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Part l:- Sewer system

The main objective:

»How to plan, design and construct wastewater conveyance
systems

The Specific Objectives

% To identify Systems of sanitation and its application in varying
geophysical conditions

“ To know types of wastewater and its sources of generation
“ To differentiate Methods of collection, design and construction

< To know Sewer maintenance; appurtenances and it respective
Importance



Qutline for Part |
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INTRODUCTIONTO SANITATION & SANITARY

ENGINEERING
DESIGN SEWAGE QUANTITY ESTIMATION
HYDRAULIC DESIGN OF SEWERS

SEWERS CONSTRUCTION, MAINTENANCE AND

REQUIRED APPURTENANCES



Part I:- Lecture 1

INTRODUCTIONTO
SANITARY ENGINEERING



Sanitary engineering is the application of engineering
methods to improve sanitation of human communities,
primarily by providing the removal and disposal of human
waste.

Sanitary is a design and construction specialty
that confronts issues related to

Professionals in the field build new sanitation systems and
repair existing structures to improve health and safety.

Like engineers in other specialties, sanitary engineering
professionals draw blueprints, make computer models, and
develop models before initiating a new construction project.

They run computer simulations and small-scale physical
experiments to test the effectiveness of a system.

The sanitary engineer job became essential with the rapid
increase of cities and other rural population concentrations.



http://en.wikipedia.org/wiki/Sanitation
http://www.wisegeek.com/what-is-engineering.htm
http://www.wisegeek.com/what-is-public-health.htm
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Sanitary

Engineering

Woater

Supply
Engineering

Wastewater
Management

Storm water
Management

Solid waste
management

§ 1 1 1

Water collection
Ground or surface,
treatment and distribution

Collection systems,
treatment, reuse and
disposal

Storm water collection,
reuse or disposal and
treatment if required

Collection, sorting, transfer,
transport and treatment or
disposal




Important terms 1n wastewater collection system

\/
0‘0

L)

Sewage: It is a broad term that indicates the liquid waste originating from the
uses of water. It includes domestic wastewater (discharge from toilets, urinals,
kitchen, bathrooms etc), wastewater generated from commercial
establishments, institutions, industrial establishments and also the ground water

and storm water that may enter into the sewers.
Storm water: It indicates the rain water of the locality.

Sanitary sewage: . It is the wastewater generated from the lavatory basins,
urinals and water closets of residential buildings, office building, theatre and

other institutions. This is very fouling in nature.

Infiltration: It is the water which inters the sewers from ground water

through Leaks from loose joints or cracks

Inflow: It is the water which inters the sewers from the manholes during

rainfall events.



Important terms 1n wastewater collection system

< Sewer: Sewers are under ground pipes or conduits which carry sewage to

points of disposal.

L)

< Sewerage: It refers to devices, equipments and appurtenances for the
collection, transportation and pumping of sewage. Basically it is the science of

collecting and carrying sewage by water carriage system through sewers.

< 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 .

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



System of Sanitation

Depending upon the type ol nask, two systems
may be employed for its collection,
conveyance and disposal :

(@) Conservancy system

(b) Water carriage system



A. Conservancy System

This 1s an old system 1n which various types
of wastes, such as night soil, garbage etc. are
collected separately in vessels or deposited in
pools or pits and then removed periodically
at least once 1 24 hours.

The system 1s also known as the dry system.



Advantages of conservancy system

[. Imtial cost 1s low, because storm water can

pass through open drains.

2. The quantity of sewage reaching at the

treatment plant 1s low.

3. The sewer section 1s small and no deposit

of silting because storm water goes 1n

open drains.



Disadvantages of conservancy system

1. Hygiene and sanitary aspect: The
conservancy system 1s highly unhygienic
and cause msanitary conditions since the
excreta starts decomposing within few

hours of its production.



2. Transportation aspect

‘Transportation of night soil takes place 1n open
carts through streets and other crowded

localities. Thisis highly undesirable.



3. Labour aspect

The working of the system depends entirely on
the mercy of labour (sweepers). It they go on
strike even for one day for any reason
whatsoever, the previes/ lavatories can not be

used because of foul smell.

The whole locality will smell very badly.



4. Building design aspect

The lavatories or previes are to be
located outside the house and shightly
away from the main building.

The compact design 1s therefore not

possible.



5. Conditions of drains

Insanitaion may be there dwe to
carriage of sullage through open

drains laid 1n the streets.



6. Human Aspect

In the present day world, when man
has progressed much, 1t 1s highly
humiliating to ask human beings to

transport night soil 1 pails on their

heads.



/. Risk of Epidemic

Due to improper or careless disposal
of night soil, there are more chances

of outbreak of epidemic.



8. Pollution problems

The Liquid wastes from lavatories etc., during
therr washing, may soak 1n the ground, thus
contaminating the soil.

If the ground water 1s at a shallow depth, 1t
may also be polluted due to percolation of

waste water.



9. Cost consideration

Though the system 1s quite cheap 1n the
beginning, 1ts maintenance and establishment
costs (1.e. recurring expenditure) are very high

10. Disposal land requirement
The system requires considerable land for

the disposal of sewage.



B.Water Carriage system

The sewage so formed in water carriage system
consists of 99.9 % of water and 0.1 % of solid
matters.

In this system, the collection, conveyance and disposal of
various type of wastes are carried out with the help of
walter.

Thus, water 1s used as medium to convey the waste from its
point of production to the point of 1its treatment or final
disposal.

Sufficient quantity of water 1s required to be mixed with the
wastes so that dilution ratio 1s so great that the mixture may

flow just like water.



Advantage of water carriage system

1. Hygienic and sanitary aspect: The system
1s very hygienic since the night soil and
other waste water 1s conveyed through closed
conduits which are not directly exposed to
the atmosphere. There 1s no bad smell

because of continuous flow.



2. Epidemic Aspect

There are no chances of outbreak d
epidemic because flies and other
mmsects do not have direct access to

the sewage.



3. Pollution Aspect

The hquid wastes etc. are directly conveyed
through the sewers, and therefore there are
no changes of the waste water being soaked
in the ground thus contaminating the soil.
No possibility of groundwater

contamination



4. Compactness in design

Since the latrines are flushed alter
every use, excreta does not remain and
there are no foul smells. The latrines
can therefore be attached to the living
and bed rooms. This permits a compact

design.



5. Labour Aspect

The labour required for the operation
and maintenance 1s extremely small.
LLabour may be required for pumping

operations and blockage cleaning



6. Treatment Aspect

The system permits the use of modern
methods of treatment of the sewerage
collected through the sewers.

The treated waste water and sewage
can be salely disposed off without any

risk.



/. Land disposal requirement

Because of treatment facilities, the
land required for the disposal of
the treated wastewater 1s very much
smaller than- that required for the

conservancy system.



Disadvantages:

1. High mitial cost.

2. High Operating & Maintenance costs.

3. During rainy season large volume of
sewage 1s to be treated compared to

remaining period of year.



Comparison of both systems

This has been left to you as a
home work



Conservancy system 1s also known as

If the rainfall 1s there for a shorter duration, and
does not take place throughout the year, 1t 1s
more economical to

adopt is preferred when, space

available for laying the sewers 1s restricted.



Q1. Difterentiate between
Conservancy system and Water carriage system
Combined sewer and separate sewers

Q2. Explain factors attecting selection of
Conservancy system Water carriage system

Q3. Wirite short notes on
Combined sewer

Separate sewer



Q4. Mention 5 advantages of water carriage system.

Q5. Explain the combined system of sewerage. Also
mention the factors governing choice of combined
system.

Q6. Compare conservancy system with water carriage
system.

Q7. Describe any two methods of collection of various

types of wastes 1n the conservancy system.



Questions

* What are systems of sanitation!?

* What mean by Water carriage system?

Any



https://www.slideshare.net/reddyas/sewerage-system-56376402

Part I:- Lecture 2
Sewage system

and
Sewage Quantity Estimation



The Session topic objectives

To identify types of sewage systems

To differentiate the factors which

govern the selection of sewage systems

To estimate sanitary sewage and storm

water quantity



Sewage System

'The water carriage system can he

divided 1nto the following types:

Separate system
Combined system

Partially Combined system



A. Separate system

The separate system provides o
separate systems ol sewers.

The one intended for the conveyance d
foul sewage only; and

The other for the rain water, including
the surtace washing from certain streets,
overtlow from public baths and
foundations etc.




INFLOW SOURCES
INFILTRATION SOURCES &=

Roof Drain
Connected to Sewer Lateral

Foundation Drain
Connected to Sewer Lateral

Uncapped/Broken

Lateral Cleanout Sewer

Broken Sewer Lateral —/ Storm Sewer
Root Intrusion Into Lateral Cross Connection
|
Faulty Manhole Cover/Frame Cracked or Broken
\ Sewer Pipe

] \— Faulty Lateral Connection
Sanitary ? S —— Deteriorated Manhole

SEPARATE SEWER SYSTEM ~ Sewer



Factors affecting selection of separate
system

Financial aspects

Flat topography

Rainfall pattern
Outlet conditions
Pumping aspect
Subsoil conditions

Development pattern



Advantages of separate sewer system

» The size of sewers are small
»Sewage load on treatment units is small
> River or stream waters are not polluted

» Storm water can be discharged into
streams or rivers without any treatment

» Economical for sewage pumping since the
guantity Is small



Disadvantages of separate sewer system

[.Since the sewers are of small size, 1t 1s ditficult to

clean

2. They are easily get clogged .

3. Two sets of sewers may ultimately prove to be costly.
4.Storm water sewers are only used during rainy

Season



B. Combined system

The combined system provides only one
sewer to carry both the foul sewage as well
as the rain water.

The sewage and rain water are carried

to the sewage treatment plant, before

its final disposal.



Residential / Business Wastewater
Wastewater / Wastewater Treatment

Facility

Combined Sanitary
) Waste & Storm Water

Artwork modeled aoffer
St. Louis MSD - Clean Rivers Healthy )
Communities Program ilustration S




Factors affecting selection of combined
system

Space restriction

Integrated development

Even rainfall pattern

Conversion of existing storm water drains

Pumping requirements



Advantages of combined sewer system

1)

2)

3)

4)

Large sewer size don't clog easily and

are easy to clean
Laying one set of sewer Is economical

The strength of sewage Is reduced by

dilution

Maintenance cost iIs reasonable



Disadvantages of combined sewer system

1) Large sewers are difficult for handling
and transport

2) Due to storm water load the treatment
nlant Is high

3) During heavy rains sewers may overflow
causing nuisance

4) Pumping Is uneconomical
5) Storm water Is unnecessarily polluted




C. Partially combined system

In this system, only one set ¢

underground sewers is laid.

These sewers admit the foul sewage awell as the early
washings by rains. As soon as the quantity of storm
water exceeds a certain limit, the storm water
overtlows, and is thus collected and conveyed in open

drains to the natural streams.



Advantages of partially combined

The sewers are of reasonable size. Their cleaning i1s
therefore not very dithicult.

It combines the advantage of both the separate as well as
the combined systems.

The storm water permitted 1n the sewers eliminates its
chances of chocking. The sewers are completely cleaned
during ramy season.

The problem of disposing off storm water from homes

1s simplified.



Disadvantages of partially combined

During the dry weather, when there 1s no rain
water, the velocity of tlow will be low. Thus self
cleansing velocity may not be achieved.

The storm water mcreases the load on
treatment units.

The storm water also increases the cost of

pumping.



Sanitary Sewage estimation

< Before designing the sewer, 1t 1s necessary to know the discharge 1.e.,

quantity of sewage, which will flow in  because;-

far lower estimation than reality will soon lead to madequate sewer size
after commuissioning and the sewers may not remain adequate for the entire

design period.

Simuilarly, very high discharge estimated will lead to larger sewer size

affecting economy of the sewerage scheme, and

the lower discharge may not meet the criteria of the self cleansing velocity

and hence leading to deposition 1n the sewers.

@,

< Since sewers are designed to serve for some more future years, engineering

skills have to be used to accurately esimate the sewage discharge.



Sanitary Sewage estimation

< 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 which

depends up on;-

D
2)
3)
%)
>)

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.



Sanitary Sewage estimation

—

"Two Parameters: Both of these

o . quantities depend
1. The contributing population, _ on the design

and period
2. Per capita (per person)
flowrate of sewage —

**Design period: The length of the time up to which the
capacity of a sewer will be adequate.

**Normally design period for a sewerage system 1s considered
as 30 years

¢ But, mechanical rotating equipment such as pumps are
designed for 15 years



Sanitary Sewage estimation

*»*Prospective population of the project area (may be a city, town or a
metropolitan area) can be projected by one of the methods below.

Methods: —

* Demographic population projection

e Anthmetical increase method

e Incremental Increase method As you have learnt
e Geometrical Increase method — previously 1n

e Growth rate water supply &

e Graphical method treatment classes

e Logistic method —

Where 1s the forecast found for design purposes?

s Normally for a city, population growth forecasts are found from the
master-plan prepared by town planning or other relevant authorities.

What to do when masterplan or planners’ documents are unavailable?



Floor-Space Index Based Calculation

1. FSI 1s the ratio of the total floor area of buildings on a
certain location to the size of the land of that location.

2. From the city-plan find out the % of the total area available
for residential development

3. Actual total floor area = Area for residential development X
Floor Space Index (FSI)

4. Tind out floor area required for one person or assume it
depending on the available data from the city. Normally 1t 1s
9 sqm/person.

5. Find out the density of population per hectare

6. Multply the density with the total area of the city to find
out the total population

This total population can be used for esiimating the quantity of

total sewage tlow.



Sanitary Sewage estimation
< Theoretically speaking, the quantity of should be equal to the

quantity of water supplied to the contributing area, from the

water-works.

< But in actual practice, this is not the precise quantity, certain

additions and subtractions do take place from it, as explained

below:

1. Additions due to unaccounted private water Supplies

ii. Additions due to infiltration and inflow.

iii. Subtractions due to water losses.

iv. Subtraction due to water not entering the sewerage 'system

** The net quantity of sewage = the accounted quantity of water supplied +
factors (1) and (ii) - factors (iii) and (iv), described above.

* Generally, 75 to 80% of accounted water supplied is considered as quantity of

sewage produced. .



Vanations in Flow and Peak Factor

s Water consumption varies from hour
to hour. Along with daily vanations,

~
-

.o Q
there are also seasonal variations. =
= Average
. : L
s For design purpose, sewers are always = \
designed to carry maximum or peak flow
rates, rather than designing 1t for average

Time of the day

Maximum wastewater flow rate

Peak Factor (PF) -
Average wastewater flow rate
Population Peak factor
< 20,000 3.0
20,000 - 50,000 2.5
50,000 - 750,000 2.25

> 750,000 2.0



Sanitary Sewage estimation

o Generally the peak and minimum flow of sewage is the
relation of population in thousands.

“* The peak flow is the product of peak factor with average
flow and the minimum flow is the product of minimum
factor with average tflow; based on this

Qpeak 5.5 Qmin — 0.2 0.16
Qave ( P - ( ) .
(15)0.18 and Qave 1000

Where: - P = population in thousands
Q peak= peak sewage flow

Qmin & Qave = minimum & average sewage flow respectively.



Estimation of Storm Water e, ,)

* The quantity of storm water (runoff) reaching to the sewers or | «gw o i =
drains is very large as compared with sanitary sewage. _' = p— -
Runoff quantity depends on: WHE"" R AINS

v/ Rainfall Characteristics (Intensity, Duration and space- time

distributions)
v Characteristics of the watershed surface (nature,permeability, slope, and

landscaping)

v/ Time of concentration (time required for flow to reach the

sewer)

**Storm sewers are designed for a rainfall with particular frequency or return
period. The design rainfall is fixed after economic considerations involving the

Intensity-duration and frequency (IDF) curves in an area.

**The design should be adequate to carry from a basin or watershed the

maximum runoff caused by the design rainfall.



Time of Concentration (t,)

DRAINAGE BASIN

**'T'he period of time after which the entire basin
area starts contributing to the run-off.

¢ Varies from 3 to 30 minutes

tC
s Maximum run-off 1s obtained from a rain having
a duration equal to the time of concentration. \ SEWER
OUTFALL

*¢The duration of such a rainfall 1s called critical rainfall duration and the intensity of
such rainfall 1s known as critical rainfall intensity.

Sub-basin
t =t +t,

t.= time of entry

t= time of flow

SEWER
OUTFALL



“*Time of entry : is the longest time required for a water droplet in an urban sub-basin
to travel to a street mnlet.

[.= maximum distance travelled by the water

Kirpich’s model: 0.0195L°7F on the surface
.= 50385 S= average slope of the route travelled

by water
I' = Ground surface friction factor

Surface type F

Rural watershed (flat ground) 1.0

Grass surface 2.0

Concrete or Asphalt surface 0.4

Concrete channel 0.2

**Time of flow : is the time required for water to travel to a sewage outfall from the street
inlet in the urban sub-basin. It is always computed considering that the pipe is running

i v=1R%sH L
n U= —



Estimation of Storm Water

**Storm water quantity can be estimated by rational method as
o q y y
elow:

Q =C.I.A/360
Where,
Q= Quantity of storm water, m3/sec
C = Coeflicient of runoff
[ = intensity of rainfall, mm/hour,and

A = Drainage area in hectares

Or
Q =10.278 C.I.A

Where, Q is m>/sec; I is mm/hour, and 4 is area in square kilometer



Estimation of Storm Water Contd.

% 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

SEWET'S.

#* The runoff coefficient depends upon the porosity of soil cover, wetness and ground

COVCET.

%* The overall runoff coefficient for the catchment area can be worked out as follows:

C= [Al.Cl + A2.C2+....+ An.Cn] / [Al + A2+ ...+ An]

Where, Al, A2, .... Aretypesofarea with C1,C2, .... astheir coefficient

of runoft, respectively.



2)
3)
4)
3)

Questions

Why we need to estimate the quantity of sewage as appropriately as
possible!?

What mean by dry weather flow!?
List factors that could limit Design Period?
How do you estimate future Sewage generation?

Why do you think sewage generation peak is in a kind of lag mood
to that of water consumption?

Any question
plz??2?



~ Part I:- Lecture 3
 Hydraulic Design
 of Sewer



Session topic objectives

NG

*» At the end of this session students were able;-

I') To have an understanding how design &
construction of sewerage differs from water supply

2) To Identify empirical formula which the best suits
flow in sewer lines

3) To know how to design non scouring and silting
velocity of flow

4) To Characterize hydraulic elements of circular
sewer section



Difference between Sewers and Treated Water Conduits

N

SEWER

1. They are never designed to run full; there
is always an empty space provided at the top.

Reasons: a) Biodegradation causes
generation of gases like methane, hydrogen
sulfide, ammonia etc. which can get
dissolved if running under pressure.

b) At same slopes, the velocity and carrying
capacity is more when it runs partially full.

2. It is unpressurised. It maintains a gravity flow;
It is laid in gradients or slopes.

WATER CONDUITS

1. They are always
designed to run full.

2. 1t is pressurized.
Normally, we do not worry
about the slope of the water
mains or lines when we lay
them.



Designing Sewer Systems

s Sewers are designed taking consideration of 30 years.

“sPopulation in the initial years of the design period are low
compared to the design population at the end of design period

“sPeak flow rate in the initial years is low compared to the
designed peak flow rate (ultimate peak flow)

“*Sizing should be such that it will attain the self-cleansing
velocity at the average design flow rate or at least at the
maximum flow rate at the beginning of the design period.



Requirements of Design and Planning of
Sewerage system

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

< The sewage 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 at
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.



HYDRAULIC DESIGN OF SEWERS

< Design of sewers are done assuming steady state conditions.
Steady state means that the discharge or flow rate at a point
remains time invariant.

< Carry the peak flow rate for which the sewer is designed

< This is directly connected with the maximum achievable
velocity in the sewers. We do not want the sewage pipe
materials to get worn out.

< The wastewater manual recommends a maximum velocity
of 3 m/s.

< Transport suspended solids in such a manner that the
siltation in a sewer is kept to a minimum

< This condition gives us an idea about the minimum velocity

that has to be maintained inside a sewer during a low flow
period.



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
2/ 3 to ¥4 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.



Provision of Freeboard in Sewers

2. Large scale infiltration of storm water through
wrong or illegal connection, through underground
cracks or open joints in the sewers.

3. unexpected increase in population or water
consumption and the consequent increase in sewage
production.

< 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 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:

1
Vv ==—R35"/2
11

Where,

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

R = Hydraulic mean depth of flow, m, R = A/P
A = Cross section area of flow, m* &

P = Wetted perimeter, m



Hydraulic Formulae cont’d...

n = Manning’s coefficient depends upon the type of the channel surface i.e.,
material and lies between 0.011 to 0.015 for brick sewer

it could be 0.017 to 0.03 for stone facing sewers.

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

2. Chezy’s Formula
F=c NE

V = velocity of flow in the channel in, m/sec

R = hydraulic mean radius of channel, i.e. hydraulic mean depth of channel

S = hydraulic gradient, equal to the ground slope for uniform flows, i.e. the
head drop between the two points divided by the length

C = a constant, called Chezy’s constant , can be calculated by using Bazin’s
formula.

v" Constant (C) 1s very complex. Depends on size, shape and smoother roughness
of the channel, the mean depth etc.



Bazin’s formula Where,

C= 1576 K= Bazin’s constant
[1.81 + (xr"?)] R= hydraulic radius
Sr. No. Inside nature of the sewer K values
I. Very smooth 0.109
2. Smooth: bricks & concrete 0.290
3. Smooth: rubble masonry 0.833
4. Good, earthen material 1.540
). Rough: bricks & concrete 0.500
0. Rough earthen matenal 3.170




Maximum Velocity in sewers

*¢ The smooth interior surface of a sewer pipe gets scoured
due to continuous abrasion caused by the suspended solids
present In sewage.

¢ It 1s therefore, necessary to limit the maximum velocity in the

sewer pipe.

¢ This Iimiting will mainly depend upon the material of the sewer.

s* Moreover, care should be taken to see that at the ime of
maximum flow, the velocity generated does not exceed the

scouring value.



Minimum Velocity in a Sewer

The velocity should be such that:

®° @
A) It will not allow the particles to settle inside
the sewer

B) Even if there is a deposition, it will promote
scouring of the particles so that it can (? 1‘
self ~ cleanse itself ,8’

“*The generation of Self-cleansing velocity should occur within the sewer for
at least once in a day.



Self Cleansing Velocity

1 1
V, = HRa\/k(sS -1)D,

n = roughness coefficient

R = Hydraulic Mean Radius = 5
A= Area of the channel
P= Wetted perimeter of the channel

S, = Specific gravity of the particle

k = Dimensionless constant, 0.04 for granular particles, 0.8 for
organic matters

D; = Diameter of the particle for which the sewer will be designed, this
is the maximum particle size the sewer can safely carry

s Sewers are always designed to attain the self cleansing velocities



Characteristics of hydraulic elements of circular sewer section running full
or partial

~

v'Capital Letters denote the situation when
the sewers run full

a/ 2\>¢U2\ D

*Depth proportionate
*Depth at partial flow pth prop

D D a d 1 a
d=[—-—=co0s= ‘ — ==[1-cos —

“*Area proportionate

A:E D2

“*Area at partial flow

da
A 1360 21 4 360 27



“*Perimeter proportionate

x *Perimeter at full flow
P =D
“*Perimeter at partial flow
a
D = 7D *

_“
A\ 4 A 4 p _ 360 _ a

s*Hydraulic radius at full flow P 7D 360

7D? “*Hydraulic radius at partial flow
R—A— 4 D r_a_D[1_3605ina]

P D 4 p 4 27T
“*Mean hydraulic radius proportionate
r 360sin

~=[1-
R 27T

]




\ V:£r2/381/2

d n

T “*Velocity at full flow
V — 1 R2/3G1/2
n
o/ 2\)02\ D  <Velocity at partial flow

“*Velocity proportionate

v_r? ()P 360sin aT“”
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“*Discharge proportionate
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*Summary

/2.

el

% %[1 COS E] ,Depth proportionate

L [ 360sin «- ,H.radius proportionate
D R 2

— - 72/3

l = 1- 360sIn _ ,Velocity proportionate

VvV | 2o

q _[ o _sinal, 36OsinocT’3

Q 360 27 2ncc |

Discharge proportionate,

**In all the above expressions, a is the only variable, all other

parameters are constant.

*»*Thus at different values of a, the above proportional elements

can be easily calculated



d/D a/A v/V q/Q
1.00 1.00 1.00 1.00
0.9 0.949 1.124 1.066
0.8 0.858 1.140 0.988
0.7 0.748 1.120 0.838
0.5 0.5 1.000 0.500
0.4 0.373 0.902 0.337
1 v Capital Letters denote the situation
when the sewers run full
- D

5 ‘s Maximum velocity is achieved
d when the sewers are designed to
run at 80% of the full depth.




V= £r2/351/2
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\
1000

Velocity at partially full flow —V |:1 360sina 1\2/3

Velocity at full flow —— \7 104

For Partially-~full flow vis not influenced by the diameter of the
pipe, rather is much influenced by the slope of the channel



FROM THE SEWAGE TREATMENT MANUAL
RECOMMENDED SLOPES FOR MINIMUM VELOCITY

Present peak flow in Ips Slape per 1,000
2 6.0
3 4.0
5 31
HLE 20
15 1.3
20 1.2
30 1.0

s After finding the minimum slope required, the pipe size is decided on the
basis of ultimate design peak flow rate and the permissible depth of flow.
Adoption of the above slopes would ensure minimum flow velocity of 0.6
m/s

s Minimum size for a public sewer is 150 mm diameter

s Minimum size for a public sewer in hilly terrain is 100 mm diameter



Questions

)
2)

3)

What differs sewers from water supply lines?

What is the use of knowing self-cleansing
velocity and non-~scouring velocity?

Which discharges could be used in the design
of sewers and why?

Any question plz????




Part I:- Lecture 4

Sewer construction,
appurtenance used
and maintenance




Objectives of the session

e ldentify constraints of sewerage line construction

and engineering considerations

e Evaluate the most important factors considered

to select sewer material

 Understand the role of sewer appurtenant
structures on ventilation, efficient operation and

maintenance of sewerage system



Sewer Materials

e The following factors are to be carefully considered
while making selection for the materials of sewer.

i. Resistance to corrosion

ii. Resistance to abrasion

iii. Strength and durability

iv. Light weight

v. Imperviousness

vi. The economy and cost

vii. Hydraulically efficient (Smooth )



Forces Acting on Sewer Pipes

* The structural design of the sewer pipes
should be such as to enable them to
withstand the various forces likely to
come on them.

e The following forces generally come into
play in the sewer pipes:
|. Internal pressure of sewage
2. Pressure due to external loads

3. Flexural stresses



Cont...

I. For pipes resting on or projecting above
undisturbed ground in cohesion less soils and
covered with fills, such asin a high way culvert

o the external load likely to come per unit length of
pipe (W) is given by:

W = C,.y.D?

Where

Cp - a coefficient whose value depends upon the
type of pipe and character of foundation backfill.
Typical values of Cp are given in

v - Sp.Wt. of fill material
D - the external diameter of the pipe






2. For flexible pipes (such as steel pipes) buried in
narrow trenches and with thoroughly compacted
side fills, such as shown in Fig. below,

o the external load per unit length of the pipe

is given by:
W = C.y.B.D
* Where
C = a coefficient, characterizing the fill material

and the ratio H/B. Typical values are given in



Conditions Fill Diry Sand | Satu- Cley Satu-
Material exreel ratect rated
Gravel Eopr soil clay
Specific wi. 1600 1600 1920 2080
in kg /m?
values ﬂf% e = < &
1.0 0.84 0.86 0.88 0.90
2.0 1.45 1.50 1.55 1.62
3.0 1.90 2.00 210 2.286
4.0 2.22 2.33 2.49 2.65
5.0 2.45 2.80 2.80 3.03
6.0 2.60 2.78 3.04 3.33
7.0 B 2.75 2.95 3.23 3.57
8.0 2.80 3.03 2.37 3.76
: P i 9.0 2.88 3.11 3.48 32.92
Narrow trench such 10.0 2.92 3.17 3.56 4.04
that B = 1.5.D. 12.0 2.97 3.24 3.68 4.22
' 14.0 3.00 3.28 3.75 4.34

3. For rigid pipes (such as concrete, cast iron, vitrified clay, etc.)
buried in narrow trenches and thoroughly compacted with
cohesion less fills, the external load per unit length of the pipe is
given by:

W=Cy.B




4. The amount of superimposed loads (such as traffic
load, etc.) which is transmitted to the pipe can be
evaluated by using Boussinesq's equation. Assuming
the fill surface to be horizontal, the equation is:

3H3P

P
£~ 2275

e Where

Pt - unit pressure developed at any point in the fill at a
depth H below the surface due to traffic load

P - Load superimposed
H - Distance of the top of pipe below the surface of the fill
Z - the slant height of the considered point from the load P.

Space between the wheels ?
Z = + H?

2




® The following are the various materials, which
are used for sewers.

i. Asbestos cement sewers
ii. Cast-lron sewers

iii. Cement concrete sewers

iv. Stoneware sewers

v. Brick sewers
vi. Corrugated iron sewers
vii. Plastic sewers

viii. Steel sewers




Asbestos Cement Pipes

e These sewers are made from a mixture of
asbestos fibers, cement and silica.

e They are available up to sizes of 900mm and 3 to
4m in length.

Advantages:

.. Easy to cut and join.

i. Durable and good resistance to corrosion.
i. The inside surface is smooth.

iv. Light in weight and hence easy to handle.



Disadvantages:

Brittle and cannot stand impact forces during handling

operations.

The structural strength is poor and hence cannot be

laid to resist heavy external loads.

They are susceptible to corrosion by sulphuric
acid from H.S gas generated in sanitary waste

water or by some industrial chemicals.



Cement Concrete Sewers

e The cement concrete sewers may be plain or
reinforced.

e The plain cement concrete sewers are used up to
the diameter of 600mm and beyond 600mm
reinforcement is provided.

Advantages:

I. These are strong and impervious.
2. Larger diameter can be made.

3. Inner surface of sewer is smooth.
4

For attack of chemical and erosive actions the
inner surface should be lined with vitrified clay.



Disadvantages:

They easily get corroded and pitted by the
action of sulphuric acid produced from H.S
gas.

They are also susceptible to erosion by sewage
containing too much silt and grit

Heavy weight, transportation and handling is
difficult.

Joints should be carefully filled.



Stoneware Sewers

e The stoneware sewers are also known as the

vitrified clay sewers or salt-glazed sewers

e They are prepared from various clays and shapes
in required proportion, allowed to dry and then

burnt in a kiln.

e A small quantity of salt is added to kiln get glass

like glaze on the surface of pipes.



e Advantages:
Y

These pipes are strong enough to take backflllmg and
traffic

The interior surface of sewers are smooth and
impervious

The overall performance is very good
These sewers are cheap and easily available

These sewers are durable and better resistance to
corrosion & erosion

These sewers are capable of withstand hydraulic
pressure up to 0.15N/mm? and bear a load of soil of
about 4.5m depth




Disadvantages:

|. These are brittle in nature and may damage in

handling or transport.

2. These are not strong enough to allow sewage under

pressure. Because they are weak in tension.

3. These are difficult to handle or transport because of

heavy weight.



Laying of Sewers

i,
o =

* The construction of sewer consists of the
following works:
a. Marking center lines of sewers
b. Excavation of trenches
c. Checking the gradient
Preparation of bedding

_aying of sewers

d
e
f.  Jointing
g. Back filling



Marking Center Line of Sewer

e The center line of a sewers are marked on the
streets and roads from the plans starting from the
lowest point or outfall of the main proceeding
upwards.

e For checking the levels of sewer pipes and their
alignment temporary benchmarks are established
at 200 - 400m intervals.

e The reduced level (R.L) of these benchmarks
should be calculated

* On the center line position of sewer
appurtenances are also marked



Excavation Trenches

After marking the layout of the sewer lines on the ground, the
first step is the removal of pavement

After removing pavements, the excavation of trenches is done
manually or by machinery.

The width of excavation at any level will depend upon
the width of the trench at the bottom, and the additions
due to side slopes and due to timbering etc.

The trench is excavated between two manholes, and the
sewer is laid between them.

The width of sewer line is 15cm more than external diameter
of sewer for easiness in lowering and adjusting the sewer pipe.



Preparation of Bedding

* When a sewer has to be laid in a soil underground strata
the trench shall be excavated deeper than what is
ordinarily required trench bottom or rock.

* In the case of very bad soil the trench bottom shall be
filled in with cement concrete of appropriate grade.

* In areas subject to subsidence the pipe sewer shall be laid
on a timber platform or concrete cradle supported on
piles.

* In the case of cast-in-site sewers and R.C.C section with
reinforcement, bearing capacity is encountered and soil
stabilization shall be done either by rubber, concrete or
wooden crib.



Jointing and laying of Sewers

e The Cast Iron pipes

o shall be examined for line and level and the space left
in the socket shall be filled in by pouring molten pig
lead of best-quality

e For concrete pipes,

° the collars shall be placed symmetrically over the end
of two pipes and the annual space between the inside
of the collar and the outside of the pipe shall be filled
with cement slurry.

e For stoneware:

> All the joints shall be caulked with tarred gasket in
one length for each joint and sufficiently long to
entirely surround the spigot end of the pipe.









Back-filling of Trenches

> The trenches are back filled with excavated soil after
removal of pebbles and stone-pieces by ramming the soil in
layers using with water.

> When the height reaches to 60cm above the crown of the
pipe, back filling is stopped for at least one weak for
weathering.

o After a week, again backfilling is started in layers and the
trench is filled 15cm above the ground level.

° During the course of time the back filled soil gets
compacted and the filled soil comes to the ground level.

o Back filling will be after 7 days for precast pipes and 14 days
after in the case of cast-in-site sewers.



PEORIA, ILL. 78" sewer, Div. F
Manhole in the distance. Note
unsheeted trench and cradle.







Testing of sewer

¢ The testing of sewers 1s necessary as any leakage,
1mproper joints, straightness or obstruction of sewers
may occur during laying of sewers.

*¢* These defects may be removed or repaired after
detection.

** So there are various tests by which these defects may
be detected. These tests are .-

> Water Test.
> Smoke Test.
> Test For Obstruction




~ Testing of sewer

~ Water Test: for leakage

o Each section of the sewer is tested for water
tightness preferably between the manholes.

o Testing of sewers done by plugging the lower end of
the sewer and fill water in the manhole in the
upper end.

- The depth of the water in the manhole is
maintained to the testing head of about 1.5m.

> The sewer line is watched by moving along the
trench.

~ ean oy
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Smoke Test

+» The purpose of smoke testing 1s to find potential
points of mnflow and infiltration 1n the sanitary sewer
system that could lead to high flows during a storm.

+ Smoke testing forces smoke-hlled air through a
sanitary sewer line.




« The smoke under pressure will f1ll the main line plus
any connections and then follow the path of any leak
to the ground surface, quickly revealing the source of
the problem.

¢ Only enough force to overcome atmospheric pressure

1s required.




Test For Obstruction

¢ For straightness or obstruction of pipe, this test can be
used. There are many methods tor obstruction or
straightness :

1. T'o check the obstruction of sewer pipe, a ball of
suitable diameter 1s rolled down from upstream side.
The diameter of ball should be less then the diameter
sewer. It there 1s no obstruction, the ball can be taken

out at downstream side.




2. The straightness can also be checked by placing a

lamp at one end and a mirror at the other end.

If the full circle of Light 1s visible at other end, then the

sewer 1s straight and there 1s no obstruction.

If there 1s any obstruction within the sewer line, 1t can

also be traced out.




Sewer Appurtenances

s Sewer appurtenances are the various accessories on
the sewerage system and are necessary for the etficient
operation of the system.

¢ They include man holes, lamp holes, street mlets,
catch basins, inverted siphons, and so on.




¢ Man-holes: Man holes are the openings of either
circular or rectangular in shape constructed on the
alignment of a sewer line to enable a person to enter
the sewer for mspection, cleaning and flushing.

** They serve as ventilators for sewers, by the provisions
of perforated man-hole covers.

» Also they facilitate the laying of sewer lines in
convenient length.

¢ Man-holes are provided at all junctions of two or more

sewers, whenever diameter of sewer changes,
whenever direction of sewer line changes and when
sewers of different elevations join together.
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Ground
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Main sewer




H/L: How many more lives will cost $1.257 Please call 010-62357575 to report manhole cover theft so we can put an end to this.

Challenge: In 2006, 47 people ware reported dead and over 10,000 njured across China as a
rasult of stolen manhola covess. Every day. an average of 12 covers go missing from the city
straets of Shanghai 24,000 ware repartod siosan in Beifng alona in 2004. And for what? A single
Stk ranhole oover can b $od lor no more than 10mb, of $1.25 Yot that one missing cover
creates an unmarked “geath irag” tof the many people walking of rding on city streels every day

Solution: 10 manholas around Baijing were marked with handscapped icons and roadblock cones were set up to
attract attention. Written in bold Chinese characters was a statistic on the number of people injured every year as
arasult of missing manhala covers-and a hotling numbaer to call for reporing the crime.

Reosult: Accordng to the Beding Municipal Adminsiralion Commisson, e day aftes e [auncn thy receinid more than 190 calis
from conpermed ciizens im the maming aane, The reporied MESEng manhoke: COVers were replaced or recoversd within 48 hours:

%
Beijing Municipal Administration Commission [§’




Special Man-holes

** Junction chambers: Man-hole constructed at the
intersection of two large sewers.

“* Drop man-hole: When the difference 1n elevation of
the mvert levels of the Incoming and outgoing sewers
of the man-hole 1s more than 60 cm, the interception
1s made by dropping the incoming sewer vertically
outside and then 1t 1s jointed to the man-hole chamber.
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¢ Flushing man-holes: They are located at the head of a
sewer to flush out the deposits 1n the sewer with water.

“» Lamp-holes: Lamp holes are the openings constructed
on the straight sewer lines between two man-holes

which are far apart and permit the insertion of a lamp
into the sewer to find out obstructions 1f any mside the
sewers Irom the next man-hole.




¢ Street inlets: Street mlets are the openings through
which storm water 1s admitted and conveyed to the
storm sewer or combined sewer. The inlets are located
by the sides of pavement with maximum spacing of 30

1m.




¢ Catch Basins: Catch basins are small setthing chambers
of diameter 60 - 90 cm and 60 - 75 cm deep, which are
constructed below the street inlets. They mnterrupt the
velocity of storm water entering through the mlets and
allow grit, sand, debris and so on to settle 1n the basin,
instead of allowing them to enter mto the sewers.

Catch Basin Grate =

Floatables

San ¢




*» Inverted siphons: These are depressed portions of
sewers, which flow full under pressure more than the
atmospheric pressure due to tlow line being below the
hydraulic grade lne.

¢ They are constructed when a sewer crosses a stream or
deep cut or road or railway line.

**To clean the siphon pipe sluice valve 1s opened, thus
increasing the head causing tlow.

¢ Due to mcreased velocity deposits of siphon pipe are
washed 1nto the sump, from where they are removed.







Maintenance, Cleaning and Ventilation of Sewers

e Maintenance of Sewers

o Sewer maintenance generally involves their
cleaning to keep them free from any clogging
and to carry out the repairs to the damaged
portions if any, so as to prolong their life and to
ensure efficient functioning.

° The proper maintenance of sewers is therefore
absolutely necessary in order to make a sewerage
system function efficiently.

> The sewer maintenance generally includes:
Their frequent inspection and supervision,
Measuring the rate of flow,
Cleaning and flushing,

Repairing the leaking joints or any other damaged
portions.



Cleaning of Sewers

e Sewers should be periodically cleaned so as
to avoid their complete clogging.

* For cleaning small sewers which cannot be
entered into by manual labour, flushing
operations are essential.

 Large sized sewers which can be entered into by
men are generally cleaned by manual labour.

e Precautions to be taken while entering sewers
various poisonous and explosive gases which are
generally found in sewers are: hydrogen
sulphide (H-S), carbon dioxide (CO3),and (CH4)

along with petrol vapors.



Ventilation of Sewers

 The sewers must be properly ventilated for the
following reasons:

.. The decomposition of sewage inside the sewers

may result in the production of various sewer
gases, such as, COz2, CO, CH4, H2S, NH3, N2, etc.

These gases, if not removed, may cause serious
problems, and prove hazardous to the workers
entering the sewers.

Methane gas being highly explosive, if not
removed, may even blow off the manhole
covers.



i. To ensure a continuous flow of sewage

inside the sewer.

This is achieved by ventilation by keeping the
surface of sewage in contact with free air and thus
preventing the formation of air-locks in the sewage.

e Methods of Ventilation

i.  Use of ventilating columns (placed at intervals of 150 to

300m along the sewer lines)

ii.  Use of ventilating manhole covers (provided with
perforations)

iii. Proper Design of Sewers (designed partially full)

iv. House vent and Soil pipes (ventilating house drains and
public sewers)



Questions

1)  VWVhat are the requirements to select sewer
materials?

2) How could we test leakage in the construction
of sewers!?

3) What are the activities in the maintenance of
sewers/!

Any question plz????
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Example: ~1 Finding out population density based on Floor Space Index method

1. Awell-planned city has following areas earmarked for its development in the planning
stage: Roads- 20%; Gardens- 15%; Schools — 5%; markets and Commerical places —
2%; Hospital and medical facilities — 2% and rest is residential area. The Floor Space
Index (FSI) for the city is fixed at 2. If the floor area is 9 sqgm/ person, find out the
projected population density of the city in numbers/ hecatare.

Solution:

Residential Area (%) = 100 — (20+15+5+2+2) = 56
Actual Floor Area = Area of the land X FSI
Population that can reside in the area = Actual Floor area / Area required by a person
= 0.56*2/9 persons/m?
Population density (numbers / hectare) = (0.56*2*1000)/9
= 1244

(-




4 N

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

Example:-~2

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
s Estimation of sewage quantity
v Considering 80% of the water supplied will result in wastewater generation,
the quantity of sanitary sewage = 50000 x 135 x 0.80/1000 = 5400 m3/day = 0.0625m3/sec
v Considering peak factor of 2.5, the design Q for sanitary sewage = 0.0625 x 2.5 = 0.156 m3/sec
ssEstimation 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.LA/360
= 0.6 x 20 x 100/(360) = 3.33 m®/sec

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

(-, y




-,

2. The catchment area is 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 systems and combined system.




e

Solution for #2

s Estimation of sanitary sewqge quantity
Considering 80% of the water supplied will result in wastewater generation,
the quantity of sanitary sewage = 350 x 300 x 200 x 0.80/1000

= 16800 m3/day
= 0.194 m3/sec

Considering peak factor of 2.5,the design discharge for

sanitary sewage = 0.194 x 2.5 = 0.486 m3/sec
¢ Estimation of sform water discharge
Intensity of rainfall, I = 33 mm/h
C=09x0.15+0.8x0.15+0.15x0.25+0.4x0.2+0.1x0.15+0.5x0.1 =0.4375
Hence, storm water runoff, Q = C.1.A/360
=0.4375 x 33 x 300/(360) = 12.03 m3/sec
Therefore, design discharge for combined sewer = 12.03 + 0.486 = 12.516 m3/sec

o
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Solution:-
*Flow time in sewer from MH 1 = MH 2
= (120m)/ (0.6 m/s) (60 s/ min) = 3.3 min

*Flow time in sewer from MH 2 = MH 3
= (180 m)/ (0.6 m/s) (60 s/ min) = 5.0 min

Time of concentration from remote points of 3 separate arecas to MH 3: Area
1: 5.0+ 3.3+ 5.0 = 13.3min
Area 2: 5.0 + 3.3 = 8.3 min
Area 3: 8.0 min (inlet time only)

s*Max. time conc. = Duration of rainfall = 13.3 min
[ = 110 mm/hr. for 5 year frequency

Sum of CAvalues=0.3(1.2+24+ 1.8) =1.62

Q=10x110x1.62 = 1782 m3/hr.




e

Example:~ 3

1. Atrunk sewer is to be sized for a 25 km2 (2,500 ha) city. It will be 60% residential,

30% commercial, and 10% industrial. The residential area will have 40% large lots,
55% small lots, single - family and 5% multistory apartments. The average domestic
wastewater flow rate is 800 L/d/capita (9.26x10-¢ m3/sec/person), the average
commercial flow rate is 25,000 L/D/ha (2.89x10-4m3/sec/ha), and the average
industrial flow rate is 40,000 L/d/ha (4.63x10-4m3/sec/ha). | & 1'is 1,000 L/d/ha for
the entire area. Estimate the peak and minimum flows to be handled by the trunk

sewer. The saturation densities for the residential areas are given in the table:

Density
Type of area (persons/ha)
Large lots 5—7
Small lots, single-family 75
Small lots, two-family 125
Multistory apartments 2,500

Source: American Concrete Pipe Association (1981).
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Solution:

Step 1:~ The residential area will be 60% of 2,500 ha = 1,500 ha. The flow rates
for each residential area will be:

Type Area (ha) Density Population Flow (m®/s)
(person/ha)

Large lots 0.40*1500 = 600 6 600*6 = 3,600 9.26*10%*3600
=0.03

Small lots, 0.55*1500 = 825 75 825*75 =61, 875 0.26*10%*61,875

single family =0.57

Multistory 0.05*1500 =75 2,500 75*2.500 = 187,500 | 9.26*10%*187,500

apartments =1.74

Total 252975 2.34

(-,

Step 2:~ The commercial area will be 30% of 2,500 ha, 0.3*2,500 = 750 ha, with a
flow rate of 2.89x10-4m3/sec/ha, the average flow for commercial arcas will
therefore be
= 2.89x10-4 m3/sec/ha *750 ha
= 0.22m3/sec.




Step 3:~ The industrial area covers 10% of 2,500 ha then, 0.1*2,500 = 250 ha,
with a flow rate of 4.63x10-4m3/sec/ha, the average flow for industrial
areas will therefore be

= 4.63x10-*m3/sec/ha *250 ha
= 0.12 m3/sec.
Step 4:~ The Inflow & Infiltration (I & I) for the entire area is:
(1,000 L/ha)*(2500 ha) = 2.5x10¢L/day = 0.03m3/sec
< The total city flow, excluding 1&I, will therefore be:
2.34 + 0.22+ 0.12 = 2.68 m3/sec.

< The total city population will be 252,975 (or 252.975 thousands of
people).

Step 5:- The peak and minimum flow rates can therefore be estimated:
Q pear/ Q oy = 5.5/ P%1® =20, and Q ;,/Q ,, = 0.2°P ¢ = 0.48 then,

< The peak flow is therefore estimated to be, = 2.0 (2.68 m3/sec) + 0.03 m3/sec

= 5.39 m3/sec
< The minimum flow is estimated to be, = 0.48 (2.68 m3/sec) + 0.03 m3/sec

e = 1.32 m3/sec
\ /




Example :4

1. Calculate the velocity of flow and corresponding discharge in a sewer of
circular section having diameter equal to 1 m, laid at a slope of 1 in 500.
Sewer runs at a depth of 0.6 depth. Use Manning’sn = 0.012

Solution:~
When sewer runs full
Q=AV=(8.14) (13)/4) x(1/0.012) x(1/4) 2/3x (1/500) *

= 1.162 m53/s
V =1((1/0.012)) x(1/4) 2/3x (1/500) = 1.479 m/s
When sewer runs partially full (d/D = 0.6)
From table when d/D = 0.6; q/Q =0.671,v/V =1.072
So, q=0.671(1.162) =0.78 m3/s, and

@ v=1.072 ( 1.479) — 1.586111/8
N,




4 N

2. A town has a population of 100,000 persons with a per capita water supply of 200 L/d.
Design a sewer running 0.7 times full at maximum discharge. Take Manning’s n=
0.013 at all depths of flows. The sewer is to be laid at a slope of 1 in 500. Take a peak
factor of 3.

Solution:-~

Average sewage flow =(100000)*(200)*(0.8)/(24x3600x100)
=0.185 m3/s.

Peak flow = (3)*(0.185) = 0.555 m3/s, This is q at 0.7 depth;

Now from table for d/D = 0.7, q/Qis 0.85 and v/Vis 1.12

So, Q = 0.555/0.85 = 0.6536 m3/s

When sewer runs full

Then Q = AV =0.6536 = (3.14) (D?)/4 (1/0.013) (D/4) 2/3(1/500) "
0.6536 = 1.052 D 8/3

Solving for D

@ D =0.836 m Y.




Contd.

V=Q/A=0.6536/ (3.14x 0.836x0.836/4) = 1.19m/s
So, v at 0.7 depth shall be

1.12(V) = 1.12(1.19) = 1.33 m/s ok (1.0~-1.6)

gmin = 1/3 of average flow = 0.185/3 = 0.0617 m3/s
aqmin/Q = 0.0617/0.6536 = 0.0944

For gmin/Q = 0.0944;d/D = 0.21 and vmin/V = 0.625

(-

So, vimin = 0.625 (1.19) = 0.744m/s which is more than 0.6 m/s ....

ok




Part ll:- Wastewater Treatment

Course Objectives
At the end of this specific part students will be able :

< To describe basic methods for industrial and
municipal wastewater treatment and the

process involved

< To formulate the design of wastewater treatment

facilities.



Outlines for Part 11

I. Introduction
**General about wastewater treatment
“*Objectives of wastewater treatment
“*Wastewater treatment standards
2. Characteristics of wastewater
*Physical, chemical and bacteriological characteristics of waste
water
“*Measurement of concentration of contaminants in
wastewater
***Mathematical model for the BOD curve



Outlines for Part 11

3. Wastewater treatment methods
“*Preliminary wastewater treatment
“*Primary wastewater treatment

4. Biological wastewater treatment
“*Microorganisms and their role in wastewater treatment

“*Types of biological process for wastewater treatment
5. Tertiary wastewater treatment
6. Woastewater effluent disposal techniques

“*Land disposal and treatment
“*Disposal by dilution and oxygen sag curve



Part 1l
Lecture 1

Introduction to wastewater
treatment



General About WWT

What is Wastewater? ~— p—r

v'"Wastewater is used water!
v'"Water that has been used and
contains domestic, industrial,
institutional and commercial waste
products is called wastewater.

What is wastewater treatment?

» Removing contaminants or
pollutants from wastewater.

-".-:':-j"qf-'-i" e

Fig. |.1. Improperly disposed ww.



General About WWT

Some contaminants in WW.

a) Suspended solids: lead to the development of sludge deposits and
anaerobic conditions

b) Pathogens: cause diseases
c) Nutrients: essential for growth (N, P, K,...)

d) Refractory organics: oppose conventional methods of wastewater
treatment.

e) Heavy metals :may have to be removed if the wastewater is to be
reused

f) Dissolved inorganic solids (calcium, sodium, and sulfate): may
have to be removed if the wastewater is to be reused

g) Organic matters
*Therefore, Wastewater should be collected and treated before its ultimate disposal
in order to :
» Reduce spread of communicable diseases

» Prevent surface and ground water pollution.



General About WWT

 The wastewater can be broadly divided into two
categories:

1. Biodegradable wastewater:

\/
000

\/
000

\/
000

The wastes in general have a predominance of
biodegradable organic matter

The stabilization of organic matter is accomplished
biologically using a variety of microorganisms.

Based on bacterial relationship to oxygen the micro-
organisms can be:

a) obligate aerobes: utilise oxygen
b) obligate anaerobes: without oxygen

c) facultative anaerobes: utilise oxygéne if présent and not
if not present

d) denitrifiers



General About WWT

2. Non-biodegradable wastewater

The wastewater are rich in non-biodegradable matter
consisting of solids and liquids in suspended or
dissolved form, including various inorganic and

organic, many of which may be highly toxic.



General About WWT

<« Methods of treatment in which the application of

physical forces dominates are called unit operation

< Methods of treatment in which chemical or biological

activity involved are known as unit process.

<+« WWT applies any of this operations, processes or

combination of both.

<+ WWT is the combination of physical, chemical and

biological processes.



Objectives of WWT

. Removal of pollutants, the protection and

preservation of our natural resources

. Protection of human health by the
destruction of pathogenic organisms prior to
treated effluent being discharged to receiving

water bodies and land.



Wastewater Treatment Standards

<+ Environmental standards are developed to ensure that
the impacts of treated wastewater discharges into
receiving waters are acceptable.

Effluents from different establishments should be:

1.

Free from materials and heat which are harmful to human,
animal, aquatic life.

Free from anything that will settle in receiving waters
forming putrescence

Free from floating debris, oil, scum and other materials;

Free from materials and heat that produce color, turbidity,
taste or odor

Free from nutrients in concentrations that create nuisance
growths of aquatic weeds or algae in the receiving waters.



Part 1l
Lecture 2

CHARACTERISTICS OF WASTEWATER



775 Physical, Chemical and Bacteriological
Characteristic of Wastewater
Physical Characteristics

Turbidity , color, odor, temperature, solids
Chemical Characteristics

pH, Chloride Contents, Nitrogen compounds, Phosphorus,

Dissolved Oxygen (DO), Bio-Chemical Oxygen Demand
(BOD), Chemical Oxygen Demand (COD)

Biological Characteristics



(L) Physical Characteri<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>