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ective of course:
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~— Llntroduction

What is Water supply engineering?

@ |t’s the branch of civil engineering deals with the development
(designing, planning and construction of elements of water supply
system.

@A water supply system is a system for the collection, transmission,
treatment, storage and distribution of water from source to
consumers, for example, homes, commercial establishments,
industry, irrigation facilities and public agencies for water related
activities (fire-fighting, street flushing).
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“~ Type of Water Supply system

a. Continuous

@ |n this system, there is continuous water supply (for 24 hours).
This 1s possible where adequate quantity of water is available.

* The major advantage of such system is that due to continuous
water supply, water remains fresh and rusting of pipes will be low.
However, losses of water will be more in case of any leakage.
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b. Intermittent

@ |n such system, supply of water is either done in whole village/town for
fixed hours or supply of water is divided into zones and each zone is
supplied with water for fixed hours in a day or as per specified day.

@ Such system is followed when there is low water availability, however, in
certain cases, wastage of water is more due to tendency of community for
storing higher amount of water than required.

@ |n such system, pipelines are likely to rust faster due to wetting and
drying. However, maintenance can be easily done during no-supply hours.
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Protected water supply means the supply of water that is treated to
remove the impurities and made safe to public health. Water may be
polluted by physical and bacterial agents.

Components of a protected water supply scheme
*Source of water

@ ntake structure
@ Treatment plant
@ Distribution System
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The objective of protected water supply scheme are

@~ To supply save and whole some water to consumers

@~ To supply water in sufficient quantities

@~ To supply water at convenient points and timings

@~ To supply water at reasonable cost to the users

@~ To encourage personal and house hold cleanliness of users



~— What is urban dW

@ Drainage is the process of water or waste liquids flowing away from somewhere into
the ground or down pipes. In the case of urban drainage, “somewhere” is the urban
environment, mainly constituted of roads, houses and green spaces.

@ [Urban drainage may be used to describe the process of collecting and transporting
wastewater, rainwater/storm water or a combination of both.

@ Drainage systems are needed in developed urhan areas because of the interaction
between human activity and the natural water cycle.

@ This inter-action has two main forms: the abstraction of water from the natural cycle to
provide a water supply for human life, and the covering of land with impermeable
surfaces that divert rainwater away from the local natural system of drainage. These two
types of interaction give rise to two types of water that require drainage.



o The first type, wastewater, is water that has been supplied to support life, maintain a

—

standard of living and satisfy the needs of industry.

@ The second type of water requiring drainage, storm water, is rainwater (or water

resulting from any form of precipitation) that has fallen on a built-up area.

@ [rban drainage systems handle these two types of water with the aim of minimizing the

problems caused to human life and the environment
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/Z.Population forecasting

@ Design Period

@ Population forecasting

@ Methods of population forecasting

@ Factors affecting population growth
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/Design Period

Design Period: - is the no of years for which the designs of the water
works have been done. It should neither be too short or too long,
mostly water works are designed for design period of 22 — 30 years.
Factor, which should be kept in view while fixing the design period:

o fyund

@~ The life of the material used in project (pipes, structural materials )
@ Anticipated expansion of the town

@ The rate of interest on the loan taken
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~ Population forecasting

@ After the design period is fixed the next step is to determine the
population in various periods,

Factors affecting changes in population are:
@ increase due to births

@~ decrease due to deaths

@ increase/ decrease due to migration

<@ increase due to annexation.
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—— Methods of population forecasting

1. Arithmetical increase method

Geometrical increase methoc

Incremental increase method
Decreasing rate method
Logistic Curve method
Simple graphical method

Master plan method
CSA method
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1 Arithmetical increase method

@ This method is based on the assumption that the population is increasing at a constant
rate. The rate of change of population with time is constant. The population after ‘0’
decades can be determined by the formula.

Pn=Po+n™*C
where
Pn — population at indicates in the future
P o— population at present
n— No. of decades
C— Constant determined by the average of increase of n’ decades

@ This method is generally applicable to a large and old city.
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Example-1 Predict the population for the year 2021,2031,and 2041 from the following population data
using arithmetical increase method.

Year 1961 1971 1981 1991 2001 2011

Population 858548 1015672 1201553 1691538 2077820 | 2585862

Solution
Pn=Po +n™(C
n=1,23
Po=2,585,862
C=?
P2021=?  P2031=? P2041="




ﬂ Population Increase in population
1961 | 858545
1971 | 1015672 Cl=P@1971-P@1961 157127
1981 | 1201553 C2=P@1981-P@1971 185881
1991 | 1691538 C3=P@1991-P@1981 489985
2001 | 2077820 C4=P@2001-P@1991 386282
2011 | 2585862 C5=P@2011-P@2001 508042

Average Increase (C)=(C1+C2+C3+C4+C5)/5 345463

P=Po + n*C, P0=2585862,C=345,463

2021 n=1 |P2021=2585862+1*345,463 2931325
2031 n=2 |P2031=2585862+2*345,463 3276789
2041 n=3 |P2041=2585862+3*345,463 3622252
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U
" ii. Geometrical increase method.

@ This method is based on the assumption the percentage increase in population from
decade to decade remains constant. If the present population is p and average
percentage growth is IG, the population at the end of n decade will be:

Pn=Po*(1+1G)"n
where
Pn — population at indicates in the future
P o— population at present
IG — Geometric mean(%)

n— No. of decades

@ This method is mostly applicable for growing towns and cities having vast
scope of expansion.
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m Forecast the population of example 1 by using geometrical increase
method.

Solution
Pn=Po*(1+IG)"™n
n=1,23
Po=2,585,862
1G=?

P2021="
P2031=?
P2041="
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Year | Population Increase in population Percentage Iincrease in popn

1961 858545

1971 | 1015672 Cl= 157127 IG1=(C1/P@1961)*100 18.30

1981 | 1201553 C2= 185881 1G2=(C2/P@1971)*100 18.30

1991 | 1691538 C3= 489985 1G3=(C3/P@1981)*100 | 40.78

2001 | 2077820 Cd-= 386282 1G4=(C4/P@1991)*100 22.84

2011 | 2585862 Ch= 508042 G5=(C5/P@2001)*100 24.45
C 345463 G 25%

Pn=Po*(1+1G/100)*n Po=2585862, 1G=25%

2021 =1 |P2021=2585862*(1+25/100)* 3232328

2031 =2 |P2031=2585862*(1+25/100)"2 4040409

2041 =3 |P2041=2585862*(1+25/100)"3 5050512
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iii, INCREMENTAL INCREASE METHOD

@ This method is modification of arithmetical increase method and it is suitable for an
average size town under normal condition where the growth rate is found to be in
increasing order.

o While adopting this method the increase in increment is considered for calculating
future population.

@ The incremental increase is determined for each decade from the past population and
the average value is added to the present population along with the average rate of
Increase.

@ Hence, population after nth decade is
Pn=P+n*C+ {n* (n+1)/2}*Y

Where, Pn = Population after nth decade C = Average increase Y = Incremental increase
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Example 3: Forecast the population of example 1 by using Incremental
Increase Method.

Solution
Pn =Po+ n*C + {n* (n+1)/2}*Y

n=123

Po=2,585,862

Y=?

P2021="

P2031="

P2041="




creamental Increase

Year | Population Increase In population Population

1961 | 858545

1971 | 1015672 C1=P@1971-P@1961 157127

1981 | 1201553 C2=P@1981-P@1971 185881 |Y1=C2-C1 28754
1991 | 1691538 C3=P@1991-P@1981 489985  |Y2=C3-C2 304104
2001 | 2077820 C4=P@2001-P@1991 386282 |Y3=C4-C3 103703
2011 | 2585862 C5=P@2011-P@2001 508042 |Y4=C5-C4 121760

Average Increase (C)=(C1+C2+C3+C4+C5)5 345463

Y=(YLHY2+Y34Y4)4 | 87729

P=Po+CHn+(n*(n+L)12)*Y) Po=258862,C=345463,Y=87729

001 | n=l | P2021=2585860+ LCH(LH(L+I)*8TT29) | 3019054
031 | ne2 | P2031=0585860+ 24 CH X+ 1)2)8TT9) | 3539975
ML | n=3 | P2041=2585860+3¢CH(BHQ+IMETIY) | 4148625
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~ iv Decreasing rate method

@~ |n this method, the average decrease in the percentage increase is worked
out and 1is then subtracted from the latest percentage increase for each
successive decades

@ This method is applicable to average size cities growing under normal
condition.

Pn=Po™(1+NG/100)"n

NG=Net Percentage increase in population
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Example 4: Forecast the population of example 1 by using Decreasing rate
method.

Solution
Pn=Po*(1+NG/100)"n

n=1,2,3

Po=2,585,862

NG=?

P2021="

P2031=7

P2041="
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Decreasing in thig Prcentage
Year | Population Increase in population Percentage increase inpopn {Increase Net Percentage increase in population
196 | 856545
1970 | 1015672 (1= 7121 | IGI=CLP@1%6L) 00| 1830
1980 | 1200553 (2= 105881 [ 1G2=(C2P@LOTLM00| 1830 IGL-IG2 0.0
1991 | 169153 (3 0098 | IC3-(C3P@1%BLII00| 4078  IG-IG3 2048 NG@2021=24.45(GH)-(-Lo4) 2
ML | 207760 = 06282 | IG4=(CAP@ILM00| 2284  1G3-IG4 0y ING@23L=26-(-LoA) 2153
000 | 2585862 o= 506042 | IGH=(COP@20Lr00| 2445 IGA-IGH 160 ING@20A=2T5-(-154) 29,6
C 345463 |G 2% Average % 1
Pn=Po*(1+NG/100)*n
000 | NG=2o | Po=2585662 | 3258166
B3L [ NG=2753 | Po=32818 | 4155165
241 [ NG=29.06 | Po=AL55165 | 5295567
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~ "V CRAPHICAL METHOD

@ [n this method the census populations of cities already developed under similar
conditions are plotted.

@ The curve of past population of the city under consideration is plotted on the same
graph.

@ The curve is extended carefully by comparing with the population curve of some similar
cities having the similar condition of growth.

@ The advantage of this method is that the future population can be predicted from the
present population even in the absent of some of the past census report.

@ The use of this method is explained by a suitable example given below.
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mm the population of a new city X be given for decades 1970, 1980, 1990 and 2000
were 32,000; 38,000; 43,000 and 50,000, respectively. The cities A, B, C and D were developed
in similar conditions as that of city X. It is required to estimate the population of the city X in the
years 2010 and 2020. The population of cities A, B, C and D of different decades were given
below:

(i) City A was 50,000; 62,000; 72,000 and 87,000 in 1960, 1972, 1980 and 1990,

respectively.

(i) City B was 50,000; 58,000; 69,000 and 76,000 in 1962, 1970, 1981 and 1988,

respectively.

(i) City C was 50,000; 56,500; 64,000 and 70,000 in 1964, 1970, 1980 and 1988,

respectively.

(iv) City D was 50,000; 54,000; 58,000 and 62,000 in 1961, 1973, 1982 and 1989,

respectively.
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@ Population curves for the cities A, B, C, D and X were plotted. Then an average mean
curve is also plotted by dotted line as shown in the figure.

@ The population curve X is extended beyond 50,000 matching with the dotted mean
curve. From the curve the populations obtained for city X are 58,000 and 68,000 in

year 2010 and 2020.
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vi Logistic curve method

@ This method is used when the growth rate of population due to births, deaths and migrations
takes place under normal situation and it is not subjected to any extraordinary changes like
epidemic, war, earth quake or any natural disaster etc.

@it is assumed that the plot of population versus time, under normal condition gives § shaped
curve. A logistic projection can be based on the equation:

P
P_ S

1+ mloge *(nt)

Where Ps = Saturation population
Po = Population at starting point

P = Population at any time t from the starting point
m — Ps—Po
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@ Taking three points from the range of census population data at equal time
ntervals (t; Py), (t, P,) and (t; P;)
Where tz = tl +At, t3 = tz +At
- 2pop1P2 — P1°(Po + P2)

DoP2 — P1°
Po(Ps — pl)

Ps

2.3
n = TloglO (

P1 (ps — Do
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ample-6 The population of a city in three consecutive years ie. 1991, 2001 and 2011 is
80,000; 250,000 and 480,000, respectively. Determine

(a) The saturation population,
(b) The equation of logistic curve,

(c) The expected population in 2021and 2031.

Solution

It is given that
P0 = 80,000 to=10
P1=250,000 t1 =10 years
P2 = 480,000 t2 = 20 years

The saturation population can be calculated by using equation



/ P _ ZP{]P:[PE —Pi? (Pﬂ + ng \\/

i PyP, —P?

2x80,000x 2,50,000 x £,80,000—2,50,000 x 2,50,000 % {280,000 + 4,830,000
80,000 x4.80,000 —Z.50,000 x Z,50,000

= 655,602
) Ps—pP0 655,602—80,000  _ i
We have m = = = T7.195
Fo B0,000
2.3 Po{Fs—FP1)
n = log o
L] Py (Ps —Pgp)
2.?:-' rBFl:I.l:I'E"EII:'EhSE.E{.'IE—E.SCI.I:I'EI'D::
= —_— |,
10 OB Ighsu,nu-:-fﬁss.ﬁ.cuz —-80,000)

FPopulation iy 2002271

P = F§

1+ Tmeloga? (7.t

&.55.602

1+ 7.195 |-:-|:=_;L (—. 1482 x 30)

5. 55,.602E

- I+ T ilos=0D.0117F 605,436
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vl Method used by Etlnoplans statlstlc Authority
2, =D,

Where,  Pn = population at n decades or years
Po = mitial population
n = decade or year
k = growth rate in percentage
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Factors atfecting population growth

 Economic factors : - New industries,
discovery of oil or minerals.

p———

* Development programmes: - of national
importance such as river valley project.

» Social facilities: -Educational, medical and
| recreational facilities.

« Communication links: - Connectivity of
the town with other cities and mandies
(Markets) of agro products
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 Tourism: - Tourists facilities, religious
places and historical buildings.

« Community life: - Living habits, social
customs and general education in the
community.

- Unforeseen factors: - Earthquakes,
Floods; Epidemics, Frequent famines etc.



Assignment-1 e

m different methods of population forecasting.
2)  The population of a town as per the senses records are given below.
Find out the population in the year 2021,2026,2031 and 2035 by
(a) arithmetical (b) geometric (c) incremental increase methods

(d) Decreasing rate method

Year 1971 1981 1991 2001 2011
Population 84000 115000 | 160000 205000 250000

3) In three consecutive decades the population of a town is 40,000; 100,000 and 130,000
Determine;

(a) Saturation population;
(b) Equation for logistic curve;
(c)Expected population in next decade.
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“~ 3.Water Demands
@ [ntroduction
@ Various Types Of Water Demands
@~ Per (apita Demand
@ [actors Affecting Water Demand

@~ Variations In Demand
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~ " Introduction

@ The estimated water supply coverage for Ethiopia is 85% for rural and 75% for urban and the
country’s water supply coverage 83% according to WASH MDG progress report.

@ Access to water-supply services is defined as the availability of at least 20 Liters per person
per day from an "improved" source within 1 kilometer of the user's dwelling.

@ the design of any water work projects it is necessary to estimate the amount of water that is
required. This is called water demand

@ This water demand estimation involves:
v The per capita water consumption
v The determination of people who will be served
v Analysis of the factors that may operate to affect consumption

@ per capita water demand in liters per capita per day (I/c/d), is the amount of water (I, m3,..)
consumed by one person in one day.

@ Total consumption of a town will be:
= per capita water demand * population * some factors
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~— VARIOUS TYPES OF WATER DEMANDS

@ While designing the water supply scheme for a town or city, it is necessary to determine
the total quantity of a water required for various purposes by the city. There are
different types of water demand. The demand for various purposes is divided under the
following categories:

- Domestic

@~ (Commercial & institutional
@ Public

@ Industrial

@ fire fighting

@ | 0ss and waste



Memandz- is the water required for; |

v'Drinking, Cooking, Bathing (shower)Hand and face washing, Household sanitation purpose,
Washing clothes, floors, etc. Private gardening, Domestic animals, Private Vehicles washing.

< (Commercial and institutional:- is the water required for ;
v'School, hospital, health center, government office service religious institutions and other public
facilities is classified as institutional water demand.
v'Whereas the water reached for restaurant, shopping centers, hotels, local drinks and other
commercial purpose is classified as commercial water demand.
v'This consumption includes water used for commercial buildings & commercial centers including
stores, hotels, shopping centers, cinema houses, restaurants, bars, airports &bus stations etc.

@ Public Use : - is the Quantity of water required for ;
public utility purposes such as for washing and sprinkling on roads, cleaning of sewers, watering of
public parks, gardens, public fountains etc. comes under public demand.
To meet the water demand for public use, provision of 5% of the total consumption is made
designing the water works for a city.




" @ [ndustrial demand: - is the water required by factories.

v'The amount of water is depend upon the type of industry in the city. Paper mills, textile mills,
breweries, sugar mills, steel mills, leather mills, fertilizer mills, etc.

@ Fire fighting:- this is water required for fighting fire breakout.

@~ Losses and Waste/Un-accounted for water is due to:-

All the water, which goes in the distribution, pipes does not reach the consumers. The following are the
reasons
v’Losses due to defective pipe joints, cracked and broken pipes, faulty valves and fittings.

v'Losses due to, consumers keep open their taps of public taps even when they are not using the
water and allow the continuous wastage of water

v Losses due to unauthorized and illegal connections

v'While estimating the total quantity of water of a town; allowance of 15%-20% of total quantity of
water is made to compensate for losses, thefts and wastage of water
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Per Capita Demand

@ [n community, water is used for various purposes as described above.

@ For the purpose of estimation of total requirements of water, the demand is calculated
on an average basic, which is expressed as so many litres/capita/day.

o |f () is the total quantity of water required by a town per year in litres, and the
population of the town is P. the per capita demand will be.

Q .
YT Litres/day

@ The per capita demand of the town depends on various factors and will be according
to the living standard of the public and the number and type of the commercial places
in the town etc.

Per capital demand=
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/Factors Affecting Water Demand

@~ The following are the main factors affecting for capita demand of the city or town.

a)

b)

d)

(limatic conditions : The quantity of water required in hotter and dry places is more than cold
countries because of the use of air coolers, air conditioners, sprinkling of water in lawns, gardens,
courtyards, washing of rooms, more washing of clothes and bathing etc.

Size of community : Water demand is more with increase of size of town because more water is
required in street washing, running of sewers, maintenance of parks and gardens.

Living standard of the people : The per capita demand of the town increases with the standard of
living of the people because of the use of air conditioners, room coolers, maintenance of lawns, use
of flush, latrines and automatic home appliances etc.

Industrial and commercial activities : As the quantity of water required in certain industries is much
more than domestic demand, their presence in the town will enormously increase per capita demand
of the town. As a matter of the fact the water required by the industries has no direct link with the
population of the town.
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)

g)

Pressure in the distribution system: The rate of water consumption increase in the pressure
of the building and even with the required pressure at the farthest point, the consumption of water
will automatically increase. This increase in the quantity is firstly due to use of water freely by the

people as compared when they get it scarcely and more water loss due to leakage, wastage and
thefts etc.

System of sanitation: Per capita demand of the towns having water carriage system will be
more than the town where this system is not being used.

Cost of water: The cost of water directly affects its demand. If the cost of water is more, less
quantity of water will be used by the people as compared when the cost is low.
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" VARIATIONS IN DEMAND

@ The water demand varies from season to season, day to day, even
hour to hour.

v"Seasonal variation; high in hot season and less in cold season.
v/ Daily variation: high during holidays, Saturday, Sundays.

v’ Hourly variation: high in morning, launch time, evening.



“~ Water demand factors

Average Water Demand

v' The average day demand is taken to be the sum of the demands of domestic, non domestic and Non

Revenue Water (NRW)).

v’ The average water demand represents the daily demand of the town averaged over the year

Maximum Day
v" is the highest demand of any one 24-hour period over any specified year.
v” The daily water demand changes with the season and days of the week.

v” The ratio of the maximum daily consumption to the mean daily consumption is called the maximum day
factor and usually varies between 1.0 and 1.3.

v" The maximum day demand is used for calculations such as source pumping requirements.



Peak Hour e

~v1t is the highest demand of any one-hour over the peak day.

v" Such an event is likely to happen during morning hours when most people use water for bathing,
washing utensils and cooking. Moreover, it could also occur at the end of the day when people need
water for the same purpose after working hours.

v" The peak hour water demand is greatly influenced by the size of the town, mode of service used and
social activity pattern.

v” The ratio of the peak hour demand to the maximum day demand is called peak hour factor

Population Maximum Day Peak Hour Factor Remarks
Factor
0 t0 20,000 1.30 2.00 Small Towns
20,001 to 50,000 [.2) 1.9 Moderate Towns
50,001 to 100,000 [.20 1.8 Large Towns
100,001 and above 1.20 1.6 Large Towns

Source: Design Criteria by MoWR
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Estimation of Total Water Demand For
A Town Or City
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/Adjustment for climate

@ |n order to account for changes in climate which affect the water demand, the values
of the average per capita domestic water demand established above should be factored
for climatic changes using the Ministry of Water Resources’ climate factors guidelines
shown n the table below.

Group Mean annual Factor
Precipitation (mm)

A 600 or less 1.10

B 601 - 900 1.05

C 901 or more 1.00




@~ These factors are applied for all the domestic demand values above.

~— Adjustment due to socio-economic conditions

@ To accommodate the changes due to the potential for growth, the following
recommended socio-economic factors are used.

Group Description Factor

A Towns enjoying high living standards and 1.10
with very high potential development

B Towns having a very high potential for 1.05
development but lower living standards at
present

C Towns under normal Ethiopian conditions 1.00

D Advanced rural towns 0.95
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@~ Theses figures are taken from the cost effective design report of the Ministry of Water

Resources.

@~ These factors are applied on the Average Day Demand to get the Maximum Day Demand
and Peak Hourly Demand.

Population Maximum Day Peak Hour Factor Remarks
Factor
0 to 20,000 1.30 2.00 Small Towns
20,001 to 50,000 [.2) 1.9 Moderate Towns
50,001 to 100,000 1.20 1.8 Large Towns
100,001 and above 1.20 1.6 Large Towns

Source: Design Criteria by MoWR
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o 2010 2012 2015 2017 2020 2022 2027
Descriptions
Population 42,201 46,203 52,929 57,706 65,690 71,275 87,404
Connection
Profiles (20)
HC 8.00%6 10.0026 | 12.002%6 | 13.5026 | 15.0026 | 16.00%6 18.00%
Y CO
40%6 4596 50%6 55.00%6 60%6 6526 70%6
YCS
229% 19.00%26 | 18.0026 | 16.5026 | 15.002%6 | 10.00%6 5.00%%6
PT
20.00% 18.00%6 17%b6 13.50% | 10.002%6 99%6 7.00%6
Un-Served 10%b6 8.00% 3%6 1.50%6 0% 0% 0%
Population Served
HC 3,376 4,620 6,351 7,790 9,854 11,404 15,733
Y CO 16,880 20,791 26,465 31,738 39,414 46,329 61,183
YCS 9,284 8,779 9,527 9,521 9,854 7,128 4,370
PT 8,440 8,317 8,998 7,790 6,569 6,415 6,118
Unserved 4,220 3,696 1,588 866 (0] (0] (0]
Demand by
Connection Profile
in I/c/d
HC 35 40 50 55 60 65 e
Y CO 20 22 25 26 27 28 3
YCS 20 20 23 24 25 25 >
PT 18 20 22 23 24 25 >
Demand in m3/day
under each
connection profile
HC 118.16 184.81 317.57 428.47 591.21 741.26 1,101.3
Y CO 1,064.1 1,297.2
337.61 457.41 661.61 825.20 8 1 1,835.4
YCS 185.68 175.57 219.13 228.52 246.34 178.19 118.00
PT 151.92 166.33 197.95 179.18 157.66 160.37 165.19
Total bomestic 139062 | 16613 | 20803 | 2377.0
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Exercise

1) What are the domestic needs of water?

2) Mention the reasons for losses and wastage of water.

3) Name the different types of seasonal variations.

4) Explain the various types of water demands.

5) Discuss the various factors affecting the per capita demand.
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4. SOURCE WATER SUPPLY
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~—— TYPHS OF WATER SOURCES

Sources of water supply schemes can conveniently be classified as:

1)  Rain: harvesting rain water from different catchment
2)  Surface water: Rivers, Lakes, Pond, Sea water, Impounding reservoirs, Wastewater reclamation

3)  Underground sources

Springs

+%» Depression springs

+% Contact springs

+%» Artesian springs
Wells

+%» Shallow wells

%*Deep wells

++ Infiliration galleries

+%+ Infiltration wells



- Surface water e

v River or steam : It is formed by the runoff in the mountain & hill areas. Some rivers are perennial (water available
through out the year) and some are non perennial (water available in raining season only).

v" Perennial River should always be selected for the scheme. Incase of non perennial rivers, the weir or low dam may
be constructed to form a storage reservoir.  The streams are suitable for small water supply scheme.

v" Pond or Lake : It is natural or artificial depressions where surface runoff is collected in rainy season.

v" Impounding reservoirs: Are artificial lakes formed by the construction of dams across a valley. This sources is always
preferred for large water supply projects.

v" Wastewater reclamation: Sewage or other waste water may be used as source of water for cooling, flushing water closets
(WCS), watering lawns, parks, etc. for fire fighting and for certain industrial purposes after giving the necessary treatment

to suit the nature of the use.
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///Underground sources
1.  Springs: When the under ground water reappears at the ground surface by under ground pressure.

1. Depression spring: is a spring formed when the ground surface intersects with the water table.

o. Contact spring: When due to an obstruction ground water is collected in the form of a reservoir

and forces the water to overflow at the surfaces

Surface Sprin
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i, Artesian spring: is a spring that results from the release of water under pressure from
confined water bearing formation either through a fault or fissure reaching the ground

surface.

e ltis also known as fracture spring

Artes |an Spring
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2. Wells:

o Are artificial holes or pits vertically excavated for bringing ground water to

the surface.

i.  Shallow wells: may be large diameter hand dug wells (diameter 1-4m) and depth
<20m. Or machine drilled wells of small diameter (diameter 8-60cm) and depth
<60m.

i. ~ Deep wells: are most large, deep, high-capacity wells constructed by drilling rig.

= Construction can be accomplished by cable tool method or rotary method.
= Drilling rigs are capable of drilling wells 8 to 60cm in diameter and depth < 600m.

ii. [nfiltration Gallery: is a horizontal or nearly horizontal tunnel which is constructed

through water bearing strata.
= |t is sometimes referred as horizontal well.
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Infiltration wells: are shallow wells constructed under the beds of rivers.
They are suitable where there are deposits of sand and porous material at
least 3m deep in river bed.

{l&chatg. Pipe
-




\_/
Source selection criteria's

«<The choice of water supply source depends on the following

factories:

A. Location: The sources of water should be as near as to the town as
possible.

B. (Juantity of water: the source of water should have sufficient quantity of
water to meet up all the water demand through out the design period.

C. (uality of water: The quality of water should be good which can be
easily and cheaply treated.

D. Cost: The cost of the units of the water supply schemes should be
minimum.



—Source selection criteria's:-

A. Surface water sources

v" Safe water yield during the drought years
v" Urbanization and land development in the watershed

v’ Proposed impoundments on tributaries

v" Water quality
v" Assessment of reliability

v" Requirements for construction of water supply system components
v’ Economics of the project

v Environmental impacts of the project

v’ Water rights
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B. Ground water sources

v/ Aquifer characteristics (depth, geology)
v Safe aquifer yield

v Permissible drawdown

v’ Water quality
v Source of contamination(gasoline, oil, chemicals)
v/ Saltwater intrusion(areas near to seas or oceans)
v Type and extent of recharge area

v Rate of recharge



5. COLLECTION AND DISTRIBUTION OF WATER



~ 5.1, Intakes

5.2. Service Reservoirs
5.3. Methods of Distribution
5.4. Layout of distribution system
5.5. Pipes Used in Water Distribution Systems
v" Pipe Materials
v’ Determination of Pipe Sizes
v" Energy Losses in Pipes
v" Pipe Appurtenances
5.6. Design of the Distribution System
v" Analysis of Water Distribution Systems
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~—— Introduction

@ Intake is devices or structures in a surface water source to draw water from this source and then
discharge in to an intake conduit through which it will flow in to the water works system.
< An intake consists of:
1) The opening, strainer, or grating through which the water enters, and

2)  The conduit conveying the water, usually by gravity, to a well or sump.

@~ [ntake structures are used for collecting water from the surface sources such as river, lake,

and reservoir and conveying it further to the water treatment plant.
@ The basic function of the intake structure is to help in safely withdrawing water from the
source over predetermined pool levels and then to discharge this water into the withdrawal

conduit (normally called intake conduit), through which it flows up to water treatment plant



Intake
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//The following must be considered in designm?nd locating intakes:

a.  The source of supply, whether impounding reservoirs, lakes, or rivers (including the possibility of
wide fluctuation in water level).
b.  The character of the intake surroundings.
v Depth of water
v" Character of bottom
v" Navigation requirement
v" The effect of currents, floods and storms up on the structure and in scouring the bottom.
c.  The location with respect to sources of pollution; and

d.  The prevalence of floating materials such as ice, and vegetation
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~— Types of Intakes

@ There are different types of intakes, such as reservoir intakes, river intakes, canal
intake, and Lake Intake

Reservoir intake
@[t is desirable to locate about a meter from the surface to get good quality water
Handles -
— - Platf
E:1E RS atform
1 1 X — — Passage
HW.L. -
- sTB
L.VW.L. Sﬁ _I — e; DAM Pump House
—— 1 v
5&'& ; 1 ,_‘lf__t
" b rld
0T = Vi
/ el Fig. : Reservoir intake



~— River Intakes
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@ River intake is located inside the river so as to get adequate supply in all seasons.
@ Water is drawn from the upstream side of the river, where it is comparatively of better

quality.

@ River intakes are especially likely to need screens to exclude large floating matter
which might injure pumps.

H.F.L.

L.W.L.

River

1

=
[
—
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/Pumping Unit

——— —» To Treatment

Scree;;mﬁ/
Y

ARARAURIRAURARUEAR WY

Plant

Sump Well

Strainer
Fig: River intake
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— Lake Intake

@~ A submersible rectangular chamber is constructed at the bed of the lake below the low water level,
s0 as to draw water in dry season also.

@~ The top cover of the chamber consists of several holes having gratings on it to prevent the entry of
debris, aquatic life, weeds etc. to the chamber.

@~ A bell mouthed pipe is provided in the chamber which contain screen at the top.

r Pumping Unit

— —>»To Treatment
Plant

-<— Brick Pillar

Fig. 6: Lake intake
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~— (anal intake

@~ |t is a very simple structure constructed on the bank of the canal.
@~ The well may be circular or rectangular and it is constructed with masonry work.
@~ |t has an opening on its side provided with screen.

Pump House

Manhole
[ S II:Tj =k
F.S.L. " == Treatment
| —= il Plant
L.W.L.
| ,jf:”' i Canal Bank
Opening : Fig: Canal intake
with

Screen T NN T
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Exercise
1)  What are points should be kept in mind while selecting a site for
intake structure?

2)  Explain any one of intake structure with neat sketch



“~ 52 Distribution Reservoirs

o Distribution reservoirs,also called service reservoirs, are the storage reservoir, which
store the treated water for supplying water during emergencies(such as during fires,
repairs, etc)and also to help in absorbing the hourly fluctuations in the normal water
demand.

Functions:
@~ To balance the fluctuating demand from the distribution system.
@~ Provide a supply during a failure or shutdown of treatment plant, pumps or trunk main
@ To give a suitable pressure for the distribution system and reduce pressure fluctuations
there in.
@~ To provide a reserve of water to meet fire and other emergency demands.
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_—Position and Elevation of Reservoirs

@~ The elevation at which it is desirable to position a service reservoir depends up on both
the distance of the reservoir from the distribution area and the elevation of the highest
building to be supplied.

@~ |f the distribution area varies widely in elevation it may be necessary to use two more
service reservoirs at different levels, so that the lower area do not receive an unduly
high pressure.

@ Pressure control valves are some times installed in inlet mains from service reservoirs
in order to reduce the pressure to low laying zones, or to limit increase of pressure at
night to reduce leakage.

@ |n making a decision to install pressure control devices it should be borne in mind that
if the device fails to operate, which it will do if the equipment is not properly
maintained, then the downstream mains will be subjected to a sudden increase of
pressure and mav burst.
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_——Types of Service Reservoirs

Types: Classification of based on:
@~ nosition of the tank:
Surface storage, Elevated storage, Underground tanks
<~ materials of construction
RCC, Masonry, Masonry-concrete (sandwich), Plastic, Steel tanks
@ shape of the tank:
Circular, Rectangular tanks
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Distribution reservoirs




Position and Accessories of Service '

@~ [nlet Pipe: for entry of water

@ Ladder: to reach the top of the reservoir and then to the bottom, for inspection and
cleaning.

@ Man Holes: for providing entry to the inside of the reservoir, for inspection and
cleaning.

@~ (Jutlet Pipe: for the exit of water

@~ (Jut Flow Pipe: for the exit of water above full supply level.

@~ Yent Pipe: for free circulation of air

@ Wash Qut Pipe: for removing water after cleaning the reservoir.

<@ Water Level Indicator: to know the level of water inside the reservoir from out side



WATER LEVEL INDICATOR

INFLOW PIPE\

LIGHTENING CONDUCTOR

-

/OVER FLOW PIPE
/WASH OUT PIPE
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/D@apaciw of Service Reservoirs

+¢* The three major components of service storage are:
i.  Equalizing or operating storage
i.  Fire reserve
ii. Break down/Emergency reserve
Equalizing or operating capacity = max. surplus + max. deficit
+¢* determined by finding out max. cumulative surplus during the stage when pumping rate
is higher than water consumption rate and adding to this max. cumulative deficit which
occurs during the period when the pumping rate is lower than the demand rate of water.
+¢» This done by distributing daily demand over 24hrs, so that hourly demand is obtained.

+s Max. surplus and max. deficit can be calculated using two methods
1. Analytical method 2. Mass- curve method



_———

For Break down Reserve:-

+¢» This is the amount of storage during the break down of pumps.
*s*From 2 — 3 hrs pumping capacity is provided against this storage.
For Fire reserve: -

+¢» This is storage required for fighting a fire out break.

«¢» In practice 2 — 5 lit/cap is normally provided for fire storage.
Depth and Shape of Service Reservoirs

+* There is an economical depth of service reservoir for any given site.

Up to 3500 2.5 to 3.5
3500 to 15,000 3.5t05.0
Over 15,000 50to 7.0
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“ shape

+%* Circular reservoir is geometrically the most economical shape, giving the least amount
of walling for a given volume and depth.

+>*But, It is unsuitable for division in to two compartments.

+circular shape frequently does not permit best use of available land,

+*Problems of design will arise if it is to be partially buried in sloping ground

A rectangular reservoir with a length to width ratio 1.2 to 1.5:

++ Usually proves most economical when division walls are incorporated

+s*Floors and roof should be sloped to not flatter than 1:250 for drainage

1t is good practice to set the over flow weir slightly higher, say by 50mm, than the top
water level at which the supply is cut off by a ball valve or an electrode.
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Eﬂples

1. small town with a design population of 1600 is to be supplied water at 150Liters per capita
per day. The demand of water during different periods is given in the following table:
Determine the capacity of a service reservoir if pumping is done 24 hours at constant rate.

Time (hr) 0-3 |36 6-9 9.12 12-15 15-18 18 -21 21-24
Demand(1000Lite |20 |25 30 50 35 30 25 25
Is)

Solution:

Rate of Water supply = 1501/c/d
Total water demand = demand ™ population
=150*1600 = 240,000liters
Rate of pumping = 240,000/24 = 10,000Lt/hr = 30,0001t/ 3hr
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Time Pumping Demand Cum.supply Cum.demand surplus Deficit
0-3 30,000 20,000 30,000 20,000 10,000

3-6 30,000 25,000 60,000 45,000 15,000

6-9 30,000 30,000 90,000 75,000 15,000

9-12 30,000 20,000 120,000 125,000 2000
12-15 | 30,000 35,000 150,000 160,000 10,000
1518 | 30,000 30000 | 180,000 190,000 10,000
18-21 130,000 25,000 210,000 215,000 5000
21-24 | 30,000 25,000 240,000 240,000




~— Maximum cumulative surplus = 15,000 Liters
Maximum cumulative deficit = 10,000 liters
Balancing storage = 15000 + 10000 = 25,000kt = 25m?
Let’s take 3hr pumping rate
i) For Break down storage = 3* 10,000 Lit/hr = 30,000t  Let’s take 5 lit/cap
iii) For Fire reserve = 5 lit/cap * 1600 = 8,000 it
Total capacity of reservoirs = 25,000 + 30,000 + 8,000
=63000lit =63m3
If the reservoir is circular with depth, h = 3.0 m,
V=A*h
63m3=A*3m A=21m2
A=[T*d2/4  d=5.17m=5.2m
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Time (Hours)

Time Pumping |Demand |Cummulative pumping Cummulative demand
0-3 30,000 20,000 30,000 20,000
3. - 6. 30,000 25,000 60,000 45,000
6. -9 30,000 30,000 90,000 75,000
9. - 12 30,000 50,000 120,000 125,000
12. - 15 30,000 35,000 150,000 160,000
15. -18 30,000 30,000 180,000 190,000
18. - 21 30,000 25,000 210,000 215,000
21. -24 30,000 25,000 240,000 240,000
Mass Curve Cummulative pumping
300,000
- —&— Cummulative demand
§ 250,000 - 1.-24), 240,00C
N
o3 200,000 A
8
< 150,000 -
e
= 100,000 -
2
= 50,000 -
<
=
e 0 ' ' ' '
o 0] 2 4 6 8 10
)
o
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Example 2. If in example -1 pumping is done for:

Case 1: Eight hours from 8 hrs to 16 hrs
Case 2: Eight hrs from 4 to 8 hrs and again 16 to 20 hrs.

Solution
Total water demand = 240,000 Lit/day
Rate of pumping = 240,000 lit/8h = 30,000 1/h = 90,000 lit/3hrs
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— Case 1
A) Analytical Method

Cum. Cum.
Time Pumping Demand  supply Demand Surplus  Deficit
0-3 0 20000 0 20000 20000
36 0 25000 0 45000 45000
6-8 0 20000 0 65000 65000
89 30000 10000 30000 75000 45000
9-12 90000 50000 120000 125000 5000
12-15 90000 35000 210000 160000 50000
15-16 30000 10000 240000 170000 70000
16-18 0 20000 240000 190000 50000
18-21 0 25000 240000 215000 25000
21 -24 0 25000 240000 240000 00
Maximum cumulative surplus = 70000
Maximum cumulative Deficit = 65000
Balancing Storage,S = 135000 litres

135 m3
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Let's take Shr pumping rate

1i) For Break down storage = 3* 30,000 lit/lir = 90,000 lit
Let's take 4 lit/cap
1ii) For Fire reserve = 4 lit/cap * 1600 = 6400 It
Iotal capacity of reservoirs = 135,000 + 90,000 + 6,400
=231 4000t

Determine the diameter of reservoir?



A) Analytical Method Case 2 For Graphical Method

Cummulative Demand Cummulative

supply
Time Pumping Demand Surplus Deficit Cumulative
0-3 0 20000 20000 -20000 20000 0
3-4. 0 8333 8333 -28333 28333 0
4-6 60000 16667 43333 15000 45000 60000
6-8 60000 20000 40000 55000
8-9 0 10000 10000 45000 75000 120000
9-12 0 50000 50000 -5000 125000 120000
12-15 0 35000 35000 -40000 160000 120000
15-16 0 10000 10000 -50000
16-18 60000 20000 40000 -10000 190000 180000
18-20 60000 16667 43333 33333 206667 240000
20-21 0 8333 8333 25000 215000 240000
21-24 0 25000 25000 0 240000 240000
Maximum cumulative surplus = 55000
Maximum cumulativeDeficit = -50000

Balancing Storage,S = 105000 litres
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Self-test

A town with a population of 2000 is to be supplied water at 125 Ipcd. The
demand of water during different periods of the day is given as: Determine the
capacity of a service reservoir if pumping is done ten hrs from 5 to 8 hrs,13 to

17 and 19 to 22 hrs.
Time(hr) 0-3 36 69 9-12 12-15 |15-18 |18-21 [21-24

Demand as%

of total daily
demand 6.125 | 8.7 | 135 24525 | 17 | 126 | 1.7 9.85




y — Assignment-2 e

1.Water supply is provided through an overhead tank to a population of 60,000 living in

town at a daily basis of 80 litres per capita water demand. The water is pumped into this
tank at uniform rate for 16 hours of a day i.e. from 4AM to 12AM and from 2PM to 10PM.

The demand pattern during 24 hours of the day is as follows: Determine the required
capacity of overhead tank to fulfill the balancing reserve.

Time(hr) 08 | 810 | 10-16 | 1620 | 20-24

Demand Pattern (%age) 5 15 40 30 10
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2. A water supply system is proposed to be designed for a small town which has a

maximum daily demand of 515 m3/d. Estimate storage requirement if pumping is done for
10 hrs. only (from 5 to10 and 17 to 22). Use the following demand variation data.

Time (hr) 0-4 | 4-8 |8-12|12-16|16-20|20-.24

Demand as % of total

0.7 02 | 208 | 283 23 10
daily demand
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5.3 Distribution system of water

Methods of Distribution System
Layout of distribution System
Pipe Materials and pipe corrosion
Determination of Pipe Sizes
Energy Losses in Pipes

Pipe Appurtenances



e
~— INTRODUCTION

@ "Transmission line" means any pipeline conveying raw or treated water
from a well field or remote storage facility to a treatment plant and/or
distribution storage tank.

@ "Distribution line", including individual customer connections and
distribution mains, means those lines conveying water to customers and fire
protection systems from a common source.

@ |t is composed of pumps, pipe lines, ground or elevated storage reservoirs,
valves and other appurtenances.



WATER DISTRIBUTION SYSTEM
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Requirement of a Distribution System:

@ The should convey the treated water up to consumers with the same degree of purity.
@ The system should be economical and easy to maintain and operate.
@ The diameter of pipes should be designed to meet the fire demand.

@ |t should safe against any future pollution. As per as possible should not be laid below
sewer lines.

@ Water should be supplied without interruption even when repairs are undertaken.
@ The system should be so designed that the supply should meet peak hourly demand.
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“~"" Methods of Distribution System

@ Depending upon the level of the source of water and the city, topography of the area,
and other local considerations.

@ For efficient distribution it is required that water should reach to every consumers with
required flow rate. Therefore, some pressure in pipe lines is necessary. Which force the
water fo reach at every place.

@ Water can be transported from the source to the treatment plant, if any, and the
distribution system, and eventually reach consumers through one of the following
methods.

1. Gravity system
1. Pumping system
. Dual system
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“— 1) Gravity System

@ In this system, the water flows under the force of gravity from the
distribution reservoir to the distribution area.

@ This system is suitable when the source of water treatment plant and the
distribution reservoir are situated at a high level than the distribution area.

@ action of gravity without any pumping

@ most economical and reliable
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11. Pumping System

In this system, the water is directly pumped in the main.

*-{reated water is directly pumped nto the distribution mains without storing

@ Since the pumps have to work at different rates in a day, the maintenance
cost will increases.

@ Disadvantageous (power failure)—— no reserve flow
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m. Dual System

o |n this system, the pumping and gravity both systems are utilized
simultaneously when required.

@~ Normally, the pumps are operated at a constant speed to meet the average
demand of water. So, during the period of low demand, the excess water is
stored in an elevated reservoir. During the period of peak demand, the water
is supplied by pumping and from the elevated reservoir simultaneously.

@~ This system is fairly reliable b/c in the case of failure of pumping the water
supply can be continued for some period from the reservoir.
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Layout of distribution systems

@ layout of distribution pipes generally follows the road pattern
@~ (senerally in practice there are four different system of distribution which is
used.
@ Depending upon their layout of direction of supply, they are classified as
follows:
1. Dead End or Tree system
2. Grid Iron system
3. Circular or Ring system
4. Radial system



ﬁd end or Tree System

@ |n this system, a main line is taken from the reservoir along the main road.
@ The sub-mains are taken suitably from the main line.

@ (ut-off values are provided at the entry of sub-mains. From the sub mains, the branch
lines are taken from which service connections are give to consumer through the ferrule.

@ The end of the sub-mains and branch lines are stopped by scour values which are
known as dead — ends.

@ Due to the dead — ends, there is no free circulation of water and the water remains
stagnant within the pipe line.

@ This system is suitable for regular developing town or city.



© ADVANTAGES

@ Discharge and pressure at any point in the distribution system is calculated easily
@ The valves required in this system of layout are comparatively less in number.
@ The diameter of pipes used are smaller and hence the system is cheap and economical
@ The laying of water pipes is used are simple.
DISADVANTAGES
@ There is stagment water at dead ends of pipes causing contamination.

@ During repairs of pipes or valves at any point the entire down stream end are deprived
of supply

@ The water available for fire fighting will be limited in quantity



S = Sub-main Line
C = Cut-off

B = Branch Line

D = Dead End
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i) Grid— Iron System

@ |n this system, the main line, the sub-main lines, and the branch lines are
interconnected. So, there is free circulation of water through the pipe lines.

@ (ut-off values are provided at each junction point so that the repair works
may be conducted at a particular area without disturbing the whole area.

@ |n this system the length of the pipe as too long, and hence it is very costly.
@ |t is suitable for town or city having rectangular lay out of roads.



T ADVANTAGES

@ the case of repairs a very small portion of distribution are a will be affected
@ Every point receives supply from two directions and with higher pressure
@ Additional water from the other branches are available for fire fighting

@ There is free circulation of water and hence it is not Lable for pollution due to
stagnation.

DISADVANTAGES

@ [\lore length of pipes and number of valves are needed and hence there is increased
cost of construction

@ (Calculation of sizes of pipes and working out pressures at various points in the
distribution system is laborious , complicated and difficul.



S = Sub-main Line
B = Branch Line
C = Cut-off
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i) Circular or Ring System
@ |n this system, the main water line is divided in to two parts; in two
direction left and right.
@ |n inlet side, the left and the right water main on the outlet side.

o[t is suitable for well planned town or city where the locality can be divided
in to square or circular blocks and the main water line can be laid around
the sides of the squire or around the circle.
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iv) Radial System

@ |n this system, the town or city is divided in to various circular or square
zones and distribution reservoirs are placed at the center of each zone.

@ The distributor lines are laid radially from reservoir towards the periphery
of each zone.

@ |t is sailable when the town or city can oriented with radial roads and
streets

@ |n this system, the water from the main reservoir is allowed to flow through
the main pipe and sub-main pipe and get collected at distribution reservoir of
each zone.

@ The water is supplied to consumers through the distributor pipe lines.
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5.9. Pipes Used in Water Distribution Systems

v" Pipe Materials

v" Determination of Pipe Sizes
v" Energy Losses in Pipes

v" Pipe Appurtenances
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+¢» The types of pipes used for distributing water include:
Cast iron pipe

Galvanized Iron Pipes

Steel pipe

Concrete pipe

Plastic pipe

Asbestos cement pipe

Copper pipe

Lead pipe



 PipeMateis

@ Pipes convey raw water from the source to the treatment plants in the distribution system.

@ Water is under pressure always and hence the pipe material and the fixture should withstand stresses
due to the internal pressure, vacuum pressure, when the pipes are empty, water hammer when the
values are closed and temperature stresses.

REQUIREMENTS OF PIPE MATERIAL
@ [t should be capable of with standing internal and external pressures
@ |t should have facility of easy joints

@ |t should be available in all sizes, transport and errection should be easy.
@[t should be durable

@t should not react with water to alter its quality

@ (ost of pipes should be less

@ [rictional head loss should be minimum

@ The damaged units should be replaced easily.
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Cast iron pipes

Advantages

+» The cost is moderate

«¢» The pipes are easily joined

+¢» The pipes are not subjected to corrosion

«¢» The pipes are strong and durable

+»*Service connections can be made easily
Disadvantage

+» The breakage of this pipe is large

«¢» Carrying capacity decreases with increase in life

< The pipes become heavy and uneconomical when SRR I XS N
their sizes increase sy




Galvanized Iron Pipes

Advantages

+» The pipes are cheap

+ Light in weight and easy to handle and transport

+* Easy to join

Disadvantage

«These pipes are liable to incrustation (due to
deposition of some materials inside part of pipe)

+*Can be easily affected by acidic or alkaline water

+* Short useful Life
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Cement Concrete Pipes

Advantages

+¢* The inside surfaces of the pipes can be made smooth

+* The maintenance cost is very low

+s* Under normal conditions the pipes are durable

+¢» The pipes can be cast in place(in site)

*s*Due to high weight (heaviness) the pipes can resist force of buoyancy when placed
under water even when they are empty

+¢*Pipes can resist normal traffic loads when placed below roads

+» There is no danger of rusting and incrustation



Disadvantage

+»»The pipes are difficult to transj
+*If no reinforcement is provided it cannot resist high pressure
+» The pipes are likely to crack during transport and handling
+» The repair of these pipes are difficult

+»» These pipes are affected by acids, alkaline, and salty waters
+» These pipes are likely to cause leakage due to porosity
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Plastic Pipes
Advantages
+» The pipes are cheap
+»»The pipes are flexible and possess low hydraulic resistance
(less friction)
+» They are free from corrosion
«»»The pipes are light in weight and it is easy to bend, join and
istall them
«»The pipes up to certain sizes are available in coils and
therefore it becomes easy to transport
Disadvantage
+»* The coefficient of expansion for plastics is high, the pipes
are less resistant to heat
*»*Some types of plastics may impart taste to the water
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 Ashestos cement pipes
Advantages
e The inside surface of pipe is smooth
e The joining of pipes is very good and flexible
e The pipes are ant-corrosive and cheap in cost
e Light in weight to handle and transport
Disadvantage
e The pipes are brittle
e The pipes are not durable
e The pipes are not laid in exposed places
e The pipes can be used only for very low pressure
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Determination of Pipe Sizes
= The size of the pipe is determined by considering the discharge through the pipe and
permissible velocity of the flow in the pipe.
0 =A%V
Where, () = discharge (m3/s)
V = permissible velocity (0.6 to 1.50m/s)
A = Cross sectional area of pipe (m2)
Or using
fLV?
29D
3. Hazen-Williams formula; Q = 0.278CD?%03595% § = %
AR2/351/2

2. Darcy —Weishach formula; h.=

4. Manning’s Formula; Q = ——
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Where C = Hazen-William constant, coefficient that depends on the material and age of the pipe
D = pipe diameter
L = pipe length
S = slope
n = manning’s coefficient

R = hydraulic mean radius
g = gravitational acceleration

Hf = the loss of head

f = friction factor (which is related to the relative roughness of the pipe material & the
fluid flow characteristics)



" Table - Values of C for the Hazen-Williams formula

Pipe Material

Asbestos Cement

Cast Iron
Cement lined 130—150
New, unlined 130
Syears-old, unlined 120

20 years old, unlined 100

Concrete 130
Copper 130- 140
Plastic 140-150
New welded Steel 120
New riveted Steel 100
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The water supply pipes sizes available are given in the following table:

U

Mettic
51763

()

4

30

o0

80

1001150

200

JAll

300

330

i1

400

il

300

31

600

[y

Engish | 1/

| S

| S
—_——

Metric sizes
(mm)

73

1050

English (In)

7

4
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" Example

Given

+¢ Total population of a town = 80,000

+¢» Average daily consumption of water = 150liters/capita/day

¢ If the flow velocity of an outlet pipe from intake is 1.5 m/s, determine the diameter of

the outlet pipe.

Solution
Total flow, Q = Demand™ Population = 150%80,000 = 12x1 0 ®lit/day

=(.1389m3/s

Required pipe area, A = 2 - 0'13589 = 0.0926m2

%

4 x A 4 % (0.0926
= = 0.343m

v TN T
But the nine s17e available on the market i 300mm & 350mm. then take D = 350mm

D =
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Example

«»*A town has a population of 100,000 persons. It is to be supplied with water from a
reservoir situated at a distance of 6.44km. It is stipulated that one-half of the daily
supply of 140Lit/capita should be delivered in 6 hours. If the loss of head is estimated to
be 15m, calculate the size of pipe. Assume f = 0.04.

Solution

Total daily supply = 100,000 * 140liter /d=140000001/d=140001/d

+¢*Since half of this quantity is required in 6 hours

2090 = 0.324m3/s
2x6x60*x60

Maximum flow =

2 2
Using Darcy —Weisbach formula; F.-= ]; ;’; — 1]; L1QD5

D =0.683m =683mm
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Exercise:

From the above e.g. what is the size of pipe line (L = 1000m) should be used
to supply 1001/s so that the head loss does not exceed 10m. Use all the three
formula, C= 100, n = 0.013, f = 0.035, find also the velocity.
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M.osses in Pipes

When a liquid is flowing in pipe , it loses energy or head due to friction of wall , change of
cross section or obstruction in the flow . All such losses are expressed in terms of velocity

head.

The following are losses which occur in a flowing fluid.
1. Loss of head due to friction

2. Loss of head due to sudden enlargement

3. Loss of head due to sudden contraction

4. Loss of head due to bends

5. Loss of head at entrance

6. Loss of head at exit.
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P
Energy Losses in Pipes
+»*Energy loss (head loss) in pipes can be found by one of the following formulas:
2
i.  Darcy-Weishach formula he= JLy
2gD
i.  Hazen-Williams formula Q = 0.278CD?%*06380>% § = %
2/3c1/2
iii. Manning’s Formula Q= ARTTS S = s

n L
= Nomographs shown in fig — solve the equation for C = 100.

= (siven any two of the parameters (), D, hf or V), the remaining can be determined from
the intersections along a straight line drawn across the nomograph.
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Find the loss of the head due to friction in a pipe of 1000mm diameter and 2.0 km long.
The velocity of water in the pipe is 2m/sec. Take coeff. of friction as 0.005

Solution:
Diameter of pipe, d = 1000mm = 10m
Length of pipe , 1= 2.0 km = 2000m
Velocity of water, v = 2m/sec
Coeff of friction , f = 0.005
Loss of head, hf =7

™
|

T
|
;

_0.005*2000*2"2_
2%¥9081x10
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Exercises

1. Calculate the head loss in diameter 200mm pipe, 0 = 301/sec, f = 0.035, L= 1500m
|Ans, hf = 12.20m]

2. For ) =301/s,D = 200mm,C = 100,L = 1500,Find head loss, ht.

Solution

From nomograph, hf = 12.0m,

Le. hf/L =8/1000, (8/1000)*1500 =12m
Using the formula, hf = 12.30m,Q = 0.278CD?%03595% § = %

3. For Q=30l/s,D = 200mm,n = 0.013,L = 1500, find head loss
From Nomograph, hi/L = 0.00825 =0.00825*1500 = 12.38m



_ Pipe Appurtenances

+%* Yalves: Used to isolate pipe line sections for test, inspection, cleaning and repair
+*Gate valves. Are installed in every main and sub-main to isolate a portion of the network
system during a repair.
+¢» Check-valves (Non-Return valves): used to prevent reversal of flow when a pump is shut down
+%* Air-Relief Valves. In long pipes lines air will accumulate in the high points (summits) of the
line and may interfere with the flow. It is necessary, therefore, to place air relief valves at
those points where trouble is expected.
+¢*Pressure regulating valves. These valves automatically reduce pressure on the d/s side to any
desired magnitude and are used on lines entering low areas of a city, with out such reductions
pressures would be too high.
+%» Sluice Gates. Are vertically sliding valves which are used to open or close openings in to walls.
< Fire hydrants: It is used on mains to provide a connection for fire hazards to fire
fighting
< Water meters: to measure consumed water, and the consumer charged accordingly to

tho amannt of wator conenimad
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Exercise:

1) What are the requirements of a distribution system?
2)  List out the different types of layouts of city water distribution system.
3)  Discuss the methods of distribution of water supply.

4)  What are advantages and disadvantages of different types of pipe material used in the water
supply distribution system?

5)  What are the requirements of pipe material?

6) Mention any four appurtenances used in water distribution system and explain their
functions.
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56 Design of the Distribution System

5.6.1. Hydraulic Analysis of Distribution Systems

Most commonly methods used are:

a) Dead-end method

b) Equivalent pipe method

¢) Hardy-Cross method

d) Computer Software(Lpanet Water CAD and Water GEMs



" A) Dead-End Method

@ Determine the locations of "dead-ends" providing that water will be distributed in the
shortest way. At the dead-end points there will be no flow distribution.

Reservoir

Dead-end Dead-end

v

Loop system

Dead-

Qbegin

Qend

Branch system
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Mmg the design First of all the diameters of the pipes are assumed,

@~ Then the terminal pressure heads at the end of each pipe section are determined
@~ The determination of friction loss (hL) can be determined by using Hazen — William
formula.

Q =0.278*Cyy+ D> * g0
Q = 0.278* Cyy» D*® (H/L) **

@ To reduce the tedious calculation, the Hazen-Williams nomogram is used to determine
HL=5L in the nomograph CH=100 because usually in practice C.L. pipes of standard
diameter are used.

@~ The distribution mains are designed for the max.hourly demand of the max.requirment
day.
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Example: Water supply line is to be laid in a town developed in haphazard way.
The following figure shows the various zones of the town and the population in
each zone. The pipe lines are to be laid in dead-end type. The average
requirement of the town is 175 lit/cap/day. Design of the distribution pipes AB
and BC with the following Data.

@~ (1) Take the population for design from the figure

@ (ii) the R.L of the bottom of the service reservoir is 185.5m at A=168m, at

B=154m and at (=146m

@~ (1ii) the R.L of the pipe points on the main at (=146m
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‘&) The length of the pipe AB=700m and BC=550.

@ (y) The distribution system should be designed for max. demand 3 times the average
demand.
@ (vi)The min pressure head to be maintained at any point in the distribution system

should be 15m.

P=250 P=850 |
| P=650 |€&—
2 > 0 10
I P=500
Over Head Tank — — — [ ———— p— p— —
P=700 11
=25 P=700
o J— .
—‘L— 4 P=450 |e

P=400
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Soluﬁon\/

] population Max. < Head loss S e N == |12
1 demand | © > 2 P
— v E 10 = 5o
c 9 > E © g ]
S 4 - S-] > = 8
= %) © —~ _— - i
5 |2 2| |53 > £ “C lsg|s~ |238% B $ 2
2 |3 g [ T |eg |22 |28 |sf< 3 -
— — ) @ =gy
& |a S = ) |LE|ES |3E|KE |£EE G |28E&
BC 2600 500 3,100 | 18.83 150 155 550 8.52 171-8.52 =162.98=C | 146=C | 16.93=162.8
-146
AB 3100+1800= | 700+1750= | 7,350 | 44.66 200 20 700 14 185.5-14 =171.5=B 154=B | 17.5=171.5-
4900 2450 185.5-0=185.5=A 168=A | 154
185.5-
168=17.5
BrocCk 7+ 2 B/ock 5¢6 . i r B/ock 8+9+70
Populolion Poper/orror |y ropyrarion
L = /00 : ol =1800
!.
A A = IS
= N 75 2
= 1
r p,=zoc | l
b '_
Brock 3 +-4 { B/ock 7 B/ock 77 7z
Popou /o lion | Pgow/Trior Popou/o rior
=550 ! = ZoO =goo
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Mater demand = Population * Per capital demand
Max. Demand=peak factor™Average water demand
Col(4) = Col (2) + Col (3)
Col(5) = 3*175* Col (4)
24*60*60
Col(7)= Read from the hazen -Williams nomograph by taking Q(col (5)) and D(col (6))
Col(9) =col (7) * col (8)
1000

Col (10) = start form point A,
A, Hydraulic level A = R.L of service reservoir =185.5

>> >> B=RLofpt. A—Col (9) = 185.5-14=171.5

>> >> (=HLof pt.B—Col (9) =171.5—8.52=162.98
Col (12) = col (10) — col (11



/(bﬁqmnt pipe method
In the water supply networks, the pipe link between two nodes may consist of a single
uniform pipe size (diameter) or acombination of pipes in series or in parallel. As shown
in Fig. 2.17a, the discharge Q flows from node A to B through a pipe of uniform diam-
eter D and length L. The head loss in the pipe can simply be calculated using Darcy -
Weisbach equation (2.3b) rewntten considering iy = hy as:

- 0 . _ SLQ?
g 2 G- L= 22D
[ ‘ -

|-—0 Ly ::: L;—Ofo— L;—o‘ @ Pipe dia

(b) D Pipe no.
A 8 Q Pipe discharge

Qr — D, L Pipe length
o= o:(c : )>9.
Q, — DZ@

) : Figure 2.17. Pipe amangements

A

c)



= 1) Flow Through Pipes in Series

In case of a pipeline made up of different lengths of different diameters as shown in
Fig. 2.17b, the following head loss and flow conditions should be satshed:

Ilj_ =j]'_||_|_ -l-IlL-I—.IrIL'q
O=Oi=h=y=-..

Using the Darcy—Weishach equation with constant faction factor f, and neglecting
minor losses, the head loss in N pipes in senes can be calculaled as:

N g Iﬂz
hy = .Z|: '-Iilgﬂf'
Denoting equivalent pipe diameter as D,, the head loss can be rewnlien as:
_ BQ -
b 53 E Ls.

Equating these two equations of he:.d loss, one gets > [Eﬂ) "




— Using Nomograph

Stepl: - Assume any flow rate, (). The flow rate should generally selected within the range
of flows on the hazen William nomograph.

Step2:- using nomograph line up O and D for each section of the original. Series pipeline,
read slope and compute HL=S"L for each section. Where L= the Length of the Section
Step 3:- Add up the head losses for all section in the series.

To determine Total head loss (HT) for the assumed discharge () in the pipe line

Step 4:- compute an overall hydraulic gradients $'= HI/T. Where L = is the specified
total length of the equivalent pipe

Step 5:- Enter the nomograph again with the assumed value of () and Computed value S,
read D of the equivalent pipe
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Example-1

\/

An arrangement of three pipe in series between tank A and B is shown in
figure. Determine the equivalent diameter and the corresponding flow using
Darcy-weishach equation and nomograph. .Assume Darcy-weishach’ friction
factor {=0.02 and neglect entry any exist (minor)losses.

o

T

@
\

Lo=600m

L, =500m
D, =200 mm w
D, =400 mm
3

h =20m
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Substituting values.

o2
500 + 600 +— 400 ) — 0.185m

D. = | 500 L 600 300
25 ' 045  0.15°
and
8/7.. 8 = 0.02 = 1500 .
o= -nzgog] = 30 < D81 < OAES  AS0 AR .

where L= XL, and K, a pipe constant.
The discharge in pipe can be calculated:

hL 0.2— 20 02
K| 1138564

The cakulated equivalent pipe size 0.185 m is not a commercially available pipe diam-
eter and thus has to be manufactured specially. If this pipe is replaced by a commercially
available nearest pipe size of 0.2 m, the pipe discharge should be recalculated for revised
diameter.

Q= = 0.042m’ /s.
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Example (2)

A series pipe line is given in the figure. It consists of 1500 ft of 8 in dia pipe from pt.A to B
and 2500 ft 12 in diameter pipe from pt B to pt C. Determine the equivalent diameter of a
single 4000 ft. long pipe line.

<<
F\ \\\
I h =961 Y
* L= ) !
OM }:ﬁg‘:&\ Hp = 121
o = &
"""""" HGL by = 25R) g }
S:B?”?M__‘ \
\
me [A__8in i 12 in. i 5 Findn;'m;%n .|
Wgm 1900 B 2500 C 450gm A

Origmal Serss Pipeline Equivalent Pipe
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-~ Solution

@ Step 1:- Assume 0=251/s

@ Step 2:- For section AB, using nomograph for 0= 25 1/s & D=8in $=0.0055
@~ Compute hl=S x L= 0.0055*1500 ft= 8.25ft

@ For Section BC,using nomograph for 0==25/s & D=12in §=0.0007
@~ Compute hl = § x L= 0.0007*2500ft=1.75ft

@ Step 3:- Compute the total Head Loss HI =8.25+1.75 ft= 10ft

@ Step 4:- Compute the overall hydraulic gradient from A to C as $'= HI/L = 10/4000
=0.0025

@~ Step 5:- By using nomograph, for 0=251/s & $=0.0025 D=9.6in
@ An equivalent pipe w/c has a dia. of 9.6 in and length of 40001t.
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/2) Flow Through Parallel Pipes

If a main pipe divides into two or more branches and again join together downstream to
form a single pipe, then the branched pipes are said to be connected in parallel(compound
pipes). Points A and B are called nodes.

3 Q A. = .B-.
Discharge: Q:Q|+Q:+Q3=ZQ —\\ QjL;, Dvéj/

Head loss: the head loss for each branch is the same

h, = hf.] = hﬁ = }1}.3

The pressure head at nodes A and B remains constant, meaning thereby that head loss in
all the parallel pipes will be the same.



=

T =
~ Using the Darcy-Weisbach equation and neglecting minor losses, the discharge Q;
in pipe i can be calculated as

2 gDIhI.)
i =1 ——
Thus for N pipes in parallel e ‘( 8L,
Dflg' '
o=ry (i)

The discharge Q flowing in the equivalent pipe i1s

g-';' ﬂiu)

Q—-:TD'(

where L is the length of the equivalent pipe. This length may be different than any of the
pipe lengths Ly, Ly, L, and so forth. Equating these two equations of discharge

o[£ (E)erq

=1



" Using Nomograph

*s* Pipes in Parallel Procedures for determining an equivalent Pipe to replace
the pipe w/c have parallel connection

@ Stepl:- Assume a total head loss, Hl across the loop.

@ Step2:- Compute 5= HI /L for each Branches

@ Step3:- Enter the Hazen Williams nomograph with D & § for each
Branches, and Determine ().

@ Stepd:- Compute the total flow rate at the Junction

@ Step5:- Determine an overall hydraulic gradient S'=assumed HI/ T. Where
L is the specified length equivalent pipe

@~ Step6:- using the nomograph with () & S determines the equivalent D.
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Example-1  For g given parallel pipe armangement in Fig.  calculate equivalent
pipe diameter and corresponding flow. Assume Darcy-Weisbach's friction factor =
0.02 and neglect entry and exit (minor) losses. Length of equivalent pipe can be
assumed as 500 m.

A




Solution. The equivalent pipe D, can be calculated using Eq. (2.30):

b~ [$2(5) o] -

=1

Substituting values in the above equation:
05 0.3 04
D, = [(% 0.252% + (%) 0.2025] = 0283 ~028m.

Similary, the discharge Q flowing in the equivalent pipe is

DJ'L)O'S ‘

e "Df(gsn

Substituting values in the above equation

9.81 % 0.28 < 20\*°
8 % 0.02 x 500

Q = 3.14 x 028 x o.zs( = 0.204m’/s.

The calculated equivalent pipe size 0.28 m is not a commercially available pipe diameter
and thus has to be manufactured specially. If this pipe is replaced by a commercially
available necarest pipe size of 03 m. the pipe discharge should be recalculated for
revised diameter.
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Example 2 Two Pipelines are connected in parallel from junction A to Junction B as shown
below. Branch AIB consists of 500m of 300mm diameters pipe, and branch AlIB consists
of 1500m of 200mm pipe. Determine the equivalent diameter of a single 500m long
pipeline from A to B that could replace the given loop.

\— 200 mm
an 1500 m

Original Parallel System
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Solution

>
>

>
>

>

Step 1:- Assume Hl= 10m

Step 2:- For Branch AIB, $5=10/500=0.02 For Branch AlIB, 5= 10/1500 =
0.0067

Step 3:- For Branch AIB, using Hazen-William’s

monograph with D=300mm & S$=0.02 read Q1 =143L/S For branch AlIB, from
monograph, with D=200mm and 5=0.0067, read Q11=27L/§

Step 4:- The total flow rate into Junction A, 0=01+Q11 = 143+27 = 170L/S

Step 5:- The overall hydraulic gradients S==10/500 = 0.02 Step 6:- From

monograph, with )=170L/S and s=0.02, read D= 320mm
An equivalent pipe for the problem w/c have D=320 mm with L=500m.
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() Hardy- crosses method

@ This method is applicable to closed-loop pipe networks.

@ The outflows from the system are assumed to occur at the nodes (NODE: end of each
pipe section).

@ This assumption results in uniform flow in the pipelines.
@ The Hardy-Cross analysis is based on the principles that
@] At each junction, the total inflow must be equal to total outflow.

2. Hea. 20mstow % 2 Qoursiow (flow continuity criterion) oy eloced-loop is

Z€ro.

Z H Lcﬂﬂckwisa direction — Z H LCDHHIET clockwise direction
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3. Flows in a clockwise direction are considered to be positive (+) and flows in CCW
direction are considered to be negative(-)

4. Head losses from CW flows are considered to be positive (+), Head losses from CCW
flows are negative (-).

@ For a given pipe system, with known junction outflows, the Hardy-Cross method is an
iterative procedure based on initially estimated flows in pipes.

@ [stimated pipe flows are corrected with iteration until head losses in the clockwise
direction and in the counter clockwise direction are equal within each loop.

@ The corrections applied to assumed flow rate are determining from the following
formula,



=
R B

= 1.85 X 2(h,/Q)

there AQ = flow correction
2 h; = sum of head losses
2 hy/Q = sum of h;/Q ratios for each pipeline in a
loop

Procedures

@ Step 1:- For each pipe in the network, assume a flow rate and flow direction
of the flow going into a pipe junction must equal to the total flow going out of
that junction.

@ Step 2:- Using nomograph, designing S and hL =§*L for each pipe in the
loop .Also, compute hL/( for each pipe.

@ Step 3:- Compute D hL and D hL/().The hL/( terms are always positive

@ Step 4:- Compute A() and add A() to the flow in each pipe of that loop.



%:- Repeat step 2 through 4 for an adjacent loop in the network. If one
the pipe in the first loop is also part of the adjacent, use the previously
corrected flow in the common pipe but the algebraic sign of the flows and
head losses in common pipe change depending on w/c loop is being
evaluated.

@ Step 6:- Alternately repeat step2 through 4 for each loop in the network
until the corrections obtained become sufficiently small.
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=~ Example-1

1. Consider the single loop of parallel pipes shown below. If a flow of 400 L/S enters the
loop at junction A, what will be the flow rate (1 in branch AIB and QII in branch AIIB? Use
Hazen — Williams formula (C= 100) . If the pressure Head at point A is 45m, find the
pressures at points A & B. Assume all pipe junctions are at the same elevation.

Q- LT T Q- 10T [




U
> —

Solution
From the principle of continuity (the flow entering into a junction must equal to
out from that junction)

Le. Q1+ QII =400L/S
Let’s assume 01=300 L/S

7
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i
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1 st trial

point B

H=(45+49.5)

94.5*10=945

~|~Pipe | Dia(mm) | L(m) | Q(Us) [S(m/m)| him) | AUQ | sh| shiQ | k |AQ=-Yhl1.85*ThlQ)
AIB 300 500 300 | 0.08 40 |0.13333| -74 | 1.2733 |1.85 31
AlIB | 200 1500 -100 | -0.076 | -114 | 114 | -74 | 1.2733|1.85 31
2nd trial
Pipe | Dia(mm)| L(m) | Q(s) [S(m/m)| him) | hVQ | zhl | shiQ | k [AQ=-YhI/1.85*(Y hl/Q)
AIB 300 500 331 | 0.09% | 48 015 | -12 | 1.01 |1.85 6.39
AlIB | 200 1500 69 | -0.04 | -60 087 | -12 | 1.01 |1.85 6.39
3rd trial
Pipe | Dia(lmm)| L(m) | Q(s) |S(m/m)| hilm) | h/Q | shi | shlQ | k |AQ=-Yhl/1.85*(> hlQ)
AIB 300 500 337 | 0099 | 495 | 015 | 15| 091 |185 -1
AlIB | 200 1500 -63 | -0.032 | -48 076 | 15| 091 [1.85 -1
4th trial
Pipe | Dia(lmm)| L(m) | Q(s) |S(m/m)| hilm) | hV/Q | shi | shlQ | k |AQ=-Yhl/1.85*(> hlQ)
AIB 300 500 336 009 | 495 | 015 | 0 | 092 |18 0
AlIB | 200 1500 -0.033| 495 | 077 | 0 | 092 |185 0
. P- —AR¥1N\=
path  P=y*h= 45 10= 450




= Example-2
Find the flow distribution in the gravity supply system through the following pipe network
shown below. Use Hazen — Williams formula (C= 100) . If the pressure at point A is 490.5

KPa, find the pressures at points B & C. Assume all pipe junctions are at the same
elevation.
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1 = trial for loop-1
Pipe [Dia{mm)| Lim) | O's) |S(mm}| hifm) | WI'Q it Fhi'Q E[AQ=-Th'LEF¥Fhi'Q) | QlI=01+40
AD 230 1000 100 10025512548 1025481 393 11787421 183 1182 97 43
DE 150 2000 10 [00043[ 863 |0.8628) -393 | 178742 1383 1.189 11.19
EF 200 1000 | -30 |-00081) -8.13 [0.2709( -383 | 178742 ] 183 1.189 -28.81
FA 250 2000 | -75 |-00150)-2992 103989 ) 393 | 178742 183 1.18% -73.81
1 st trial for loop-1I
Ppe [Diafmm)| Lim) | Q's) |S(mm)}| hifm) | hl'Q iH TH'Q k[AQ=-Th'LEI ¥ hi'Q) | QlO=01+40
AR 230 2000 73 100150129916 0.399 | 4960 | 714103 185 3.733 18.73
BC 200 1000 30 (00081 8.127 | 0.271 | 4940 [ 714103 | 183 133 33.73
cD 100 2000 | -10 |-00311|-62 1646216 (4960 | 714105 183 3733 -6.23
DA 250 1000 | -100 [-0.0255]-25483] 0.235 | 4960 | 714103 | 185 3.735 06,23
2nd trialfor loop-1
Ppe [Dia(mm)| Lim) | O's) |S(mm)}| hifm) | hl'Q it TH'Q E[AQ=-Th'LEI*Thi']) | QI=01+240
AD 230 1000 197435100043 2420 02492 [ -1 68 | 1833941 183 0. 438 0714
DE 150 2000 [ 11189 10.0053] 1062 (09495 | -1 68 | 183394 | 183 0438 11.68
EF 200 1000 1-28811 [-0.0075] -754 |0.2617 | -168 | 185394 185 {.488 -28.32
FA 250 2000 [-73811-00145)-2904 10,3935 -1.68 | 183394 ] 183 0.488 -73.32
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2nd wrial for loop-II
Pipe |Dialmm)| Lim} | Qls) |S(mm)| hm) | W'Q | 1 zhQ E [AQ=-FH/LES¥VhIQ) | Q20=0Q1+A0
AD 230 2000 178735 1001641327491 0416 | -742 [512736] 183 0. 783 1854
EC 200 1000 [33.755 (0.0101 | 10000 0300 { -7.42 | 312736 1.85 0. 783 34.54
CD 100 2000 1-6.2433)-0.0130]-25857] 4,163 [ -7.42 [3.12736] L33 0.783 -3.46
DA 230 1000 [-97.435(-0.0243]-24285] 0.249 [ -7.42 1312736 | 1.85 0.783 -96.63
I TEE—
3rd trial for loop-1
_Pipe Dia(mm)}| L(m) | Qi) |S(mm}| hifm)} | W'Q | H ZhQ E [AQ=-FH/LES¥FhI'Q) | Q3I=0Q1+A0
_AD 230 1000 | 97.14 (00241 24.15 [0.2436 | -0.35 | 1.8824%| 1.83 0.099 07.18
_DE 150 | 2000 | 11.68 |0.0057| 11.50 [0.9347 | -0.35 [1.58249( 1.83 0.099 11.78
_EF 200 1000 | -28.32 [-0.0073] -731 [(0.2579] -0.35 | 1.88249 | 1.83 0.099 -28.22
_FA 230 2000 1 -73.32 |-00143) -28 69 | 0.3913 ) -0.35 | 1.8324% | 1.83 0.099 -13.22
3nd trial for loop-II
Pipe |Dia(mm)| Lim) | Qs) [Stmim)| Him) | 0Q | ™ | o | & |aQ=TW185%ThQ)| Q3n=01+20
_AB 230 | 2000 [ 7954 (00167 (33.354) 0.419 [ 034 | 468743 | 1.85 0.062 7960
__BC 200 1000 | 3454 [0.0105[10549( 0.305 [ 054 (468745 183 0.062 34.60
_CD 100 | 2000 | -546 |-0.0101(-2028%9] 3.714 | -0.54 (468745 183 0.062 -340
_DA 230 1000 | -97.14 [-0.0241]-24.150( 0.24% | -0.54 | 4638745 | 1.33 0.062 -97.08
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Pie |Dia(mm)| Lim) | Ql's) |S(mm)| ki(m) | KW'Q i | g E|AQ=-"HLESHFhI'0H | Q41=01+40
Al 230 1000 (97178 (00242 2417 02487 | 003 | 158848 | 1.83 0.008 97.18
DE 150 | 2000 (11777 |0.0058] 11.68 [0.9918 | -0.03 | 1.88848 | 183 0.008 11.73
EF 200 1000 [-28.223 [-0.0073] -726 |0.2572 | 003 | 133348 | 1.83 0.008 -28.22
FA 230 | 2000 [-73223]-00143|-28.62 103908 | 003 | 158848 | 1.83 0.008 -13.22
4th trial for loop-II
Pipe [Dia(mm)| Lim} | Q%) [S(mm)| Him) | hl'Q | H ZH'Q E|AQ=-FH/LES*Fhl'0)) | Q4II=01+A0
AB 230 | 2000 [ 79.60 [0.0167(33402) 0420 | 005 [ 463249 183 0.003 79.60
BEC 200 1000 [ 3460 [0.0106(10384) 0.306 | 005 | 465249 1.53 0.003 34.60
CcD 100 | 2000 | 340 |-0.0099|-19.866( 3.678 | 005 | 465249 | 183 0.003 -3.40
DA 230 1000 [-87.178 [-0.0242|-24.167) 0.24% | 003 [ 463249 1.83 0.003 -EP?.E
[~ . =
Sth trial for boop-I
Pipe [Diajmm)| Lim) | Q(ls) |S(mm)| him) | WQ | 2 | FHQ [ k [AQ=FhI1E5¥FhIQ)| Qi=01+AC
AD | 250 | 1000 | OTIR000M2) 2407 |02487( 000 | 1EERei| LES 0.001 0718
DE | 150 | 2000 | IL7R5 (00058 ) 11.69 1000041 000 |[1ss0s| 185 0.001 1170
EF [ 200 | 1000 [-28.215(-0.0073] -725 102571 0.00 [1.88895( 1.83 0.001 -28.21
FA | 250 | 2000 |-73.215]-0.0143) -28.61 | 03008 [ 0.00 [1.88805] 185 0.001 -13.21




Sth trial for loop-II

Pipe |Dia{mm)| Lim) | Q{I's) |S{m'm)| him) | h1Q [ 2l | ZHQ k| AQ=-YhI'185%Yhi(Q)) Qﬂ=l}1—ﬂﬂ
AB | 250 | 2000 | 70.60 |0.0167]33.406| 0420 | 0.00 |4.64038| 185 0.000 79.60
BC | 200 | 1000 | 34.60 |0.0106) 10.587| 0.306 | 0.00 |464%38 | 1.85 0.000 4.6
CD 100 | 2000 | -540 |-00000(-10828) 3675 | 000 464558 183 0.000 540
| DA | 250 [ 1000 | 0718 |-0.0M42(-M.168) 0.240 | 0.00 [4.64938] 1.85 (.00 0718

Therefore, the flow distribution will be

Pipe [Dia(mm) L(m) | Q/s) S hi(m)
AD 250 1000 | 97.18 | 0.0242 | 24.17
DE 150 2000 | 11.78 | 0.0058 | 11.69
EF 200 1000 | -28.22 | -0.0073 | -7.25
FA 250 2000 | -73.22 | -0.0143 | -28.61
AB 250 2000 | 79.60 | 0.0167 | 33.41
BC 200 1000 | 34.60 | 0.0106 | 10.59
CD 100 2000 -5.40 | -0.0099 | -19.83
DA 250 1000 | -97.18 | -0.0242 | -24.17




P=y*h

Point Head (m) [Pressur(kpa)
A 50 490.5
B 83.41 818.2
C 03.99 o22.1
D 74.17 727.6
E 85.86 842.3
= 78.61 771.2




~—— Assignment-Three
1) A typical layout of pipes in dead end pattern is given below. The rate of supply is 180

lit/cap/day and the min. pressure head of the water is 15m. The reduced levels of the

bottom of the storage tanks and points A, B, C & D are 150, 130, 129, 131 & 128m.
Design suitable sizes of pipes AB, BC&CD, lengths are 300m, 400m and 500m

respectively.

Blockno  popn blockno  popn _ blockno  popn  blockno  popn
1 200 7 400 13 600 19 500
2 00 8 400 14 600 20 100
3 600 9 300 13 700 21 700
4 600 10 500 16 600 22 200
5 700 11 500 17 600 23 500
6 700 12 700 18 800
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mingle pipe; 2000m long, w/c is hydraulically equivalent to the lines given

below.
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3) A water distribution system has been skeletonzed and reduced to the two-loop
network even below. A flow rate of distribution in the gravity supply system is
pumped into the network at point A, and two major water withdrawal points, C and D,
discharge 20 /s and 40 I/s, respectively. Find the flow through the following pipe
network shown below. Use Hazen — Williams formula (C= 100) . If the pressure at

point A is 420 KPa, find the pressures at points B, C & D. Assume all pipe junctions
are at the same elevation.



Pipe Diameter, mm Length, m
AB 300 1000
BC 200 2500
BD 300 3000
AD 400 3500
DC 200 600

B 200 mm
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=~ Urban dramage systems

v’ Introduction

v" Types, Sources and Quantity of Waste Water

v’ Hydraulic Design of Sewers and Storm Water Drains

v” Sewer materials

v” Sewer Appurtenances
v’ Septic Tanks
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~~ Introduction

@ Urban drainage systems deal with both wastewater and storm water.

o What is wastewater? It Is all liquid waste generated from different
sources including run-off.

@ Storm water (surface runoff) is the second major urban flow of
concern fo the drainage engineer.

Two main categories:

1. Sanitary wastewater/dry weather flow

2. Storm water/wet weather flow
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~~ Some important terms

*- Sewers — underground pipes that carry sewage to the point of discharge and disposal
* Soil pipe — pipes used to carry waste from water closet and urinals

o Sewerage system — entire system used for collection/carrying/disposal of sewage by
water carriage system

@ Refuse — all waste /liquid, solid and gas

* (arbage — dry refuse

@ Rubbish — sundry combustible (paper/furniture — office/residence)

@ Sullage (gray water)— liquid discharge (bath-rooms, kitchens, washing places, wash
basins etc.)

o Sewage — sullage and foul discharges from water closet, hospitals... (sewage and trade
waste / closed conduits
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TYPES AND SOURCES OF WASTEWATER

Sanitary wastewater/dry weather flow:

= The sum total of domestic and industrial wastewater.

= Modern approach name-sewage

= [ndustrial sewage consists of liquid wastes originating from the industrial processes
of various industries

= Domestic sewage consists of liquid wastes originating from urinals, latrines, bath-
rooms, kitchen sinks, wash basins, etc. of the residential, commercial or institutional
buildings.

= This sewage is generally extremely foul, because of the presence of human excreta in
it.

= Ground water filtration also contributes significant amount of wastewater to sewage
in the sewer.



e
|

Storm water/wet weather flow:

= The run-off resulting from the rain storms.

=modern approach is to call it storm drainage or simply drainage, so as to
differentiate it from sewage, which is much fouler as compared to drainage,
and requires treatment before disposal
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Estimating Quantity of Dry-whether flow
= The sewage discharge which has to pass through a sewer must be estimated as correctly
as possible;
motherwise the sewers may either prove to be inadequate, resulting in their
overflow, or
=may prove to be of too much of size, resulting in unnecessary wasteful
Investments.
= The quantity of sewage affected by the following factors:
1. Rate of water supply
Population growth

2
3. Types of area to be served (industrial, commercial, residential,...)
4. Infiltration/exfiltration of ground water to sewers




Qpwr = 75% — 80% of total water supply

= The remaining 20%-25% is quantity of water which do not join the sewer system. They
includes:

o The water used for drinking
o Water used for clothe washing-evaporated during drying

o Water used for sprinkling and gardening of roads, parks gardens and others.
Variation in rate of sanitary sewage

o Rate of sewage flow is not constant
o [t varies hour to hour, day to day and season to season.
® Therefore, maximum and minimum flow should be considered during design of sewer

pipes, it should have the capacity to carry max. flow and there should be no deposition in
the sewers at min. flow.
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Fig. Hourly variation of sewage flow compared to that of water supply
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Estimating the Peak storm water Discharge

v'The quantity of storm water is affected by:
i.  Catchment area
i. ~ Slope of the catchment area
ii. Permeability of the ground
iv. Intensity of the rainfall
v.  Duration of the rainfall
vi. Compactness of catchment area
vi. ~climatic conditions
vii, Extent of vegetation
ix. others
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There are two methods to estimate quantity of drainage:
1. Rational method

K.i.A
~ 36

Q
Where

() = peak rate of runoff in cumecs (m?/s).

K = coefficient of runoff

A = the catchment area in hectares

1 = Critical Rainfall intensity of the design frequency 1.e. the rainfall intensity during
the critical rainfall duration equal to time of concentration in cm/hr.
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< Coefficient of runoff (K): the impervious factor of runoff, and the ratio of runoff to
precipitation.
< The value of K increases as the imperviousness of the area increases.

< In other words the quantity of run-off is high.

I —— -
- - -y -
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: . -
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Fig. Impervious catchment
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whole area calculated as:
ALKy + AK, +

Kq

vg

U

<If a given catchment area consists of various types of surfaces for which
different runoff coefficient applicable, then the average runoff coefficient for

Ay

Az

AN

Where, A, A,,....A = areas of different surface of the catchment area.

K, K,,..K_ = corresponding runoff coefficient for different surface area
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Table 1: Values of Run-off coefficient (K) for various Surfaces

S.No | Type of surface Value of K
| | Water ught roof surface (.7 - 0.93
2 | Asphalt pavement in good order 0.83-0.90

Stone, brick, wood-block
3 | pavement with cemented joints 0.75 -().83
same as above with un cemented
4 | joints 0.5 -0.7
5 | Water bond macadam roads 0.25-0.6
6 | Gravel roads and walks 0.15-0.3
7 | unpaved streets and vacant lands 0.1-0.3
Parks, Lawns, gardens, meadows,
elc 0.05 - 0.23
9 | Wooden lands 0.01-0.20
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Intensity of Rainfall (1) is the rate at which it is falling.

o Certain empirical equations have been suggested for determining rainfall intensity, as
given below:

o For places where heavy and frequent rains occur, and gives an intensity for 5 years

frequency.
343

~ T +18

[

Where:

T = concentration time (minutes) = the ilet time or overland flow time or time of
equilibrium (T.) plus the channel flow time or gutter flow time (T ).
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mmving frequency of 10 years, the equation suggested is:
38
T
o For rains having frequency of 1 year, the equation suggested is:
"~ 15
' Toez

o U.S. ministry of health formula

. 25.4a
=— where a and b are constant

= If duration of storm is 5-20minutes then, a=30 and b=10
= If duration of storm is 20-200minutes then, a=40and b=20

o And others......
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2. Empirical formula

o For the design of drains having larger catchments (say above 400 hectares or so),
o Various empirical formulas have been suggested by various investigators; based on local conditions only, and can b
adopted only when certain specific requirements are specified.

o Burkli-Ziegler formula, @, = ﬁ k'pA %

Where (= the peak runoff in cumecs

K’ = the runoff coefficient depending up on the permeability of the surface and having an average value of 0.7 in cumecs.
P = the maximum rain fall intensity over the entire area and is usually taken as 2.5- 7.5cm/hr.

A= the drainage area in hectares

3, = the slope of the ground surface in meters per thousand meters

Dickens’s formula
0,- C3/4

M = Catchment area in sq. Km, C = a constant
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Examples

1. The drainage area of one sector of a town is 12 hectares. The classification of the
surface of this area is as follows:

Percent of total Type of surface | Coefficient of run-off

Surface area

20% Hard pavement 0.85

20% Roof surface 0.8

15% unpaved street 0.2

30% Garden and 0.2
Lawn

15% Wooded areas 0.15

If the time of concentration for the area is 30 minutes, find the maximum runoff.



U
/
900

Use i = —— to calculate rainfall intensity.
t+60

Where, 1 is the rainfall intensity, generally expressed in mm/hr and t is the concentration
time 1n minutes.

Solution:

Using rational formula, we have

KA
=735
First average K value = 0.4425
Thenivale,i = —— = ——— = 10mm/hr = lem/hr

t+60  30+60
0.4425%1cm/hrs 12hectares_0 1475m3/s

Q= 36
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" Exerdise

2. A certain district of a city has a projected population of 50,000 residing over an area
of 100hectares. Find the design discharge for the sewer line for the following data:

o Rate of water supply = 1501/¢/d
o Average coefficient of run-off for entire area is 0.30
o Time of concentration is 50minutes

The sewer line is to be designed for a flow equivalent to the WWF plus twice the DWE.
Assume 75% of water supply reaches in sewer as wastewater.

Use zs.ia to calculate rainfall intensity, t is minutes.
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"~ WASTEWATER COLLECTION

< Transporting waste water from point of generation to its treatment places and ultimately
o its disposal site.

< Depending upon the type of waste, two systems may be employed for its collection,
conveyance and disposal:

2 Conservancy system:

= 1s an old system

= Wastes (night soil, garbage etc.) are collected separately in vessels or deposited in pools
or pits and then removed periodically at least once in 24hours.

= In this system, the waste products are generally buried underground, which may
sometimes pollute the city's water supplies.
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) Waler carriage systenr
= In this system, the waste water is carried with the help of water through
underground pipes (sewers).

= The water carriage system is more hygienic, because in this system, the
society's wastes have not to be collected and carried in buckets or carts, as
is required to be done in the conservancy system.

= (an be divided into the following types:

Separate system
Combined system
Partially separate system
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‘Separate system

Cprovides two separate systems of sewers, one for the conveyance of foul sewage, and
the other for rain water.
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Separate sewerage system

Advantages
Size of sewers are small
Sewage load on treatment unit is small
River or stream waters are not polluted

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

In case pumping of sewage is required it is
economical

Sewers being small, difficult to clean
Likely to choke frequently

Maintenance cost is more hecause of
two sewers

Storm water sewer used only in rainy
season — can be dumping place of
garbage in dry period and get choked

In busy lanes laying of two sewers is

difficult
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"Combined system

Ciprovides only one sewer to carry both the
foul sewage as well as the rain water.

Partially separate system

0 Single sewer laid but in small rain period it is
used for both but as amount of storm water is
increased storm water 1s collected by open
channel and dramned to river or stream

ot ) \';’ JE
Michvaserdnd
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Combined sewerage system
Advantages Disadvantages
[ - Difficult to handle and transport large size
arge Sewer size; easy t.0 clean and ewers
less probability of choking Load on treatment plants unnecessarily
Single set needed thus economical increased due to storm water

: : Overflow of sewers during heavy rain may
Sewage strength will be diluted hence ereate unhygienic condition

nuisance level reduced In dry season it becomes difficult to maintain

Reasonable maintenance cost proper flow as the sewers are large
Unnecessary pollution of storm water

House plumbing can be done easily

only one set of pipes will be required
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Size of sewer not very large since it
takes only part of storm water

Combines advantages of the two systems
(Separate/Combine)

No silting problem

Problem of disposing of storm water
from residence is simplified

Flow velocity may be low during dry
period

Storm water increases load on

treal

ment plants and pumps

There are possibilities of over-flow
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HYDRAULIC DESIGNS OF SEWERS

1 Sewer is under-ground conduit or drain through which sewage is carried to a point of
discharge or disposal.

O Main sewer or frunk seweris a sewer that receives waste water from many tributary
branches and sewers, serving as an outlet for large territory.

0 Branch sewer or sub main: receives sewage from a relatively small area,

0 Lateral sewer: collects sewage directly from the houses.
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Hydraulic Formulas for determining Flow Velocities in Sewers and Drains
[ Chezy's Formula V = c+/rs
Where:
V= velocity of flow in the channel in m/sec
r = hydraulic mean radius of channel, i.e. hydraulic mean depth of channel
=alp
a =1s the area of channel and p is the wetted perimeter of the channel
S = hydraulic gradient, equal to the ground slope for uniform flows,

C = a constant, called Chezy’s constant
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I Manning's Formula: this formula was evolved by Manning in 1890,
v = 1 +2/341/2
n

Where: n is rugosity/manning’s coefficient

M. Crimp and Burge’s formula: commonly used in England.
V=288.5r23sl2

V.  William-Hazen's Formula: used for flows under pressure for designing water supply
pipes, and is seldom used for designing sewers. It states that

V =0.85C, r063 5054

Where: Cy; is hazen coefficient
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Effect of Maximum ‘and Minimum Velocities in Sewers

< The flow velocities in the sewers should be such that neither the suspended materials in

sewage get silted up nor the sewage pipe material gets scoured out.
< What if the velocity of flow is less than the minimum allowed?

< What if the velocity of flow is greater than the maximum allowed?
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 Wiinam Vlociies

< silting of sewers

< the minimum velocity which will even scour the deposited particle of a given size is called self-
cleansing velocity.

1 1
V, = E.rs\/i(.al'(c; —1)

n = is manning coefficient; the usual value for sewer pipes is 0.013
G = is specific gravity
r = 18 hydraulic mean radius

K = is animportant characteristic of the sediment

d’ = For single grains, the volume per unit area (i.e. t) becomes a function of the diameter of the grain
d!

214
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~The minimum velocity generated in the sewers will

a)  ensure the adequate transportation of the suspended solids,
h)  Keep the sewer size under control;

¢) Preventing the sewage from getting stale and decomposition by moving it faster, thereby preventins

evolution of foul gases.  Maximum Velocities/non-scouring velocity

» smooth interior surface of a sewer pipe gets scoured

= This wear and tear of the sewer pipes will:
= Reduce their life spans
= Reduce their carrying capacities.

> This non-scouring velocity will mainly depend upon the material of the sewer
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Hydraulic Characteristics of Circular Sewer Sections Running Full or Partial
< The circular section is most widely adopted for sewer pipes.

< They may, however, sometimes be of
'egg shape' or
'horse shoe shape' or *

rectangular shape'.

< The circular sewers may run full or may run partially full

When they run full, their hydraulic properties will be
1. Depth = Diameter, D

2. Area of cross-section

A="p2 Y% _ Z D2, Where D is the diameter of the pipe
47 360 4
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3)  Wetted perimeter
P = nD
4)  Hydraulic mean depth
A
R==
P
70 D
R = —_—— —
D 4

5)  Velocity

5)  Discharge when pipe is running full

217
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Examples

1. Design an outfall circular sewer of the separate system for a town with a population of
100,000 persons with water supply at 180Litre/head/day. The sewer can be laid at a
slope of 10 in 10,000 with n=0.012. A self-cleansing velocity of 0.75m/sec. is to be
developed. The dry weather flow may be taken as 1/3 of maximum discharge.

Solution:
» Population = 100,000
» Average rate of water supply = 180 liters/person/day

» 1st: calculate quantity of sewage, (), assume 80% of water supply released as waste
water,



10=100,000 x 180 Liters/day * 0.8 = 14,400,000liters/day
0 = 0.1664m3/s
0. =3*0.1664 = 0.4992m3/s

Let us design the sewer as running full at maximum discharge. Using Manning's formula,
we have,

0=AV butV=1R5 532
N

1 ,A2 2 _ _
== (3)3 57 but, A = D?/4 and P = =t

Assuming that the sewer is laid at the available slope of 10 in 10000, .. 1:1000

2 1
(3): 52
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1
0499235 = D% (P Ly
AIES = ( ) 1000

OV] I \V)

0.012 4 \4

8
D3 = 0.758
D =0.915

Now, check for velocity of flow

,_Q_ 04992 04992 _
=4T T Dz T no9isz  0-76m/s

T )
This is more than 0.75 m/sec, and hence satisfactory.

» Let us check for the velocity at min. flow % = % = 0.3333



mmed sewer of a circular section is to be laid to serve a particular area.
Calculate the size of this sewer from the following data:

» Area to be served = 120 hectares.

» Population =1, 00,000

» Maximum permissible flow velocity = 3m/sec.

» Time of entry for storm water = 10minutes.

» Time of flow in channel = 20minutes.

» Per capita water supply =250 liters / day / person.

» Coefficient 'of run-off for thearea = 0.45.
» Hourly, Maximum rainfall for the area at the design frequency =5 c¢m

» Assume any other data not given, if needed.
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“Solution:

Sewage Discharge (i.e. D.W.F.) Computations
=250 *100,0001/day = 25*10%1/d = 0.289m*/s

Assuming that 80% of the water supplied appears as sewage,

=0.8*0.289 = 0.23m3/s

We assuming the maximum sewage discharge to be 3 times the average discharge,

=3%0.23m3/s = 0.69m3/s

Storm water discharge computations,
KiA
0

storm™— 36

Q water supply

Q sewage

Q max. Sewage
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- Use, i=p 2_) to calculate intensity, Tc is conc. time in hour, p is max. Rainfall & i(cm/hr)
1+T,

= But Tc = Time of entry + Time of flow = (10 + 20) minutes =30min. = 0.5hour

_ 2
i=5 (1 n 0.5) = 6.67cm/hr

0.45% 6.67%120
36

= 10m3/s
+0 4y = 0.69+10

Therefore, Q.=

v The combined maximum discharge = ()

=10.69m’/s

v Now assuming the sewer to be running full at the maximum velocity of 3 m/sec at the time of maximum
flow, we have

max. Sewage

223
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3. (Calculate the diameter and discharge of a circular sewer laid at a slope of 1 in 500
when running half full, and with a velocity of 2m/s. take N= 0.012 in Manning’s

formula.

Solution: when sewer run half full, o =180°
From d = g(l — COS%)

d=0.5D

D2 ( 110 Sin oc)
q =

4 \360 2



> —
D2
a=T—
8
¢« _-pl
p= D=0
r=a/p=D/2
1
p = —p2/351/2 _
" 1/2
2 = 1 (D Z/BL
0.012 "2 500
D=1573m

0=a"v=1942m/s
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1.

Exercise

A town has a population of 100,000persons with a per capita water supply
200iters/day. Design a sewer running 0.7 times full at maximum discharge. Take a
constant value of N =0.013 at all depth of flow. The sewer is to be laid at a slope of 1
in 500. take peaking factor 3.

A 60cm diameter sewer is to discharge 0.07m®/s at a velocity as self-cleansing as a
sewer flowing full at 0.85m/s. Find the depth and velocity of flow and the required
slope. The uniform value of N = 0.015. (don’t use table!)
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3. A 40cm diameter sewer is to flow at 0.3m depth on a grade ensuring a degree of self-

cleansing equivalent to that obtained at full depth at a velocity of 80cm/s. find
i.  The required grade

ii.  Associated velocity

ii.  The rate discharge in this depth

Given:

Manning's rugosity coefficient = 0.013

Proportionate area = 0.252
Proportionate HMD = 0.684
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Must be durable and strong to resist the abrasive and corrosive properties of
the wastewater.

Vitrified Clay Pipe (VCP)

Polyvinyl Chloride Pipe (PVC()
Ductile Iron Pipe (DIP)
High-Density Polyethylene (HDPE)
Reinforced Concrete Pipe (RCP)
Truss Pipe
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Manholes: used to allow a means of access into a sewer system for
mspection, repair and cleaning.

placed at changes in direction, pipe size, grade and elevation, and at
junctions, and at intervals of 90-120 m

Treet Inlets: an opening into sewer for entrance of storm runoff.
placed at intersections and at intervals of 20 to 100 m.

Catch Basins: inlets with a Basin, which allow debris to settle out.
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Design features of septic tank

@~ As septic tank is a settling digestion tank, its rational design is based on the following three
functions. It is expected to perform:

.. Sedimentation to remove the maximum possible amounts of suspended solids from the

sewage

i.  Digestion of settled solid resulting in a much reduced volume of dense, digested sludge,
and

ii.  Storage of sludge and scum accumulating in between successive cleanings thereby
preventing their escape

@ Hence, the tank should be capable of storing the sewage flow during the detention period and
additional volume of sludge for 6 months to 3 years depending on the periodicity of cleaning.
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Detention period: A detention period of 24 to 48 hours based on the average daily flow of sewage can be

sed.

Inlet and outlet baffles:

o The baffles or tees should extend of about 20cm above the top sewage line.

o [nlet should penetrate by about 30cm below the top sewage line and outlet should penetrate of about
40% of the depth of the sewage. (to prevent direct currents b/n inlet and outlet)

o The outlet invert level should be kept 5 to 7.5¢cm below the inlet invert level

Length to width ratio:

o Septic tanks are usually rectangular with their length at about 2 to 3 times the width (L = 2B to 3B)
o The width should not be less than 90cm
o The total depth of the tank generally ranges between 1.2 to 1.8m
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Sludge withdrawal:

o The rate of accumulation of sludge has been recommended as 301/c/year (0.0821/c/day)
o Sludge is withdrawn from the septic tank either half yearly or yearly.

o For small domestic tanks, de-sludging may be done at least once in 6 months to 3 years.

Septic tank dimensions

Table 1: Minimal dimensions of a septic tank for isolated dwellings
Inside total height 1.5m
Height of the liquid 1.2m
Ratio L/W 2
Thickness of floor & ceiling 150mm
Thickness of the walls 200mm

Min. height between inlet and outlet pipes 75mm
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mnes for installation
For selecting a site to install the septic tank, these guidelines should be

followed.

o Stay at least 30m from drinking water sources, 15m from streams or ponds and 3m
from water lines.

o Slope dramn fields away from houses, buildings and the water supply.

o Keep drain fields unshaded and free from trees and shrubbery.

o Allow sufficient space to enlarge the drain field if it should become necessary.

o Keep septic tanks or drain fields uncovered by driveways

o Locate septic tanks and drain fields away from dramage areas and waterways.

o Never use an open flame or matches to inspect a septic tank. Sewer gases may
explode violently.
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The effluent coming out of the tank will be septic and malodourous.

Final purification of the effluent and the removal/death of pathogen can be done by the
following methods:

o Soil absorption systems

o Up flow filters

* Biological filters
Soil absorption systems:
o Seepage pit or soak pit

o Dispersion trenches
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Soak pits or dispersion trenches can be adopted in all porous soils where:
o percolation rate is below 30 minute per cm and
o the depth of water table is 3m or more from the bottom level of the drain field.

Percolation rate of soil or ground is the time in minutes required for seepage of water
through that ground by 1cm.

Incase, sufficient porous ground is not available,
o the effluent of the septic tank shall be subjected to a secondary treatment:
biological filter

up-flow anaerobic filter
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mnt disposal in septic tank

The total subsurface soil area required for the soak pits or dispersion trenches shall be worked out on
the basis of:

o the maximum allowable rate of effluent application which is given by the following empirical
relation: 130

Vt
Where:

() — maximum rate of effluent application in 1/d/m? of leaching surface
t — standard percolation rate for the soil in minutes per cm

In calculating the effective leaching area required,
« only area of trench bottom in the case of dispersion trenches (0.5 to 1m deep and 0.3 to 0.9m wide) and
o effective side wall area below the inlet level for soak pits should be taken into account

The depth of a soak pit should be between 1.5 and 4m.
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o As pre-treated wastewater and grey water percolates
through the soil from the soak pit, small particles are
filtered out by the soil matrix and organics are digested by
MICr0-0rganisms.
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ﬂposal in adsorption trenches

The septic tank effluent is allowed to enter into a distribution box, from where it is
uniformly distributed through an underground network of open jointed pipes into
absorption trenches ( dispersion trenches).

The suspended organic matter present in the effluent will be absorbed in the absorption
trenches, which are filled with gravel and well graded aggregate.

The clearer water will seep down to the water table.

Dispersion trenches are not recommended in areas where fibrous roots of trees or
vegetation.

Dispersion trenches may be adopted on soils having percolation rate note exceeding 30
minutes.
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Design a septic tank for the following data:
o Number of people = 100
o Sewage/capita/day = 120 Liters
o De-sludging period = 1 years
o Length: Width = 3:1

What would be the size of its soak pit if the effluent from this septic tank is to be
discharged in it. Assume percolation rate through the soak pit to be 12501/m3/d
Solution
Quantity of sewage produced per day
= 12000 Liters/day
Assuming the detention period to be 24 hours = 1 day,
The quantity of sewage produced during the detention period, i.e. the capacity of the tank
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s C = 12000 * - = 12000 liters

Assuming the rate of sludge deposit as 30 liters/capita/year and with the given 1 year period of
cleaning,

The quantity of sludge deposited

= 301001 = 3000 litres
Total required capacity of the tank

= 12000 + 3000 = 15000 liters = 15m°

Assuming the depth of the tank as 1.5m [1.2, 1.8], the cross-sectional area of the tank

15
—15 "

Using L:W as 3:1
3B%? =10
B =+v3.33 =1.8m

] = 3%x1Q88 =78 8m



/'ﬂlerefﬂreﬁhe dimension of the tank WW/

5.5m=*1.8m* (1.5 4+ 0.3)m
0.3m is for the free board.
> Hence, use a tank of size 5.5m™1.8m™1.8m
Design of soak pit
The soak pit can be designed by assuming the percolating capacity of the media, as 1250 1/m®/d
Sewage outflow = 120001/d
Percolation rate = 12501/m?/d

Volume of filter media required for the soak pit
12000

1250 _ o™
If the depth of the soak pit is taken as 2m [1.5, 4]

The area of the soak pit required

3

_96_ o
—2—.m

> Therefore, the diameter of the soak pit required is 2.47m = 2.5m
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Estimate the size of a septic tank (length to width ratio of 2.25, liquid depth of 2m
with 0.3m freeboard), de-sludging interval in years and the total trench area of the
percolation field for a small colony of 300 people. Assume water supply of 100
I/c/d, wastewater flow at 80% of water consumption, sludge production of
0.04m%/c/y and the retention time of 3 days at start up. De-sludging is done when

the tank is one-third full of sludge. A percolation test indicated an allowable
hydraulic loading of 100 [/m?/d.

Design the absorption field system for the disposal of septic tank effluent for a
population of 100 persons with sewage flow rate of 135 1/¢/d. The percolation rate
for the percolation test carried out at the site of the absorption field may be taken
as 3 minutes.

0=22  l/m?



