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UNIT – I

Introduction:

Urbanization has encouraged the migration of people from villages to the urban areas. This has given
rise to a number of environmental problems such as, water supply with desirable quality and quantity,
wastewater generation and its collection, treatment and disposal. In urban areas for domestic and
industrial uses the source of water is generally reservoir, river, lake, and wells. Out of this total water
supplied, generally 60 to 80% contributes as a wastewater. In most of the cities, wastewater is let out
partially treated or untreated and it either percolates into the ground and in turn contaminates the ground
water or it is discharged into the natural drainage system causing pollution in downstream water bodies.

The importance of water quality as a factor constraining water use has often gone unacknowledged in
the analyses of water scarcity. Water scarcity is a function not only of volumetric supply, but also of
quality sufficient to meet the demand. The drinking water demand is perhaps the largest demand for high
quality water apart from many industrial uses which also require high quality water. Agriculture, by far
the largest consumer of water, also suffers when water supplies become saline. In India, water pollution
comes from the main sources such as domestic sewage, industrial effluents, leachets from landfills, and
run-off from solid waste dumps and agriculture land. Domestic sewage (black water) and sullage (grey
water) is the main source of water pollution in India, especially in and around large urban centers. The
regular monitoring of the water quality in the rivers and wells in the country revealed that the total
coliform counts far exceeds the desired level in water to be fit for human consumption .

In the past disposal of waste from water closets was carried out manually and wastewater generated from
kitchen and bathrooms was allowed to flow along the open drains. This primitive method was modified
and replace by a water carriage system, in which these wastes are mixed with sufficient quantity of water.
This waste is carried through closed conduits under the conditions of gravity flow. This mixture of water
and waste products is known as sewage.

The advantages offered by the water carriage system are:

The carriage of wastes on head or carts is not required.

Bad smell, which was unavoidable during open transport of sewage, is not occurring due to
transport of this polluted water in closed conduits.

The old system was posing the health hazards to sweepers and to the nearby residents, because of
the possibilities of flies and insects transmitting disease germs from the accessible carts to the
residents food eatables. This is avoided in water carriage system because of transport of night soil
in closeconduits.

The human excreta is washed away as soon as it is produced in water carriage system, thus storing
is not required as required in the old system of manual disposal. Thus, no bad smells are produced
in closed conduit transport.

 In the old system, the wastewater generated from the kitchen and bathrooms was required to be
carried through open roadside drains for disposal. This is avoided in sewerage system as the open
drains could generate bad odours when used for disposal of organic wastes.

SYLLABUS:

Introduction to sanitation – systems of sanitation – relative merits &demerits – collection and
conveyance of waste water – sewerage – classification of sewerage systems- Estimation of sewage
flow and storm water drainage – fluctuations – types of sewers - Hydraulics of sewers and storm
drains– design of sewers – appurtenances in sewerage – cleaning and ventilation of sewers.
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The water carriage system does not occupy floor area, as the sewers are laid underground.
 In addition, the construction of toilets one above the other is possible in water carriage system and
combining latrine and bathrooms together as water closets is possible. This is one of the important
advantages of water carriagesystem.

However, this water carriage system also has certain drawbacks such as:

A large network of pipes is required for collection of the sewage; hence, the capital cost for water
carriage system is very high.

 In addition, the operation and maintenance of sewerage system is very expensive.

Large wastewater volume is required to be treated beforedisposal.

Assured water supply is essential for efficient operation of the water carriage system.

DEFINITIONS

Industrial wastewater: It is the wastewater generated from the industrial and commercial areas. This
wastewater contains objectionable organic and inorganic compounds that may not be amenable to
conventional treatment processes.

Night Soil: It is a term used to indicate the human and animal excreta.

Sanitary sewage: Sewage originated from the residential buildings comes under this category. This is
very foul in nature. It is the wastewater generated from the lavatory basins, urinals and water closets of
residential buildings, office building, theatre and other institutions. It is also referred as domestic
wastewater.

Sewage: It indicates the liquid waste originating from the domestic uses of water. It includes sullage,
discharge from toilets, urinals, wastewater generated from commercial establishments, institutions,
industrial establishments and also the groundwater and stormwater that may enter into the sewers. Its
decomposition produces large quantities of malodorous gases, and it contains numerous pathogenic or
disease producing bacteria, along with high concentration of organic matter and suspended solids.

Sewage Treatment Plant is a facility designed to receive the waste from domestic, commercial and
industrial sources and to remove materials that damage water quality and compromise public health and
safety when discharged into water receiving systems or land. It is combination of unit operations and unit
processes developed to treat the sewage to desirable standards to suit effluent norms defined by
regulating authority.

Sewer: It is an underground conduit or drain through which sewage is carried to a point of discharge or
disposal.

 House sewer (or drain) is used to discharge the sewage from a building to a street sewer.
Lateral sewer is a sewer which collects sewage directly from the household buildings.

 Branch sewer or submain sewer is a sewer which receives sewage from a relatively small
area. Main sewer or trunk sewer is a sewer that receives sewage from many tributary branches and
sewers, serving as an outlet for a large territory.

 Depressed sewer is a section of sewer constructed lower than adjacent sections to pass
beneath an obstacle or obstruction. It runs full under the force of gravity and at greater than atmospheric
pressure. The sewage enters and leaves the depressed sewer at atmospheric pressure.

 Intercepting sewer is a sewer laid transversely to main sewer system to intercept the dry
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weather flow of sewage and additional surface and storm water as may be desirable. An intercepting
sewer is usually a large sewer, flowing parallel to a natural drainage channel, into which a number of
main or outfall sewers discharge. Outfall sewer receives entire sewage from the collection system and
finally it is discharged to a common point.

 Relief sewer or overflow sewer is used to carry the flow in excess of the capacity of an
existing sewer.
Sewerage: The term sewerage refers the infrastructure which includes device, equipment and
appurtenances for the collection, transportation and pumping of sewage, but excluding works for the
treatment of sewage. Basically it is a water carriage system designed and constructed for collecting and
carrying of sewage through sewers.

Stormwater: It indicates the rain water of the locality.

Subsoil water: Groundwater that enters into the sewers through leakages is called subsoil water.

Sullage: This refers to the wastewater generated from bathrooms, kitchens, washing place and wash
basins, etc. Composition of this waste does not involve higher concentration of organic matter and it is
less polluted water as compared to sewage.

Wastewater: The term wastewater includes both organic and inorganic constituents, in soluble or
suspended form, and mineral content of liquid waste carried through liquid media. Generally the organic
portion of the wastewater undergoes biological decompositions and the mineral matter may combine
with water to form dissolved solids.

SOURCES OF SEWAGE
The wastewater generated from the household activities contributes to the major part of the

sewage. The wastewater generated from recreational activities, public utilities, commercial complexes,
and institutions is also discharged in to sewers. The wastewater discharged from small and medium scale
industries situated within the municipal limits and discharging partially treated or untreated wastewater
in to the sewers also contributes for municipal wastewater.

SEWAGE DISCHARGE

The quality of sewage and its characteristics show a marked range of hourly variation and hence
peak, average and minimum discharge are important considerations. The process loadings in the sewage
treatment are based on the daily average characteristics as determined from a 24 hours weighted
composite samples. In the absence of any data an average quantity of 150 LPCD may be adopted for
design. The hydraulic design load varies from component to component of the treatment plant with all
appurtenances, conduits, channels etc., being designed for the maximum discharge, which may vary
from 2.0 to 3.5 times the average discharge. Sedimentation tanks are designed on the basis of average
discharge, while consideration of both maximum and minimum discharge is important in the design of
screens and grit chambers. Secondary treatment is generally designed for average discharge, with
sufficient safety margin to accommodate the peak discharge.

EFFECT OF UNTREATED WASTEWATER DISPOSAL

The daily activities of human beings produce both liquid and solid wastes. The liquid portion of
the wastewater is necessarily the water supplied by the authority or through private water sources, after it
has fouled by variety of uses. The sources of wastewater generation can be defined as a combination of
the liquid or water-carried wastes removed from residences, institutions, and commercial and industrial
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establishments, together with groundwater, surface water, and storm water as may be present.

If the untreated wastewater is allowed to accumulate, it will lead to highly unhygienic conditions.
The organic matter present in the wastewater will undergo decomposition with production of large
quantities of malodorous gases. If the wastewater is discharged without treatment in the water body, this
will result in the depletion of Dissolved Oxygen (DO) from the water bodies. Due to depletion of DO,
the survival of aquatic life will become difficult, finally leading to anaerobic conditions in the receiving
waters. The nutrients present in the wastewater can stimulate the growth of aquatic plants, leading to
problems like eutrophication. In addition, the untreated domestic wastewater usually contains numerous
pathogenic or disease causing microorganisms, that dwell in the human intestinal tract or it may be present
in certain industrial wastewaters. Apart from this, the wastewater contains inorganic gritty materials. The
continuous deposition of this inorganic material may reduce the capacity of water body considerably
over a period. Generally domestic sewage does not contain any inorganic matter or organic compounds
in highly toxic concentration. However, depending upon the type of industries discharging into the
public sewers and the dilution that is offered by sewage; the municipal wastewater may have these
inorganic substances or toxic organic compounds with the concentration more than the discharge limits
stipulated by the authorities. Certain compounds, such as sulphates, metals such as chromium, etc., if
presents in higher concentration, may disturb the secondary treatment of the sewage.

OBJECTIVES OF SEWAGE COLLECTION AND DISPOSAL

The objective of sewage collection and disposal is to ensure that sewage discharged from
communities is properly collected, transported, treated to the required degree so as not to cause danger to
human health or unacceptable damage to the natural environment and finally disposed off without
causing any health or environmental problems. Thus, efficient sewerage scheme can achieve the
following:
• To provide a good sanitary environmental condition of city protecting public health.

• To dispose the human excreta to a safe place by a safe and protective means.

• To dispose of all liquid waste generated from community to a proper place to prevent a favorable
condition for mosquito breeding, fly developing or bacteria growing.

• To treat the sewage, as per needs, so as not to endanger the body of water or groundwater or land to
get polluted where it is finally disposed off. Thus, it protects the receiving environment from
degradation or contamination.

METHODS OF COLLECTION (Systems of Sanitation):
The sanitation of a town or city is done by two methods, which are :
(a) Conservancy System.

(b) Water-Carriage System.

CONSERVANCY SYSTEM
Sometimes this system is also called dry—system. This system is in practice fiom very ancient times.

Actually this is out of date system even though it is prevailing in small towns, village 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.

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. All the
noncombustible portions of the garbage such as sand, dust, Clay, ashes etc, are used for filling the low level
areas to reclaim land for the further development of the town. The combustible portion of garbage such as dry
leaves, waste paper, broken furniture etc. are burnt. The decaying fruits and vegetables, grass and other such
things In first dried and then disposed of by burning or in the manufacture of manure.
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Human Excreta or Night Soil is collected separately in privies or conservancy Latrines. The liquid
and semi-liquid wastes are collected in separate drains of the same latrine, from where they are removed
through human agency. After removal of night soil is taken outside the town in closed animal drawn carts,
trucks or tanks mounted on the tractor trailers. The night-soil is buried in trenches. Afier 2-3 years the buried
night soil is converted excellent manure which can be used for growing crops.

Merits of Conservancy System:
The following are the merit of the conservancy system:

a) It is cheaper in initial cost because storm water can pass in open drains and conservancy latrines are
much economical.

b) The quantity of sewage reaching the treatment plant before dispossel is low.
c) 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 siltiong and deposits in sewer lines.
d) In floods if the water level of the river at the outfall, It will not be costly to pump the sewage for the

disposal.
Demerits:
The following are the demerits of conservancy system :

(i) It is possible that storm water may go in sewers causing heavy load on treatment plants, therefore it is
to be watched.
(ii) In crowded lanes it is very difficult to lay the sewers or construct road-side drains, causing great
inconvenience to the traffic.
(iii) For burying human excreta more space of land is required.
(iv) Buildings cannot be designed as one compact unit, because latrines are to be provided away fi'om the
living rooms due to foul smell, which are also inconvenient.
(v) There is every possibility that liquid refuse may get an access in the subsoil and pollute the
underground water.
(vi) In the presence of conservancy system, the aesthetic appearance of the city cannot be increased.
(vii) Decomposition of sewage causes insanitary conditions which are dangerous to the public health.
(viii) This system completely depends on the mercy of sweepers at every time. If the sweepers go on
strike, there is every possibility of the spreading of diseases in the town due to decomposition of foul
matters.

Water carriage system:
with the development and advancement of the cities, urgent need was felt to replace conservancy system

With some more improved type of system in which human agency should not be used for the collection and
conveyance of the sewage. Afier large numbers of experiments, it was found that the water is the only
cheapest substance, which can be easily used for the collection and conveyance of sewage. As in this system
water is the main substance, therefore it is called Water-Carriage System. In this system the excremental
matters are mixed up in large quantity of water and are taken out from the city through properly designed
sewerage systems, where they are disposed off after necessary treatment in a satisfactory manner.
The sewage so formed in water carriage system consists of 99.9 per cent of water and the remaining 0.1 per
cent of solid matters. All these solids remain in suspension in the sewage and do not change the specific
gravity of the water, therefore all the hydraulic formulae can be directly used in the designing of sewerage
systems and the treatment plants.

MERITS AND DEMERITS OFWATER CARRIAGE SYSTEM:
The following are the merits of water carriage system :

(i) It is hygienic method, because all the excremental matters are collected and conveyed by water only
and no human agency is employed for it.
(ii) There is no nuisance in the streets of the towns due to offensive matters, because all the sewage
goes in closed sewers under the ground. The risk of epidemics is reduced.
(iii) As only one sewer-is laid, therefore it occupies less space in crowded lane.
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(iv) Due to more quantity of sewage, self-cleansing velocity can be obtained even at less gradients.
(v) Buildings can be designed compact as one unit.
(vi) The land required for the disposal work is less as compared with conservancy system in which
more area is required for burying the excremental matters.
(vii) The usual water supply is sufficient and no additional water is required in water carriage system.
(viii) This system does not depend on manual labour at every time except when sequ get choked.
(ix) Sewage afier proper treatment can be used for various purposes.

Demerits
The following are the demerits of water carriage system :

(I) This system is very costly in initial cost.
(ii) The maintenance of this system is also costly.
(iii) 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.

If both the merits and demerits of the water-carriage system are considered, we will reach at the result that this
system is an essential amenity, which every city must have.

SEWERAGE SYSTEMS :

For safe disposal of the sewage generated from a locality efficient collection, conveyance,
adequate treatment and proper disposal of treated sewage is necessary. To achieve this, following
conditions should be satisfied:
1. Sewage should not pollute the drinking water source, either surface or groundwater, or water

bodies that are used for bathing or recreationalpurposes.
2. The untreated sewage during conveyance should not be exposed so as to have access to human

being or animals and should not give unsightly appearances or odour nuisance, and should not
become a place for breeding flies.

3. It should not cause harm to public health and adversely affect the receiving environment.

The collection system is meant for collection of the sewage generated from individual houses
and transporting it to a common point where it can be treated as per the needs before disposal. In olden
days, waste generated from water closets was collected by conservancy methods and other liquid waste
was transported through open drain to finally join natural drains. Since, the excreta was carried through
carts, it was not hygienic method for transportation to the disposal point. Now, collection and conveyance
of sewage is done in water carriage system, where it is transported in closed conduit using water as a
medium.

TYPES OF SEWERAGE SYSTEM

The sewerage system can be of following three types:

Combined system: In combined system along with domestic sewage, the run-off resulting from storms is
carried through the same conduit of sewerage system. In countries like India where actual rainy days are
very few, this system will face the problem of maintaining self cleansing velocity in the sewers during
dry season, as the sewage discharge may be far lower as compared to the design discharge after
including stormwater.

Separate System: In separate system, separate conduits are used; one carrying sewage and other carrying
storm water run-off. The storm water collected can be directly discharged into the water body since the
run-off is not as foul as sewage and no treatment is generally provided. Whereas, the sewage collected
from the city is treated adequately before it is discharged into the water body or used for irrigation to
meet desired standards. Separate system is advantageous and economical for big towns.

Partially separate system: In this system part of the storm water especially collected from roofs and
paved courtyards of the buildings is admitted in the same drain along with sewage from residences and
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institutions, etc. The storm water from the other places is collected separately using separate storm water
conduits.

Advantages anddisadvantages of combined system Advantages:
 In an area where rainfall is spread throughout a year, there is no need of flushing of sewers, as self

cleansing velocity will be developed due to more quantity because of addition of storm water.
 Only one set of pipe will be required for house plumbing.

 In congested areas it is easy to lay only one pipe rather than two pipes as required in other systems.
Disadvantages

 Not suitable for the area with small period of rainfall in a year, because dry weather flow will be
small due to which self cleansing velocity may not develop in sewers, resulting in silting.

 Large flow is required to be treated at sewage treatment plant before disposal, hence resulting in
higher capital and operating cost of the treatment plant.

 When pumping is required this system is uneconomical.

 During rains overflowing of sewers will spoil public hygiene.

Advantages anddisadvantages of separate system Advantages:

 As sewage flows in separate pipe, hence the quantity to be treated at sewage treatment plant is
small, resulting in economy of treatment.

 This system may be less costly as only sanitary sewage is transported in closed conduit and storm
water can be collected and conveyed through open drains.

 When pumping is required during disposal, this system is economical due to less flow.

Disadvantages

 Self cleansing velocity may not developed at certain locations in sewers and hence flushing of
sewers may be required.

 This system requires laying two sets of pipe, which may be difficult in congested area.

 This system will require maintenance of two sets of pipelines and hence maintenance cost is
more.

Advantages and disadvantages of partially separate system Advantages
 Economical and reasonable size sewers are required.

 Work of house plumbing is reduced as rain water from roofs, sullage from bathrooms and
kitchen, etc. are combined with discharge from water closets.

 Flushing of sewers may not be required as small portion of storm water is allowed to enter in
sanitary sewage.

Disadvantages
 Increased cost of pumping as compared to separate system at treatment plants and intermediate

pumping station wherever required.
 In dry weather self-cleansing velocity may not develop in thesewers.

CONSIDERATIONS FOR THE TYPE OF SYSTEM

Following points are considered before finalizing the type of collection system.

 The separate system requires laying of two sets of conduits whereas in combined system only one
bigger size conduit is required.
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 Laying of two separate conduits may be difficult in the congested streets.

 In combined system sewers are liable for silting during non-monsoon season, hence they are
required to be laid at steeper gradients. Steeper gradients for the sewers may require more
number of pumping stations, particularly for flat terrain, which may make the system costly.

 Large quantity of wastewater is required to be treated before discharge in case of combined system.
Hence, large capacity treatment plant is required.

 In separate system, only sewage is treated before it is discharged into natural water body or used for
irrigation. No treatment is generally given to the rainwater collected before it is discharge in to
natural water body.

 In case of separate system pumping is only required for sewage. Pumping can be avoided for
storm water lines, as they are not very deep and normally laid along the natural slopes.

 In combined system large capacity pumping station is required to safely handle the flow that is
likely to be generated during highest design storm considered.

 Based on site conditions the economy of the system needs to be evaluated and selection is made
accordingly.

PATTERNS OF COLLECTION SYSTEM

The network of sewers consists of house sewers discharging the sewage to laterals. The lateral
discharges the sewage into branch sewers or sub-mains and sub-mains discharge it into main sewer or
trunk sewer. The trunk sewer carries sewage to the common point where adequate treatment is given to
the sewage and then it is discharged. The patterns of collection system depend upon:

1. The topographical and hydrological features of the area.

2. The location and methods of treatment and disposal works.

3. The type of sewerage system employed, and

4. Extent of area to be served.

Following patterns can be adopted for collection systems as per the suitability:

a. Perpendicular pattern

 The shortest possible path is maintained for the rains carrying storm water and sewage (Figure).
 It is suitable for separate system and partially separate system for storm water drains.

 This pattern is not suitable for combined system, because treatment plant is required to be installed at many
places; otherwise it will pollute the water body where the sewage is discharged.

Figure : Perpendicular pattern of collection system

www.Jntufastupdates.com 9



Environmental Engineering II Department of Civil Engineering

Pragati Engineering College, Surampalem. 9

b. Interceptor pattern

 Sewers are intercepted with large size sewers (Figure).

 Interceptor carries sewage to a common point, where it can be disposed off with or without treatment.
 Overflows should be provided to handle very large flow.

Figure: Interceptor pattern of collection system

c. Radial Pattern

 It is suitable for land disposal.

 In this pattern sewers are laid radialy outwards from the centre, hence this pattern is called as radial pattern
(Figure).

 The drawback in this pattern is more number of disposal works are required.

d) Fan Pattern

 This pattern is suitable for a city situated at one side of the natural water body, such as river.
 The entire sewage flows to a common point where one treatment plant is located (Figure).
 In this number of converging main sewers and sub-mains are used forming a fan shape.

 Single treatment plant is required in this pattern.
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 The drawback in this pattern is that larger diameter sewer is required near to the treatment plant as entire
sewage is collected at a commonpoint.

 In addition, with new development of the city the load on existing treatment plant increases.

Figure: Fan pattern of collection system
d. Zone Pattern

 More numbers of interceptors are provided in this pattern (Figure).

 This pattern is suitable for sloping area than flat areas.

Figure Zone pattern of collection system

Important Factors Considered for Selecting Material for Sewer

Following factors should be considered before selecting material for manufacturing sewer pipes:
a. Resistance to corrosion

Sewer carries wastewater that releases gases such as H2S. This gas in contact with
moisture can be converted into sulfuric acid. The formation of acids can lead to the corrosion of
sewer pipe. Hence, selection of corrosion resistance material is must for long life of pipe.

b. Resistance to abrasion

Sewage contain considerable amount of suspended solids, part of which are inorganic
solids such as sand or grit. These particles moving at high velocity can cause wear and tear of
sewer pipe internally. This abrasion can reduce thickness of pipe and reduces hydraulic efficiency
of the sewer by making the interior surface rough.
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c. Strength and durability

The sewer pipe should have sufficient strength to withstand all the forces that are likely to
come on them. Sewers are subjected to considerable external loads of backfill material and traffic
load, if any. They are not subjected to internal pressure of water. To withstand external load safely
without failure, sufficient wall thickness of pipe or reinforcement is essential. In addition, the
material selected should be durable and should have sufficient resistance against natural
weathering action to provide longer life to the pipe.

d. Weight of the material

The material selected for sewer should have less specific weight, which will make pipe
light in weight. The lightweight pipes are easy for handling and transport.

e. Imperviousness

To eliminate chances of sewage seepage from sewer to surrounding, the material selected
for pipe should be impervious.

f. Economy and cost

Sewer should be less costly to make the sewerage scheme economical.

g. Hydraulically efficient

The sewer shall have smooth interior surface to have less frictional coefficient.

Materials for Sewers

Asbestos Cement Sewers

 These are manufactured from a mixture of asbestos fibers, silica and cement. Asbestos fibers
are thoroughly mixed with cement to act as reinforcement.

 These pipes are available in size 10 to 100 cm internal diameter and length up to 4.0m.

 These pipes can be easily assembled without skilled labour with the help of special coupling,
called ‘Ring Tie Coupling’ or Simplex joint.

 The pipe and joints are resistant to corrosion and the joints are flexible to permit 12o deflection
for curved laying.

 These pipes are used for vertical transport of water. For example, transport of rainwater from
roofs in multistoried buildings, for transport of sewage to grounds, and for transport of less
foul sullage i.e., wastewater from kitchen and bathroom.

Advantages

 These pipes are light in weight and hence, easy to carry and transport.

 Easy to cut and assemble without skilled labour.

 Interior is smooth (Manning’s n = 0.011) hence, can make excellent hydraulically efficient
sewer.

Disadvantages

 These pipes are structurally not very strong.
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 These are susceptible to corrosion by sulphuric acid. When bacteria produce H2S, in presence
of water, H2SO4 can be formed leading to corrosion of pipe material.

Plain Cement Concrete or Reinforced Cement Concrete

Plain cement concrete (1: 1.5: 3) pipes are available up to 0.45 m diameter and
reinforcement cement pipes are available up to 1.8 m diameter. These pipes can be cast in situ or
precast pipes. Precast pipes are better in quality than the cast in situ pipes. The reinforcement in
these pipes can be different such as single cage reinforced pipes, used for internal pressure less
than 0.8 m; double cage reinforced pipes used for both internal and external pressure greater than
0.8 m; elliptical cage reinforced pipes used for larger diameter sewers subjected to external
pressure; and Hume pipes with steel shells coated with concrete from inside and outside. Nominal
longitudinal reinforcement of 0.25% is provided in these pipes.

Advantages of concrete pipes

 Strong in tension as well as compression.

 Resistant to erosion and abrasion.

 They can be made of any desired strength.

 Easily molded, and can be in situ or precast pipes.

 Economical for medium and large sizes.

 These pipes are available in wide range of size and the trench can be opened and backfilled
rapidly during maintenance of sewers.

Disadvantages

 These pipes can get corroded and pitted by the action of H2SO4.

 The carrying capacity of the pipe reduces with time because of corrosion.

 The pipes are susceptible to erosion by sewage containing silt and grit.

The concrete sewers can be protected internally by vitrified clay linings. With protection lining
they are used for almost all the branch and main sewers. Only high alumina cement concrete
should be used when pipes are exposed to corrosive liquid like sewage.

Vitrified Clay or Stoneware Sewers

These pipes are used for house connections as well as lateral sewers. The size of the pipe
available is 5 cm to 30 cm internal diameter with length 0.9 to 1.2 m. These pipes are rarely
manufactured for diameter greater than 90 cm. These are joined by bell and spigot flexible
compression joints.

Advantages

 Resistant to corrosion, hence fit for carrying polluted water such as sewage.

 Interior surface is smooth and is hydraulically efficient.
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 The pipes are highly impervious.

 Strong in compression.

 These pipes are durable and economical for small diameters.

 The pipe material does not absorb water more than 5% of their own weight, when immersed in
water for 24 h.

Disadvantages

 Heavy, bulky and brittle and hence, difficult to transport.

 These pipes cannot be used as pressure pipes, because they are weak in tension.

 These require large number of joints as the individual pipe length is small.

Brick Sewers

This material is used for construction of large size combined sewer or particularly for
storm water drains. The pipes are plastered from outside to avoid entry of tree roots and
groundwater through brick joints. These are lined from inside with stone ware or ceramic block to
make them smooth and hydraulically efficient. Lining also makes the pipe resistant to corrosion.

Cast Iron Sewers

These pipes are stronger and capable to withstand greater tensile, compressive, as well as
bending stresses. However, these are costly. Cast iron pipes are used for outfall sewers, rising
mains of pumping stations, and inverted siphons, where pipes are running under pressure. These
are also suitable for sewers under heavy traffic load, such as sewers below railways and highways.
They are used for carried over piers in case of low lying areas. They form 100% leak proof sewer
line to avoid groundwater contamination. They are less resistant to corrosion; hence, generally
lined from inside with cement concrete, coal tar paint, epoxy, etc. These are joined together by
bell and spigot joint. IS:1536-1989 and IS:1537-1976 provides the specifications for spun and
vertically cast pipes, respectively.

Steel Pipes

These are used under the 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. They can withstand internal pressure, impact load and vibrations
much better than CI pipes. They are more ductile and can withstand water hammer pressure better.
These pipes cannot withstand high external load and these pipes may collapse when negative
pressure is developed in pipes. They are susceptible to corrosion and are not generally used for
partially flowing sewers. They are protected internally and externally against the action of
corrosion.

Ductile Iron Pipes

Ductile iron pipes can also be used for conveying the sewers. They demonstrate higher
capacity to withstand water hammer. The specifications for DI pipes is provided in IS:12288-1987.
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The predominant wall material is ductile iron, a spheroidized graphite cast iron. Internally these
pipes are coated with cement mortar lining or any other polyethylene or poly wrap or plastic
bagging/ sleeve lining to inhibit corrosion from the wastewater being conveyed, and various types
of external coating are used to inhibit corrosion from the environment. Ductile iron has proven to
be a better pipe material than cast iron but they are costly. Ductile iron is still believed to be
stronger and more fracture resistant material. However, like most ferrous materials it is
susceptible to corrosion. A typical life expectancy of thicker walled pipe could be up to 75 years,
however with the current thinner walled ductile pipe the life could be about 20 years in highly
corrosive soils without a corrosion control program like cathodic protection.

Plastic sewers (PVC pipes)

Plastic is recent material used for sewer pipes. These are used for internal drainage works
in house. These are available in sizes 75 to 315 mm external diameter and used in drainage works.
They offer smooth internal surface. The additional advantages they offer are resistant to corrosion,
light weight of pipe, economical in laying, jointing and maintenance, the pipe is tough and rigid,
and ease in fabrication and transport of these pipes.

High Density Polythylene (HDPE) Pipes

Use of these pipes for sewers is recent development. They are not brittle like AC pipes and
other pipes and hence hard fall during loading, unloading and handling do not cause any damage
to the pipes. They can be joined by welding or can be jointed with detachable joints up to 630 mm
diameter (IS:4984-1987). These are commonly used for conveyance of industrial wastewater.
They offer all the advantages offered by PVC pipes. PVC pipes offer very little flexibility and
normally considered rigid; whereas, HDPE pipes are flexible hence best suited for laying in hilly
and uneven terrain. Flexibility allows simple handling and installation of HDPE pipes. Because of
low density, these pipes are very light in weight. Due to light in weight, they are easy for handling,
this reduces transportation and installation cost. HDPE pipes are non corrosive and offer very
smooth inside surface due to which pressure losses are minimal and also this material resist scale
formation.

Glass Fiber Reinforced Plastic Pipes

This martial is widely used where corrosion resistant pipes are required. Glass fiber
reinforced plastic (GRP) can be used as a lining material for conventional pipes to protect from
internal or external corrosion. It is made from the composite matrix of glass fiber, polyester resin
and fillers. These pipes have better strength, durability, high tensile strength, low density and
high corrosion resistance. These are manufactured up to 2.4 m diameter and up to 18 m length
(IS:12709-1989). Glass reinforced plastic pipes represent the ideal solution for transport of any
kind of water, chemicals, effluent and sewage, because they combine the advantages of corrosion
resistance with a mechanical strength which can be compared with the steel pipes. Typical
properties that result in advantages in GRP pipes application can be summarized as follows:

 Light weight of pipes that allows for the use of light laying and transport means.

 Possibility of nesting of different diameters of pipe thus allowing additional saving in
transport cost.

 Length of pipe is larger than other pipe materials.
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 Easy installation procedures due to the kind of mechanical bell and spigot joint.

 Corrosion resistance material, hence no protections such as coating, painting or cathodic
are then necessary.

 Smoothness of the internal wall that minimizes the head loss and avoids the formation of
deposits.

 High mechanical resistance due to the glass reinforcement.

 Absolute impermeability of pipes and joints both from external to internal and vice- versa.
 Very long life of the material.

Lead Sewers

 They are smooth, soft and can take odd shapes.

 This pipe has an ability to resist sulphide corrosion.

 However, these pipes are very costly.

 These are used in house connection.

Shapes of Sewer Pipes

Sewers are generally circular pipes laid below ground level, slopping continuously towards the
outfall. These are designed to flow under gravity. Shapes other than circular are also used.

Other shapes used for sewers are (Figure a through i):

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

Standard egg-shaped sewers, also called as ovoid shaped sewer, and new or modified egg-shaped
sewers are used in combined sewers. These sewers can generate self cleansing velocity during
dry weather flow. Horse shoe shaped sewers and semi-circular sections are used for large
sewers with heavy discharge such as trunk and outfall sewers. Rectangular or trapezoidal
section is used for conveying storm water. U-shaped section is used for larger sewers and
especially in open cuts. Other sections of the sewers have become absolute due to difficulty in
construction on site and non availability of these shapes readily in market.
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a) Standard Egg-shaped sewer

g) Basket handled shape sewer

f) Rectangular shape sectione) Horse shoe shaped sewer

b) New egg-shaped sewer

d) Semi-elliptical section

c) U-shaped section

h) U-shaped section i) Parabolic shaped sewer

Figure : Different shapes used for construction of sewer other than circular
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Sewage Discharge

The sewage collected from the municipal area consists of wastewater generated from the residences,

commercial centers, recreational activities, institutions and industrial wastewaters discharge into sewer

network from the permissible industries located within the city limits. Before designing the sewer, it is

necessary to know the discharge i.e., quantity of sewage, which will flow in it after completion of the

project.

Sources of Sanitary Sewage

1. Water supplied by water authority for domestic usage, after desired use it is discharged in to sewers

as sewage.

2. Water supplied to the various industries for various industrial processes by local authority. Some

quantity of this water after use in different industrial applications is discharged as wastewater.

3. The water supplied to the various public places such as, schools, cinema theaters, hotels, hospitals,

and commercial complexes. Part of this water after desired use joins the sewers as wastewater.

4. Water drawn from wells by individuals to fulfill domestic demand. After uses this water is

discharged in to sewers.

5. The water drawn for various purposes by industries, from individual water sources such as, wells, tube

wells, lake, river, etc. Fraction of this water is converted into wastewater in different industrial

processes or used for public utilities within the industry generating wastewater. This is discharged in

to sewers.

6. Infiltration of groundwater into sewers through leaky joints.

7. Entrance of rainwater in sewers during rainy season through faulty joints or cracks in sewers.

Dry Weather Flow

Dry weather flow is the flow that occurs in sewers in separate sewerage system or the flow that

occurs during dry seasons in combined system. This flow indicates the flow of sanitary sewage. This

depends upon the rate of water supply, type of area served, economic conditions of the people, weather

conditions and infiltration of groundwater in the sewers, if sewers are laid below groundwater table.

Evaluation of Sewage Discharge

Correct estimation of sewage discharge is necessary; otherwise sewers may prove inadequate

resulting in overflow or may prove too large in diameter, which may make the system uneconomical and

hydraulically inefficient. Hence, before designing the sewerage system it is important to know the

discharge / quantity of the sewage, which will flow in it after completion of the project and at the end of
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designperiod.

Apart from accounted water supplied by water authority that will be converted to wastewater,

following quantities are considered while estimating the sewage quantity:

a. Addition due to unaccounted private water supplies

People using water supply from private wells, tube wells, etc. contribute to the wastewater generation

more than the water supplied by municipal authority. Similarly, certain industries utilize their own

source of water. Part of this water, after desired uses, is converted into wastewater and ultimately

discharged into sewers. This quantity can be estimated by actual field observations.

b. Addition due to infiltration

This is additional quantity due to groundwater seepage in to sewers through faulty joints or cracks

formed in the pipes. The quantity of the water depends upon the height of the water table above the

sewer invert level. If water table is well below the sewer invert level, the infiltration can occur only after

rain when water is moving down through soil. Quantity of the water entering in sewers depends upon

the permeability of the ground soil and it is very difficult to estimate. While estimating the design

discharge, following suggested discharge can be considered (Table 4.1).

Table: Suggested estimates for groundwater infiltration for sewers laid below groundwater table

(CPHEEO Manual, 1993)

Unit Minimum Maximum
L/ha.d 5000 50000
L/km.d 500 5000
L per day per manhole 250 500

Storm water drainage may also infiltrate into sewers. This inflow is difficult to calculate.

Generally, no extra provision is made for this quantity. This extra quantity can be taken care of by extra

empty space left at the top in the sewers, which are designed for running ¾ full at maximum design

discharge.

c. Subtraction due to water losses

The water loss, through leakage in water distribution system and house connections, does not reach

consumers and hence, not appear as sewage.

d. Subtraction due to water not entering the sewerage system

Certain amount of water is used for such purposes, which may not generate sewage, e.g. boiler feed water,

water sprinkled over the roads, streets, lawns, and gardens, water consumed in industrial product, water

used in air coolers, etc.
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Net quantity of sewage: The net quantity of sewage production can be estimated by considering the

addition and subtraction as discussed above over the accounted quantity of water supplied by water

authority as below:

Generally, 75 to 80% of accounted water supplied is considered as quantity of sewage produced.

Variation in Sewage Flow

Variation occurs in the flow of sewage over annual average daily flow. Fluctuation in flow occurs from

hour to hour and from season to season. The typical hourly variation in the sewage flow is shown in the

Figure. If the flow is gauged near its origin, the peak flow will be quite pronounced. The peak will defer

if the sewage has to travel long distance. This is because of the time required in collecting sufficient

quantity of sewage required to fill the sewers and time required in travelling. As sewage flow in sewer

lines, more and more sewage is mixed in it due to continuous increase in the area being served by the

sewer line. This leads to reduction in the fluctuations in the sewage flow and the lag period goes on

increasing. The magnitude of variation in the sewage quantity varies from place to place and it is very

difficult to predict. For smaller township this variation will be more pronounced due to lower length and

travel time before sewage reach to the main sewer and for large cities this variation will be less.

Figure : Typical hourly variations in sewage flow

For estimating design discharge following relation can be considered:

Maximum daily flow = Two times the annual average daily flow (representing

seasonal variations)

Maximum hourly flow = 1.5 times the maximum daily flow (accounting hourly

variations)

= Three times the annual average daily flow
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As the tributary area increases, peak hourly flow will decrease. For smaller population served (less than

50000) the peak factor can be 2.5, and as the population served increases its value reduces. For large

cities it can be considered about 1.5 to 2.0. Therefore, for outfall sewer the peak flow can be considered

as 1.5 times the annual average daily flow. Even for design of the treatment facility, the peak factor is

considered as 1.5 times the annual average daily flow.

The minimum flow passing through sewers is also important to develop self cleansing velocity to avoid

silting in sewers. This flow will generate in the sewers during late night hours. The effect of this flow is

more pronounced on lateral sewers than the main sewers. Sewers must be checked for minimum velocity

as follows:

Minimum daily flow = 2/3 Annual average daily flow

Minimum hourly flow = ½ minimum daily flow

= 1/3 Annual average daily flow

The overall variation between the maximum and minimum flow is more in the laterals and less in the main

or trunk sewers. This ratio may be more than 6 for laterals and about 2 to 3 in case of main sewers.

Design Period

The future period for which the provision is made in designing the capacities of the various components

of the sewerage scheme is known as the design period. The design period depends upon the following:

 Ease and difficulty in expansion,

 Amount and availability of investment,

 Anticipated rate of population growth, including shifts in communities, industries and

commercial investments,

 Hydraulic constraints of the systems designed, and

 Life of the material and equipment.

Following design period can be considered for different components of sewerage scheme.

1. Laterals less than 15 cm diameter : Full development

2. Trunk ormain sewers : 40 to 50 years

3. Treatment Units : 15 to 20 years

4. Pumping plant : 5 to 10 years

Design Discharge of Sanitary Sewage

The total quantity of sewage generated per day is estimated as product of forecasted population at the end
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of design period considering per capita sewage generation and appropriate peak factor. The per capita

sewage generation can be considered as 75 to 80% of the per capita water supplied per day. The increase

in population also result in increase in per capita water demand and hence, per capita production of

sewage. This increase in water demand occurs due to increase in living standards, betterment in

economical condition, changes in habit of people, and enhanced demand for public utilities.

Problem :

A city has a projected population of 60,000 spread over area of 50 hectare. Find the design discharge for

the separate sewer line by assuming rate of water supply of 250 LPCD and out of this total supply only 75

% reaches in sewer as wastewater. Make necessary assumption whenever necessary.

Solution:

Given data

Q = 250 lit/capita/day

Sewage flow = 75% of water supply

= 0.75* 250

= 187.5 LPCD

Total sewage generated = 187.5*60000/(24*3600)

= 130.21 lit/sec

= 0.13 m3/s

*Assume peak factor = 2

Total design discharge = 0.26 m3/s.

Factors Affecting the Quantity of Stormwater

The surface run-off resulting after precipitation contributes to the stormwater. The quantity of stormwater

reaching to the sewers or drains is very large as compared with sanitary sewage. The factors affecting

the quantity of stormwater flow are asbelow:

i. Area of the catchment

ii. Slope and shape of the catchment area

iii.Porosity of the soil

iv.Obstruction in the flow of water as trees, fields, gardens, etc.

v. Initial state of catchment area with respect towetness.

vi.Intensity and duration of rainfall

vii. Atmospheric temperature and humidity

viii. Number and size of ditches present in the area

Measurement of Rainfall
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The rainfall intensity could be measured by using rain gauges and recording the amount of rain falling in

unit time. The rainfall intensity is usually expressed as mm/hour or cm/hour. The rain gauges used can be

manual recording type or automatic recording rain gauges.

Methods for Estimation of Quantity of StormWater

1. Rational Method

2. Empirical formulae method

In both the above methods, the quantity of storm water is considered as function of intensity of rainfall,
coefficient of runoff and area of catchment.

Time of Concentration: The period after which the entire catchment area will start contributing to the
runoff is called as the time of concentration.

 The rainfall with duration lesser than the time of concentration will not produce maximum
discharge.

 The runoff may not be maximum even when the duration of the rain is more than the time of
concentration. This is because in such cases the intensity of rain reduces with the increase in its
duration.

 The runoff will be maximum when the duration of rainfall is equal to the time of concentration
and is called as critical rainfall duration. The time of concentration is equal to sum of inlet time
and time of travel.

Time of concentration = Inlet time + time of travel

Figure: Runoff from a given catchment

Inlet Time: The time required for the rain in falling on the most remote point of the tributary area to

flow across the ground surface along the natural drains or gutters up to inlet of sewer is called inlet time

(Figure 6.1). The inlet time ‘Ti’ can be estimated using relationships similar to following. These

coefficients will have different values for different catchments.

Where,
Ti = [0.885 L3/H]0.385 (1)

Ti = Time of inlet, minute
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L = Length of overland flow in Kilometer from critical point to mouth of drain H = Total fall of level from

the critical point to mouth of drain, meter

Time of Travel: The time required by the water to flow in the drain channel from the mouth to the point

under consideration or the point of concentration is called as time of travel.

Time of Travel (Tt) = Length of drain/ velocity in drain (2)

Runoff Coefficient: The total precipitation falling on any area is dispersed as percolation, evaporation,

storage in ponds or reservoir and surface runoff. The runoff coefficient can be defined as a fraction,

which is multiplied with the quantity of total rainfall to determine the quantity of rain water, which will

reach the sewers. The runoff coefficient depends upon the porosity of soil cover, wetness and ground

cover. The overall runoff coefficient for the catchment area can be worked out as follows:

Overall runoff coefficient, C = [A1.C1 + A2.C2 + ….+ An.Cn] / [ A1 + A2 + …+ An] (3)

Where, A1, A2, ….An are types of area with C1, C2, …Cn as their coefficient of runoff, respectively.

The typical runoff coefficient for the different ground cover is provided in the Table 6.1. Table 6.1 Runoff

coefficient for different type of cover in catchment

Type of Cover Coefficient of runoff

Business areas 0.70 – 0.90

Apartment areas 0.50 – 0.70

Single family area 0.30 – 0.50

Parks, Playgrounds, Lawns 0.10 – 0.25

Paved Streets 0.80 –0.90

Water tight roofs 0.70 – 0.95
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Rational method

Storm water quantity can be estimated by rational method as below:

Storm water quantity, Q = C.I.A / 360 (4)

Where,

Q = Quantity of storm water, m3/sec C = Coefficient of runoff

I = intensity of rainfall (mm/hour) for the duration equal to time of concentration,

and A = Drainage area in hectares

(OR)

Q = 0.278 C.I.A (5)

Where, Q is m3/sec; I is mm/hour, and A is area in square kilometer

Empirical Formulae:

Empirical formulae are used for determination of runoff from very large area. Various empirical

relationships are developed based on the past observations on specific site conditions suiting a particular

region. These empirical formulae can be used for prediction of storm water runoff for that particular

catchment.

A] Burkli – Zeiglar formula

Q=
𝐶𝑖𝐴

141.58

4 𝑆

𝐴

B) Mc. Math’s ormula:

Q=
𝐶𝑖𝐴

148.35

5 𝑆

𝐴

C) Fuller’s Formula:

Q=
𝐶𝑚5/8

13.23

D) Fanning’s Formula:

Q= 12.8𝑀5/8

E) Talbot’s Formula:

Q= 22.4𝑀1/4

Where,

S- Slope of the area in meter per thousand meter,

M- drainage area in sq. km.,

A – drainage area in hectarewww.Jntufastupdates.com 25
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i = intensity of rainfall in cm/hr

c = Runoff Corfficient

Empirical formulae for rainfall intensities

These relationships between rainfall intensity and duration are developed based on long term

experience in field (Figure). Under Indian conditions, intensity of rainfall in design is usually in the range 12

mm/h to 20 mm/h. In general, the empirical relationship has the following forms:

I = a/ (t + b) OR I = b / tn

Where, a, b, and n are constants.

Figure : Relationship of rainfall duration and intensity

British Ministry of Health formula

I = 760 / (t + 10) (for storm duration of 5 to 20 minutes) (10)

I = 1020 / (t + 10) (for storm duration of 20 to 100 minutes) (11)

Where, I is intensity of rainfall, mm/h and t is duration of storm, minutes.

Examples

Q1. Determine designed discharge for a combined system serving population of 50000 with rate of water supply

of 135 LPCD. The catchment area is 100 hectares and the average coefficient of runoff is 0.60. The time of

concentration for the design rainfall is 30 min and the relation between intensity of rainfall and duration is I =

1000/(t + 20).

Solution

Estimation of sewage quantity

Considering 80% of the water supplied will result in wastewater generation,

The quantity of sanitary sewage

= 50000 x 135 x 0.80 = 5400 m3/day

= 0.0625 m3/sec www.Jntufastupdates.com 26
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Considering peak factor of 2.5,

The design discharge for sanitary sewage = 0.0625 x 2.5

= 0.156 m3/sec

Estimation of storm water discharge

Intensity of rainfall, I = 1000/(t + 20) Therefore, I = 1000/(30 + 20) = 20 mm/h Hence, storm water

runoff,

Q= C.I.A/360

= 0.6 x 20 x 100/(360)
= 3.33 m3/sec

Therefore, design discharge for combined sewer = 3.33 + 0.156 = 3.49 m3/sec

Q2. The catchment area is of 300 hectares. The surface cover in the catchment can be classified as given

below:

Type of cover Coefficient of runoff Percentage
Roofs 0.90 15
Pavements and yards 0.80 15
Lawns and gardens 0.15 25
Roads 0.40 20
Open ground 0.10 15
Single family dwelling 0.50 10

Calculate the runoff coefficient and quantity of storm water runoff, if intensity of rainfall is 30 mm/h for

rain with duration equal to time of concentration. If population density in the area is 350 persons per

hectare and rate of water supply is 200 LPCD, calculate design discharge for separate system, partially

separate system, and combined system.
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Solution

Estimation of storm water discharge for storm water drain of separate system

Overall runoff coefficient C = [A1.C1 + A2.C2 + ….+ An.Cn] / [ A1 + A2 + …+ An]

= (0.15 x 0.90 + 0.15 x 0.80 + 0.25 x 0.15 + 0.20 x 0.4 + 0.15 x 0.1 + 0.10 x 0.5)
0.15 + 0.15 + 0.25 + 0.20 + 0.15 + 0.10

= 0.44

Therefore quantity of storm water, Q = C.I.A/360

= 0.44 x 30 x 300/360
= 11 m3/sec

Estimation of sewage discharge for sanitary sewer of separate system

Quantity of sanitary sewage = 300 x 350 x 200 x 0.80 = 16800 m3/day

= 0.194 m3/sec

Considering peak factor of 2, the design discharge for sanitary sewers = 0.194 x 2

= 0.389 m3/sec

Estimation of discharge for partially separate system

Storm water discharge falling on roofs and paved courtyards will be added to the sanitary sewer.

This quantity can be estimated as:

Average coefficient of runoff = (0.90 x 45 + 0.80 x 45) / 90
= 0.85

Discharge = 0.85 x 30 x 90 / 360 = 6.375 m3/sec

Therefore total discharge in the sanitary sewer of partially separate system = 6.375 + 0.389

= 6.764 m3/sec,

and the discharge in storm water drains = 11 – 6.375 = 4.625 m3/sec

General Consideration Design and Planning of Sewerage System

Generally, sewers are laid at steeper gradients falling towards the outfall point with circular pipe

cross section. Storm water drains are separately constructed as surface drains at suitable gradient, either

rectangular or trapezoidal section. Sewers are designed to carry the maximum quantity of sanitary

sewage likely to be produced from the area contributing to the particular sewer. Storm water drains are

designed to carry the maximum storm runoff that is likely to be produced by the contributing catchment
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area from a rain of design frequency and of duration equal to the time of concentration.

Requirements of Design and Planning of Sewerage System

The sewerage scheme is designed to remove entire sewage effectively and efficiently from the houses to

the point of treatment and disposal. Following aspects should be considered while designing the system.

 The sewers provided should be adequate in size to avoid overflow and possible health hazards.

 For evaluating proper diameter of the sewer, correct estimation of sewage discharge is necessary.

 The flow velocity inside the sewer should neither be so large as to require heavy excavation and

high lift pumping, nor should be so small causing deposition of the solid in the sewers.

 The sewers should be laid at least 2 to 3 m deep to carry sewage from basement.

 The sewage in sewer should flow under gravity with 0.5 to 0.8 full at designed discharge,

i.e. at the maximum estimated discharge.

 The sewage is conveyed to the point usually located in low-lying area, where the treatment plant is

located.

 Treatment plant should be designed taking into consideration the quality of raw sewage expected

and to meet the discharge standards.

Provision of Freeboard in Sewers

Sanitary Sewers

Sewers with diameter less than 0.4 m are designed to run half full at maximum discharge, and sewers

with diameter greater than 0.4 m are designed to flow 2/3 to ¾ full at maximum discharge. The extra

space provided in the sewers provides factor of safety to counteract against the following factors:

1. Safeguard against lower estimation of the quantity of wastewater to be collected at the end of

design period due to private water supply by industries and public. Thus, to ensure that sewers will

never flow full eliminating pressure flow inside the sewer.

2. Large scale infiltration of storm water through wrong or illegal connection, through

underground cracks or open joints in the sewers.

3. Unforeseen increase in population or water consumption and the consequent increase in

sewage production.

Storm Water Drains

Storm water drains are provided with nominal freeboard, above their designed full supply line because

the overflow from storm water drains is not much harmful. Minimum of 0.3 m free board is generally

provided in storm water drains.

Hydraulic Formulae for Determining Flow Velocities

Sewers of any shape are hydraulically designed as open channels, except in the case of inverted siphons
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and discharge lines of pumping stations. Following formulae can be used for design of sewers.

1. Manning’s Formula

This is most commonly used for design of sewers. The velocity of flow through sewers can be determined

using Manning’s formula as below:

V=
1

𝑛
𝑚2/3 𝑖

Where,

v = velocity of flow in the sewer, m/sec

m = Hydraulic mean depth of flow, m = a/p

a = Cross section area of flow, m2

p = Wetted perimeter, m

n = Roughness coefficient, depends upon the type of the channel surface i.e., material and lies

between 0.011 and 0.015.

For brick sewer it could be 0.017 and 0.03 for stone facing sewers.

s = Hydraulic gradient, equal to invert slope for uniform flows.

2. Chezy’s Formula

miCV 

Where, C is Chezy’s constant and remaining variables are same as above equation.

3. Crimp and Burge’s Formula

v  83.5 m2/3 i

4. Hazen- Williams Formula

V = 0.849 C m0.63 i0.54

The Hazen-Williams coefficient ‘C’ varies with life of the pipe and it has high value when the pipe is new

and lower value for older pipes. For example for RCC new pipe it is 150 and the value recommended for

design is 120, as the pipe interior may become rough with time. The design values of ‘C; for AC pipes,

Plastic pipes, CI pipes, and steel lined with cement are 120, 120, 100, and 120, respectively. Modified

Hazen-William’s equation is also used in practice.

Minimum Velocity: Self Cleansing Velocity

The velocity that would not permit the solids to settle down and even scour the deposited

particles of a given size is called as self-cleansing velocity. This minimum velocity should at least
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develop once in a day so as not to allow any deposition in the sewers. Otherwise, if such deposition takes

place, it will obstruct free flow causing further deposition and finally leading to the complete blocking of

the sewers. This minimum velocity or self-cleansing velocity can be worked out as below:

Vs  8

𝑓
(
𝜌𝑠−𝜌

𝜌
)g.𝑑𝑠

Where, (5)

K= constant, for clean inorganic solids = 0.04 and for organic solids = 0.06

f' = Darcy Weisbach friction factor (for sewers =0.03)

ρ = specific gravity of the liquid, in case of sewage it is water having ρ=1

ρs = Specific gravity of sediments g = gravity acceleration

d' = diameter of grain.

Hence, for removing the impurities present in sewage i.e., sand up to 1 mm diameter with specific

gravity 2.65 and organic particles up to 5 mm diameter with specific gravity of 1.2, it is necessary that a

minimum velocity of about 0.45 m/sec and an average velocity of about 0.9 m/sec should be developed in

sewers.

Hence, while finalizing the sizes and gradients of the sewers, they must be checked for the minimum

velocity that would be generated at minimum discharge, i.e., about 1/3 of the average discharge.

While designing the sewers the flow velocity at full depth is generally kept at about 0.8 m/sec or so.

Since, sewers are generally designed for ½ to ¾ full, the velocity at ‘designed discharge’ (i.e., ½ to ¾ full)

will even be more than 0.8 m/sec. Thus, the minimum velocity generated in sewers will help in the

following ways:

 Adequate transportation of suspended solids,

 Keeping the sewer size under control; and

 Preventing the sewage from decomposition by moving it faster, thereby preventing evolution

of foul gases.

Maximum Velocity or Non-scouring Velocity

The interior surface of the sewer pipe gets scored due to the continuous abrasion caused by

suspended solids present in sewage. The scoring is pronounced at higher velocity than what can be

tolerated by the pipe materials. This wear and tear of the sewer pipes will reduce the life span of the pipe

and their carrying capacity. In order to avoid this, it is necessary to limit the maximum velocity that will

be produced in sewer pipe at any time. This limiting or non- scouring velocity mainly depends upon the
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material of sewer. The limiting velocity for different sewer material is provided in Table.

Table . Limiting or non-scouring velocity for different sewer material

Sewer Material Limiting velocity, m/sec

Vitrified tiles 4.5 – 5.5

Cast iron sewer 3.5 – 4.5

Cement concrete 2.5 – 3.0

Stone ware sewer 3.0 – 4.5

Brick lined sewer 1.5 – 2.5

The problem of maximum or non-scouring velocity is severe in hilly areas where ground slope is

very steep and this is overcome by constructing drop manholes at suitable places along the length of the

sewer.

Effect of Flow Variations on Velocities in a Sewer

The discharge flowing through sewers varies considerably from time to time. Hence, there occur

variation in depth of flow and thus, variation in Hydraulic Mean Depth (H.M.D.). Due to change in

H.M.D. there occur changes in flow velocity, because it is proportional to (H.M.D.)2/3. Therefore, it is

necessary to check the sewer for minimum velocity of about 0.45 m/sec at the time of minimum flow

(1/3 of average flow) and the velocity of about 0.9 to 1.2 m/sec should be developed at a time of average

flow. The velocity should also be checked for limiting velocity i.e. non-scouring velocity at the

maximumdischarge.

For flat ground sewers are designed for self-cleansing velocity at maximum discharge. This will

permit flatter gradient for sewers. For mild slopping ground, the condition of developing self-cleansing

velocity at average flow may be economical. Whereas, in hilly areas, sewers can be designed for self-

cleansing velocity at minimum discharge, but the design must be checked for non-scouring velocity at

maximum discharge.

Example: 1

Design a sewer for a maximum discharge of 650 L/s running half full. Consider Manning’s rugosity

coefficient n = 0.012, and gradient of sewer S = 0.0001.

Solution

Q = A.V

0.65 = (πD2/8) (1/n) m2/3 S1/2 R = A/P

Solving for half full sewer, m = D/4

Substituting in above equation and solving we get D = 1.82 m.

Comments: If the pipe is partially full it is not easy to solve this equation and it is time consuming.
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Design of Storm Water Drains for Separate System

Important points for design

Storm water is collected from streets into the link drains, which in turn discharge into main drains of

open type. The main drain finally discharges the water into open water body. As far as possible gravity

discharge is preferred, but when it is not possible, pumping can be employed. While designing, the

alignment of link drains, major drains and sources of disposal are properly planned on contour maps. The

maximum discharge expected in the drains is worked out. The longitudinal sections of the drains are

prepared keeping in view the full supply level (FSL) so that at no place it should go above the natural

surface level along the length. After deciding the FSL line, the bed line is fixed (i.e. depth of drain)

based on following consideration.

a. The bed level should not go below the bed level of source into which storm water is discharged.

b. The depth in open drain should preferably be kept less than man height.

c. The depth is sometimes also decided based on availablewidth.

d. The drain section should be economical and velocities generated should be non-silting and non-

scouring in nature.

The drain section is finally designed using Manning’s formula. Adequate free board is provided over the

design water depth at maximum discharge.

Laying of Sewer Pipes

 Sewers are generally laid starting from their outfall ends towards their starting points. With

this advantage of utilization of the tail sewers even during the initial periods of its construction is

possible.

 It is common practice, to first locate the points where manholes are required to be

constructed as per drawing, i.e., L-section of sewer, and then laying the sewer pipe straight

between the two manholes.

 The central line of the sewer is marked on the ground and an offset line is also marked

parallel to the central line at suitable distance, about half the trench width plus 0.6 m. This line can

be drawn by fixing the pegs at 15 m intervals and can be used for finding out center line of the

sewer simply by offsetting.

 The trench of suitable width is excavated between the two manholes and the sewer is laid

between them. Further excavation is then carried out for laying the pipes between the next

consecutive manholes. Thus, the process is continued till the entire sewers are laid out.

 The width of the trench at the bottom is generally kept 15 cm more than the diameter of the

sewer pipe, with minimum 60 cm width to facilitate joining of pipes.

 If the sewer pipes are not to be embedded in concrete, such as for firm grounds, then the
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bottom half portion of the trench is excavated to confirm the shape of the pipe itself. In ordinary or

softer grounds, sewers are laid embedded in concrete.

 The trench is excavated up to a level of the bottom embedding concrete or up to the invert

level of the sewer pipe plus pipe thickness if no embedding concrete is provided. The designed

invert levels and desired slope as per the longitudinal section of the sewer should be precisely

transferred to the trench bottom.

 After bedding concrete is laid in required alignment and levels. The sewer pipes are then

lowered down into the trench either manually or with the help of machines for bigger pipe

diameters.

 The sewer pipe lengths are usually laid from the lowest point with their sockets facing up the

gradient, on desired bedding. Thus, the spigot end of new pipe can be easily inserted on the socket

end of the already laid pipe.

Hydraulic Testing of Sewers

i)Test for Leakage or Water Test

The sewers are tested after giving sufficient time for the joints to set for no leakage. For this

sewer pipe sections are tested between the manholes to manhole under a test pressure of about 1.5 m

water head. To carry this, the downstream end of the sewer is plugged and water is filled in the manhole

at upper end. The depth of water in manhole is maintained at about 1.5 m. The sewer line is inspected

and the joints which leak are repaired.

ii)Test for Straightness of alignment

This can be 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, full circle of light will be observed.

iii) Back filling the trench: After the sewer line has been laid and tested, the trenches are back filled.

The earth should be laid equally on either side with layer of 15 cm thickness. Each layer should be

properly watered and rammed.

SEWER APPURTENANCES:

Sewer systems require various types pf appurtenances for the proper functioning and maintenance,
because if simply sewers are laid, the sewage cannot flow in it continuously for longer time. After some
time, it will be chocked up and will require cleaning of sewers.

Manholes

The manhole is masonry or R.C.C. chamber constructed at suitable intervals along the sewer lines, for
providing access into them. Thus, the manhole helps in inspection, cleaning and maintenance of sewer.
These are provided at every bend, junction, change of gradient or change of diameter of the sewer. The
sewer line between the two manholes is laid straight with even gradient. For straight sewer line
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manholes are provided at regular interval depending upon the diameter of the sewer. The spacing of
manhole is recommended in IS 1742-1960. For sewer up to 0.3 m diameter or sewers which cannot be
entered for cleaning or inspection the maximum spacing between the manholes recommended is 30 m,
and 300 m spacing for pipe greater than 2.0 m diameter (below table). A spacing allowance of 100 mper
1 m diameter of sewer is a general rule in case of very large sewers (CPHEEO, 1993). The internal
dimensions required for the manholes are provided in Table (CPHEEO, 1993). The minimum width of
the manhole should not be less than internal diameter of the sewer pipe plus 150 mm benching on both
the sides.

Table: Spacing of Manholes

Pipe Diameter Spacing

Small sewers 45 m

0.9 to 1.5 m 90 to 150 m

1.5 to 2.0 m 150 to 200 m

Greater than 2.0 m 300 m

Table : The minimum internal dimensions for manhole chambers

Depth of sewer Internal dimensions

0.9 m or less depth 0.90 m x 0.80 m

For depth between 0.9 m and 2.5 m 1.20 m x 0.90 m, 1.2 m dia. for circular

For depth above 2.5 m and up to 9.0 m For circular chamber 1.5 m dia.

For depth above 9.0 m and up to 14.0 m For circular chamber 1.8 m dia.

Classification of Manholes

Depending upon the depth the manholes can be classified as:

(a) Shallow Manholes, (b) Normal Manholes, and (c) Deep Manholes

i) Shallow Manholes: These are 0.7 to 0.9 m depth, constructed at the start of the branch sewer or at a

place not subjected to heavy traffic conditions (Figure). These are provided with light cover at top and

called inspection chamber.

Figure Shallow manhole

ii) Normal Manholes: These manholes are 1.5 m deep with dimensions 1.0 m x 1.0 m square or

rectangular with 1.2 m x 0.9 m (Figure). These are provided with heavy cover at its top to support the

anticipated traffic load.
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Figure Rectangular manhole for depth 0.9 m to 2.5 m

iii) Deep Manholes: The depth of these manholes is more than 1.5 m. The section of such manhole is not

uniform throughout (Figure). The size in upper portion is reduced by providing an offset. Steps are

provided in such manholes for descending into the manhole. These are provided with heavy cover at its

top to support the traffic load.

(a) Rectangular and (b) Circular deep manhole

→Other Types of Manholes

*Straight – Through Manholes

This is the simplest type of manhole, which is built on a straight run of sewer with no side

junctions. Where there is change in the size of sewer, the soffit or crown level of the two sewers should

be the same, except where special conditions require otherwise.

*Junction Manholes

This type of manholes are constructed at every junction of two or more sewers, and on the

curved portion of the sewers, with curved portion situated within the manhole. This type of manholes

can be constructed with the shape other than rectangular to suit the curve requirement and achieve

economy. The soffit of the smaller sewer at junction should not be lower than that of the larger sewer.

The gradient of the smaller sewer may be made steeper from the previous manhole to reduce the

difference of invert at the point of junction to a convenient amount.
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*Side entrance Manholes

In large sewers where it is difficult to obtain direct vertical access to the sewer from the top

ground level due to obstructions such as, other pipe lines like water, gas, etc., the access shaft should be

constructed in the nearest convenient position off the line of sewer, and connected to the manhole

chamber by a lateral passage. The floor of the side entrance passage which should fall at about 1 in 30

towards the sewer should enter the chamber not lower than the soffit level of the sewer. In large sewers

necessary steps or a ladder (with safety chain or removable handrail) should be provided to reach the

benching from the side entrance above the soffit.

*Drop Manholes

When a sewer connects with another sewer, where the difference in level between invert level of

branch sewer and water line in the main sewer at maximum discharge is greater than 0.6 m, a manhole

may be built either with vertical or nearly vertical drop pipe from higher sewer to the lower one (Figure

8.4). The drop manhole is also required in the same sewer line in sloping ground, when drop more than

0.6 m is required to control the gradient and to satisfy the maximum velocity i.e., non-scouring velocity.

The drop pipe may be outside the shaft and encased in concrete or supported on brackets inside

the shaft. If the drop pipe is outside the shaft, a continuation of the sewer should be built through the

shaft wall to form a rodding and inspection eye, provided with half blank flange (Figure). When the drop

pipe is inside the shaft, it should be of cast iron and provided with adequate arrangements for rodding and

with water cushion of 150 mm depth at the end. The diameter of the drop pipe should be at least equal to

incoming pipe.

Figure: Drop manhole

*Scraper (service) type manhole

All sewers above 450 mm in diameter should have one manhole at intervals of 110 to 120 m of
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scraper type. This manhole should have clear opening of 1.2 m x 0.9 m at the top to facilitate lowering of

buckets.

*Flushing Manholes

In flat ground for branch sewers, when it is not possible to obtain self cleansing velocity at all

flows, due to very little flow, it is necessary to incorporate flushing device. This is achieved by making

grooves at intervals of 45 to 50 m in the main drains in which wooden planks are inserted and water is

allowed to head up. When the planks are removed, the water will rush with high velocity facilitating

cleaning of the sewers. Alternatively, flushing can be carried out by using water from overhead water

tank through pipes and flushing hydrants or through fire hydrants or tankers and hose.

Flushing manholes are provided at the head of the sewers. Sufficient velocity shall be imparted

in the sewer to wash away the deposited solids. In case of heavy chocking in sewers, care should be

exercised to ensure that there is no possibility of back flow of sewage into the water supply mains.

SEWER VENTILATORS

Ventilation to the sewer is necessary to make provision for the escape of air to take care of the

exigencies of full flow and to keep the sewage as fresh as possible. In case of stormwater, this can be done

by providing ventilating manhole covers. In modern sewerage system, provision of ventilators is not

necessary due to elimination of intercepting traps in the house connections allowing ventilation.

LAMP HOLE

It is an opening or hole constructed in a sewer for purpose of lowering a lamp inside it. It consists of

INVERTED SIPHONS

An inverted siphon or depressed sewer is a sewer that runs full under gravity flow at a

pressure above atmosphere in the sewer. Inverted siphons are used to pass under obstacles such as

buried pipes, subways, etc (Fig.). This terminology ‘siphon’ is misnomer as there is no siphon action

in the depressed sewer. As the inverted siphon requires considerable attention for maintenance, it

should be used only where other means of passing an obstacle in line of the sewer are impracticable.

Figure: Inverted siphon
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stoneware or concrete pipe, which is connected to sewer line through a T-junction as shown in the Figure.

The pipe is covered with concrete to make it stable. Manhole cover of sufficient strength is provided at

ground level to take the load of traffic. An electric lamp is inserted in the lamp hole and the light of lamp

is observed from manholes. If the sewer length is unobstructed, the light of lamp will be seen. It is

constructed when construction of manhole is difficult. In present practice as far as possible the use of

lamp hole is avoided. This lamp hole can also be used for flushing the sewers. If the top cover is

perforated it will also help in ventilating the sewer, such lamp hole is known as fresh air inlet.

Figure: Lamp hole
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