTH RATE METHOD 

 Rate of increases in population –

reduces - as a city reaches towards 

etc. saturation value this method 

which makes use of decreases in 

the % increases 

latest increases 

for each 

successive 

decade

average 

decreases in 

the increases

-



POPULATION FORECASTING

 SIMPLE GRAPHICAL METHOD 

 graph is plotted between time and 

population the curve 

 then smoothly extended up to the 

desired year. 

 Gives very approximate results, 

extension of the curve is done by the 

intelligence of the designer. 



POPULATION FORECASTING

 COMPARATIVE GRAPHICAL METHOD 

 cities having conditions and 

characteristics similar to the city 

under consideration are selected. 

 assumed that the city under 

consideration will also develop in 

similar fashion of the selected cities. 

 The population growth curve of the 

city under consideration is drawn 

using the available data



POPULATION FORECASTING

MASTER PLAN OR ZONING METHOD 

 By & metropolitan cities are generally not 

allowed to develop in a haphazard & 

natural way but are allowed to develop 

only in planned ways 

 The master plan prepared - divides the 

city into zones & thus to separate each 

 The population densities are fixed.

 Give us as to when & where the given no 

of houses, industries etc.. Would be 

developed. - Very easy to calculation 

design

RATIO METHOD & APPORTION METHOD 

 In this method the cities population record as 

% of poplin of the whole country. 

 The rations of local to national poplin are 

worked out for past 4-5 decades. 

 A graph in plotted between ratios & year 

design period to calculation future 

population.



If the poplin of a town is plotted w.r.t time, the curve so

obtained under normal condition are be as in figure & is

called as ideal growth curve or logistics curve

 early growth JK at an increasing rate i.e. 

geometric growth or log growth, 

 middle curve KM follows arithmetic increase 

i.e. constant. 

Constant

 MN the rate of change of population is 

proportional to difference between saturation 

population and existing population, i.e. 



POPULATION FORECASTING

 Logistic curve method

 Ps= Saturation population

 P0 = Population of the city at the start 

point

 P0,P1,P2 are population at t1,t2 and t3

time

 m & n constants



Population forecasting



Athematic Increase Method



Geometric Increase Method



Incremental Increase Method



Decrease growth 
rate Method





Sources and Characteristics

 Sources of Water 

 Surface Sources 

 Streams  & Rivers 

 Lakes & Ponds 

 Oceans 

 Subsurface Sources 

 Open Wells  & Tube wells 

 Infiltration galleries 

 Infiltration Wells



Sources and Characteristics

 Seawater: seawater in the world's oceans - salinity of about 3.5%.,  35 grams/

every kilogram, or every liter. - cannot be used as potable source of water.

 River: A River is a natural watercourse, usually freshwater, flowing toward an 

ocean, a lake, a sea or another river. In a few cases, a river simply flows into the 

ground or dries up completely before reaching. 

 Rivers have been used as a source of water, for obtaining food, for transport, as a 

defensive measure, as a source of hydropower to drive machinery, for bathing, and as a 

means of disposing of waste.



Surface Sources

 Pond & Lake: A natural large sized depression formed on the surface of the earth, when gets 

filled up with water is known as a pond or a lake. If the size of depression is small, it is 

termed as a pond and when the size is large it may be termed as lake. 

 Stream: Stream is a flowing body of water with a current, confined within a bed and stream 

banks. important as conduits in the water cycle, instruments in groundwater recharge.

 Springs: The natural outflow of ground water at the earths surface is said to be spring. A 

pervious layer sandwiched between two impervious layer, give rise to natural spring . 

capable of supplying small amount of water, - therefore not considered as a source of 

supply



Subsurface Sources

 Aquifer: An aquifer is an underground layer of water-bearing permeable rock or 

unconsolidated materials (gravel, sand, silt, or clay) from which groundwater can be 

usefully extracted using a water well.

 Infiltration Galleries: Infiltration galleries are horizontal and nearly 

horizontal tunnel constructed at shallow depth along the bank of river through the 

water bearing strata. 

 Infiltration wells are shallow wells constructed along the banks of the river in 

order to collect the river water seeping through their bottom. • 

 constructed of brick masonry with open joints. generally covered at the top and kept 

open at the bottom









Subsurface Sources

 Open Wells: water has been utilized from ancient times 

 Yield -1-5 l/s,  diameter - 2-9 m , depth - 20 m . 

 The yield is limited & can be excavated up to limited depth . 

 source of water for a small community like a village.

 Tube wells

 To obtain large discharges tube wells a long pipe or a tube, is bored or drilled deep into 

the ground, intercepting one or more water bearing stratum 

 Yield - 200 to 220 l/sec. Depth - 70 m to 300 m. Dia 0.5 to 0.6 m.



surface and subsurface sources



INTAKE STRUCTURES

 Intakes - masonry or concrete structures whose function is to provide 

calm and still water, free from floating matter for water supply. 

 consists of the opening, strainers or gratings through which the water 

enters and the conduit for conveying the water, usually by gravity to a 

sump well. From the well the water is pumped to the treatment plant. 



Factors Governing Location of Intake
 should provide good quality water so that its treatment may become less expensive 

 Heavy water currents should not strike the structure directly 

 Approach to the intakes should be easy

 As far as possible intakes should not be selected in the vicinity of sewage disposal 

 Site should be nearer to the treatment plant so that it reduces the cost of conveyance of water 

 They should not be located in navigation channels 

 In meandering rivers, the intakes should not be located on curves or at least on sharp curves 

 located at a place from where it can draw water even during the driest periods of the year. 

 Site should be such as to permit greater withdrawal of water, if required of a future date. 



Reservoir intake

 This feature makes it usually desirable to take water 

from about 1m below the surface.

 Due to fluctuations in water level, - ports at various 

heights with gate valves. 

 Gate valves are used to regulate water supply. When 

water level goes down, gate valve of lower portion is 

opened. 

 The access to the ports is made by means of an 

operating room



River Intakes

 A river intake consists of a port (conduit) provided with a 

grating and a sump or gravity well. 

 The conduit must 1-2m above the bottom to prevent entry of 

silt. & kept 1m below the top surface to avoid entry of floating 

particles. 

 Velocity < 0.15 m/s to prevent entry of small fish.

 constructed above the point of sewage disposal or industrial 

waste water disposal.

 River intakes are likely to need screens to exclude large 

floating matter. The bottom of the river intake must be 

sufficiently stable.



Lake intakes

 If the lake shore is inhabited, the intake should be 

constructed so that the danger of pollution is 

minimized.

 Intake opening above 2.5m the bottom so that the 

entry of silt with water is minimized. 

 Entering velocity must be low to prevent entering of 

floating matter, sediment, fish or ice. Entering velocity 

of 0.15 m/s is usually used. 

 Off shore winds tend to stir up sediments carries for 

long distances. must be located 600-900 meter.



CANAL INTAKE

 a very simple structure constructed on the bank. 

 It consists of a pipe placed in a brick masonry chamber 

constructed partly in the canal bank on one side of the chamber 

an opening is provided with coarse screen for the entrance of 

water. 

 The end of the pipe inside chamber is provided with a bell 

mouth fitted with a hemispherical fine screen. 

 The outlet pipe caries the water to - other side of bank / to 

treatment plants one sluice value is operated by a wheel from 

the top of the masonry chamber provided to control the flow of 

water in the pipe. 















reciprocating pump

 Reciprocating pump is a positive displacement pump. In this pump the liquid is discharge due to 

the simple to and fro motion or reciprocating motion of the piston or plunger working in the 

cylinder of the pump. Hence ,it is called Reciprocating pump .
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Disinfection is the 

destruction or 

removal of all 

pathogenic 

organisms or 

organism capable of 

giving rise to 

infection, but not 

necessarily spores.



AERATION: 
 Process of bringing the water in contact with excess of air or

oxygen. It is one of important unit operation of gas transfer

Objectives

 It removes taste and odour caused by gases due to organic

decomposition

 It increase the DO content of the water

 It remove H2S and hence odour due to this is also removed

 It decreases CO2 and thereby reduces corrosiveness and raises its

pH

 It converts iron and manganese from their soluble states to their

insoluble states, so that these can be precipitated and removed

 Due to agitation of the water during aeration, bacteria may be

killed to some extent



Types of aerators

Free fall aerators or gravity aerators

Cascade aerators

Inclined apron aerators

Stat tray aerators

Spray aerators

Air diffuser basins.



Free fall aerators

Cascade aerators

 Simplest of free fall aerator, weir and

waterfalls of any kind are cascade

aerators.

 A simple cascade consists of a series of

3 to 4 steps of concrete or metal.

 Water is allowed to fall through a

height of 1 to 3 m thereby it comes to

close contact with air

 Cascade can be either in open air, or

may be in room which has plenty of

louvered air inlet

 CO2 reduction usually 50 to 60%

Inclined apron aerator with riffle 
plates

 In this type water is allowed

to fall along an inclined plain

or apron which is usually

studded with riffle plates in

herring bone fashion

 The breaking up of sheet of

water will cause agitation &

consequent aeration





Slat tray aerators

 Most commonly used, consists of a closed round or square

structure containing a series of closely stacked superimposed

wood-slat trays.

 Water enters the top of the aerator & is evenly distributed

over top most trays. The slats in the trays are staggered so

that the films of water raining over the edges of tray falls on

the centers of the slats in the tray just below.

 Air is supplied to the bottom of the aerator with the help of

a blower, which blows it upward.

 Ventilator which provide at the top discharges air & gases to

the atmosphere.

 Water is collected in the collector pan at the bottom, then

to reservoir





Gravel bed aerator ( Trickling beds )

 Cascading through beds of coke, lime stone or anthracite is

believed to remove CO2 more efficiently than other methods

 Water is applied at the top and trickles down while air is blow

upwards.

 Thickness of gravel bed 1 to 1.5 m.

 Other form i.e., trickling beds contains 3 to 4 trays filled with

coke, slag or stone are used

 Bed thickness 0.5 to 0.6 m, vertical distance b/n bed is 0.5 m.

 Water is applied from top through a perforated distribution

pipe, during tricking process aeration takes place.





Spray aerators

 Divides water flow into fine streams and small droplets which come into

intimate contact with air in their trajectory.

 Water is sprinkled in fine jets through nozzles.

 Requires considerable head (0.75 to 1.5 kg/ cm2), it reduces CO2 by 70 – 90%

Air diffusion

 In this system perforated pipe network is installed at the bottom of the

aeration tank & compressed air is blown through these pipes. Air bubbles

travels upward through water causing aeration

 Air diffuser basin retention period is about 15 min, depth 3 to 5 m.

 Alternatively, compressed air may be injected into the flow of water in the

pipe





Limitations: of Aeration
 Not an efficient method of removal or reduction of taste and

odour caused by relatively non-volatile substances such as oil of

algae

 Odour removal is only 50% when symura was causative organism

 Taste & odours caused by chemicals due to industrial wastes

discharges into receiving stream are not satisfactorily removed

 Fe & Mn can be precipitated by aeration only when organic

matter is not present

 Possibility of air born contamination in water is there

 Additional lime may be required to neutralize CO2 that would be

removed by aeration

 Economical only in warmer month



SEDIMENTATION: 
 Sedimentation is the removal of suspended particles by gravitational settling.

Sedimentation tanks are designed to reduce the velocity of flow of water so as

to permit suspended solids to settle out of the water by gravity.

 Plain sedimentation: when the impurities are separated from suspended fluid by

the action of natural force alone, i.e., by the gravitational force and natural

aggregation of the settling particles, the operation is called plain sedimentation

 Sedimentation with coagulation (clarification): when chemicals or other

substances are added to induce or haste aggregation and settling of finely

divided suspended matter, colloidal substances and large molecules, the

operation is called sedimentation with coagulation or simply clarification



TYPES OF SEDIMENTATION TANK:

method of operation

Quiescent or Fill and draw 

type

The continuous flow type

Shape

Rectangular tank

with horizontal flow

Circular tank with

radial or spiral flow

Hopper bottom tank

with vertical flow



Fill and draw type:

 tank is first filled with incoming water, and is allowed to rest for a certain

time.

 During the rest period suspended particles settles down at the bottom of

the tank, at the end of the period, the clear water is drawn off through

the outlet valve.

 The tank is then cleaned of settled particles and filled again

 DT: 24 hrs., cleaning time 6 -12 hrs., hence cycles of operation takes 30 –

36 hr.

 Minimum 3 units are required to maintain constant supply



Continuous flow type tank

 Water is continuously keeps on moving in tank, through with a very with a 

very small velocity during which time the suspended particles settle at the 

bottom before they reach the outlet.

 Two types are

 Horizontal flow tank

Generally rectangular in plan having L= 2W.

Water flows in horizontal direction, with a maximum permissible 

velocity 0.3 m/s

 Vertical flow tank

Generally deep circular or rectangular basin with hopper bottom 



Rectangular tank with horizontal flow

 Baffles are provided to prevent short

circuiting

 Figure sows rectangular tank, without

baffles, but with a sludge hopper, & a

sloping floor.

 Has high settling efficiency & provided with

sludge removal equipment

 Sludge, scrapped by sludge scrapers &

collected in hopper & removed through

sludge withdrawal pipe



Circular tank with radial or spiral flow

 May have circular or spiral flow

 Influent enters through a central

pipe & rises up to baffle ox or

influent well & flows radialy

(horizontally) towards the outlet

provided circumferences

 Racking arms move slowly to scrap

the sludge which is removed through

sludge pipe connected to sludge

pump



Hopper bottom tank with vertical flow

 Water enters through centrally

placed inlet pipe & deflected

downwards by deflector box

 Water travels vertically

downwards & sludge settles at

bottom of hopper removed by

sludge pipe connected to

sludge pump



























Circular sedimentation tank

V= volume of tank

D= Diameter of tank

H= depth of tank



Rectangular sedimentation tank

V= 
𝑄

𝐷.𝑇
L= VH x D.T

W=VS x D.T

V= L x W x H

SA= 
𝑄

𝑆𝐿𝑅
SA=L x W

C/S A= W x H

















SLOW SAND FILTER

















RAPID SAND FILTER









DIFFERENCE BETWEEN SSF & RSF





PRESSURE FILTER











Hardness:

 • Water that contains dissolved Mg+2, Ca+2 salts is called 

hard water. 

 • Soap reacts with these ions to form soap scum. 

 • Hard water also causes scale to form on the walls of 

water heaters, hot water pipes, and steam irons. 

 • The scale reduces efficiency and plugs-up pipes.



Hardness:

 • Water - hard when it contains relatively large amount of 

bicarbonates, carbonates, Sulphates and chlorides of Calcium and 

Magnesium. 

 • These material react with soap, causing precipitation. No lather 

can be formed until enough soap has been dissolved to react with all 

these. 

 • A wastage - 25ppm of soap takes place per 1 ppm of hardness of 

water removed by it.





••



REMOVAL OF TERMPORARY HARDNESS



REMOVAL OF TERMPORARY HARDNESS











zeolite water softener



















Reverse osmosis benefits

 It removes 98% of dissolved solids, which makes it healthier 

to drink. 

 A water distiller is the only other drinking water system that 

also reduces TDS, but it's less efficient than an RO system.

 Harmful dissolved contaminants reduced

 Sodium reduced

 Bad tastes and odors reduced

 More environmentally friendly than bottled water

 Easy to install and maintain

 Fits under the kitchen sink











Disinfection of water













Fluoridation

 Defined as the upward adjustment of the concentration 

of fluoride ion in a public health water supply 

 Concentration of fluoride ion in water may be 

consistently maintained at 1ppm by weight to prevent 

dental caries with minimum possibility of causing dental 

fluorosis.







DEFLUORIDATION





























METHODS OF DISTRIBUTION

By Gravitational system

By Pumping system

By Combined Gravity and Pumping system



GRAVITATIONAL SYSTEM

 water from the high level source

is distributed to the consumers at

low level, by the more action of

gravity without any pumping

 the difference of head available -

must be sufficient enough, as to

maintain adequate pressure

 economical and reliable

 lake or a reservoir



PUMPING SYSTEM
 treated water is directly pumped in to

the D/S main without storing it

 High lift pumps are required

DISADVANTAGES

 Continuous attendance is needed at
the pumping station,

 If power supply fails, there will be
complete stoppage of w/s.

ADVANTAGES

 can force large volume of water under
high pressure in the required
direction, - motor pumps may be
eliminated.



COMBINED GRAVITY AND PUMPING SYSTEM 

 water is pumped a the constant rate

and stored into an elevated D/S

reservoir- it is distribution to the

consumers by gravity

ADVANTAGES

 Balance reservoir of d/s reservoir

can supplied places of fine &

necessary pressure can be achieved

by closing down the supply of

localities

 worked at uniform rate

 overall cheap, efficient and reliable

and hence adopted practically every

where.
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 Sanitation - public health conditions related to clean drinking water and adequate

treatment and disposal of human excreta and sewage Sanitation systems aim to

protect human health by providing a clean environment that will stop the transmission

of disease

 Water is a basic necessity, and an important resource for sustaining life. The decline in water quality

endangers the health of humans as well as the ecosystem. Clean drinking water, hygiene, and sanitation

play an important part in maintaining health.

 Contaminated water causes many water-borne infections like diarrhoea, and also serves as a carrier for

vectors such as mosquitoes spreading epidemics. Open defecation means no sanitation. It fouls the

environment, and spreads diseases.

SANITATION & ITS NEED



 Sanitation is important for all, helping to maintain health and increase life-spans. However, it is especially

important for children. Around the world, over 800 children under age five die every day from preventable

diarrhea-related diseases caused by lack of access to water, sanitation and hygiene. In addition, diarrhea

causes children to lose their appetites, which can lead to malnourishment. Limited access to sanitation has

become such a worldwide problem that 1 in every 4 children suffer from stunted growth. This leads to

“irreversible physical and cognitive damage.“

 Sanitation makes a positive contribution in family literacy. According to a UNICEF study, for every 10 per cent

increase in female literacy, a country’s economy can grow by 0.3 per cent. Thus, sanitation contributes to social

and economic development of the society. Improved sanitation also helps the environment.

 Sanitation brings numerous benefits such as reducing the burden of disease, improving quality of life, promoting

the safety of women and girls, not to mention the excellent economic investment that sanitation represents.

SANITATION & ITS NEED



Also called dry-System. practice from very ancient times. Actually it is out of
date system even though it is prevailing in small towns, villages and undeveloped
portions of the large cities.

Various types of refuse and storm water are collected, conveyed and disposed
of separately by different methods in this system, therefore, it is called
conservancy system.

CONSERVANCY SYSTEM



Garbage or dry refuse of a town is collected in dust bins placed along the roads and
streets, from where it is conveyed by trucks or covered carts once or twice in a day to the
point of disposal.

Non-combustible portions of the garbage such as sand, dust, clay ashes etc., are used
for filling the low level areas to reclaim land for further development of the town.

The combustible portion of garbage such as dry leaves, waste paper, broken furniture
etc. are burnt. The decaying fruit and vegetables, grass and other things are first dried
and then disposed of by burning or in the manufacturing of Manure.

Human Excreta or Night Soil is collected separately in privies or conservancy laterins.
The liquid and semi-liquid wastes are collected in separate drains of the same latrine,
from where they are removed through human agency. The night soil is taken outside the
town in closed animal drawn carts, trucks or tanks mounted on the trailers. The night soil is
buried in trenches.

• Sullage and Storm waters are also carried out separately in closed or open drains,
upto the point of disposal, where they are allowed to mix with stream, rivers or sea
without any treatment



MERITS OF CONSERVANCY
SYSTEM

• It is cheaper in Initial cost because storm water can pass in open drains and conservancy latrines

are much economical.

• The quantity of sewage reaching at the treatment plant before disposal is low.

• As the storm water goes in open drains, the sewer section will be small and will run full for the

major portion of the year, due to which there will be no silting and deposits in sewer-lines.

• In floods if the water level of river rises at the out-fall, it will not be costly to pump the sewage for

disposal



DEMERITS OF CONSERVANCY
SYSTEM

It is possible that storm water may go in sewer causing heavy load on treatment plants,
therefore it is to be watched.

• In crowded lanes it is very difficult to lay two sewers or construct road side drains,

causing great inconvenience to the traffic.

•Buildings cannot be designed as compact unit, because latrines are to be designed away

from the living rooms due to foul smell, which are also inconvenient.

•In the presence of conservancy system, the aesthetic appearance of the city cannot be

increased.

•Decomposition of sewage causes insanitary conditions which are dangerous to public

health.

•This system completely depends on the mercy of sweepers



WATER CARRIAGE SYSTEM
• With the development and advantages of the cities, urgent need was felt to replace

conservancy system with some more improved types of system in which human

agencies should not be used for the collection and conveyance of the sewage. After a

large number of trials it was found that the water is the only cheapest substance, which

can be easily used for collection and conveyance of sewage. Therefore it is called Water-

Carriage System.

• In this system the excremental matters are mixed up in large quantity of water and

are disposed off after necessary treatment in a satisfactory manner.





MERITS
• It is hygienic method, because all the excremental matters are collected and conveyed by water 

only and no human agency is employed for it.

• There is no nuisance in the street of the town due to offensive matters, because all the sewage goes

in closed sewers under the ground. The risk of epidemic is reduced.

• As only one sewer is laid, therefore it occupies less space in crowded lane.

• Due to more quantity of sewage, self-cleansing velocity can be obtained even at less gradients.

• Buildings can be designed as compact one unit.

• The land required for the disposal work is less as compared with conservancy system in which 

more area is required



The usual water supply is sufficient and no additional water is required in 

water carriage system.

• This system does not depend on the manual labours

• Sewage after proper treatment can be used for various purposes.

DEMERITS
• This system is very costly in initial cost.

• The maintenance of this system is also costly.

• During monsoon large volume of sewage is to be treated whereas very

small volume is to be treated in the remaining period of the year.



































Stormwater flow is also known as Wet Weather Flow (WWF)

When rainfall takes place, a part of it infiltrates or percolates into the

ground surface while the remaining flows over the land depending upon

permeability of the ground, its surface slope and many other factors.

The amount of water flowing over the ground surface, pavements,

house roofs etc. is commonly known as 'runoff or the storm water.

This storm water is ultimately drained through the sewers, otherwise

the streets, roads etc. would be flooded.

Wet Weather Flow (WWF)



(i) Catchment area

(ii) Ground slope

(iii) Permeability of ground

(iv) Extent of impervious area such as buildings, paved yards, non-absorbent road surface etc.

v) Extent of vegetation growth

vi) Rain fall intensity

vii)Rainfall duration

viii) Condition of ground prior to the rainfall

ix)Concentration or compactness area

x) Climatic conditions such as wind, humidity, temperature etc.

RUNOFF/STORM WATER FLOW/WWF DEPENDS ON





• THE RATIONAL FORMULA IS MOST COMMONLY USED FOR DESIGN OF STORM DRAINS. IN

• TAKES INTO ACCOUNT THE FOLLOWING THREE FACTORS:

(i) CATCHMENT AREA (A)

(ii) IMPERMEABILITY FACTOR (I) OF THE CATCHMENT AREA.

(iii) INTENSITY OF RAINFALL (R)

• THIS FORMULA CAN BE USED ONLY WHEN CATCHMENT AREA IS SMALLER THAN

400 HEC

ESTIMATION OF STORM WATER FLOW  1.RATIONAL METHOD



Q =K.A.I.Ri

Q = run off or stormwater flow

K = constant which permits the expression of the factors A, I and Rin
convenient units.

Let, Q = runoff in cubic meters per second (cumec)

A = catchment area in hectares  

Ai = impervious area = A x I

Ri = Intensity of rainfall in mmper hour.

I = impermeability coefficient

THE RATIONAL FORMULA



Let, A1,A2,………..An = areas of the different surface of the catchment 

area.

I1,I2,… ..In= Corresponding impermeability factors  surfaces for different 

Impermeable area = A1I1+A2I2+…………..+AnIn=ΣA.I Hence , average

impermeability factor

Iavg = (ΣA.I)/(ΣA)

AVERAGE IMPERMEABILITY FACTOR





2.EMPIRICALFORMULAE

If catchment area is more than 400 hec. Then following empirical formulae 
can be used.

i. Dicken’s formula

ii. Ryve’s formula

iii. Inglis’s formula

iv. Talbot’s formula

v. Fanning’s formula

vi. Metcalf Eddy’s formula

vii. McMath formula

viii. Burkli-Zeiglar formula





• DWF= % OF WASTEWATER X WATER SUPPLY X POPULATION X PEAK FACTOR

DWF = [0.8 X W/S (lpcd)X Population X 3 /(1000X 24X60X60)]m3/S

WWF= AIR/360 m3/S

A= AREA IN HECTARE (HA)

I= COEFFICIENT OF RAINFALL/ IMPERMEABILITY FACTOR

R= RAINFALL INTENSITY IN MM/Hr

COMBINED SYSTEM= DWF+ WWF

SEPARATE SYSTEM= DWF & WWF

PARTIALLY COMBINED SYSTEM= DWF + PORTION OF WWF





















MATERIALS OF SEWER

• (I) ASBESTOS CEMENT SEWERS 

• (II) BRICKS SEWERS 

• (III) CAST IRON SEWERS 

• (IV) CEMENT CONCRETE PLAIN OR REINFORCED 

• (V) CORRUGATED IRON SEWERS 

• (VI) STONEWARE SEWERS 

• (VII) STEEL SEWERS 

• (VIII) PLASTIC SEWERS 

• (IX) WOODEN SEWERS 



ASBESTOS CEMENT SEWERS 

• MIXTURE OF ASBESTOS FIBERS, SILICA AND 

CEMENT. ASBESTOS FIBERS ACT AS 

REINFORCEMENT 

• SIZE 10 TO 100 CM DIA AND   L= 4.0 M. 

• EASILY ASSEMBLED -SPECIAL COUPLING, CALLED 

‗RING TIE COUPLING‘ OR SIMPLEX JOINT

• RESISTANT TO CORROSION , JOINTS ARE 

FLEXIBLE TO PERMIT 12O DEFLECTION 

ADVANTAGE

• LIGHT IN WEIGHT , EASY TO CUT, INTERIOR IS 

SMOOTH – HIGHLY EFFICIENT 

DISADVANTAGES

• NOT VERY STRONG, SUSCEPTIBLE TO 

CORROSION 

Bricks sewers: 

 made at site 

 are replaced by concrete sewers 

 large size combined sewer or particularly for storm 

water drains 

 pipes are plastered from outside to avoid entry of 

tree roots and ground water 

 lined from inside with stone ware or ceramic block

 smooth and hydraulically efficient 

 make the pipe resistant to corrosion 



Asbestos Cement Sewers Bricks sewers: 



CAST IRON SEWERS 

• STRONGER AND CAPABLE TO WITHSTAND 

GREATER TENSILE, COMPRESSIVE, AS WELL AS 

BENDING STRESSES 

• USED FOR WHERE PIPES ARE RUNNING UNDER 

PRESSURE OUTFALL SEWERS, RISING MAINS 

OF PUMPING STATIONS, AND INVERTED 

SIPHONS, 

• HEAVY TRAFFIC LOAD, SUCH AS SEWERS 

BELOW RAILWAYS AND HIGHWAYS 

• 100% LEAK PROOF INSIDE WITH CEMENT 

CONCRETE, COAL TAR PAINT, EPOXY, ETC. 

ADVANTAGE

• LESS RESISTANT TO CORROSION 

DISADVANTAGES

• COSTLY

Plain Cement Concrete or RCC : 1: 1.5: 3  -

 PC- 0.45 m diameter RCC -1.8m dia,

 cast in situ or precast pipes 

 reinforcement 0.25% ,

 single cage - internal pressure < 0.8 m  

 double cage - internal pressure >0.8 m 

 elliptical cage - larger dia to external pressure; 

 smooth and hydraulically efficient 

 make the pipe resistant to corrosion 

 Advantage

 Tension, Compression,. Easily molded, economical 

 Disadvantage

 Corrode, carrying capacity, susceptible to erosion 



Cast Iron Sewers 

Plain Cement Concrete or RCC



CORRUGATED IRON SEWERS: 

• GALVANIZATION OR BY 

BITUMINOUS COATINGS 

• DIA UPTO 450CM. 

PLASTIC SEWERS PVC

• INTERNAL DRAINAGE WORKS IN HOUSE

• SIZES 75 TO 315 MM EXTERNAL 

DIAMETER 

• SMOOTH INTERNAL SURFACE 

• RESISTANT TO CORROSION, LIGHT 

WEIGHT OF PIPE, ECONOMICAL IN 

LAYING, JOINTING AND MAINTENANCE 

• TOUGH AND RIGID 

High Density Polythylene (HDPE) Pipes 

 not brittle ,resistant damage

 joined by welding or with detachable 

joints up to 630 mm smooth internal 

surface 

 conveyance of industrial wastewater 



Corrugated iron sewers Plastic sewers  PVC High Density Polythylene (HDPE) Pipes 



STEEL SEWERS 

• LIGHTNESS, IMPERVIOUSNESS AND RESISTANCE TO

HIGH PRESSURE

• TRUNK OR OUTFALL SEWERS

• SITUATIONS SUCH AS PRESSURE MAIN SEWERS,

UNDER WATER CROSSING, BRIDGE CROSSING,

NECESSARY CONNECTIONS FOR PUMPING

STATIONS, LAYING PIPES OVER SELF SUPPORTING

SPANS, RAILWAY CROSSINGS, ETC.

• PRESSURE BETTER THAN CI PIPES

DISADVANTAGE

• CANNOT WITHSTAND HIGH EXTERNAL LOAD

• SUSCEPTIBLE TO CORROSION AND ARE NOT

GENERALLY USED FOR PARTIALLY FLOWING SEWERS

VITRIFIED CLAY OR STONEWARE SEWERS 

• USED FOR HOUSE CONNECTIONS AS WELL AS 

LATERAL SEWERS 

• 5 CM TO 30 CM INTERNAL DIA WITH L 0.9 TO 1.2 M 

ADVANTAGES 

• RESISTANT TO CORROSION , INTERIOR SURFACE IS 

SMOOTH, STRONG IN COMPRESSION.

• DOES NOT ABSORB WATER MORE THAN 5% OF 

THEIR OWN WEIGHT, WHEN IMMERSED IN WATER 

FOR 24 H 

DISADVANTAGE

• HEAVY, BULKY AND BRITTLE AND WEAK IN TENSION 



Steel sewers Vitrified Clay or Stoneware Sewers 



SHAPES OF SEWERS 
• GENERALLY CIRCULAR PIPES - BELOW GROUND LEVEL, SLOPPING - TOWARDS THE OUTFALL

• DESIGNED TO FLOW UNDER GRAVITY

• OTHER THAN CIRCULAR ARE ALSO USED

A. STANDARD EGG-SHAPED SEWER

B. NEW EGG-SHAPED SEWER

C. HORSE SHOE SHAPED SEWER

D. PARABOLIC SHAPED SEWER

E. SEMI-ELLIPTICAL SECTION

F. RECTANGULAR SHAPE SECTION

G. U-SHAPED SECTION

H. SEMI-CIRCULAR SHAPED SEWER

I. BASKET HANDLED SHAPE SEWER



• got better hydraulic properties,

• it is costly

• longer perimeter more material for construction

• odd shape it is difficult to construct

• Rarely used in India

• suitable in care of combined sewers



 semi-circular with sides inclined or vertical 

 bottom may be flat, circular or paraboloid .

 large sewers with heavy discharged 

 tunnels, trunk sewer 

 upper arch takes the shape of parabola

 invert of the sewer may be flat, parabolic or 

elliptical .

 used for the disposal of relatively small quantities 

of sewage 



 more suitable for soft soils as they are more 

stable 

 not suitable for carrying low discharges 

 Dia > 180 cm. 

 gives a wider care at the bottom 

 suitable for constructing large sewers 

with less available headroom

 replaced by rectangular sewers. 



 resembles the shape of a basket handle 

 Small discharges flow  - bottom narrower 

portion.

 combined sewage flows in the full section. 

 Trench provided at the bottom is called 

cunnette 

 easy to construct 

 invert may be flat or semi-circular 

 sides are generally vertical and top may be 

flat or arched



LAYING OF SEWERS SURVEY LINE AND GRADE

• THE CONTRACTOR SHALL SET TEMPORARY BENCH MARKS (TBM'S) AT A MAXIMUM 500 FOOT INTERVAL

• CHECK LINE AND GRADE OF THE PIPE BY LASER BEAM METHOD

• IF LINE AND GRADE DO NOT MEET SPECIFIED LIMITS, THE WORK SHALL BE STOPPED, REMEDIAL MEASURES

PIPE PREPARATION AND HANDLING

• ALL PIPE AND FITTINGS SHALL BE INSPECTED PRIOR TO LOWERING INTO TRENCH TO INSURE NO CRACKED,

BROKEN

• SHALL CLEAN ENDS OF PIPE THOROUGHLY AND REMOVE FOREIGN MATTER AND DIRT FROM INSIDE OF PIPE AND

KEEP CLEAN DURING AND AFTER LAYING

• PIPE SHALL BE PROPERLY LOWERED TO AVOID ANY PHYSICAL DAMAGE TO THE PIPE. NOT BE DROPPED OR

DUMPED INTO TRENCHES



SEWER PIPE LAYING

• LAYING TO LINE AND GRADE IN THE TRENCH ONLY AFTER DEWATERED

• MUD, SILT, GRAVEL AND OTHER FOREIGN MATERIAL SHALL BE KEPT OUT OF THE PIPE

• ALL PIPE LAID SHALL BE RETAINED IN POSITION UNTIL SUFFICIENT BACKFILL HAS BEEN COMPLETED TO

ADEQUATELY HOLD THE PIPE IN PLACE

• VARIANCE < “ONE-THIRTY SECOND OF AN INCH / INCH OF PIPE” DIAMETER AND NOT TO EXCEED

ONE-HALF (½) INCH

• THE SEWER PIPE SHALL BE INSTALLED WITH THE BELL END FORWARD OR UPGRADE.

• WHEN PIPE LAYING IS NOT IN PROGRESS THE OPEN END OF THE PIPE SHALL BE

• KEPT TIGHTLY CLOSED WITH AN APPROVED TEMPORARY PLUG.



TESTING OF SEWER LINE
TYPES OF SEWER TESTS 

• SEWER TESTING FOR LEAKAGE (WATER TEST) :

• SMOKE TEST

• SEWER TESTING FOR STRAIGHTNESS OF ALIGNMENT AND OBSTRUCTION 

SEWER TESTING FOR LEAKAGE (WATER TEST)

• TO ENSURE NO LEAKAGE THROUGH THE JOINTS AFTER JOINTS TO SET IN 

• TESTED FROM MANHOLE TO MANHOLE UNDER TEST PRESSURE OF 1.5M OF WATER HEAD ( DEPTH OF WATER IN THE

MANHOLE IS MAINTAINED AT ABOUT 1.5M.)

• LOWER END OF THE SEWER IS PLUGGED  

• WATER IS THEN FILLED IN THE MANHOLE AT THE UPPER END AND ALLOWED TO FLOW THROUGH THE SEWER LINE. 

• WATCHED BY MOVING ALONG THE TRENCH 

• THE JOINTS WHICH LEAK OR SWEAT ARE REPAIRED, LEAKAGE PIPE WILL BE REPLACED 



SEWER TESTING FOR STRAIGHTNESS OF ALIGNMENT AND OBSTRUCTION (TEST FOR STRAIGHTNESS

AND OBSTRUCTION)

• TESTED BY PLACING A MIRROR AT ONE END OF THE SEWER LINE AND A LAMP AT THE OTHER END.

• IF THE PIPE LINE IS STRAIGHT, THE FULL CIRCLE OF LIGHT WILL BE OBSERVED

• IF THE PIPE LINE IS NON-STRAIGHT, THIS WOULD BE APPARENT AND THE MIRROR WILL ALSO

INDICATE ANY OBSTRUCTION IN THE PIPE BARREL.

• ANY OBSTRUCTION

INSERTING AT THE UPPER END - A SMOOTH BALL OF DIA 13MM < INTERNAL DIAMETER OF

SEWER PIPE

• YARN OR MORTAR THROUGH THE JOINTS ETC. THE BALL SHALL ROLL DOWN THE INVERT OF THE

SEWER PIPE AND EMERGE AT THE LOWER END



SMOKE TEST

• THIS TEST IS PERFORMED FOR SOIL PIPES,

VENT PIPES LAID ABOVE GROUND.

• CONDUCTED UNDER A PRESSURE OF 2.5 M OF

WATER AND MAINTAINED FOR 15 MINUTES

AFTER ALL TRAP REAL HAVE BEEN FILLED WITH

WATER.

• THE SMOKE IS PRODUCED BY BURNING OIL

WASTE OR TAR PAPER IN COMBUSTION

CHAMBER OF A SMOKE MACHINE.



VENTILATION OF SEWER
• ORGANIC AND INORGANIC MATTERS - DECOMPOSE AND PRODUCE 

GASES

• CAUSE AIR LOCKS IN SEWERS AND AFFECT THE FLOW OF SEWAGE,

DANGEROUS FOR THE MAINTENANCE SQUAD WORKING IN

• METHODS OF VENTILATION

• LAYING SEWER LINE AT PROPER GRADIENT.

• RUNNING THE SEWER AT HALF FULL OR 2/3 DEPTH. 

• PROVIDING MANHOLE WITH GRATINGS.

• PROPER HOUSE DRAINAGE.

• PROVIDING THE VENTILATING COLUMNS OR SHAFTS.





SEWER APPURTENANCES 

MANHOLES

 INLETS

CATCH BASINS

 FLUSHING DEVICES

REGULATORS

 INVERTED SIPHONS

GREASE AND OIL TRAPS

 LAMP HOLES

 LEAPING WEIRS

 JUNCTION CHAMBERS

for proper functioning and to facilitate maintenance of the sewage system, 

various additional structures have to be constructed on the sewer lines. These structures are

sewer appurtenances.



MANHOLES 
• R.C.C OR MASONRY CHAMBERS 

CONSTRUCTED ON THE SEWER LINE TO 

FACILITATE A MAN TO ENTER THE SEWER 

LINE AND MAKE THE NECESSARY 

INSPECTION AND REPAIRS 

• FITTED WITH SUITABLE CAST IRON 

COVERS 

• CHANGE IN DIRECTION, CHANGE IN 

PIPE SIZE, OR CONSIDERABLE CHANGE 

IN GRADIENT 

• MINIMUM SIZE IS 50CM DIAMETER. 

• CLASSIFICATION - DEPTH

• SHALLOW MANHOLE 0.75 -0.9 M

• NORMAL MANHOLE – 0.9 – 1.5 

M

• DEEP MANHOLE > 1.5 M



TYPES OF MANHOLE

SHALLOW 

MANHOLE 

• AT START OF 

BRANCH SEWER

• INSPECTION 

CHAMBER

NORMAL MANHOLE

• RECTANGULAR/SQUARE

• 0.8M X 1.2 M/1M X 1M

• SECTION NOT CHANGED 

WITH DEPTH

• HEAVY COVER AT THE TOP

Deep Manhole

 Larger at bottom

 Reduced at top 

 By providing offset

 Steps to access

 Heavy cover at the top



DEEP MANHOLE C/S



DROP MANHOLE

• IT IS A MEASURE OF CONNECTING HIGH 

LEVEL BRANCH SEWER TO LOW LEVEL 

MAIN SEWER. 

• THROUGH A VERTICAL PIPE. 

• DIFFERENCE IN LEVEL > 60CM BETWEEN 

BRANCH & MAIN SEWER, 

• AVOIDS INCREASING THE SEWER GRADE 



CATCH BASINS
• STRUCTURES OF PUCCA CHAMBER AND A

STOUT COVER FOR THE RETENTION OF

SUSPENDED GRIT, SLUDGE AND OTHER HEAVY

DEBRIS AND FLOATING RUBBISH FROM RAIN

WATER WHICH OTHERWISE CAUSE CHOKING

PROBLEMS

• SUBMERGED OUTLET PIPE( SEWER PIPE)

• USE IS NOT RECOMMENDED

• MORE OF A NUISANCE

• SOURCE OF MOSQUITO BREEDING

• SUBSTANTIAL MAINTENANCE PROBLEMS.





BASIC PRINCIPLES OF GOOD DRAINAGE SYSTEM 
• MATERIAL HAVE ADEQUATE STRENGTH AND DURABILITY.

• DIAMETER OF DRAIN TO BE AS SMALL AS POSSIBLE. 

• ACCESSIBILITY- EVERY PART OF DRAIN WITHIN REACH FOR INSPECTION AND MAINTENANCE.

• LAID IN STRAIGHT RUNS AS FAR AS POSSIBLE. 

• DRAINS LAID TO A GRADIENT. 

• INLET BE TRAPPED. TO PREVENT ENTRY OF FOUL AIR INTO BUILDING. 

• ACCESS FITTINGS - INSPECTION CHAMBER, RODDING EYE, MANHOLE - PLACED AT CHANGES OF DIRECTION 

AND GRADIENT. 

• INSPECTION CHAMBERS PLACED AT JUNCTIONS. 

• JUNCTIONS BETWEEN DRAINS ARRANGED SO THAT INCOMING DRAIN JOINTS AT OBLIQUE ANGLE IN 

DIRECTION OF FLOW. 

• AVOID DRAIN UNDER BUILDINGS IF POSSIBLE.



TYPICAL 
LAYOUT PLAN 

SHOWING 
HOUSE 

DRAINAGE 
CONNECTIONS 





MAINTENANCE OF HOUSE DRAINAGE
FOR EFFICIENT WORKING - SHOULD BE PROPERLY MAINTAINED AND CLEANED AT REGULAR

INTERVALS.

• 1. ENTRY OF UNDESIRED ELEMENTS - SHOULD TAKE EXTREME PRECAUTIONS TO AVOID ENTRY

OF UNDESIRED ELEMENTS - GRIT, SAND, DECAYED FRUITS, PIECES OF CLOTHS, LEAVES, ETC.

• 2. FLUSHING - ADVISABLE TO FLUSH SYSTEM ONCE OR TWICE IN A DAY TO MAINTAIN IT IN

PROPER WORKING ORDER.

• 3. INSPECTION - SHOULD BE INSPECTED AT REGULAR INTERVALS AND THE OBSTRUCTIONS IF

ANY SHOULD BE REMOVED. DAMAGED PIPES SHOULD ALSO BE REPLACED.

• 4. QUALITY OF MATERIALS - BETTER QUALITY MATERIALS SHOULD BE USED



LOW COST WASTEWATER 
TREATMENT



SEPTIC TANK

PROPERTIES.

• DETENTION TIME- 12 TO 36 HR

• IT REMOVES 60% TO 70% OF DISSOLVE 

MATTERS.

• CLEANING PERIOD-6 MONTH TO 3 YEARS

TANK FUNCTIONS

• SOLIDS REMOVAL BY SETTLING & 

FLOATATION

• 60-80% SOLIDS REMOVAL

• ANAEROBIC DIGESTION

• STORAGE OF SOLIDS

Factors that Influence Anaerobic Digestion

 pH

 Temperature

 Chemicals

 Highly variable flow patterns

 Pharmaceuticals and personal care products (PPCPs)

 Process wastewaters

 Lack of tank maintenance

It is a primary horizontal continuous flow type of sedimentation tank having extra 

provision to digestion of settled sludge



DIAGRAM OF SEPTIC TANK



SEPTIC TANK

Element of Septic Tank



Cross Section of Tank



ANAEROBIC DIGESTION

CO2

CH4

H2S

NH3
Role of the septic tank

Anaerobic fermentation of solids

Reduce the load of pathogens in the effluent

Hold the effluent for 2-3 days for improved safety

Retain solid material to prevent blockage of  further disposal system

Effluent

 Subsurface irrigation, Cess pool, Soak pit or trickling filter



MERITS AND DEMERITS OF SEPTIC TANK

DISADVANTAGE

• ITS SIZE SHOULD BE VERY LARGE 

TO SERVE MANY PEOPLE.

• SMELL PROBLEM

• IT NEEDS PERIODIC

• CLEANING.

Advantage

 It can be easily constructed.

 No maintenance problem.

 It excellently remove BOD.

 Very less amount of solids are 

produced.

 Low cost



OXIDATION POND/ WASTE STABILIZATION 
PONDS• A BODY OF WASTEWATER EMPLOYED WITH THE RETENTION OF WASTEWATER OR ORGANIC WASTES

UNTIL THE WASTES ARE RENDERED STABLE AND INOFFENSIVE FOR DISCHARGE INTO STREAM

THROUGH PHYSICAL, CHEMICAL AND BIOLOGICAL PROCESSES INVOLVING THE ACTION OF ALGAE

AND BACTERIA UNDER THE INFLUENCE OF SUNLIGHT AND AIR

1.6 mg of oxygen is released by the algae/mg of dry organic cell material synthesized

Optimum temperature 30 to 35oC





MODULE 4

Sewer Design & Effluent Disposal: 

Disposal of effluents by dilution 



Design of Sewers

 The hydraulic design of sewers and drains, means finding out their sections and gradients, is generally

carried out on the same lines as that of the water supply pipes.

 However, there are two major differences between characteristics of flows in sewers and water supply

pipes.

 The sewage contain particles in suspension, the heavier of which may settle down at the bottom of the

sewers, as and when the flow velocity reduces, resulting in the clogging of sewers

 To avoid silting of sewers, it is necessary that the sewer pipes be laid at such a gradient, as to generate

self cleansing velocities at different possible discharges.

 The sewer pipes carry sewage as gravity conduits, and are therefore laid at a continuous gradient in the

downward direction up to the outfall point, from where it will be lifted up, treated and disposed off.







































































DISPOSAL OF EFFLUENTS



SELF PURIFICATION 

The automatic purification of natural water is known as self purification. The self purification of natural water 

systems is a complex process that often involves physical, chemical, and biological processes working 

simultaneously

 Dilution: When sufficient dilution water is available in the receiving water body

 Current: When strong water current is available, the discharged wastewater will be thoroughly mixed with 

stream water preventing deposition of solids

 Temperature: The quantity of DO available in stream water is more in cold temperature than in hot 

temperature. 

 Sunlight: sunlight helps in purification of stream by adding oxygen through photosynthesis.

 Rate of Oxidation: The rate of oxidation of organic matter depends on the chemical composition of organic 

matter.



CONDITIONS FAVOURABLE FOR DILUTION

 Where sewage is fresh.

 Where favorable currents exits in a stream.

 Where sewage is almost free from floating/ Settleable solids.

 Where thorough mixing is possible.

 Where diluting water has high quantities of dissolved oxygen.

 When the city is situated near river or sea.



Oxygen 

Sag Curve

 deficit in the stream at any point of time during self purification process is the difference between the

saturation DO content and actual DO content at that time.

 Oxygen deficit, D = Saturation DO – Actual DO

 de - oxygenation + re -oxygenation curves. = oxygen sag curve



Zones of purification



Mathematical analysis of Oxygen Sag Curve:

Streeter – Phelps equation

or

Where, 

K= K1 = BOD reaction rate constant, to the base 10

R = R1= Re Oxygenation constant to the base 10

Do = Initial oxygen deficit at the point of waste discharge at time t = o

t = time of travel in the stream from the point of discharge = x/u

x = distance along the stream

u = stream velocity



Determination of Critical DO deficit (Dc) 

and distance Xc

or

or

Where, = 1.056 in general 

= 1.047 for 20oC to 30oC

= 1.135 for 4oC to 20oC

K1=K/2.303

𝑓𝑠 =
𝑅

𝐾
=
𝑅1

𝐾1 = 0.5 to 5.0

R1=R/2.303



SEWAGE FARMING

 Process in which sewage is used for growing crops

 fertilizing elements of sewage – NPK used by the roots of crops

 nutrients of sewage make the fields fertile 

APPLICATION OF SEWAGE METHODS

 Flooding method

 Surface irrigation method

 Zig zag method

 Lagooning method

 Basin method

 Sub-soil irrigation method

 RIDGE AND FERROW IRRIGATION METHOD



FLOODING METHOD –

 divided into various parts surrounded by dykes.

 sewage is filled like small ponds in between the dykes

 Depth = 3.0  - 5.0 cm

SURFACE IRRIGATION

 suited in sloping area

 parallel drains are constructed in fields

 drains are connected to a distributaries drain with regulating device 

 large quantity is absorbed by the field and only excess quantity reaches another 
drain.

ZIG ZAG METHOD -ridges are arranged in a zag-zag method 

 LAGOONING

 natural depression available 

 Detention period = 1 month

 sludge is stabilized and dried

 shallow and must be constructed away from town



SUB SURFACE IRRIGATION

 sewage applied at the roofs of plants, through the open jointed drain-
pipes

 pipes are laid at 1.0 m below the GL

BASIN METHOD:

 big trees are planted in an isolated manner,

 basins are formed around each tree and  filled with sewage. 

 suitable for fruit gardens

RIDGE AND FERROW IRRIGATION

Ridge 

 Width=125-250 cm Length 10-30 m.

Furrow

 Width = 120-150 cm Depth 25-50 cm

 percolated effluent is collected in underground drains flows towards 

natural drainage for disposal



FAVOURABLE CONDITIONS FOR SUB-
SURFACE IRRIGATION

 Subsoil water level is low.

 Land is cheap.

 Rainfall is less and irrigation water demand is heavy.

 Large areas are available.

Where dilution water is not easily available.

 Sub-surface strata is porous, favoring infiltration.

 Climate is dry favoring drying up conditions.



PREVENTION OF SEWAGE SICKNESS:-

 Primary treatment like screening & sedimentation should be given to sewage before its application

to land so that suspended solids are removed & the pores of soil will not be clogged.

 The sewage should be applied intermittently on land i.e by giving rest to the land for sometime 

.The land should be ploughed during non supply period of sewage so that soil gets aerated.

 Keeping some portion of land reserved in order to use the same in resting period .Enough area will 

be required for this purpose.

 By planting different crops on the same land by rotation system of crops .The soil will be aerated & 

will utilise the fertilizing elements of sewage.

 By providing sufficient under drainage system to collect the excessive sewage quantity.

 By frequent ploughing & rotation of soil.

 By not applying the sewage in excess quantity.

soil getting clogged and loses its capacity of receiving the sewage load when the sewage is applied continuously 

on a piece of land is called sewage sickness

SEWAGE SICKNESS



Streeter-Phelps equation 





























































MODULE 5



SAMPLING TECHNIQUES 
1. Grab or catch samples:

◦ A sample collected at a particular time and place  composition of the 

source at that times and place  Source  fairly constant in composition over a 

considerable period of time / substantial distances in all direction, In such 

circumstances same source may be quite well represented by single grab 

samples. 

2. Composite samples:

◦ composite refers to a mixture of grab samples collected at the same 

sampling point at different time.

most useful for observing average concentrations - alternative to the 

separate analysis of a large number of  samples, 

3. Integrated samples:

◦ Mixture of grab samples collected from different points simultaneously or 

as nearly as possible

for river or stream that varies in composition across its width and depth. 



CHARACTERISTICS 
OF WASTEWATER



Physical Characteristics
◦ Colour

greyish brown or yellowish, - fresh sewage. 

stale and septic sewage - black 

( Zero DO - becomes septic).

◦ Odour

fresh sewage is considered as odorless, but as it starts to get stale, it begins to give

offensive odor. 

Within 3 to 4 hours, all oxygen present in the sewage

gets exhausted and it starts emitting offensive odour by hydrogen sulphide gas which is 

formed due to anaerobic decomposition of sewage.



Colour



Temperature

◦ biological activity

◦ solubility of gases in sewage

◦ viscosity of sewage

◦ temperature, of sewage > temperature of the water

◦ average temperature of sewage in India is about 200 C - ideal 

temperature of sewage for

◦ biological activities

Turbidity

◦ Turbid-dirty dish water or wastewater from baths fecal matter, pieces of 

paper, cigarette ends, match sticks, greases, vegetable debris, fruit skins, 

soaps, etc

◦ depends on the quantity of solid matter present in suspension state



Turbidity



Chemical Characteristics

Helps in indicating the stage of sewage decomposition, its strength, and extent and

type of treatment required for making it safe the chemical characteristics of sewage

includes.



Solids
◦ Sewage -99.9 % water and only 0.1 %

◦ suspended solids, dissolved solids, colloidal solids, and Settleable solids.

◦ about 1000 kg of sewage contains 

◦ 0.454 kg - TS

◦ 0.225 kg - solution, 

◦ 0.112 kg - suspension and

◦ 0.112 kg - settle able.

◦ can be organic or inorganic 

◦ 45 organic % & 55 % inorganic

◦ Inorganic matter - minerals & salts - sand, gravel, dissolved salts, chlorides, 

Sulphates, etc.



Organic matter
◦ Organic matter

◦ Carbohydrates like cellulose, cotton, starch, sugar, etc..

◦ Fats and oils

◦ Nitrogenous

◦ protein and their decomposed product, including wastes from 

animals,

◦ urea, fatty acids etc.

◦ inorganic solids in sewage is not harmful



Soilds

◦ Total Solids (S1 in mg/ lit)

◦ Suspended Solids (S 2 )

◦Dissolved Solids and colloidal (S3 )

◦Volatile and Fixed Suspended Solids



Solids



pH
◦ pH can be determined using pH meter ( Potentiometer)

◦ pH tends to fall due to production of acid by bacterial action in anaerobic 

or nitrification processes.

◦ Especially the biological treatment, for better result the pH of sewage 

should be around 7.0 in biological treatment as microorganisms





Nitrogen Content
(Nitrogen Compounds)

◦ The presence of nitrogen in sewage is an indication of the 

presence of the organic matter and may occur in one or 

more of the following forms:

◦• Free ammonia called ammonia nitrogen

◦• Albuminoid or Organic Nitrogen

◦• Nitrites

◦• Nitrates



◦ The free ammonia indicates the very first stage of decomposition of organic matter ( thus 

indicating recent pollution); 

◦ Albuminoidal nitrogen - the quantity of nitrogen in sewage before the decomposition of 

organic matter. 

◦ Nitrates - presence of fully oxidized organic matter in sewage.

◦ The nitrites - intermediate stage of conversion - indicating the progress of treatment. 

sewage treatment is incomplete, and sewage is stale. 

◦ nitrates - well oxidized and treated sewage.

◦ Nitrites are dangerous,  Nitrates is not dangerous.

◦ Higher nitrates - adversely the health of infants - mathemoglobinemia blue baby disease

◦ vomit; their skin colour may become dark and may die in extreme case



Mathemoglobinemia



Chlorides Contents
◦ kitchen wastes, human feces and 

urinary discharges

◦ normal - 120 mg/lit, P Limit - 250 mg 

/lit.

◦ Source : ice cream plants, meat 

salting etc..

◦ Indicates : Industrial wastes or 

infiltration of seawater, thereby 

indicating strength of sewage

◦ standard silver nitrate solution



Fats, Oils and Greases
◦ from the discharge of animals and vegetable matter, or 

from the garages, kitchens of hotels and restaurants, etc..

◦ form scum on the top of the sedimentation tanks, clogs 

the voids of the filter media and affects the diffusion of 

oxygen.

Toxic
◦ Copper, lead, silver, chromium, arsenic, phenols, boron, 

cyanides, etc.. are some of the

◦ Affect microorganisms resulting in malfunctioning from 

industrial waste.



Sulphides, Sulphates and Hydrogen 
Gas◦ decomposition of various sulphur containing substances in Sewage

◦ evolution of hydrogen sulphide gas, bad odours, - corrosion sewer 

pipes.

◦ In aerobic digestion of sewage,

◦ Sulphur -- sulphides, - sulphates ions In an-aerobic digestion

◦ In an-aerobic digestion

◦ sulphates -- sulphides, -H2S gas along with methane and carbon dioxide



Sulphides, Sulphates and Hydrogen 
Gas



Dissolved Oxygen
◦ Dissolved oxygen is the amount 

of oxygen in the dissolved state 

in the wastewater.

◦ at least 4 mg/l of DO is present 

in it

◦ aquatic animals like fish etc. are 

likely to be killed near the 

vicinity of disposal



Biochemical Oxygen Demand
There are two types of organic matter

◦ • (i) Biodegradable or biologically active

◦ • (ii) Non biodegradable or biologically inactive

◦ • Organic matter is often assessed in terms of oxygen required to complete oxidize 

the organic matter to CO2, H2O, and other end products of Oxidation.

◦ • Biochemical Oxygen Demand (BOD) is defined as the amount of oxygen 

required by the microorganisms (mostly bacteria) to carry out decomposition of 

biodegradable organic matter under aerobic conditions.

◦ Carbonaceous matter - biodegradable carbonaceous material – Heterotrphic

bacteria

◦ Nitrogenous matter - nitrogenous matter -autotrophic bacteria



◦ 5 days period is generally chosen for the standard 

BOD test, during which oxidation is about 60 to 70 % 

complete, while within 20 days period oxidation is 

about 95 % to 99 % complete.

◦ A constant temperature of 200 C is maintained 

during incubation. The BOD value of 5 Day 

incubation period is commonly written as BOD 5 or 

simply as BOD.

◦ Another reason to avoid interference of nitrification 

bacteria (starts after 6th or 7th day)







BOD Curve



Limitation of BOD Test◦ It measures only the biodegradable organic 

matter.

◦ Time duration of the test is very long i.e. 5 days, so if 

quick results are needed it is not useful.

◦ Pretreatment is needed if the sample contains 

toxic waste.

◦ Nitrifying bacteria can cause interferences and 

could give higher results. To avoid them proper 

care must be taken.

◦ It is essential, to have high concentration of active 



Chemical Oxygen Demand
◦ COD can be defined as amount of oxygen required to chemically 

oxidize organic matter using a strong oxidizing agent like potassium 

dichromate under acidic condition.

◦ COD test, takes 3 hours in comparison to 5 days for BOD test

◦ In COD test, a strong chemical oxidizing agent like potassium 

dichromate is used in acidic medium to oxidize the organic matter 

present in the waste

◦ Almost all type of organic matter with a few exceptions can be 

oxidized by the action of strong oxidizing agents under acidic 

conditions.

 Total Organic Carbon

 Theoretical Oxygen Demand



Biological Characteristics

◦microorganisms like bacteria, algae, fungi, protozoa, etc. 

bacteria being the most predominant. Most of the bacteria 

found in the sewage are harmless non-pathogenic bacteria.

◦at the time of outbreak of epidemics, certain tests may be 

done to find the type of pathogens





Flow diagram of Municipal 
waste water treatment plant 



Conventional wastewater treatment 
processes 
◦ consists of a combination of physical, chemical and biological

processes and operations to remove solids, organic matter and

sometimes, nutrients from wastewater.

◦ General terms used to describe different degrees of treatment, in

order of increasing treatment level, are preliminary, primary,

secondary, and tertiary and/or advanced wastewater treatment.

◦ In some countries, disinfection to remove pathogens sometimes

follows the last treatment step



Conventional wastewater treatment 
process



Conventional wastewater 
treatment process

Preliminary treatment

◦ The objective is the removal of coarse solids and other large

materials often found in raw wastewater, operations typically

include coarse screening, grit removal and, in some cases,

comminution of large objects

Primary treatment

◦ The objective is the removal of settle-able organic and

inorganic solids by sedimentation, and the removal of

materials that will float (scum) by skimming



Secondary treatment

◦ The objective of secondary treatment is the further treatment of

the effluent from primary treatment to remove the residual

organics and suspended solids

◦ Aerobic biological treatment is performed in the presence of oxygen by

aerobic microorganisms (principally bacteria) that metabolize the organic

matter in the wastewater, thereby producing more microorganisms and

inorganic end-products (principally CO2, NH3, and H2O)

◦ Several aerobic biological processes are used for secondary treatment

differing primarily in the manner in which oxygen is supplied to the

microorganisms and in the rate at which organisms metabolize the organic

matter



screens
◦ Bigger pieces of wood, plastic, metal, rubber, textile - bar screens 

◦ bars - spaced about 1/2-3/4 inches apart. 

Manually cleaned bar screens 

◦ operator must rake the collected debris from a manually cleaned bar 

screen. 

◦ 45-degree angle. 

Automatically cleaned bar screens 

◦ set of rakes - chain-driven. units - operate periodically 

◦ 60o and 90o an automatically cleaned 



screens

Manually cleaned bar screens 
Automatically cleaned bar screens 



◦ corrosion problems with steel screens 

◦ Hydrogen sulfide - attack the metal bars. 

◦ Repair and replacement of the bars 

◦ weekly inspections - rake teeth and the chain 

drive. 

Two types of bar screens: 

◦ Coarse sieves -greater than 6 mm 

◦ fine sieve - smaller than 6 mm 



grit chambers
Grit chambers are nothing

but like sedimentation

tanks, designed to separate

the intended heavier

inorganic materials

(specific gravity about

2.65) and to pass forward

the lighter organic

materials



Detritus tank

◦ similar to a grit chamber. The difference being only in 

the velocity of flow and the detention period

◦ appreciable amount of organic matter settles down 

along matter by blowing the compressed air through 

the detritus tanks

◦ 2.5 to 3.5 m length and detention period 3 to 4 minutes

◦ V = 20cm/sec to 40cm/sec.



Oil and Grease removal

◦ Grease in sewage include fats, waxes, free fatty solids, calcium and magnesium 

soaps, mineral oils, etc.,

◦ restaurants, kitchens, garages, soap and candle factories, oil refineries, slaughter 

houses etc.,. 

◦ foul odour may be developed at the surface, scum retards reoxygenation and thus 

causes anaerobic condition

◦ do not digest easily, in sludge digestion tanks

◦ promote clogging of the trickling filters.

◦ affect the biological activities of the organisms 

◦ by floatation or settling as scum or sludge. 



skimming tanks
 narrow rectangular tanks having at least two 

longitudinal baffle walls, interconnected

 Air diffusers are provided at the bottom  300 to 

6000 m3 per million litres of sewage agitates the 

sewage

 Air tends to change the oil and grease to a 

soapy mixture

 mixture is carried to the surface by the air 

bubbles, some of which are entrained in it and 

may be skimmed off.





Equalization 

◦ Basins are designed to provide consistent influent flow to downstream

processes by retaining high flow fluctuations.

◦ Due to the additional retention time, aeration and mixing is required in

to prevent the raw wastewater from becoming septic and to maintain

solids in suspension.

Objective –

◦ Decrease fluctuations in flow rate, to provide more consistent treatment 

◦ Accomplished by storing excess wastewater during high flow periods 

◦ Excess wastewater is released during low flow periods 



Equalization Tank





Secondary Treatment



Attached Growth Process
◦ In this process micro organisms are responsible for conversion of organic

matter present in waste water to gases and cell tissues are attached to some

inert medium such as rock, slag, ceramic or plastic material.

This process include:

◦ 1.Intermittent sand filters

◦ 2.Trickling filters

◦ 3.Rotating biological contactors

◦ 4.Packed bed reactors

◦ 5.Anaerobic lagoons.

◦ 6.Fixed film denitrification.



Suspended Growth Process
◦ In this process micro organisms are responsible for conversion of

organic matter present in waste water to gases and cell tissues

are maintained in suspension within the liquid in the reactor by

employing either natural or mechanical mixing.

This process include:

◦ Activated sludge process.

◦ Aerated lagoons.

◦ Sludge digestion system.

◦ Suspended growth nitrification & denitrification



Combined Process

◦ This process includes both attached growth and 

suspended growth process. 

This process include :

◦1.Trickling filter, activated sludge. 

◦2.Activated sludge, trickling filter. 

◦3.Faculative lagoons



Trickling Filters
◦ It consists of a basin or tower filled with support media such as

stones, plastic shapes, or wooden slats

◦ Wastewater is applied intermittently, or sometimes continuously, over

the media

◦ Microorganisms become attached to the media and form a

biological layer or fixed film

◦ Organic matter in the wastewater diffuses into the film, where it is

metabolized



Trickling Filters
◦ Oxygen is normally supplied to the film by the natural flow of air either

up or down through the media, depending on the relative

temperatures of the wastewater and ambient air

◦ The thickness of the biofilm increases as new organisms grow,

Periodically, portions of the film slough off the media

◦ The sloughed material is separated from the liquid in a secondary

clarifier and discharged to sludge processing

◦ Clarified liquid from the secondary clarifier is the secondary effluent

and a portion is often recycled to the biofilter to improve hydraulic

distribution of the wastewater over the filter



Mechanism ◦ microorganisms - attached to an inert packing 

material rock, gravel, slag, sand, redwood, and a 

wide range of plastic and other synthetic 

materials.

◦ bed of highly permeable media on whose surface 

a mixed population of microorganisms is 

developed as a slime layer.

◦ Passage of wastewater - a gelatinous coating of 

bacteria, protozoa and other organisms on the 

media

◦ distribution system, media, under drains, effluent 

channel, secondary settling tank, and recirculation 

pumps and piping. 









Common Problems 
Ponding 

◦ cause odors and decrease filter efficiency. 

Cause

◦ excessive organic loading without high R, 

Use of small media.

Clogging of UGD,

Non-uniform media size / breaking up of media,

Trash or debris in filter voids 

Remedies

◦ Spraying the surface with high pressure water hose. 

◦ Stirring or agitating ponding area with stick, rake, etc. 

◦ Dosing the filter with chlorine 

◦ Flooding filter and keeping the media submerged for approximately 24 hours 



◦ Odors. 

Cause

◦ anaerobic conditions 

Remedies

◦ maintain aerobic condition 

◦ Check the ventilation 

◦ Check the UGD  clogging and stoppages

◦ Increase R; 

◦ odor-masking agents

◦ Pre-chlorination at primary tank

 Filter Flies 

Cause

 tiny, gnat-size flies are called 

psychoda.

Remedies

 Increasing recirculation

 Flushing the side walls of the filter 

by opening the flap valve 

 Flooding the filter intermittently 

 addition of Cl, - toxic to the flies 

and larvae.



Conventional filters are 
modified high rate filters

◦ Better quality filtering media is used, like larger size stone media or 

plastic media.

◦ Depth of media is limited to 1.5 to 2m

◦ Size of UGD is increased and their slope made steeper so that the 

filter effluent can be collected and conveyed quickly.

◦ Speed of rotating arm is increased.

◦ Size of SST increased.







Activated Sludge Process
◦ In the activated sludge process, the dispersed-growth reactor is an

aeration tank or basin containing a suspension of the wastewater

and microorganisms, the mixed liquor

◦ The contents of the aeration tank are mixed vigorously by aeration

devices which also supply oxygen to the biological suspension

◦ Aeration devices commonly used include submerged diffusers that

release compressed air and mechanical surface aerators that

introduce air by agitating the liquid surface

◦ HRT in the aeration tanks - 3 to 8 hours but can be higher with high

BOD5



Activated Sludge
◦ Following the aeration step, the microorganisms are separated

from the liquid by sedimentation and the clarified liquid is

secondary effluent

◦ A portion of the biological sludge is recycled to the aeration

basin to maintain a high mixed-liquor suspended solids (MLSS)

level

◦ The remainder is removed from the process and sent to sludge

processing to maintain a relatively constant concentration of

microorganisms in the system







Sequencing batch reactor (SBR)
◦ In a conventional activated sludge system, unit processes

would be accomplished by using separate tanks.

◦ Sequencing batch reactor is a modification of activated

sludge process which has been successfully used to treat

municipal and industrial wastewater.

◦ The difference between the two technologies is that the SBR

performs equalization, biological treatment, and secondary

clarification in a single tank using a timed control sequence.



Reasons for providing SBR

◦ where there is a limited amount of space is available.

◦ Older treatment facilities can be retrofitted to an SBR (because the basins

are already present).

SBR Operating Principles

◦ SBR technology is a method of wastewater treatment in which all phases

of the treatment process occur sequentially within the same tank.

◦ The sequencing batch reactor is a fill and draw activated sludge system.

In this system, wastewater is added to a single “batch” reactor, treated to

remove undesirable components, and then discharged.







Fill Phase

◦ During the fill phase, the basin receives influent wastewater. The influent brings food to 

the microbes in the activated sludge, creating an environment for biochemical 

reactions to take place.

Types of fill phase

◦ Static fill

◦ Mixed fill

◦ Aerated fill

React Phase

◦ During this phase, no wastewater enters the basin and the mechanical mixing and

aeration units are on. 



Settle Phase

◦ During this phase, activated sludge is allowed to settle under 

quiescent condition . The activated sludge tends to settle as a 

flocculent mass.

Decant Phase

◦ Clarified treated effluent (supernatant) is removed from the tank. No 

surface foam or scum is decanted.

Idle Phase

◦ This step occurs between the decant and the fill phases.

◦ The idle period is used when the system is waiting for enough effluent 

to process.



Advantages of SBR
◦ Equalization, primary clarification, biological treatment and

secondary clarification can be achieved in a single reactor

vessel.

◦ SBR requires small space.

◦ SBR has controllable react time and quiescent settling.

◦ Minimal footprint.

◦ High nutrient removal capabilities.

◦ The BOD removal efficiency is generally 85 to 90%

◦ Filamentous growth elimination





Limitations of SBR
◦A higher level of sophistication is required especially for

larger systems, of timing units and controls.

◦Higher level of maintenance associated with more

sophisticated controls, automated switches, and

automated valves.

◦Potential plugging of aeration devices during selected

operating cycles, depending on the aeration system used

by the manufacturer.



MBBR (Moving bed biofilm 
reactor)

◦ Small cylindrical shaped polyethylene carrier added in aerated or

non aerated basin to support biofilm growth.

◦ Biomass grows primarily on protected surface on the inside of the

carriers.

◦ Air agitation or mixers are used to continuously circulate carriers.

Perforated plates at the outlet of the tanks keeps biofilm carrier

inside the tank.

◦ MBBR can be a single reactor or configured as several reactors-in-

series.









Advantages:
◦ High-efficiency CBOD removal and nitrification(even in low

temperature environments)

◦ Retention of slow-growing and temperature-sensitive bacterial

populations (i.e., autotrophic nitrifiers and methanol-degrading

heterotrophs, respectively) low HRT

◦ Reduced sludge production compared with activated sludge

◦ No problems with odours, snails or red-worms as in air phase

fixed films



◦ Smaller foot prints.

◦ MBBR Provides Five times the Biofilm Surface Area in less than ¼

Reactor Volume as Trickling Filter

◦ Can be operated at varying influent load

◦ Can be easily retrofitted.

Advantages:



Sludge Digester



Hydrolysis

◦ transforms suspended organic matter into soluble organics. 

◦ polymeric compounds --- monomeric or dimeric compounds. 

◦ optimal pH 6

Acidogenesis

◦ soluble organics - volatile fatty acids, mostly C2-C4 acids. 

◦ volatile fatty acids lowers the pH

◦ pH < 4, the production of acids

Acetogenesis

◦ the VFA, ethanol + Water --- acetic acid, CO2 and H2.

Methanogenesis

◦ 70% of acetic acid, CO2 and H2 -- methane

◦ 30% of the biogas is produced in the hydrogenotrophic methanogenesis



RCC or steel tank of cylindrical

shape with hopper bottom and

is covered with fixed or

floating type of roofs



Factors affecting process of Sludge 
Digestion

Temperature

◦ Thermophilic zone 40-600C  and Mesophilic zone- 25 to 400C 

pH value

Seeding

◦ Seeding with the digested sludge encourage the growth of useful 

bacteria

◦ Mixing and stirring of raw sludge with digested sludge:

◦ mixed with raw sludge for optimum conditions for the growth and activities of 

bacteria.
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D1= initial DO of diluted sample

D2= Final DO of diluted sample after 5 days

B1= initial DO of dilution water

B2= Final DO of the dilution water

f = (volume of diluted sample- volume of raw sample )/volume of diluted 

sample

P= dilution ratio= volume of raw sample/volume of diluted sample







Depletion of Oxygen = D1-D2

D1= initial DO of diluted sample

D2= Final DO of diluted sample after 5 days
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