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Chapter  1 
Introduction to Water Supply, Quantity and Quality of 

water 
Learning objectives 
 
1.1 Necessity of treated water supply  
1.2 Per capita demand, variation in demand and factors affecting demand  
1.3 Methods of forecasting population, Numerical problems using different methods  
1.4 Impurities in water – organic and inorganic, Harmful effects of impurities  
1.5 Analysis of water –physical, chemical and bacteriological  
1.6 Water quality standards for different uses  
 

1.1 Necessity of treated water supply 
 
1. To provide whole some water to the consumers for drinking purpose. 
 2. To supply adequate quantity to meet at least the minimum needs of the individuals  
3. To make adequate provisions for emergencies like fire fighting, festivals, meeting etc  
4. To make provision for future demands due to increase in population, increase in 
standard of living, storage and conveyance 

 
 5. To prevent pollution of water at source, storage and conveyance  
6. To maintain the treatment units and distribution system in good condition with adequate 
staff and materials  
7. To design and maintain the system that is economical and reliable 

 
1.2 Percapita demand, variation in demand and factors 
affecting demand 
Per capita demand 

 
Total consumption of water for a water supply system in a year divided by the population and the 
number of days in the year is called per capita demand. 
per capita demand= total consumption of water in litre/(populationx365) 
 
Variations in demand  
The per capita demand of town is the average consumption of water for a year. In practice 
it has been seen that this demand does not remain uniform throughout the year but it 
various from season to season, even hour to hour. 
 Seasonal variations :The water demand varies from season to season. In summer the 
water demand is maximum, because the people will use more water in bathing, cooling, 
lawn watering and street sprinkling. This demand will becomes minimum in winter 
because less water will be used in bathing and there will be no lawn watering. The 
variations may be upto 15% of the average demand of the year.  



 Daily variations: This variation depends on the general habits of people, climatic 
conditions and character of city as industrial, commercial or residential. More water 
demand will be on Sundays and holidays due to more comfortable bathing, washing etc as 
compared to other working days. The maximum daily consumption is usually taken as 
180% of the average consumption. 
Hourly variations: On Sundays and other holidays the peak hours may be about 8 
A.M. due to late awakening where as it may be 6 A.M. to 10 A.M. and 4 P.M. to 8 P.M. 
and minimum flow may be between 12P.M. to 4P.M. when most of the people are 
sleeping. But in highly industrial city where both day and night shifts are working, the 
consumption in night may be more. The maximum consumption may be rise upto 200% 
that of average daily demand. The determination of this hourly variations is most 
necessary, because on its basis the rate of pumping will be adjusted to meet up the demand 
in all hours. 
Factors affecting demand 
 The following are the main factors affecting for capita demand of the city or town.  

a) Climatic 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. 
But in very cold countries sometimes the quantity of water required may be more 
due to wastage, because at such places the people often keep their taps open and 
water continuously flows for fear of freezing of water in the taps and use of hot 
water for keeping the rooms warm.  

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

c) 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. 

d) 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.  

e) 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.  

f) 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. 

g) 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. 

1.3Methods of forecasting population, Numerical problems 
using different methods 
Population forecasting methods and problems 
 When the design period is fixed the next step is to determine the population of a town or 
city population of a town depends upon the factors like births, deaths, migration and 
annexation. The future development of the town mostly depends upon trade expansion, 
development industries, and surrounding country, discoveries of mines, construction of 
railway stations etc may produce sharp rises, slow growth, stationary conditions or even 
decrease the population. For the prediction of population, it is better to study the 
development of other similar towns, which have developed under the same circumstances, 
because the development of the predicted town will be more or less on the same lines. The 
following are the standard methods by which the forecasting population is done. 

i. Arithmetical increase method  
ii. Geometrical increase method 
iii. Incremental increase method 
iv.  Simple graph method 

Problem: the following data have been noted from the census department 
Year population 
1940 8000 
1950 12000 
1960 17000 
1970 22500 
 

Find the probable population in the year 1980,1990,and 2000. 
ARITHEMETICAL INCREASE METHOD 
This method is based in the assumption that the population is increasing at a constant rate. 
the population after  n decades can be determined by the formula. 
 
Pn=P+n.c 
Where, P=population at present 
            n=no. of decades 
           c=constant determined by the average of increase of n decade 
 
Year population Increase in population 
1940 8000 --- 
1950 12000 4000 
1960 17000 5000 
1970 22500 5500 



 Total=14500 
                                                                                                            Average=4833 
Population in the year of    1980,22500+1x4833=27333 
In 1990=2250+2x4833=32166 
In the year 2000=22500+3x4833=36999 
 
GEOMETRICAL INCREASE METHOD: 
This method is based on the assumption that the percentage increase in population from 
decades to decades remain constant. In this method the average percentage of growth of 
last few decades is determined, the population forecasting is done on the basis that the 
percentage increase per decade will be the same. 
The population at the end of  n decade is calculated by  
 
Pn=P(1+r/100)n 
Where, P=population at present 
            n=no. of decades 
 
 
Year population Increase in 

population 
Percentage increase in 
population(r) 

1940 8000 ---  
1950 12000 4000 (4000/8000)x100=50.0 
1960 17000 5000 (5000/12000)x100=41.7 
1970 22500 5500 (5500/17000)x100=32.4 
                                                                                  Total=14500                    124.1 
                                                                                  Average=4833                  41.37 
 

 
 
 
 
 

INCREMENTAL INCREASE METHOD: 
This method is the improvement over the above two methods. the average 
increase in the population is determined by the arithmetical method and to this 
is added the average of the net incremental increase once for each future 
decade. 

Year population Increase in 
population 

Incremental 
increase 

1940 8000 --- --- 
1950 12000 4000 --- 
1960 17000 5000 +1000 
1970 22500 5500 +1500 
                                                                                           Total=14500                +2500 

year Expected population 
1980 22500(1+41.37/100)=31808 
1990 31808(1+41.37/100)=44967 
2000 44967(1+41.37/100)=63570 



                                                                                         Average=4833               +1250 
 
 
The population at the end of various decade 
year Expected population 
1980 22500+(4833+1250)x1=28583 
1990 22500+(4833+1250)x2=34666 
2000 22500+(4833+1250)x3=40749 
 

 
 
 
 

1.4Impurities in water – organic and inorganic, Harmful effects 
of impurities  

 
Water impurities include dissolved and suspended solids. Calcium bicarbonate is a soluble 
salt. A solution of calcium bicarbonate is clear, because the calcium and bicarbonate are 
present as atomic sized ions which are not large enough to reflect light. Some soluble 
minerals impart a color to the solution. Soluble iron salts produce pale yellow or green 
solutions; some copper salts form intensely blue solutions. Although colored, these 
solutions are clear. Suspended solids are substances that are not completely soluble in 
water and are present as particles. These particles usually impart a visible turbidity to the 
water. Dissolved and suspended solids are present in most surface waters. Seawater is very 
high in soluble sodium chloride; suspended sand and silt make it slightly cloudy 
 
Organics 
 Organic material can cause problems in terms of health effects, treatment and taste, odor, 
and color of water. Some organics are potential carcinogens; that is they may cause cancer. 
Cancer causing substances may be formed when naturally occurring organic material 
formed by plant and animal decomposition combines with chlorine, forming methanes. 
Others may already be  
present in the raw surface or groundwater as a result of contamination of the water source. 
Some major sources of organic contamination are pesticides, herbicides, domestic waste, 
and industrial waste  
1.5Analysis of water –physical, chemical and bacteriological . 
Physical tests 
Colour, turbidity, total solids, dissolved solids, suspended solids, odour and taste are 
recorded. 
 
Colour in water may be caused by the presence of minerals such as iron and manganese or 
by substances of vegetable origin such as algae and weeds. Colour tests indicate the 
efficacy of the water treatment system. 



 
Turbidity in water is because of suspended solids and colloidal matter. It may be due to 
eroded soil caused by dredging or due to the growth of micro-organisms. High turbidity 
makes filtration expensive. If sewage solids are present, pathogens may be encased in the 
particles and escape the action of chlorine during disinfection. 
 
Odour and taste are associated with the presence of living microscopic organisms; or 
decaying organic matter including weeds, algae; or industrial wastes containing ammonia, 
phenols, halogens, hydrocarbons. This taste is imparted to fish, rendering them 
unpalatable. While chlorination dilutes odour and taste caused by some contaminants, it 
generates a foul odour itself when added to waters polluted with detergents, algae and 
some other wastes. 
 
Chemical tests 
pH, hardness, presence of a selected group of chemical parameters, biocides, highly toxic 
chemicals, and B.O.D are estimated. 
pH is a measure of hydrogen ion concentration. It is an indicator of relative acidity or 
alkalinity of water. Values of 9.5 and above indicate high alkalinity while values of 3 and 
below indicate acidity. Low pH values help in effective chlorination but cause problems 
with corrosion. Values below 4 generally do not support living organisms in the marine 
environment. Drinking water should have a pH between 6.5 and 8.5. Harbour basin water 
can vary between 6 and 9. 
B.O.D.: It denotes the amount of oxygen needed by micro-organisms for stabilization of 
decomposable organic matter under aerobic conditions. High B.O.D. means that there is 
less of oxygen to support life and indicates organic pollution. 
Bacteriological tests 
For technical and economic reasons, analytical procedures for the detection of harmful 
organisms are impractical for routine water quality surveillance. It must be appreciated 
that all that bacteriological analysis can prove is that, at the time of examination, 
contamination or bacteria indicative of faucal pollution, could or could not be 
demonstrated in a given sample of water using specified culture methods. In addition, the 
results of routine bacteriological examination must always be interpreted in the light of a 
thorough knowledge of the water supplies, including their source, treatment, and 
distribution. 
 
Whenever changes in conditions lead to deterioration in the quality of the water supplied, 
or even if they should suggest an increased possibility of contamination, the frequency of 
bacteriological examination should be increased, so that a series of samples from well 
chosen locations may identify the hazard and allow remedial action to be taken. Whenever 
a sanitary survey, including visual inspection, indicates that a water supply is obviously 
subject to pollution, remedial action must be taken, irrespective of the results of 
bacteriological examination. For unpiped rural supplies, sanitary surveys may often be the 
only form of examination that can be undertaken regularly. 
1.6 Water quality standards for different uses  



Drinking water standards 
sl no. characteristics Acceptable 

value 
Max. 
permissible 
value 

1 Temperature  10-15 οC - 
2 Turbidity(N.T.U) 2.5 10 
3 Colour(platinum cobalt 

scale) 
5 25 

4 Taste and odour unobjectionable  
5 PH 7.0-8.5 6.5-9.2 
6 Total dissolved solid 500 1500 
7 Total hardness mg/l 200 600 
8 Chlorides mg/l 200 1000 
9 Sulphates  mg/l 200 400 
10 Nitrates mg/l 45 45 
11 Fluorides mg/l 1.0 1.5 
12 Calcium mg/l 75 200 
13 Magnesium mg/l 30-120 150 
14 Iron mg/l 0.1 1 
15 Manganese mg/l 0.05 0.5 
16 Arsenic mg/l 0.05 0.05 
 
 

 
 

Short question  
1. What are the necessity of water supply schemes  10-s 

Ans .for drinking and cooking ,  
          For bathing and washing 
          For watering of towns and gardens 
         For growing of crops 
          For fire fighting 

2. What is design period in designing water supply scheme    17-S 
Ans .for any living being water ,air food shelter etc are the primary needs . every where 
water is required for various purposes such as for drinking ,cooking, for bathing and 
washing etc 

3. Explain the term per capita demand 



Ans .Total consumption of water for a water supply system in a year divided by the population 
and the number of days in the year is called per capita demand. 

 
4. Write down different methods of fore casting  population  

Ans .          Arithmetical increase method  
                              Geometrical increase method 

                    Incremental increase method 
                  Simple graph method 
 
Long question  
1. Describe briefly various types of water demand    18-W,18-S 
2. Describe briefly the factors affecting the per capita demand of a city      (10),(14) 

 
 

                                       Chapter 2 
 

Sources and Conveyance of water 
 
Learning objectives: 
 

          2.1Surface sources – Lake, stream, river and impounded reservoir  
         2.2 Underground sources – aquifer type &   occurrence – Infiltration gallery,          
infiltration well, springs, well  Aquifer 
            2.3 Yield from well- methods of determination, Numerical problems using yield 
formulae ( deduction excluded) 

 
2.4 Intakes – types, description of river intake, reservoir intake, canal intake 
2.5 Pumps for conveyance & distribution – types, selection, installation 
2.6 Pipe materials – necessity, suitability, merits & demerits of each type 
2.7 Pipe joints – necessity, types of joints, suitability, methods of jointing  Laying of 
pipes – method  

 
SURFACE SOURCES 

 I.STREAM  ii. Rivers iii. Ponds iv. Lakes v. Impounding reservoirs etc. 

NATURAL PONDS AND LAKES 

 In mountains at some places natural basin’s are formed with impervious bed by springs and 
streams are known as “lakes”. The quality of water in the natural ponds and lakes depends upon 



the basin’s capacity, catchment area, annual rainfall, porosity of ground etc. But lakes and ponds 
situated at higher altitudes contain almost pure water which can be used without any treatment. 
But ponds formed due to construction of houses, road, railways contains large amount of 
impurities and therefore cannot be used for water supply purposes.  

 STREAMS AND RIVERS 

 Rivers and streams are the main source of surface source of water. In summer the quality of 
river water is better than monsoon .because in rainy season the run-off water also carries with 
clay, sand, silt etc which make the water turbid. So river and stream water require special 
treatments. Some rivers are snow fed and perennial and have water throughout the year and 
therefore they do not require any arrangements to hold the water. But some rivers dry up wholly 
or partially in summer. So they require special arrangements to meet the water demand during 
hot weather. Mostly all the cities are situated near the rivers discharge their used water of sewage 
in the rivers, therefore much care should be taken while drawing water from the river. 

IMPOUNDING RESERVOIRS: In some rivers the flow becomes very small and 
cannot meet the requirements of hot weather. In such cases, the water can be stored by 
constructing a bund, a weir or a dam across the river at such places where minimum area 
of land is submerged in the water and max. quantity of water to be stored. In lakes and 
reservoirs, suspended impurities settle down in the bottom, but in their beds algae, weeds, 
vegetable and organic growth takes place which produce bad smell, taste and colour in 
water. Therefore this water should be used after purification. When water is stored for long 
time in reservoirs it should be aerated and chlorinated to kill the microscopic organisms 
which are born in water. 
 
2.2 Underground sources – aquifer type & occurrence – 
Infiltration gallery, infiltration well, springs, well   
Aquifer: 

 
Aquifer, in hydrology, rock layer that contains water and releases it in appreciable 
amounts. The rock contains water-filled pore spaces, and, when the spaces are connected, 
the water is able to flow through the matrix of the rock. An aquifer also may be called a 
water-bearing stratum, lens, or zone. Wells can be drilled into many aquifers, and they are 
one of the most important sources of fresh water on Earth. 
Types 
 
 confined aquifer 

A confined aquifer is a water-bearing stratum that is confined or 
overlain by a rock layer that does not transmit water in any 
appreciable amount or that is impermeable. There probably are few 
truly confined aquifers, because tests have shown that the confining 
strata, or layers, although they do not readily transmit water, over a 



period of time contribute large quantities of water by slow leakage to 
supplement production from the principal aquifer. 

Unconfined aquifer: 
A groundwater aquifer is said to be unconfined when its upper surface 
(water table) is open to the atmosphere through permeable material. As 
opposed to a confined aquifer, the water table in an unconfined aquifer 
system has no overlying impervious rock layer to separate it from the 
atmosphere. 

SUBSURFACE SOURCES 
 These are further divided into 
(i) Infiltration galleries 
(ii) Infiltration wells  
(iii) Springs etc 
 
 
 INFILTRATION GALLERIES 
 A horizontal nearly horizontal tunnel which is constructed through water bearing strata 
for tapping underground water near rivers, lakes or streams are called “Infiltration 
galleries”. The yield from the galleries may be as much as 1.5 x 104 lit/day/metre length 
of infiltration gallery. For maximum yield the galleries may be placed at full depth of the 
aquifers. Infiltration galleries may be constructed with masonry or concrete with weep 
holes of 5cm x 10cm. 
 

 
 
INFILTRATION WELLS 
 In order to obtain large quantity of water, the infiltration wells are sunk in series in the 
blanks of river. The wells are closed at top and open at bottom. They are constructed by 
brick masonry with open joints. For the purpose of inspection of well, the manholes are 
provided in the top cover. The water filtrates through the bottom of such wells and as it 
has to pass through sand bed, it gets purified to some extent. The infiltration well  are 
connected by porous. 
 



 
 
SPRINGS: 
 Sometimes ground water reappears at the ground surface in the form of springs. Springs 
generally supply small springs. Springs generally supply small quantity of water and 
hence suitable for the hill towns. Some springs discharge hot water due to presence of 
sulphur and useful only for the curve of certain skin disease patients. 
 Types of springs:  
1. Gravity Springs: When the surface of the earth drops sharply the water bearing stratum 

is exposed to atmosphere and gravity springs are formed as shown in fig. 

 
 
2.Surface Spring: This is formed when an impervious stratum which is supporting the 
ground water reservoir becomes out crops as shown in fig 

 
2. Artesian Spring: When the ground water rises through a fissure in the upper 

impervious stratum as shown in fig. When the water-bearing stratum has too much 
hydraulic gradient and is closed between two imperious stratum, the formation of 
Artesian spring from deep seated spring. 



 
 
 
WELLS: A well is defined as an artificial hole or pit made in the ground for the purpose 
of tapping water. In India 75 to 85% of Indian population has to depend on wells for its 
water supply. The three factors which form the basis of theory of wells are 
 1. Geological conditions of the earth’s surface  
2. Porosity of various layers 
 3. Quantity of water, which is absorbed and stored in different layers. 
 The following are different types of wells 
 1. Shallow wells  
2. Deep wells  
3. Tube wells  
4. Artesian wells . 
 
(1) Shallow Wells : 
Shallow wells are constructed in the uppermost layer of the earth’s surface. The diameter 
of well varies from 2 to 6 m and a maximum depth of 7m. Shallow wells may be lined or 
unlined from inside. Fig. 3.9 shows a shallow well with lining (staining). These wells are 
also called draw wells or gravity wells or open wells or drag wells or percolation wells. 
 

 
 
Quantity of water available from shallow wells is limited as their source of supply is 
uppermost layer of earth only and sometimes may even dry up in summer. Hence they are 
not suitable for public water supply schemes. 
The quantity of water obtained from shallow wells is better than the river water but 
requires purification. The shallow wells should be constructed away from septic tanks, 
soak pits etc because of the contamination of effluent.  



The shallow wells are used as the source of water supply for small villages, undeveloped 
municipal towns, isolated buildings etc because of limited supply and bad quality of water.  
(2) Deep Wells : 
 The Deep wells obtain their quota of water from an aquifer below the impervious layer as 
shown in fig No. The theory of deep well is based on the travel of water from the outcrop 
to the site of deep well. The outcrop is the place where aquifer is exposed to the 
atmosphere. The rain water entered at outcrop and gets thoroughly purified when it reaches 
to the site of deep well. But it dissolves certain salts and therefore become hard. In such 
cases, some treatment would be necessary to remove the hardness of water. 
 

 
 
The depth of deep well should be decided in such a way that the location of out crop is not 
very near to the site of well. The water available at a pressure greater atmospheric 
pressure, therefore deep wells are also referred to as a pressure wells.  
 
2.3 Yield from well- methods of determination, Numerical 
problems using yield formulae ( deduction excluded)   
 
Yield of well is the rate at which water percolates into the well under the safe maximum 
working head or critical depression head. It is expressed in m3/hr or It/min. The yield of 
open well can be determined by any one of the two methods, namely, pumping test and 
recuperation test. 
 
Pumping Test: 
In this method water is withdrawn from the well freely till a critical depression head or a 
safe maximum head is created. Once this stage is reached the rate of pumping is so 
adjusted as to maintain the constant water level in the well. Thus the depression head 
remains constant. Naturally at his stage the rate at which water is pumped out of the well 
will be equal to the rate at which water percolates into the well. This rate is expressed in 
m3/hr or It/min and will be obviously the yield of the well 
Recuperation Test: 
In this method water level in the well is depressed by pumping to any level below the 
normal level. Then the pumping is stopped and time taken by the percolating water to fill 
the well to any particular level is noted. Total quantity of water percolated into the well is 
calculated by knowing cross-sectional area and rise in the water level after stoppage of 
pumping. The rate of percolation or the yield of well can be arrived at by dividing the 



quantity of water by the time. This test is carried out generally in a driest period to take 
worst condition into account. 
 
Now it can be inferred that the actual pumping test of determining available yield is most 
reliable but it is difficult to conduct the test accurately. Whereas recuperation test is very 
simple to perform but it does not give the maximum safe yield. The reason is as the water 
level in the well rises the safe maximum working head is not maintained throughout the 
period of observation. 
Specific Yield of Wells: 
Rate of water percolation in the well or yield of a well in m3/hr under a head of one metre 
is called the specific yield of the well. From the above definition it is clear that the specific 
yield depends on: (i) position of the water-table, (ii) permeability and porosity of the soil 
formation, (iii) the rate of water withdrawal from the well, and (iv) quantity of water 
storage in the well. Specific yield of the well is also called specific capacity of the well. 
 
It can be calculated from the following formula: 
K = 2.303 [A/T log H1/H2] 
Where K is specific yield of a well in m3/hr under depression head of one metre. 
A is area of well in plan in m2. 
T is total time of recuperation to bring water level from depth H1 to H2 
H1 is difference of water level in the well just after stoppage of pumping and the normal 
water level of the well 
H2 is difference of water level in the well after time T and normal water level of the well. 
Q  α  H 
Q = K . H  …………………………….. (1) 
K is a constant or specific yield of the well. 
O – O represents normal or original water level in the well. 
m — m represents the water level in the well after pumping. 
n – n represents the water level in the well at time T after stoppage of pumping. 
q – q represents the water level in the well at any time t after stoppage of pumping. 
p – p represents the water level in well at time t + dt after stoppage of pumping. 
 

 



The amount of water percolated in to the well in short time ᵟt is given by 
q=A×dH 
Where dH is the rise in water level in the short time  ᵟt. 
q=Q×ᵟt 
Q×dt=A× dH 
Substituting for Q from (1) 
K×H× xᵟt=A×dH 
Separating the variables 
(K/A)x ᵟt =dH/H -------------------------2 
Now integrating the equation(2) between the limits 
t=0 and t=T 
H=H1  and H=H2 
As the time increase the depression head decrease hence negative sign will be taken for 
limits of H 
Taking limits 
 log e(H1/H2)=(K/A).T 
converting into common logarithm 
 
2.303 [log10 H1/H2] ) = (K/A).T 
K=2.303 ×( A/.T)Xlog10 H1/H2---------------------------3 
The equation (3) can also be written as 
K/A=2.303 ×( 1/.T)Xlog10 H1/H2 
K/A is the specific yield of well per unit area 
Type of subsoil K/A 
Clay  0.25 
Fine sand 0.50 
Coarse sand 1.0 
 
 
 
 
Problem: A well 3 metres in diameter has its normal water level 3 metres below the ground 
level. By pumping, water level in well depressed to 10 metres below ground level. In a 
time of 4 hours the water rises by 5 metres. Calculate specific yield of the well. 
 
Solution:  Using formula, K=2.303(A/T)log10(H1/H2) 
A=π/4Xd2=.785x9=7.065 
T=4hour 
H1=7M 
H2=72M 
K=2.303×7.065X1/2×log(7/2) 
   =2.303×7.065x1/4×5441 
  =2.213 m3/hr under the head of one metre. 
Specific yield of well is 2.21m3/hr under the head of one metre. 



 
 
2.4 Intakes – types, description of river intake, reservoir intake, 
canal intake  
INTAKES : 
 The main function of the intakes works is to collect water from the surface source  
and then discharge water so collected, by means of pumps or directly to the treatment  
water.  Intakes are structures which essentially consists of opening, grating or strainer  
through which the raw water from river, canal or reservoir enters and carried to the sump  
well by means of conducts water from the sump well is pumped through the rising mains  
to the treatment plant. 
Types of Intake structures: Depending upon the source of water the intake works are 
classified as following  
1. Lake Intake 
 2. Reservoir Intake 
 3. River Intake  
4. Canal Intake 
 1. LAKE INTAKE: For obtaining water from lakes mostly submersible intakes are 
used. These intakes are constructed in the bed of the lake below the water level; so as to 
draw water in dry season also. These intakes have so many advantages such as no 
obstruction to the navigation, no danger from the floating bodies and no trouble due to ice. 
As these intakes draw small quantity of water, these are not used in big water supply 
schemes or on rivers or reservoirs. The main   reason being   that they are not easily 
approachable for maintenance. 

 
2 .RESERVOIR INTAKE:  It consists of an intake well, which is placed near the 
dam and connected to the top of dam by foot bridge.  The intake pipes are located at 
different levels with common vertical pipe. The valves of intake pipes are operated from 
the top and they are installed in a valve room. Each intake pipe is provided with bell mouth 
entry with perforations of fine screen on its surface. The outlet pipe is taken out through 
the body of dam. The outlet pipe should be suitably supported. The location of intake pipes 
at different levels ensures supply of water from a level lower than the surface level of 
water. 



 
3. RIVER INTAKE:  River Intake Water from the rivers is always drawn from the 

upstream side, because it is free from the contamination caused by the disposal of 
sewage in it. It is circular masonry tower of 4 to 7 m in diameter constructed along the 
bank of the river at such place from where required quantity of water can be obtained 
even in the dry period. The water enters in the lower portion of the intake known as 
sump well from penstocks. 

 
4. CANAL INTAKE:  A intake chamber is constructed in the canal section. This 
results in the reduction of water way which increases the velocity of flow. It therefore 
becomes necessary to provide pitching on the downstream and upstream portion of 
canal intake.  The entry of water in the intake chamber takes through coarse screen 
and the top of outlet pipe is provided with fine screen. The inlet to outlet pipe is of 
bell-mouth shape with perforations of the fine screen on its surface. The outlet valve is 
operated from the top and it controls the entry of water into the outlet pipe from where 
it is taken to the treatment plant. 



 
 
 
2.5 Pumps for conveyance & distribution – types, selection, 
installation.  

 
A pump is a mechanical device that lifts liquids from a lower level or low-pressure area to 
a higher level or high-pressure area. It is a heavy-duty equipment with low suction and 
high discharge pressure. This makes it easier to pump a fluid from a certain depth and push 
the fluid to the desired height. 

 
Pumps can also be used as a booster in a pipeline network system. Pumps have evolved 
into an endless variety having different sizes, types, and applications. This article covers 
the requirements, factors of selection, and types of pumps in the water supply system. 
Types of Pumps 
There are various types of pumps available in the market and they can be classified 
depending on their application, size of construction materials, orientation, etc. One of the 
common classifications is based on the principle of the type of energy applied to the water. 
The two categories of pumps are rot dynamic pumps and positive displacement pumps. 
 
1 Rot dynamic Pumps 
A Rot dynamic pump has a wheel or rotating element that rotates the water inside a case. 
The rotating element is called an impeller and it helps in imparting energy to the water. 
The shape of the impeller should be such that it forces the water outward in a direction at 
right angle to its axis or give the water both, an axial as well as radial velocity or force the 
water in axial direction alone. 
 
Based on the type of force imparted, or to dynamic pumps can be further classified into 
centrifugal or axial-flow pumps. 



 
2. Centrifugal Pump 
Mixed flow and radial flow machines are typically called as centrifugal pumps 
It could be either open or closed based on the amount of suspended solids present in the 
water. The closed impeller has plates on each side of the vanes and the open impeller has a 
hub with vanes attached to it. The efficiency of the closed impeller centrifugal pump is 
more than that of an open impeller centrifugal pump. 
 
3. Axial-Flow Pump 
Axial-flow machines are generally called as axial-flow pumps. In these pumps, the fluid is 
pumped in a direction parallel to the shaft. 
 
4. Displacement or Positive-Displacement Pumps 
This pump works on the principle of mechanically inducing a vacuum in a chamber. Based 
on this principle, the pump draws in water which is displaced mechanically and is then 
forced out of the chamber. Reciprocating pumps and rotary pumps are the two types of 
positive-displacement pumps. 
 
5. Reciprocating pump 
The reciprocating pumps help transfer a certain quantity of liquid by application of 
pressure. The hand pump is one of the most commonly used reciprocating pumps but is 
considered to be an outdated system. 
6. Rotary Pump 
In this pump, the rotary motion is achieved by using a pair of cams or gears that mesh 
together and rotate in opposite directions. 
 Factors for Selecting the Type of Pump: 
The various factors that are needed to be taken into consideration while selecting a pump 
for a particular project are as follows: 
 
1.Capacity of the pump 
2.Significance of the water supply project 
3.Cost of the pumping arrangement 
4. cost of the project 
5.Quantity of water to be pumped 
6.Size and orientation of the pump 
7.Number of pumping units required for a project 
 
 
2.6 Pipe materials – necessity, suitability, merits & demerits of 
each type 
PIPES AND REQUIREMENTS  
 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  
1. It should be capable of withstanding internal and external pressures  
2. It should have facility of easy joints  
3. It should be available in all sizes, transport and errection should be easy.  
4. It should be durable  
5. It should not react with water to alter its quality  
6. Cost of pipes should be less  
7. Frictional head loss should be minimum. 
 8. The damaged units should be replaced easily.  
DIFFERENT TYPES OF PIPES 
The following are the different types of pipes  
1. Cast Iron  
2. Steel  
3. Prestressed  concrete  
4. R.C.C 
5. A.C. Pipes  
6. Galvanized Iron (G.I) 7. P.V.C and plastic pipes  
 
DIFFERENT TYPES OF PIPES 
 
 
Sl.N
o.  

Type of 
Pipe  

Advantages Disadvantages 

 Cast iron 
Pipes 

1. Cost is moderate 
 2. The pipes are easy to 
join  
3. The pipes are not 
subjected to corrosion 
 4. The pipes are strong 
and durable  
5. Service connections 
can be easily made 6. 
Usual life is about 100 
years 

1. Breakage of pipes 
are large 
 2. The carrying 
capacity of these 
pipes decreases with 
the increase in life of 
pipes. 3. The pipes are 
not used for pressure 
greater than 0.7 
N/mm2 
 4. The pipes are 
heavier and 
uneconomical beyond 
1200 mm dia. 

 steel Pipes 1. No. of Joinings are 
less because these are 
available in long lengths 
 2. The pipes are cheap 
in first cost  

1. Maintenance cost is 
high  
2. The pipes are likely 
to be rusted by acidic 
or alkaline water 



3. The pipes are durable 
and strong enough to 
resist high internal water 
pressure  
4. The pipes are flexible 
to some extent and they 
can therefore laid on 
curves 
 5. Transportation is easy 
because of light weight. 

 3. The pipes require 
more time for repairs 
during breakdown and 
hence not suitable for 
distribution pipes 
 4. The pipes may 
deform in shape under 
combined action of 
external forces 

 Prestressed 
concrete 
pipes 

1. The inside surface of 
pipes can be made 
smooth 2. Maintenance 
cost is low 3. The pipes 
are durable with life 
period 75 years 
 4. No danger of rusting  
5. These pipes donot 
collapse or fail under 
normal traffic load 

1. The pipes are heavy 
and difficult to 
transport  
2. Repairs of these 
pipes are difficult 
 3. The pipes are 
likely to crack during 
transport and handling 
operations  
4. There pipes are 
affected by acids, 
alkalies and salty 
waters 

 R.C.C 
Pipes 

1. There are pipes are 
most durable with usual 
life of about 75 years  
2. The pipes can cast at 
site work and thus there 
is reduction in transport 
charges  
3. Maintenance cost is 
less 4. Inside surface of 
pipe can made smooth  
5. No danger of rusting. 

1. Transportation is 
difficult  
2. Repair work is 
difficult  
3. Initial cost is high 
 4. These pipes are 
affected by acids, 
alkalies and salty 
waters. 

 A.C. Pipes 1. The inside surface of 
pipes are very smooth  
2. The joining of pipe is 
very good and flexible 
 3. The pipes are 
anticorrosive and cheap 
in cost 
 4. Light in weight and 
transport is easy 
 5. The pipes are suitable 

1. The pipes are brittle 
and therefore 
handling is difficult  
2. The pipes are not 
durable 
 3. The pipes cannot 
be laid in exposed 
places 
 4. The pipes can be 
used only for very 



for distribution pipes of 
small size. 

low pressures 

 Galvanized 
Iron pipes 

1. The pipes are cheap  
2. Light in weight and 
easy to handle  
3. The pipes are easy to 
join 

1. The pipes are 
affected by acidic or 
alkaline waters  
2. The useful life of 
pipes is short about 7 
to 10 years. 

 P.V.C. 
Pipes 

1. Pipes are cheap  
2. The pipes are durable 
 3. The pipes are flexible 
 4. The pipes are free 
from corrosion 
 5. The pipes are good 
electric insulators  
6. The pipes are light in 
weight and it can easy to 
mould any shape 

1. The co-efficient of 
expansion for plastic 
is high  
2. It is difficult to 
obtain the plastic 
pipes of uniform 
composition  
3. The pipes are less 
resistance to heat 
 4. Some types of 
plastic impart taste to 
the water 

 
 
 
 
2.7 Pipe joints – necessity, types of joints, suitability, methods of 
jointing  Laying of pipes – method  
Necessity of pipe joint 
It helps in changing the direction of water supply from main pipes to subsidiary pipes. 
Proper fitting also helps in checking leakage in the plumbing lines. Pipe fittings are an 
important component of the plumbing system. 
Types of Pipe Joints in Plumbing 
Different types of pipe joints used in plumbing system are as follows. 
 
Threaded joint 
Brazed joint 
Soldered joint 
Welded joint (butt welded, socket welded) 
Flanged joint 
Compression joint 
Grooved joint 
1. Threaded Joint in Pipe 



Threaded joint means, pipes are connected by screwing with the help of threads provided 
for each pipe. One pipe having internal threads and the other one having threads 
externally. Cast iron pipes, copper pipes, PVC and G.I pipes are available with threads. 
 
Threaded joints are available from 6mm diameter to 300mm diameter pipes. They are 
preferable for low temperature areas and low pressure flows. In the areas of high 
temperature, the joints may expands and leaked due to thermal expansion. Installation of 
threaded joint is easy but good maintenance required.2. Brazed Joint in Pipe 
 

 
 
 
2. Brazed Joint in Pipe 

Brazing is the process of jointing pipes using molten filler material at above 840oC. Brazing is 
generally used for joining copper pipes or copper alloy pipes. The filler material majorly consist 
tin which has great affinity towards copper. But because of its weak property tin is added to other 
materials like nickel, bismuth, silver and copper. 

 melting point of parent metal should be higher than filler metal. Mechanical strength of brazed 
joint is low compared to other joints. This type of joint is suitable in moderate range of 
temperature areas. 

3. Soldered Joint in Pipe 

Soldering is also similar to brazing but the only difference is in case of soldering the filler metal 
melts at below 840oC. Soldering also used to joint copper and copper alloy pipes. Before 
proceeding to soldering flux called paste is applied to pipes and fittings to prevent them from 
oxidation from flame. Here also we require skilled workers for installation. 

Soldered joints are suitable for low temperature areas. These are having low mechanical strength 
as brazed joints. 

4. Butt Welded Joint in Pipe 



When the pipes are of same diameter butt welding is to done to join the pipes. It is the most 
common type of welding. Skilled workers are required to install the joint. These joints are 
generally used for large commercials and industrial piping systems. 

 

Butt weld provides good strength for the joint and it can resist high pressure because of smooth 
and continuous surface inside the joint. Butt weld joints are expensive, to make it economical 
sometimes internal weld backing rings are used, which joins the pipe with less amount of filler 
material. But these rings may fail under heavy stress and cracks are developed. 

The joints are fixed and do not opened for maintenance purposes. External smoothing of welded 
portion will give good appearance to the piping system. 

 

 

5. Socket Welded Joint in Pipe 

Socket welded joints are used wherever there is a high chance of leakage in joints. Pipes are 
connected as putting one into other as shown below and welded around the joint. Pipes having 
different diameters are suitable for this type of joint. 

6. Flanged Joint in Pipe 

Flanged joints are used for high pressure flows and for large diameter pipes. In general they are 
used for plain end pipes or threaded pipes. Two flange components are connected by bolts at the 
pipe joint to prevent leakage. 

 

Generally these are made of cast iron, steel etc. these are having good strength and do not fail 
against high pressure. Against high temperatures the bolts may fail under creep lost their grip so, 
fixing of bolts should be done properly while installing. They are also useful for repairing 
pipelines and maintenance purposes. 



 

7. Compression Joint in Pipe 

When the pipes have plain ends they are joined by installing some fittings at their ends then that 
type of joint is called compression joint. The pipe ends will be fitted with a threaded fittings or 
couplings hence they are connected. 

8. Grooved Joint in Pipe 

In case of grooved joint, the pipe ends consist grooved edges which are connected by elastomer 
seal and then ductile iron made grooved couplings are used as lock for elastomer seal. This 
grooved couplings are connected by bolts. These joints are easy to install and economical. 

Grooved joints will give good resistance against pressure and allows moderate axial movement 
due to thermal expansion. But, in high temperature Areas elastomer seal may lost its strength and 
torsional failure occurs. So, these are permitted to moderate temperature areas. 

 

 

 

 



Laying of Water Supply Pipes: 

Pipes are generally laid below the ground level, but sometimes when they pass in open areas, 
they may be laid over the ground. 

The pipes are laid in the following way 

(a) First of all detailed map showing all roads, steels, lanes etc. is prepared. On this map the 
proposed pipe line 

e with as sizes and length will be marked. The position of existing pipe lines, curb lines, sewer 
lines etc. will also be marked on it. In addition to this position of valves and other pipe specials, 
stand posts etc. will also be made so that at the time of laying there should be no difficulty in this 
connection. 

(b) After the general planning the centre line of the pipe line will be transferred on the ground 
from the detailed plan. The centre line will be marked by means of stakes driven at 30 m interval 
on straight lines. On curves the stakes will be driven at 7 m to 15 m spacing. If the roads or 
streets have curbs, the distance of centre of pipe line from the curb will be marked. 

(c) When the centre line has been marked on the ground the excavation for the trenches will be 
started. The width of the trends will be 30 cm to 45 cm more than the external diameter of the 
pipe. At every joint the depth of excavation will be 15-20 cm more for one meter length for easy 
joining of the pipes. The excavation of the trends is done in such a way that only pipe should be 
supported and its joint portion should remain over-hanging. 

(d) After the excavation of trenches the pipes are lowered in it. Generally, in practice, the pipes 
are stacked on the opposite side fixed on derricks, but lighter pipes are lowered manually. The 
pipe laying should be started from the lower level and proceed towards higher level with socket 
end towards higher side. The jointing of pipes should also be done along with the laying of pipes. 

(e) After laying the pipes in position, they are tested for water leakage and pressure. 

(f) When the pipe line is tested, the back filling of the excavated material will be done. 

The soil which was excavated is filled back in the trenches all around the pipes and should be 
well rammed. All the surplus soil will be disposed of and the site should be cleaned. 

Short question 

1. What is aquifer           18-S 

Ans. Aquifer, in hydrology, rock layer that contains water and releases it in appreciable 
amounts. The rock contains water-filled pore spaces, and, when the spaces are connected, 
the water is able to flow through the matrix of the rock. An aquifer also may be called a 



water-bearing stratum, lens, or zone. Wells can be drilled into many aquifers, and they are 
one of the most important sources of fresh water on Earth. 
Types 

2. What is confined aquifer       18-S 

Ans .  A confined aquifer is a water-bearing stratum that is confined or overlain by a rock 
layer that does not transmit water in any appreciable amount or that is impermeable. There 
probably are few truly confined aquifers, because tests have shown that the confining 
strata, or layers, although they do not readily transmit water, over a period of time 
contribute large quantities of water by slow leakage to supplement production from the 
principal aquifer. 
 

3.  What is Unconfined aquifer?              14,19-BP 
ANS . A groundwater aquifer is said to be unconfined when its upper surface (water table) 
is open to the atmosphere through permeable material. As opposed to a confined aquifer, 
the water table in an unconfined aquifer system has no overlying impervious rock layer to 
separate it from the atmosphere. 

4. What is specific yield of a well?       20-W-NEW 
Ans . Rate of water percolation in the well or yield of a well in m3/hr under a head of one 
metre is called the specific yield of the well. From the above definition it is clear that the 
specific yield depends on: (i) position of the water-table, (ii) permeability and porosity of 
the soil formation, (iii) the rate of water withdrawal from the well, and (iv) quantity of 
water storage in the well. Specific yield of the well is also called specific capacity of the 
well. 

 
Long question 
1. Explain about the surface source of water supply .           18-S,15-S 
2. State the various types of underground sources of water .     19-BP, 
3. Describe briefly aquifer and their types.      
4. Describe briefly sinking of wells. 

 

      

 

 

 

 

 



Chapter 3  TREATMENT OF WATER   

Learning objectives: 
3.1 Flow diagram of conventional water treatment system 

3.2 Treatment process/ units  

3.2.1 Aeration Necessity 

3.2.2 Plain Sedimentation Necessity, working principles, Sedimentation tanks types, essential 
features, operation & maintenance 

3.2.3 Sedimentation with coagulation: Necessity, principles of coagulation, types of coagulants, 
Flash Mixer, Flocculator, Clarifier (Definition and concept only) 

3.2.4 Filtration: Necessity. principles, types of filters Slow Sand Filter, Rapid Sand Filter and 
Pressure Filter -essential features  

3.2.5 Disinfection Necessity, methods of disinfection Chlorination free and combined chlorine 
demand, available chlorine, residual chlorine, pre-chlorination, break point chlorination, super- 
chlorination 

3.2.6 Softening of water Necessity, Methods of softening Lime soda process and lon exchange 
method (Concept Only)  

3.1 Flow diagram of conventional water treatment system 

 

 



 

 

3.2 Treatment process/ units  

3.2.1 Aeration Necessity 

1.It is the process of bringing water in intimate contact with air, while doing so the water absorbs 
oxygen from the air.  

2.The carbon dioxide gas is also removed upto 70% and upto certain extent bacteria are also 
killed.  

3.Iron, manganese and H,S gas are also removed upto certain extent from the water.  

 3.2.2 Plain Sedimentation Necessity, working principles, 
Sedimentation tanks types, essential features, operation & 
maintenance  

1. Plain sedimentation lightens the load on the subsequent process.  
2. The operation of subsequent purification process can be controlled in better way.  



3. The cost of cleaning the chemical coagulation basins is reduced.  
4. No chemical is lost with sludge discharged from the plain settling basin.  

5. Less quantity of chemicals are required in the subsequent treatment processes. 

Principle of sedimentation  

Any particle which does not alter its size, shape and weight while rising or settling in any fluid is 
called discrete particle. All the particles having more specific gravity than the liquid, will move 
vertically downward due to gravitational force. When any discrete particle is falling through a 
quiescent fluid, it will accelerate until the frictional resistance or drag force becomes equal to the 
gravitational forces acting upon the particle. At such stage the particle will settle at uniform 
velocity. This uniform velocity is called 'Settling Velocity' and is a very important factor. 

 Types of sedimentation tanks 

 In practice three types of sedimentation tanks are used, which are as follows 

 (a) Rectangular tanks 

 (b) Circular tanks 

 (c) Hopper bottom tanks.  

(a) Rectangular tanks. These are rectangular in plan and consist of large number of baffle walls. 
The function of baffle walls is to reduce the velocity of incoming water to increase the effective 
length of travel of the particle and prevent the short- circuiting. These tank are generally 
provided with channel type inlet and outlet extending on the full width. The floor between two 
baffles is  made like a hopper sloping towards centre where sludge-pipe is provided. The sludge 
is taken out through sludge outlet under hydrostatic force by operating the gate-valve.  

 

 

b) Circular tanks. These are generally not used in plain sedimentation, but anre mostly used in 
sedimentation with coagulation.  



c) Hopper bottom tanks. These are vertical flow tanks, because water flows upward and 
downward in these tanks. The water enters in these tanks from the top into deflector box. After 
flowing downward inside the deflector box the water reverses its direction and starts flowing 
upward around the deflector box as shown by arrows in. The suspended particles having specific 
gravity more than one, cannot follow the water at the time of reversing its direction, and settle in 
the bottom, from where they are removed through sludge outlet pipe under hydrostatic pressure. 
Rows of decanting channels are provided at the top to collect the clear water. The water after 
flowing in the channel is taken out from the outlet channel provided on one side of the tank.  

 

 

3.2.3 Sedimentation with coagulation: Necessity, principles of 
coagulation, types of coagulants, Flash Mixer, Flocculator, Clarifier 
(Definition and concept only) 

NECESSITY: Very fine suspended clay particles are not removed by plain sedimentation. Silt 
particle of0.06 mm size requires 10 hours to settle in 3 m deep plain sedimentation tank and 0.02 
mm particle will require about 4 days for settling. In addition to fine suspended matter, water 
also contains electrically charged colloidal matter which are continuously in motion and never 
settle down due to gravitational force.  

When water contains such fine clay particles and colloidal impurities, it becomes necessary to 
apply such process which can easily remove them from the water. After long experience it has 
been found that such impurities can be removed by sedimentation with coagulation. 

PRINCIPLE: It has been found that when certain chemicals are added to water an insoluble, 
gelatinous, flocculent precipitation is formed. This gelatinous precipitate during its formation 



and descent through the water absorb and entangle very fine suspended matter and colloidal 
impurities.  

First the coagulants are mixed in the water to produce the required precipitate, then the water is 
sent in sedimentation basins where sedimentation of fine and colloidal particles takes place 
through the precipitate. 

The following are the mostly used coagulants with normal dose and PH values required for best 
floc formation as shown in table 

Sl no. Coagulant  pH range Dosages  mg/l 
1 Aluminium sulphate Al2(SO4)3 5.5-8.0 5-85 
2 Sodium aluminate . Na2Al2O4 5.5-8.0 3.4-34 
3 Ferric chloride. FeCl3 5.5-11.00 8.5-51 
4 Ferric sulphate. Fe2(So4)3 5.5-11.00 8.5-51 
5 Ferric sulphate.FeSO47H2O 5.5-11.00 8.5-51 
 

Flash mixer: 

 In this device the solution of coagulants is mixed thoroughly in the water by means of a fan 
operated by electric motor suitable drive. The water enters in through the inlet, the deflecting 
wall deflects the water towards fan blades where chemicals also reach through chemical pipe.  

 Flocculator: 

Flocculators are slow stirring mechanisms. which forms flock. It consists of paddles which are 
revolving at very slow speed about 2-3rpm.The Flocculators provide number of gentle contacts 
between the flocculating particles which are necessary for the successful formation floc .In one 
type there are number of compartments fitted with rotating paddles. The water enters from the 
inlet and leaves through outlet.  

Clarifiers:  

In this operation the floc which has been formed above is allowed to settle and is separated from 
the water. This is done by keeping the water in sedimentation tanks which are also known as 
coagulation basins. The design of clarifiers is similar to that of plain sedimentation tank. 

3.2.4 Filtration: Necessity. principles, types of filters Slow Sand 
Filter, Rapid Sand Filter and Pressure Filter -essential features  

FILTRATION  



The process of passing the water through beds of sand or other granular materials is known as 
filtration. For removing bacteria, colour, taste, odours and producing clear and sparkling water, 
filters are used by sand filtration 95 to 98% suspended impurities are removed.  
THEORY OF FILTRATION  
The following are the mechanisms of filtration  
1. Mechanical straining – Mechanical straining of suspended particles in the sand pores.  
2. Sedimentation – Absorption of colloidal and dissolved inorganic matter in the  
surface of sand grains in a thin film  

3. Electrolytic action – The electrolytic charges on the surface of the sand particles,  

which opposite to that of charges of the impurities are responsible for binding  
them to sand particles.  
4. Biological Action – Biological action due to the development of a film of  
microorganisms layer on the top of filter media, which absorb organic impurities.  
Filtration is carries out in three types of filters  
1. Slow sand filter  
2. Rapid sand filter Gravity filters  
3. Pressure filter  
SLOW SAND FILTER 
Slow sand filters are best suited for the filtration of water for small towns. The sand used for the 
filtration is specified by the effective size and uniformity coefficient . The effective size, D10, 
which is the sieve in millimeters that permits 10% sand by weight to pass. The uniformity 
coefficient is calculated by the ratio of D60 and D10.  

CONSTRUCTION  

Slow sand filter is made up of a top layer of fine sand of effective size 0.2. to 0.3mm and 
uniformity coefficient 2 to 3 . The thickness of the layer may be 75 to 90 cm. Below the fine 
sand layer, a layer of coarse sand of such size whose voids do not permit the fine sand to pass 
through it. The thickness of this layer may be 30cm. The lowermost layer is a graded gravel of 
size 2 to 45mm and thickness is about 20 to 30cm. The gravel is laid in layers such that the 
smallest sizes are at the top. The gravel layer is the retains for the coarse sand layer and is laid 
over the network of open jointed clay pipe or concrete pipes called under drainage. Water 
collected by the under drainage is passed into the out chamber. 



 

 

OPERATION  
The water from sedimentation tanks enters the slow sand filter through a submersible inlet as 
shown in fig 5.3 This water is uniformly spread over a sand bed without causing any 
disturbances. The water passes through the filter media at an average rate of 2.4 to 3.6 
m3L/m2/day. This rate of filtration is continued until the difference between the water level on 
the filter and in the inlet chamber is slightly less than the depth of water above the sand. The 
difference of water above the sand bed and in the outlet chamber is called the loss of head. 
During filtration as the filter media gets clogged due to the impurities, which stay in the pores, 
the resistance to the passage of water and loss of head also increases. When the loss of head 
reaches 60cm, filtration is stopped and about 2 to 3 cms from the top of bed is scrapped and 
replaced with clean sand before putting back into service to the filter. The scrapped sand is 
washed with the water, dried and stored for return to the filter at the time of the next washing . 
The filter can run for 6 to 8 weeks before it becomes necessary to replace the sand layer.  

USES  

The slow sand filters are effective in removal of 98 to 99% of bacteria of raw water and 
completely all suspended impurities and turbidity is reduced to 1 N.T.U. Slow sand filters also 
removes odours, tastes and colours from the water but not pathogenic bacteria which requires 
disinfection to safeguard against water-borne diseases. The slow sand filters requires large area 
for their construction and high initial cost for establishment. The rate of filtration is also very 
slow.  
MAINTENANCE  

 The algae growth on the overflow weir should be stopped. Rate of filtration should be 
maintained constant and free from fluctuation. Filter head indicator should be in good working 
condition. Trees around the plant should be controlled to avoid bird droppings on the filter bed, 
No coagulant should be used before slow sand filtration since the floc will clog the bed quickly.  
 RAPID SAND FILTER  
Rapid sand filter are replacing the slow sand filters because of high rate of filtration ranging from 
100 to 150m3/m2/day and small area of filter required. The main features of rapid sand filter are 
as follows.  



The main features of rapid sand filter are as follows  
Effective size of sand - 0.45 to 0.70mm  
Uniformity coefficient of sand - 1.3 to 1.7 

Depth of sand - 60 to 75cm  
Filter gravel - 2 to 50mm size (Increase size towards bottom)  
 Depth of gravel - 45cm  

 Depth of water over sand  
 during filtration - 1 to 2m  
Overall depth of filter including 0.5m free board - 2.6m  
Area of single filter unit - 100m2 in two parts of each 50m2  
Loss of head - Max 1.8 to 2.0m  
 Turbidity of filtered water - 1 NTU  
OPERATION  
The water from coagulation sedimentation tank enters the filter unit through inlet pipe and 
uniformly distributed on the whole sand bed. Water after passing through the sand bed is 
collected through the under drainage system in the filtered water well. The outlet chamber in this 
filter is also equipped with filter rate controller. In the beginning the loss of head is very small. 
But as the bed gets clogged, the loss of head increases and the rate of filtration becomes very 
low. Therefore the filter bed requires its washing.  

 

WASHING OF FILTER  
Washing of filter done by the back flow of water through the sand bed as shown in Fig 5.5. First 
the value ‘A’ is closed and the water is drained out from the filter leaving a few centimeter depth 
of water on the top of sand bed. Keeping all values closed the compressed air is passed through 
the separate pipe system for 2-3 minutes, which agitates the sand bed and stirrer it well causing 
the loosening of dirt, clay etc. inside the sand bed. Now value ‘C’ and ‘B’ are opened gradually, 
the wash water tank, rises through the laterals, the strainers gravel and sand bed. Due to back 



flow of water the sand expands and all the impurities are carried away with the wash water to the 
drains through the channels, which are kept for this purpose.  

CONSTRUCTION  
 

Rapid sand filter consists of the following five parts  
1. Enclosure tank – A water tight tank is constructed either masonry or concrete  
2. Under drainage system – may be perforated pipe system or pipe and stretcher system  
3. Base material – gravel should free from clay, dust, silt and vegetable matter. Should be 
durable, hard, round and strong and depth 40cm.  
4. Filter media of sand – The depth of sand 60 to 75cm  
5. Appurtenances – Air compressors useful for washing of filter and wash water troughs for 
collection of dirty water after washing of filter. Washing process is continued till the sand bed 
appears clearly. The washing of filter is done generally after 24 hours and it takes 10 minutes and 
during back washing the sand bed expands by about 50%. Rapid sand filter bring down the 
turbidity of water to 1 N.T.U. This filter needs constant and skilled supervision to maintain the 
filter gauge, expansion gauge and rate of flow controller and periodical backwash.  

 

 

Sl. No. Item S.S.F R.S.F 
1 Area  Need very large area Needs small area 
2 Raw water 

turbidity 
Not more than 30NTU Not more than 10NTU hence 

need coagulation 
3 Sand media Effective size 0.2 to 0.3mm 

uniformity co-efficient 2 to 3 single 
layer of uniform size 

Effective size 0.45 to 0.7mm 
uniformity co-efficient 1.3 to 1.7 
multiple graded layers of  size 

4 Rate of 
filtration 

2.4 to 3.6m3/m2/day 100-150m3/m2/day 

5 Loss of head 0.6m-0.7m 1.8m-2.0m 
6 Supervision No skilled supervision is required Skilled supervision is required 
7 Cleaning of 

filter. 
Scraping of 21/2cm thick layer 
washing and replacing. cleaning 
interval i.e replacement of sand 

Back wash with clean water 
under pressure to detach the dirt 
on the sand. Back washing daily 
or on alternate day. 

8 efficiency Bacterial removal ,taste ,odour 
,colour and turbidity removal  

There is no removal of bacteria. 
Removal of colour , odour, and 
turbidity is good. 

 

 



 

PRESSURE FILTER  
Pressure filter is type of rapid sand filter in a closed water tight cylinder through which the water 
passes through the sand bed under pressure. All the operations of the filter is similar to rapid 
gravity filter, expect that the coagulated water is directly applied to the filter without mixing and 
flocculation. These filters are used for industrial plants but these are not economical on large 
scale. Pressure filters may be vertical pressure filter and horizontal pressure filter. The Fig 
5.6shows vertical pressure filter. Backwash is carried by reversing the flow with values. The rate 
of flow is 120 to 300m3/m2/day.  

 

ADVANTAGES  
1. It is a compact and automatic operation  
2. These are ideal for small estates and small water works  
3. These filters requires small area for installation  
4. Small number of fittings are required in these filters  
5. Filtered water comes out under pressure no further pumping is required.  

6. No sedimentation and coagulant tanks are required with these units.  
DISADVATAGES  
1. Due to heavy cost on treatment , they cannot be used for treatment large quantity of water at 
water works  
2. Proper quality control and inspection is not possible because of closed tank  
3. The efficiency of removal of bacteria & turbidity is poor.  
4. Change of filter media, gravel and repair of drainage system is difficult.  

3.2.5 Disinfection Necessity, methods of disinfection Chlorination 
free and combined chlorine demand, available chlorine, residual 
chlorine, pre-chlorination, break point chlorination, super- 
chlorination 

Disinfection of water  
The process of killing the infective bacteria from the water and making it safe to the user is 
called disinfection. The water which comes out from the filter may contain some disease – 



causing bacteria in addition to the useful bacteria. Before the water is supplied to the public it is 
utmost necessary to kill all the disease causing bacteria. The chemicals or substances which are 
used for killing the bacteria are known as disinfectants.  
 

Requirements of good disinfectants  
1. They should destroy all the harmful pathogens and make it safe for use,.  
2. They should not take more time in killing bacteria  
3. They should be economical and easily available  
4. They should not require high skill for their application  
5. After treatment the water should not become toxic and objectionable to the user.  
6. The concentration should be determined by simply and quickly.  
Methods of disinfection  
Disinfection of water by different physical and chemical methods  
 

i.Physical methods  
1. BOILING : Boil the water for 15 to 20 minutes and kills the disease causing bacteria.  
This process is applicable for individual homes.  
2. ULTRA-VIOLET RAYS: Water is allowed to pass about 10cm thickness by ultraviolet rays. 
This process is very costly and not used at water works. Suitable for institutions.  
3. ULTRASONIC RAYS: Suitable for institutions.  
ii. Chemical methods  
1. CHLORINATION : Using chlorine gas or chlorine compounds.  
2. BROMINE AND IODINE : It is expensive and leaves taste and odour.  
3. POTASSIUM PERMANGANATE: This method is used for disinfection of dug well water, pond 
water or private source of water.  
4. OZONE : Very expensive process, leaves no taste, odour or residual.  
5. EXCESS LIME TREATMENT: Needs long distension time for time interval and large lime 
sledges to be treated.  

Chlorination  
Chlorination is the addition of chlorine to kill the bacteria Chlorination is very widely adopted in 
all developing countries for treatment of water for public supply. Chlorine is available in gas, 
liquid or solid form (bleaching powder)  
ADVANTAGES OF CHLORINE  
1. Chlorine is manufactured easily by electrolytes of common salts (NaCl)  
2. It is powerful oxidant and can penetrate the cell wall of organism and its contents.  
3. Dosage can be controlled precisely  
4. can be easily detected by simple orthotolidine test  
5. Does not form harmful constituents on reaction with organics of inorganics in water  



6. leaves required residue in water to neutralise recontamination later.  
PRECAUTIONS IN USING CHLORINE  
1. Chlorine gas or liquid is highly corrosive and Lithal to Inhale. Hence it is to be stored 
carefully in sealed container at a distance.  
2. If the water contains phenolic compounds, there is a reaction with chlorine can result in cancer 
causing substance. 

RESIDUAL CHLORINE AND CHLORINE DEMAND  
When chlorine is applied in water some of it is consumed in killing the pathogens, some react 
organs & inorganic substances and the balance is detected as “Residual Chlorine”. The 
difference between the quantity applied per litre and the residual is called “Chlorine Demand”. 
Polluted waters exert more chlorine demand. If water is pre-treated by sedimentation and 
aeration, chlorine demand may be reduced. Normally residual chlorine of 0.2 mg/litre is 
required. 

DOSAGE OF CHLORINE  
(a) Plain chlorination  
Plain chlorination is the process of addition of chlorine only when the surface water with no 
other treatment is required. The water of lakes and springs is pure and can be used after plain 
chlorination. A rate of 0.8 mg/lit/hour at 15N/cm2 pressure is the normal dosage so as to 
maintain in a resided chlorine of 0.2 mg/lit.  
(b) Super chlorination  
Super chlorination is defined as administration of a dose considerably in excess of that necessary 
for the adequate bacterial purification of water. About 10 to 15 mg/lit is applied with a contact 
time of 10 to 30 minutes under the circumstances such as during epidemic breakout water is to 
be dechlorinated before supply to the distribution system.  
(c) Brake point chlorination  
When chlorine is applied to water containing organics, micro organisms and ammonia the 
residual chlorine levels fluctuate with increase in dosage as shown in fig. 

 

Upto the point B it is absorbed by reducing agents in water (like nitrates, Iron etc) further 
increases forms chloramines with ammonia in water. Chloramines are effective as CL and OCL 
formed. When the free chlorine content increases it reacts with the chloramines and reducing the 
available chlorine. At the point ‘D’ all the chloramines are converted to effective N2, N2O and 
NCl3. Beyond point ‘D’ free residual chlorine appear again. This point ‘D’ is called break point 



chlorination. Dosage beyond this point is the same as super chlorination. In super chlorination no 
such rational measurement is made and the dosage is taken at random. 

D) DECHLORINATION  

Removal of excess chlorine resulting from super chlorination in part or completely is called 
‘Dechlorination’: Excess chlorine in water gives pungent smell and corrode the pipe lines. Hence 
excess chlorine is to be removed before supply. Physical methods like aeration, heating and 
absorption on charcoal may be adopted. Chemical methods like sulphur dioxide (SO2) , Sodium 
Bi-sulphate (NaHSO3), are used.  
POINTS OF CHLORINATION  
Chlorine applied at various stages of treatment and distribution accordingly they are known as 
pre, post and Re-chlorination.  
a)PRE-CHLORINATION  

Chlorine applied prior to the sedimentation and filtration process is known as Pre-chlorination. 
This is practiced when the water is heavily polluted and to remove taste, odour, colour and 
growth of algae on treatment units. Pre-chlorination improves coagulation and post chlorination 
dosage may be reduced.  
 

b) POST CHLORINATION  
When the chlorine is added in the water after all the treatment is known as Post chlorination.  
c) RE-CHLORINATION  
In long distribution systems, chlorine residual may fall tendering the water unsafe. Application 
of excess chlorine to compensate for this may lead to unpleasant smell to consumers at the points 
nearer to treatment point in such cases chlorine is applied again that is pre-chlorinated at 
intermediate points generally at service reservoirs and booster pumping stations.  

 3.2.6 Softening of water Necessity, Methods of softening Lime soda 
process and lon exchange method (Concept Only)  

GENERAL : The removal or reduction of hardness from the water is known as water softening. 
From the health point of view, it is necessary at all times to remove the hardness from the water. 
It requires more consumption of soap in producing lather and washing of clothes with hard water 
than soft water. 

Necessity of water softening : The raw water specially from the ground sources may 
contain large quantity of bicarbonates, sulphates, carbonates and chlorides of calcium and 
magnesium as dissolved impurities. These dissolved impurities of salts usually make the water 
hard. The hard water causes the following difficulties, due to which its removal from the water 
becomes essential. 



  (I) More quantity of soap is consumed at home and in laundries for washing of clothes. This is 
due to the reason that about 25 ppm additional soap quantity is required for every 1.0 ppm of 
hardness in the water. Practically, it has been experienced that above 1.0 kg of soap is wasted in 
4 x l10 litres of water containing I ppm of hardness. 

 (ii) The fabric of clothes gets spoiled while washing it to remove precipitate formed by soap in 
hard water. 

 (iii)In industries hard water forms scales in the boilers, due to which more fuel is wasted and 
boiler metals are overheated causing danger to the boiler plant. Hard water creates serious 
troubles in the manufacturing process of textile,  

(iv) finishing, paper-making, dyeing, rayon industry, canning, ice-making etc 

(V)Hard waters choke and clog plumbings due to precipitation of salts in them.  

Lime soda process: While removing hardness by this method, lime is added in the beginning 
and is allowed to form precipitates which are removed. The hardness which is not removed by 
lime alone is now removed by adding soda-ash. This is done in view of economy as lime is 
cheaper than alg noa soda-ash.  

Ion exchange process : This process is also known as Zeolite or Cation Exchange Process. 
The process depends on the ability of certain insoluble substances (mainly silicates) to exchange 
cation with other substances dissolved in water. The hard water is passed through a bed zeolite 
sand(complex silicates of aluminum and sodium),while passing through it the Ca and Mg cation 
get replaced by sodium from the exchanger and the water becomes soft. 

 

Short question 

1. What do you mean by residual chlorine? S 18 

Ans . Residual chlorine is the amount of chlorine that remains in the water after a certain period 
or contact time . 

2. Write down the different methods of disinfection. S19 

Ans .by boiling of water  

By ultra violet  ray 

By use of iodine and bromine 

By use of ozone  



By use of excess lime 

3. Mention the types of filter. 

Ans .slow sand gravity filters 

The rapid sand gravity filters 

Pressure r filters 

4. Mention any two names of water borne disease 
Ans .typhoid 
Cholera 
Bacillary desentry 

Long question 

1. Differentiate between slow and rapid sand filter. 14,s19,w20 
2. What are the physical tests carried out to examine disinfection of water?w18,s19 
3. Draw the flow diagram of water treatment system and describe each unit. s16 
4. Explain break point chlorination .14,15,18s  
5. Explain different methods of disinfection water.s15 
 
 

 

 

 

 

 

 

 

 

 

 

 



                    CHAPTER-4 

Distribution system And Appurtenance in distribution 
system 

Learning objectives: 
 
4.1 General requirements, types of distribution system-gravity, direct and combined  
4.2 Methods of supply – intermittent and continuous  
4.3 Distribution system layout – types, comparison, suitability  
4.4 Valves-types, features, uses, purpose-sluice valves, check valves, air valves, scour valves, 
Fire hydrants, Water meters  
 

4.1 General requirements, types of distribution system-gravity, 
direct combined  

GENERAL INTRODUCTION:  

After treatment, water is to be stored temporarily and supplied to the consumers through the 
network of pipelines called distribution system. The distribution system also includes pumps, 
reservoirs, pipe fittings, instruments for measurement of pressures, flow leak detectors etc. The 
cost of distribution is about 40 to 70% of the total cost of the entire scheme. The efficiency of the 
system depends upon proper planning, execution and maintenance. Ultimate air is to supply 
potable water to all the consumers whenever required in sufficient quantity with required 
pressure with least lost and without any leakage.  

REQUIREMENT OF A DISTRIBUTION SYSTEM:  

 

 

1. The should convey the treated water upto consumers with the same degree of purity  

2. The system should be economical and easy to maintain and operate  

3. The diameter of pipes should be designed to meet the fire demand  

4. It should safe against any future pollution. As per as possible should not be laid below sewer 
lines.  



5. Water should be supplied without interruption even when repairs are undertaken  

6. The system should be so designed that the supply should meet maximum hourly demand. A 
peak factor 2.5 is recommended for the towns of population 0.5. to 2 lakhs. For larger population 
a factor of 2.0 will be adequate. 

TYPES OF DISTRIBUTION:  

 Depending upon the methods of distribution, the distribution system is classified as the follows:  

1.Gravity system  

2.Pumping system /Direct system 

3.Dual system or combined gravity and pumping system  

GRAVITY SYSTEM: 

When some ground sufficiently high above the city area is available , this can be best utilized for 
distribution system in maintaining pressure in water mains . This method is also much suitable 
when the source of supply such as lake, river or impounding reservoir is at sufficiently higher 
than city. The water flows in the mains due to gravitational forces. As no pumping is required 
therefore it is the most reliable system for the distribution of water .  

 

PUMPING SYSTEM 

Constant pressure can be maintained in the system by direct pumping into mains. Rate of flow 
cannot be varied easily according to demand unless number of pumps are operated in addition to 
stand by ones. Supply can be effected during power failure and breakdown of pumps. Hence 
diesel pumps also in addition to electrical pumps as stand by to be maintained. During fires, the 
water can be pumped in required quantity by the stand by units. 



 

 

COMBINED PUMPING AND GRAVITY SYSTEM: 

 This is also known as dual system. The pump is connected to the mains as well as elevated 
reservoir. In the beginning when demand is small the water is stored in the elevated reservoir, but 
when demand increases the rate of pumping , the flow in the distribution system comes from the 
both the pumping station as well as elevated reservoir. As in this system water comes from two 
sources one from reservoir and second from pumping station, it is called dual system. This 
system is more reliable and economical, because it requires uniform rate of pumping but meets 
low as well as maximum demand. The water stored in the elevated reservoir meets the 
requirements of demand during breakdown of pumps and for fire fighting. 

 

 

 

4.2 Methods of supply -intermittent and continuous  

The water can be supplied to the consumers by the following two system 

 (a) Continuous system.  



      This is the best system and the water is supplied for all the twenty four hours. This system is 
possible when there is adequate quantity of water for supply. In this system sample water is 
always available for fire-fighting and due to continuous circulation water always remains fresh. 
(b) Intermittent system.  

If plenty of water is not available, the supply of water is divided into zones and each zone is 
supplied with water for the fixed hours in a day. As the water is supplied afterintervals,it is called 
intermittent system 

4.3 Distribution system layout -types, comparison, suitability 

LAYOUTS OF DISTRIBUTION SYSTEM:  

Generally in practice there are four different systems of distribution which are used. They are:  

1. Dead End or Tree system  

2. Grid Iron system  

3. Circular or Ring system  

4. Radial system 

DEAD END OR TREE SYSTEM:  

This system is suitable for irregular developed towns or cities. In this system water flows in one 
direction only into submains and branches. The diameter of pipe decreases at every tree branch. 

 

 

ADVANTAGES 



 1. Discharge and pressure at any point in the distribution system is calculated easily 2. The 
valves required in this system of layout are comparatively less in number. 3. The diameter of 
pipes used are smaller and hence the system is cheap and economical 4. The laying of water 
pipes is used are simple. 

 DISADVANTAGES 

 1. There is stagnant water at dead ends of pipes causing contamination. 

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

3. The water available for fire fighting will be limited in quantity 

GRID IRON SYSTEM 

 From the mains water enters the branches at all Junctions in either directions into submains of 
equal diameters. At any point in the line the pressure is balanced from two directions because of 
interconnected network of pipes. 

 

ADVANTAGES 

 1. In the case of repairs a very small portion of distribution are a will be affected  

2. Every point receives supply from two directions and with higher pressure 

 3. Additional water from the other branches are available for fire fighting 

 4. There is free circulation of water and hence it is not liable for pollution due to stagnation. 
DISADVANTAGES 

 1. More length of pipes and number of valves are needed and hence there is increased cost of 
construction  

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



 CIRCULAR OR RING SYSTEM  

Supply to the inner pipes is from the mains around the boundary. It has the same advantages as 
the grid-Iron system. Smaller diameter pipes are needed. The advantages and disadvantages are 
same as that of grid-Iron system. 

 

RADIAL SYSTEM: 

 This is a zoned system. Water is pumped to the distribution reservoirs and from the reservoirs it 
flows by gravity to the tree system of pipes. The pressure calculations are easy in this system. 
Layout of roads need to be radial to eliminate loss of head in bends. This is most economical 
system also if combined pumping and gravity flow is adopted. 

 

4.4 Valves-types, features, uses, purpose-sluice valves, check valves, 
air valves, scour valves, Fire hydrants, Water meters W/s plumbing 
in building:  

The following are the some of the fixtures used in the distribution system.  

(i) Valves  



(ii) Fire hydrants and  

(iii)Water meter  

TYPES OF VALVES  

In water works practice, to control the flow of water, to regulate pressure, to release or to admit 
air, prevent flow of water in opposite direction valves are required. The following are the various 
types of valves named to suit their function  

1. Sluice valves  

2. Check valves or reflex valves  

3. Air valves  

4. drain valves or Blow off valves  

5. Scour valve  

SLUICE VALVES 

These are also known as gate-valves or stop valves. These valve control the flow of water 
through pipes. These valves are cheaper, offers less resistance to the flow of water than other 
valves. The entire distribution system is decided into blocks by providing these valves at 
appropriate places. They are provided in straight pipeline at 150-200m intervals. When two pipes 
lines interest, valves are fixed in both sides of intersection. When sluice valve is closed, it shuts 
off water in a pipeline to enable to undertake repairs in that particular block. The flow of water 
can be controlled by raising or lowering the handle or wheel.  

 

CHECK VALVE or REFLUX VALVE  

These valves are also known as non-return valves. A reflux valve is an automatic device which 
allows water to go in one direction only. The swing type of reflux valve as shown in fig 7.2 is 
widely used in practice. When the water moves in the direction of arrow, the valve swings or 



rotates around the pivot and it is kept in open position due to the pressure of water. When the 
flow of water in this direction ceases, the water tries to flow in a backward direction. But this 
valve prevents passage of water in the reverse direction. 

 

 

       Reflux valve is invariably placed in water pipe, which obtain water directly from pump. 
When pump fails or stops, the water will not run back to the pump and thus pumping equipments 
will be saved from damage.  

AIR VALVES   

These are automatic valves and are of two types namely  

 1. Air inlet valves  

 2. Air relief valves  

1. AIR INLET VALVES  

 These valves open automatically and allow air to enter into the pipeline so that the development 
of negative pressure can be avoided in the pipelines. The vacuum pressure created in the down 
streamside in pipelines due to sudden closure of sluice valves. This situation can be avoided by 
using the air inlet valves.  

2. AIR RELIEF VALVES  

 Some times air is accumulated at the summit of pipelines and blocks the flow of water due to air 
lock. In such cases the accumulated air has to be removed from the pipe lines. This is done 
automatically by means of air relief valves.  

DRAIN VALVES OR BLOW OFF VALVES  

These are also called wash out valves they are provided at all dead ends and depression of 
pipelines to drain out the waste water. These are ordinary valves operated by hand.  

SCOUR VALVES :  



These are similar to blow off valves. They are ordinary valves operated by hand. They are 
located at the depressions and dead ends to remove the accumulated silt and sand. After the 
complete removal of silt; the value is to be closed.  

 

WATER METER  

These are the devices which are installed on the pipes to measure the quantity of water flowing at 
a particular point along the pipe. The readings obtained from the meters help in working out the 
quantity of water supplied and thus the consumers can be charged accordingly. The water meters 
are usually installed to supply water to industries, hotels, big institutions etc. metering prevents 
the wastage of purified water.  

FIRE HYDRANTS  

A hydrant is an outlet provided in water pipe for tapping water mainly in case of fire. They are 
located at 100 to 150 m a part along the roads and also at junction roads.  

They are of two types namely.  

1. Flush Hydrants. 2. Post Hydrants  

Short question 

1. Mention the types of distribution system in the pipelines. 

Ans .gravitational system 

          Pumping system 

         Combined gravity and pumping system 

2. What is vent pipe?(2007) 

Ans .It is a pipe line installed to provide circulation of air with in a drainage system to protect 
trap seals from siphonage and back flow 

3. Mention the types of valves . 
Ans .slice valve 
Pressure relief valves 
Check valve  
Air relief valve 
Drain valves 

4. Define gravity system of distribution of water.(2015) 



Ans .When some ground sufficiently high above the city area is available , this can be best 
utilized for distribution system in maintaining pressure in water mains . This method is also 
much suitable when the source of supply such as lake, river or impounding reservoir is at 
sufficiently higher than city. The water flows in the mains due to gravitational forces. As no 
pumping is required therefore it is the most reliable system for the distribution of water .  

 

Long question  

1. Describe the various methods of water distribution system.(2011,2011.18,19) 
2. Describe briefly the types of valves. 
3. Draw the layout of a distribution systems 

 

 

 

                           CHAPTER 5 

                 W/S PLUMBING IN BUILDING 
5.1 Method of connection from water mains to building supply 

5.2 General layout of plumbing arrangement for water supply in single storied and multi-storied 
building as per I.S. code. 

5.1 Method of connection from water mains to building supply 

There are four basic methods of distribution of water to a multistrayed buildings.  

1. Direct supply from mains to ablutionary taps and kitchen with WCs and urinals supplied by 
overhead tanks 

 2. Direct Pumping Systems  

3. Hydro-Pneumatic Systems  

4. Overhead Tanks Distribution  

Direct Supply System :This system is adopted when adequate pressure is available round 
the clock at the topmost floor. With limited pressure available in most city mains, water from 
direct supply is normally not available above two or three floors.  



Pumping system: Pumping Water is pumped directly into the distribution system without the 
aid of any overhead tank, except for flushing purposes. The pumps are controlled by a pressure 
switch installed on the line. 

Hydro-Pneumatic Systems :Hydro-pneumatic system is a variation of direct pumping 
system. An air-tight pressure vessel is installed on the line to regulate the operation of the pumps. 
The vessel capacity shall be based on the cut-in and cut-out pressure of the pumping system 
depending upon allowable start/stops of the pumping system. The system shall have reliable 
power supply to avoid breakdown in the water supply. 

Over-head Tank Distribution : This is the most common of the distribution systems 
adopted by various type of buildings. The system comprises pumping water to one or more 
overhead tanks placed at the top most location of the hydraulic zone. Water collected in the 
overhead tank is distributed to the various parts of the building by a set of pipes located generally 
on the terrace. 

5.2 General layout of plumbing arrangement for water supply in 
single storied and multi-storied building as per I.S. code 

Layout of Single storied building 

 

Layout of multi storied building 

 

 



 

 

Short question 

1. Write down the methods for distribution of water in a multistoreyedbuilding . 

Ans . 1. Direct supply from mains to ablutionary taps and kitchen with WCs and urinals supplied 
by overhead tanks 

. 2. Direct Pumping Systems  

3. Hydro-Pneumatic Systems  

4. Overhead Tanks Distribution  

Long question 

1. Describe General layout of plumbing arrangement for water supply in single storied and 
multi-storied building as per I.S. code 

2. Describe the methods for  distribution of water to a multistoreyed building 

 

 

 



                          SECTION-B.  

                    WASTE WATER ENGINEERING 

                Chapter-6.  INTRODUCTION 

Learning objectives 
6.1 Aims and objectives of sanitary engineering  
6.2 Definition of terms related to sanitary engineering  
6.3 Systems of collection of wastes– Conservancy and Water Carriage System – features, comparison, 
suitability  

 

6.1Aims and objectives of sanitary engineering 

In every town or city wastes of differenttypes such as spent water from bath room, kitchens, 
lavatory basins, house and street washings, from various industrial processes, semi liquid wastes 
of human and animal excreta, dry refuse of house and street sweepings, broken furniture, 
crockery, wastes from industries etc., are produced daily. 

 If proper arrangements for the collection,treatmentand disposal of all the wastes produced from 
the town or city are not made, they will go on accumulating and create such a foul condition that 
the safety of the structures such as buildings,roads will be in danger due to accumulation of spent 
water in their foundations.In addition the disease bacteria will bread up in the stagnate water and 
the health of the public will be in danger. All the drinkable water will be polluted.  

Total insanitary conditions will be developed in the town and it will become impossible for the 
public to live in the towns of cities. Therefore in the interest of community of the town or city it 
is most essentialto collect, treat and dispose ofall the waste products of the city in sucha way that 
it may not cause any havoc to the people residing in the town. 

6.2 Definition of terms related to sanitary engineering 

i) Anti-siphonage Pipe: Apipe which is installed in the house drainage to preserve the water seal 
of traps is known as anti-siphonage pipe. It maintainsproper ventilation and does not allow the 
siphonic action to take place. 

 (ii) Siphonage: Water seal of traps may break due to siphonic action. This is known as 
'siphonage 'and it is induced when water is suddenly dischargedfrom a fixture on the upper floor. 



(iii) Soil Pipe: The term soil pipe is used to indicate the pipe which carries discharges from soil 
fittings such as urinals, water closets, etc 

(iv) Vent Pipe: The pipe installed for the purpose of ventilation is known as vent  pipe. 
(V)Waste Pipe: The term waste pipe is used to indicate the pipe which carries discharges from 
sanitary fittings such as bath rooms, kitchens ,sinks, etc. 

 (vi) Bacteria: These are microscopic unicellular plants or organisms. These are divided into 
three groups-namely, aerobic, anaerobic and facultative. 

(Vii)Refuse: The term "refuse is used to indicate what is rejected or left as worthless and for the 
study of sanitary engineering. it is divided into five categories. 

 Garbage: The term garbage is used to indicate dry refuge and it include decayed fruit, grass 
leaves etc. 

Sewage: The term sewage is used to indicate the liquid waste from the community and it include 
sullage, discharge from latrines, urinels, industrial waste etc. 

Sullage: The term sullage is used to indicate the waste water from bath rooms, kitchen etc. 

Combined sewage: This indicates a combination of Sanitary sewage and storm water with or 
without industrial waste.  

Crude or Raw sewage: This indicates the sewage that is not treated. 

Domestic or Sanitary Sewage: This indicates sewage mainly derived from residential or 
business buildings, institutions, etc. 

 Fresh sewage: This term is used to indicate the sewage which has been recently originated or 
produced. 

Septic sewage : This indicates sewage which is undergoing the treatment process etc, industrial 
waste and storm water.  

Storm water: The term storm water is used to indicate the rain water of the locality. (Subsoil 
water: This indicates the ground water which finds its entry into sewers through leaks.  

Sewer: The underground conduits or drains through which sewage is conveyed are known as 
sewers.  

6.3 Systems of collection of wastes–Conservancy and Water 
Carriage System –features, comparison, suitability 

METHODS OF COLLECTION  



The sanitation of a town or city is done by two methods, which are  

(a) Conservancy System.  

(b) Water-Carriage System.  

CONSERVANCY SYSTEM  

Sometimes this system is also called dry-system. This system is in practice from veny ancient 
times. Actually this is out of date system even though it is prevailing in small towns village and 
undeveloped portions of the large cities. Various types of refuse and storm water are collected, 
conveyed and disposed of separately by different methods in this system therefore, it is called 
conservancy system.  

In conservancy system the Sullage and Storm waters are also carried separately m closed or open 
drains, up to the point of disposal,where they are allowed to mix up win streams, rivers or sea 
without any treatment. Sometimes sullage is used for individual gardening or farming on large 
scale.  

WATER-CARRIAGESYSTEM  

With the development and advancement of the cities, urgent need was felt to replace 
conservancy system with some more improved type of system in which human agency should 
not be used for the collection and conveyance of the sewage. After large numbers of 
experiments, it was found that the water is the only cheapest substance, which can be easily used 
for the collection and conveyance of sewage. As in this system water is the main substance, 
therefore it is called Water-Carriage System.  

In this system the excremental matters are mixed up in large quantity of water and are taken out 
from the city through properly designed sewerage systems, where they are disposed off after 
necessary treatment in a satisfactory manner.  

Conservancy System of Sanitation: 
 

Water-Carriage System of Sanitation: 
 

1. Conservancy system is very cheap in initial 
cost. 

2. Due to foul smell from the latrines, they are 
to be constructed away from the living room, 
so building cannot be constructed as compact 

1. Water-carriage systems involves high initial 
cost. 

2. As there is no foul smell, latrines remain 
clean and neat hence are constructed with 
rooms. 



units. 

3. The aesthetic appearance of the city cannot 
be increased. 

4. For burying of excremental matter, large 
area is required. 

5. Excrete is not removed immediately hence 
its decomposition starts before its removal, 
causing nuisance of smell. 

6. Storm water is carried in usually surface 
drains, hence no problem of pumping the 
storm7. The quantity of waste liquid reaching 
the disposed point is less, hence it can be 
disposed of without any treatment. 

8. The conservancy system is fully dependent 
on the human agency. In case of strike by the 
sweepers, there is danger of insanitary 
conditions in the city, which may cause 
spreading of disease. 

9. As sewage is disposed of without any 
treatment, it may pollute the natural water 
courseswater. 

 

3. Good aesthetic appearance of the city can be 
obtained. 

4. Less area is required as compared with the 
conservancy system. 

5. Excreta is immediately removed with water, 
no problem of foul smell or hygienic trouble. 

6. Sewage is treated before disposing off, it 
may or may not require pumping, it depends on 
the topography of the town. 

7. Large quantity of sewage highly polluted in 
nature, it requires its treatment before disposal. 
So it is costlier in operation and maintenance. 

8. As no human agency is involved in this 
system, there is no such problem as in case of 
conservancy system. 

9. Sewage is treated up to required degree of 
sanitation. 

 

 

 

 

 

 

 



SHORT QUESTION 

1.what is Anti-siphonage Pipe?(2011) 

Ans : Apipe which is installed in the house drainage to preserve the water seal of traps is known 
as anti-siphonage pipe. It maintains proper ventilation and does not allow the siphonic action to 
take place. 

2.what is Siphonage pipe? 

Ans :Water seal of traps may break due to siphonic action. This is known as 'siphonage' and it is 
induced when water is suddenly discharged from a fixture on the upper floor. (iii) Soil Pipe: The 
term soil pipe is used to indicate the pipe which carries discharges from soil fittings such as 
urinals, water closets, etc 

3.what is Vent Pipe?(2007,08,10,14) 

Ans ;The pipe installed for the purpose of ventilation is known as vent  pipe. (V)Waste Pipe: The 
term waste pipe is used to indicate the pipe which carries discharges from sanitary fittings such 
as bath rooms, kitchens, sinks, etc. 

4.what is Bacteria? 

 These are microscopic unicellular plants or organisms. These are divided into three groups-
namely, aerobic, anaerobic and facultative. 

5.Define conveyance system. 

Ans: Sometimes this system is also called dry-system. This system is in practice from very 
ancient times. Actually this is out of date system even though it is prevailing in small towns 
village and undeveloped portions of the large cities. Various types of refuse and storm water are 
collected, conveyed and disposed of separately by different methods in this system therefore, it is 
called conservancy system. 

Long question 

1.Describe conservancy and water carriage system. Compare the relative advantages and 
disadvantages of two system .(2019s) 

 

                             

 



 CHAPTER 7 

          QUANTITY AND QUALITY OF SEWAGE  

Learning objectives 
7.1 Quantity of sanitary sewage – domestic & industrial sewage, variation in sewage flow, 

numerical problem on computation quantity of sanitary sewage. 

7.2 Computation of size of sewer, application of Chazy’s formula, Limiting velocities of 
flow : self-cleaning and scouring 

7.3 General importance, strength of sewage, Characteristics of sewage-physical, chemical & 
biological 

7.4 Concept of sewage-sampling, tests for – solids, pH, dissolved oxygen, BOD, COD 

7.1 Quantity of sanitary sewage- domestic & industrial sewage, 
variation in sewage flow, numerical problem on computation 
quantity of sanitary sewage. 

In order to find out a suitable section for the sewer, it is necessary to determine the quantity 
of sewage that will flow through the sewer.  The sewage consists of the following two 
categories: 

Dry weather flow 

Storm water 

 DRY WEATHER FLOW 

This is sometimes written as D.W.F. and it consists of two types of sewage: 

1.Domestic or sanitary sewage 

2.Industrial sewage 

 

The quantity of D.W.F. is determined by considering the following four factors: 

Infiltration and ex-filtration 

Nature of industries 



Population 

Rate of water supply 

Infiltration and ex-filtration: 

The term infiltration is used to indicate the leakage of water from the ground surrounding the 
sewer and the term ex-filtration is used to indicate the leakage of sewage from the sewer into the 
ground surrounding the sewer. The infiltration and ex-filtration are both undesirable.  The 
infiltration unnecessarily increases the quantity of sewage.  The ex-filtration pollutes the 
underground sources of water, if any.   

Nature of industries: 

The quantity of industrial sewage will depend upon the nature of industries.  A careful study is, 
therefore, made of the industries contributing to the flow of sewage and the quantity of industrial 
sewage is then accordingly worked out. 

Population 

Just as in case of water supply projects, the future population after two or three decades is 
determined by applying any suitable method of population forecast.  The design period of 
different parts of the sewerage system is different and the following factors are taken into 
account while fixing the probable life of a particular part of the sewerage system 

Rate of water supply 

Usually the quantity of water entering the sewer will be slightly less than the quantity of water 
supplied. For practical purposes, it is assumed that the quantity of water which does not enter 
sewer is very nearly equal to the extra quantity of water which enter sewer.  The rate of sewage 
may, however, be assumed lower than the rate of water supply to the extent of about 60 to 70 per 
cent where there are sufficient reasons to justify such assumption. 

DETERMINATION OF QUANTITY OF SANITARY SEWAGE  

As stated earlier, the quantity of sanitary sewage should be equal to the quantity gf water 
supplied by the water-works. But actually it is not so and some additions and Subtractions are 
done in it to determine approximately correct quantity of sewage.  

Therefore, 

Quantity of Sanitary Sewage= (Total quantity of water supplied)+[(Additions due to 
industries)(Subtractions)] 



Generally, it has been seen that after doing all the calculations the quantity of sanitary sewage 
comes equal to 75 to 80% of the total quantity of water supplied .Other methods which can also 
be employed for the determination of sanitary sewage may be as follows: 

 (i)Short-term records of sewer gaugings. 

(ii) Long-term records of sewer gauging. 

(iii) Arbitrarily selected per capita sewage flow rates based upon experience elsewhere.  

(iv) The tributary area and a unit per hectare allowance for the sewage flow based upon 
experience else where. 

 VARIATIONIN THE QUANTITY OF SEWAGE  

DAILY VARIATION : The consumption of water in summer is more than in winter or 
rainy season, and this change in consumption of water directly affects the quantity of sewage. 
Practically,  has been seen that the ratio of maximum to average flow of sewage is between 1.5 to 
1.0. Similarly the ratio of average to minimum is between 1.2 to 1,0. In special cases due 
allowance should be made for it, as in case of Melas, Kumbh Melas and hill stations, where there 
is tremendous increase in population at such occasions.  

PEAK RATES OF FLOW :lf long-term records of sewage flow of developed cities are 
prepared, they will be useful regarding the relation of maximum or peak sewage-flow rates to the 
yearly average  daily rates.  

Two formulas are there for determining peak rates of flow for design of sewer 

1. Babbit’s formula  𝑀𝑀 = 5
𝑝𝑝1/5 

2. Harmon’s formula  𝑀𝑀 = 1 + 14
4+𝑝𝑝1/5 

Where M= the ratio of peak rate to avg. rate 

P= population in thousands 

 

Sl. 
no 

Population            Ratio of peak rate to avg. rate 
Babbit’s formula  𝑀𝑀 = 5

𝑝𝑝1/5 
 

Harmon’s formula  𝑀𝑀 = 1 +
14

4+𝑝𝑝1/5 
 

1 
2 
3 
4 

10,000 
25,000 
50,000 
1,00,000 

3.1 
3.6 
2.3 
2.0 

3.0 
2.6 
2.3 
2.0 



5 
6 
7 

2,00,000 
5,00,000 
10,00,000 

1.7 
1.4 
1.3 

1.8 
1.5 
1.4 

Minimum flow:the flow in the sewers is minimum during nights. The effect of this flow is 
maximum in the laterals connected direct to the houses and minimum to the main trunk sewer. It 
will be seen that the minimum flow in laterals is below 30 percent of average flow. 

7.2 Computation of size of sewer, application of Chazy's formula, 
Limiting velocities of flow: self-cleaning and scouring 

Minimum Size of sewer: The minimum size of public sewer should not be less than 
150mm. however ,recommend practice is to provide 200mm size. In hilly areas where the 
maximum slopes are available it may be 100mm. 

 

Determination of velocity of flow by empirical formula: 

Following formula are generally adopted for the determination of  slopes, and the design 
velocity  of flow during the design of sewers. 

1) Chezy’s formula 
V=C√𝑚𝑚 × 𝑖𝑖 
Where m=hydraulic mean depth in metre 
V=velocity of flow in M/sec 
I= slope of sewer 
   =𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑜𝑜𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑓𝑓𝑠𝑠𝑙𝑙𝑙𝑙𝑙𝑙ℎ
 

C= a constant 
The value of ‘C’ can be determined by Kutter’s formula as 

𝐶𝐶 =
23 + 155×10−5

𝑖𝑖
+ 1

𝑙𝑙

1 + �23 + 155×10−5

𝑖𝑖
� 𝑙𝑙
√𝑚𝑚

 

Where   n=coefficient of roughness of the sewer surface. 

Material of sewer Value of coefficient of roughness’n’ 
Brick sewer 
a.flash pointed 
b. plastered smooth 
2. stone ware or vitrified clay pipes 
3.cast iron pipes 
4. rough channel in rock cutting 

0.015 
0.013 
0.014 
0.013 
0.020 
0.030 



 

METHOD OF DESIGN OF SEWER  

(a) Zone formation. The whole town or city in which sewerage system is to be  provided is 
divided into different zones. The layout of sewers is plotted along the roads, and the each zone is 
marked separately. The sewer which will carry the sewage and the storm water of a particular 
zone is also marked. 

 (b) Sewer Network. The proposed arrangement or network of sewers for different (6) zones 
is then worked out and marked on the plan. The low lying areas are marked separately and are 
isolated from the main sewerage system, because pumping S to be done in that case and pumps 
are to be installed at suitable places. As the sewage flows under gravitational force only, the 
sewage starts from the high level zones to the low level zones and finally flows to the point of 
disposal.  

(c) Sewage Quantity. The quantity of sewage (maximum as well as minimum) to be carried 
by each sewer is worked out. The variation factors are also determined and the actual quantity of 
sewage for which the sewer is to be designed is determined.  

(d)Flow Velocity. The suitable velocity of flow between theself-cleansing velocity and 
limiting velocity is chosen for the design purpose. The value can also be determined by the 
empirical formulae.  

(e) Sewer Section. Now the sectional area of the sewer is determined by the relation  

A=Q/V From the area the section of sewer is determined.  

 

LIMITING VELOCITIES  

The lowest velocity in the sewer lines should be equal to the self-cleansing velocity s that 
upto certain limit the suspended and floating solids should flow with the sewage. The velocity in 
the sewer cannot be increased upto any limit, because if the velocity is increased too much the 
solids carried in suspension will move in contact of the sewer material, and they will cause wear 
of the contact surface and will also make the sewer surface rough. At higher velocity the flow of 
sewage also becomes turbulent from streamline flow. This all will cause reduction in the 
carrying capacity of the sewers as well as will reduce the life of the sewer. 

Permissible maximum velocities in sewer 

Material of sewer Minimum limiting velocity(m/sec) 
3. cast iron sewer pipe 
4. Earthen channel 

3.5-4.5 
0.6-1.2 



5. Brick sewer 
6. Stone ware sewer pipe 
7. Concrete sewer pipe 

1.5-2.5 
3.0-4.5 
2.4-3.0 

 

 

SELF-CLEANING VELOCITY: 

In order to keep the solid matter in suspension certain minimum velocity of flow of sewage 
is required. Such a minimum velocity of flow is known as self-cleansing velocity. 

Example:1 

Determine the velocity o flow of a circular sewer of diameter of150cm,laid on a slope of 1 in 
750 while flowing full. The sewer is made in cast iron and is not very old. 

Ans : diameter of sewer d=150cm=1.5m 

the hydraulic mean depth of the sewer when is flows full 

m=d/4=1.5/4=0.375m 

Slope of sewer i=1/750 

The value of kutter’s constant n=.020 

The velocity of flow: 

By chezy’s formula v=C√𝑚𝑚𝑖𝑖 

 

𝐶𝐶 =
23 + 155×10−5

𝑖𝑖
+ 1

𝑙𝑙

1 + �23 + 155×10−5

𝑖𝑖
� 𝑙𝑙
√𝑚𝑚

 

𝐶𝐶 =
23 + 155×10−5

1/750
+ 1

0.02

1 + �23 + 155×10−5

𝑖𝑖
� .020
√.375

 

                                                    =41.643 

                                    v=C√𝑚𝑚𝑖𝑖  =41.643× �. 375 × 1/750 

                                                         =0.931m/sec 



 

7.3 General importance, strength of sewage, Characteristics of 
sewage-physical, chemical & biological  

Importance: Sewers are extremely important components of urban infrastructure that helps 
keep the urban environment safe from flooding and prevents the spread of water-borne diseases 
by safely transporting waste water to the waste water treatment works and through the transport 
of rain water from urban surfaces. 

Sewage Strength: The concentration of dissolved and suspended matter in sewage, as 
indicated by biochemical oxygen demand or suspended solids, as defined herein. 

Characteristics of sewage 

I. Physical characteristics of sewage: 

1. Temperature: 

Temperature of sewage depends upon season. However temperature is slightly higher than 
that of ground water. 

High temperature of sewage is due to evolution of heat during decomposition of organic 
matter in sewage. 

2. Color: Color of sewage indicates its strength and age. Fresh domestic sewage is grey in 
color but septic sewage is dark in color .When industrial effluent is mixed it give characteristic 
color to sewage 

3. Odor: Fresh domestic sewage is almost odorless. Septic or stale sewage is putrid in odor 
which is due to generation of H2S during anaerobic decomposition of organic matters. When 
industrial effluent is mixed, it give characteristics odor to sewage 

4. Turbidity: Sewage is highly turbid. Turbidity of sewage is due to dissolved substances, 
colloidal matters, suspended solids and microbial cells. 

 

II. Chemical characteristics of sewage: 

1. Organic matter: In general sewage contains large amount of organic matters. However 
amount of organic matter depends on types and condition of sewage. 

Organic matter in sewage may be found in the form of dissolved substances, colloidal matter, 
suspended or sedimented form. 



2. Chloride: 

Human beings discharge large amount (8-15gm/day) of chloride in the form of NaCl, especially 
through urine and sweat. So domestic sewage from toilet and bathroom contains higher level of 
chloride. 

Sulfite: 

In sewage sulfite in the form of H2S (hydrogen sulfite) is generated during anaerobic 
decomposition of organic matters by anaerobic bacteria. 

H2S gives putrid odor to sewage. 

3. Dissolved oxygen (DO): 

Due to high level of microbial cells and biodegradable organic matters, sewage have very low 
level of dissolved oxygen. 

In some sewage, DO is completely absent. 

Level of Do depends on age and condition of sewage. Low level DO is also due to lower 
solubility of oxygen in sewage. Oxygen is only 95% soluble in sewage than in pure water). 

4. pH: sewage is slightly alkaline in pH 

5. Nitrogen:  

In sewage nitrogen is found in variety of form like organic nitrogen, ammonia, nitrite, 
nitrate etc 

Fresh sewage mainly contains organic nitrogen and very little inorganic form of nitrogen. 
On the other hand organic septic sewage contains high inorganic nitrogen and low organic 
nitrogen. 

III. Biological characteristics of sewage: 

Biochemical Oxygen Demand (BOD) - BOD is the amount of oxygen needed to stabilize organic 
matter using microorganisms.  
Nitrogenous Oxygen Demand (NOD) - NOD is the amount of oxygen needed to convert organic 
and ammonia nitrogen into nitrates by nitrifying bacteria.  
 Microbial life in wastewater - Wastewater contains the following microbes:  

1.  Bacteria  
2.  Protozoa  
3.  Fungi  
4.  Viruses  
5.  Algae  



 

7.4 Concept of sewage-sampling, tests for - solids, pH, dissolved 
oxygen, BOD, COD ,variation in sewage flow, numerical problem on 
computation of quantity. 

SAMPLING OF SEWAGE: The first step to examine the sewage is to collect its sample for 
testing. The constituent of sewage continuously change with the time and position in tanks. The 
quantity of sewage reaching disposal works in morning differs from that of reaching in noon or 
night, therefore, it is very difficult to collect the true sample of sewage. To overcome this 
difficulty the Samples of sewage are collected over a period of 24 hours after one hour intervals. 
The volume of each sample may be 100-150 c.c. From so collected samples, composite sample is 
found out by giving weightage to the flow of sewage taking place during each sampling time. All 
the samples collected are kept in cool place so that the bacteriological  

SOLIDS :lt is most essential to know the quantity of suspended, dissolved and colloidal 
solids in Sewage, to have some concept of organic  and inorganic matter in the sewage. The 
quantity of suspended solids is determined by filtering a measured volume of sewage through a 
weighed Gooch crucible containing mat of asbestos fibre. The solids remaining on the asbestos 
fibre are dried and weighed, which gives the quantity of suspended solids. Total solids present in 
sewage are obtained by evaporating a measured volume of sewage at (103°C + 1°C) and 
weighing the residue. The residue remaining after evaporation is ignited in an electric muffle 
furnace, the loss in weight will be the quantity of volatile suspended solids. 

PH-VALUE: The pH-value of sewage is determined for regulating the various operations of 
treatment works. It also indicates the capacity to neutralize base or acid and the activity of 
hydrogen ions. The activities of some organisms are more in a specific pH-value, and similarly 
the chemical precipitation also depends on pH-value. 

DISSOLVED OXYGEN: Living organisms require oxygen to maintain their metabolic 
process. Dissolved oxygen (D.0) is very important in precipitating and dissolution of inorganic 
substances in water. The solubility of oxygen in water depends upon its temperature. Analysis of 
dissolved Oxygen is the main key test in sanitary engineering Due to the following reasons it is 
necessary to know the dissolved oxygen:  

1.To determine the quality of raw water and for keeping proper check on stream pollution. 

2 D.O. test is the basis of B.O. D. test, which is an important parameter to evaluate pollution 
potential of the wastes.  

3 D.O. is necessary for all aerobic biological waste water treatment processes.  



4 Oxygen is very important factor in corrosion. D.O. test is used in controlling the amount 
of oxygen in boiler feed waters.  

BOD 

The biological oxygen demand of a sewage is the quantity of oxygen required for the 
biochemical oxidation of the decomposable organic matter at specified temperature Within the 
specified time therefore, the temperature and time during B0D specified. The standard time and 
temperature for this test in America is 5 days and20°Crespectively.  

COD 

COD is defined as the amount of oxygen equivalents consumed in the chemical oxidation of 
organic matter by strong oxidant . 

Chemical Oxygen Demand or COD is a measurement of the oxygen required to oxidize 
soluble and particulate organic matter in water.  

SHORT QUESTION 

1.DefineBOD.(2013,2014,2015,2019) 

The biological oxygen demand of a sewage is the quantity of oxygen required for the 
biochemical oxidation of the decomposable organic matter at specified temperature Within the 
specified time therefore, the temperature and time during B0D specified. The standard time and 
temperature for this test in America is 5 days and20°Crespectively.  

2. Define self-cleaning velocity.(2020w) 

In order to keep the solid matter in suspension certain minimum velocity of flow of sewage 
is required. Such a minimum velocity of flow is known as self-cleansing velocity. 

3. What is COD?(2018s) 
COD is defined as the amount of oxygen equivalents consumed in the chemical oxidation 
of organic matter by strong oxidant. 
LONG QUESTION 

1.What are the Characteristics of sewage? 

2.Describe about the Variation in the quantity of sewage . 

3. Discuss about the physical tests of sewage. 

4. Numerical problem 

 



  

CHAPTER:8 SEWERAGE SYSTEM 

Learning objectives 
8.1 Types of system-separate, combined, partially separate , features, comparison between the 
types, suitability 

8.2 Shapes of sewer – rectangular, circular, avoid-features, suitability 

8.3 Laying of sewer-setting out sewer alignment 

 

8.1 Types of system-separate, combined, partially separate, features, 
comparison between the types, suitability 

SEWERAGE SYSTEMS  

The sewerage systems are classified as follows:  

(a) Combined system.  

b) Separate system.  

(c) partially separate system 

When only one set of sewers is laid, carrying both the sanitary sewage and storm water, it is 
called combined system. 

 When the domestic and industrial sewage are taken in one set of sewers, whereas storm and 
surface water are taken in another set of sewers, it is called separate system.  

In the separate system, if a portion of storm water is allowed to enter in the sewers carrying 
sewage, and the remaining storm water flows in separate set of sewers, it is called partially 
separate system. 

Comparisons between the separate and combined system 

1) In separate system rainwater is kept separate form sewage while in combined system rain 
and sewage passes from a single set of pipe. 
2) The storm/natural water is not polluted in separate system while it gets polluted in combined 
system. 



3) The storm water can be discharged into river without treatment while it should be treated 
before mixing into the river. 
4) The sewers are small in size while sewers are large in diameters in combined system. 
5) The cleaning of sewers is hard in separate system due to small size while it is easy to clean the 
sewers due to large diameters. 
6) The maintenance cost is high in separate system while it is reasonable in combined system. 
7) Loads on treatment unitis becomes less in separate system while the load on treatment units 
are high in combined system. 
8) Separate system requires two sets of sewers ends which might be costly while in combined 
system one set of sewers is required which is economical. 
9) Self cleaning velocity is not easily achieved in separate system while it is achieved easily in 
combined system. 
10) Over flow problem in separate system is reduced while in monsoon season the combined 
sewers may overflow and puts danger to the public health. 
11) Separate system is economical if pumping is required to lift the sewage while it is 
uneconomical if pumping is required to lift the sewage. 

Suitability: 

 The combined system is most suited in areas having small rainfall which is evenly 
distributed throughout the area, because at such places self-cleaning velocity will be available in 
every season. As only one sewer is laid in this system, therefore it can also be used in crowded 
areas, where t is very difficult to lay two sewers. The combined system can also be suited in area 
having less sewage, to obtain the self-cleaning velocity. Ifrainfall is heavy and it is for short 
time, it is better to provide separate system, because in combined system self-cleaning velocity 
will not be available for most of the period of the years. In rocky areas it is more expensive to lay 
one large sewer than two small sewers. Separate systems should be provided if the sanitary 
sewage is to be pumped . 

8.2 Shapes of sewer rectangular, circular, avoid-features, 
suitability  

Rectangular section: This type of section are only for large discharges because 
for small discharges self- cleaning velocity will not develop causing settlement of suspended 
particles. This drain is constructed by laying plain cement concrete bed over which sides are 
constructed with stone or brick masonry and finally plastered inside. Due to difficulty in 
cleaning, this section is not commonly used. 



 

Circular section: Precast asbestos cement concrete pipes reinforced with steel are mostly 
used now-a-days. Sometimes steel pipes with lining of cement concrete on inside and outside are 
used. Cast iron pipes are also used on large scale for branch sewers. Laying of these pipes is very 
simple.  

 

8.3 Laying of sewer-setting out sewer alignment  

LAYING OF SEWERS: Trenches are excavated with proper grade so that the sewage may 
flow in sewers due to gravitational flow only. Sewer pipes may have to be laid under the 
following conditions 

 (a) Culvert Condition. When the pipe is laid under embankment and it projects wholly or 
partly above the original surface or sub-grade.  

(b) Trench Condition. When the pipe is laid in a trench excavated for the purpose.  

(c) Negative Projecting Conditions. When the pipe is laid in a relatively narrow and shallow 
trench in such a manner that the top of the pipes is at an elevation below the natural ground 
surface. 

(d) Open Condition. In this condition, the pipe is laid such that it projects wholly or partly 
above the ground surface.  

The sewer pipes are not usually laid directly on the soil in the trenches. Before actual laying 
the bottom of the trench is prepared to receive the pipe such that the load is distributed 
uniformly.  

Short question 

1.what is combined system? 

When only one set of sewers is laid, carrying both the sanitary sewage and storm water, it is 
called combined system. 



2.Define separate system. 

 When the domestic and industrial sewage are taken in one set of sewers, whereas storm and 
surface water are taken in another set of sewers, it is called separate system 

Long question 

1.How to lay the sewers? 

2.write the comparison between combined system and separate system.(2016s) 

 

3.What are the different Types of sewerage system?(2018s) 

 

Chapter:9 Sewer appurtenances and Sewage Disposal: 

Learning objectives 
9.1 Manholes and Lamp holes – types, features, location, function  
9.2 Inlets, Grease & oil trap – features, location, function  
9.3 Storm regulator, inverted siphon – features, location, function  
9.4 Disposal on land – sewage farming, sewage application and dosing,  
 
sewage sickness-causes and remedies  
9.5 Disposal by dilution – standards for disposal in different types of water bodies, self purification of 
stream  

 

9.1 Manholes and Lamp holes -types, features, location, 
function 

Defination: A manhole or an inspection chamber is a unit constructed underground to 
provide access to the utilities like a sewer system, drainage system, etc. Hence, with the help of a 
manhole, underground utilities are inspected, modified, cleaned and maintained. 

Purpose of Manhole 

The main purpose of a manhole is: 

1.To perform inspection, cleaning, and removal of any obstruction present in the sewage line. 

2.The joining of sewers, the change of direction or the alignment of sewers can be performed 
with the help of manhole. 



3.These have a perforated cover which helps the foul gases to escape. Hence it is a good means 
of ventilation for the underground sewage system. 

4.Manholes help to lay the sewer line in the conventional lengths. 

Features of Manhole: 

The main parts of a manhole are the chamber or ring and the Vertical Circular Pipe. The vertical 
circular pipe is available in varying depth and sizes. These pipes are used to access the inspection 
joints in the system. 

Manholes are mainly positioned 0.5m away from the curb lines of the road. Mostly it is 
constructed such that it is away from the wheel line of the traffic. 

 

The cover of a manhole is a plug that protects the manhole from any unauthorized access. 
The covers used for manholes can be either rectangular, square or circular in shape. The material 
of cover can be precast concrete, composite material or any glass-reinforced plastic material. 

The provision for access through the manhole is performed through steps. If the depth of the 
manhole is less than 1 m, a step ladder is constructed. If the depth of the manhole is greater than 
2.5m, a regular ladder is fitted. Now modern manholes do not demand physical entry. 

 

 

Types of Manhole: The three main types of manhole depending on the depth are: 

Shallow Manhole 

Normal Manhole 

Deep Manhole 

1. Shallow Manhole 



A shallow manhole has a depth ranging between 75 to 90 cm. These are constructed at the start 
of a branch sewer or in an area where there is not much traffic. The shallow manhole is provided 
with a light cover called as the inspection chamber. 

2. Normal Manhole 

These are provided at the sewer line with a heavy cover on its top. It has a depth of 150cm. 
Normal manhole takes a square shape. 

3. Deep Manhole 

Deep manhole is provided at a depth greater than 150cm with a very heavy cover at its top. The 
size can be increased and the facility for going down is also increased. 

Location of manhole: 

The manhole construction is performed under the following circumstances: 

1.Where a change of sewer line is necessary 

2.There is a change in sewer size and alignment. 

3.A junction is formed by two or more sewer lines. 

LAMP-HOLES :In narrow lanes, change of gradient and slight curves where space is 
insufficient for the construction of manholes, a vertical shaft of20-30 cm diameter is connected 
to the sewer by a T-bend. These small size openings are covered by a cast iron or R.C.C. cover 
flush with the road level at the top.  lamp hole mostly used in sewer lines. While inspecting a 
lamp is lowered in the vertical shaft and is seen from the manholes on either sides to find that 
sewer is cleaned or obstructed. The lamp-holes are also provided at places when the regular 
manholes are placed at longer intervals.  

 

 9.2 Inlets, Grease & oil trap - features, location, function  



INLETS: Street inlets or gullies are the openings in the street curb or gutter to collect the 
storm water and surface wash flowing along the street, and convey it to storm or combined sewer 
by means of stoneware pipes 25 to 30 cm in diameter. Inlets are placed at the road gutters 
generally at street junctions. If the streets are very long more than 200 m, inlets are also provided 
at the intermediate points at 100, 130 m spacing. most useful location of street inlets at some 
common places. At the street junction inlets should be placed in such a way that storm water may 
not flow across any of the streets or flood the Cross-walks causing interference with the traffic.  

 

 

GREASE AND OIL TRAPS: The sewage from hotels, restaurants, kitchen and industries 
contains grease, oil sand fats, which if not removed before it enters the sewers, will stick to the 
interior surface of the sewer conduit and will become hard and cause obstruction in the 
movement of the sewage To check them, grease traps are required, which are placed in the pipe 
connecting the kitchen with sewer line. 

9.3 Storm regulator, inverted siphon -features 

STORM WATER REGULATOR: The following points highlight the three main types of 
storm water regulators. The types are: 1. Side Flow Weirs or Overflow Weirs 2. Leaping Weirs 
or Jumping Weirs 3. Siphon Spillways. 

1. Side Flow Weirs or Overflow Weirs: A side flow weir or overflow weir is provided along 
one or both sides of the sewer channel constructed in a manhole or a masonry chamber 
constructed along a combined sewer. If the weir is provided only on one side of the channel it is 
known as single sided overflow weir and if weirs are provided on both sides of the channel it is 
known as double sided overflow weir. 



 

 

 

2. Leaping Weirs or Jumping Weirs: 

A leaping weir or jumping weir is formed by a gap in the invert of a combined sewer. The 
dry weather flow through the combined sewer being small falls through the weir (or gap) directly 
into a small intercepting sewer. 

The intercepting sewer runs at right angles to the combined sewer and it carries the sewage 
to the treatment plant. When the flow in the combined sewer increases due to the addition of 
storm water (or rain water) during rainfall, a considerable portion or all of the storm water leaps 
or jumps across the weir (or gap) and it is carried through a storm water sewer to a natural stream 
or river or to any other point of discharge. 



 3. Siphon Spillways: 

A typical siphon spillway is used for diverting excess sewage from a combined sewer. The 
short arm of the siphon is connected to the combined sewer. The long arm of the siphon is 
connected to an overflow channel which carries excess sewage to a natural stream or river or to 
any other point of discharge. 

Inverted siphon - 

The inverted siphons are generally constructed of cast iron or R.C.C. At the ends of the 
inverted siphon manholes are provided for inspection and cleaning purposes. Both inlet and 
outlet should be given such a slope that the sewage can easily flow. The design of inlet and outlet 
chambers should allow sufficient room for entry for cleaning and maintenance of siphons) The 
outlet chambers should be so designed as to prevent the back-flow. of sewage into pipes which 
are not being used at the time of minimum flow.  

 

9.4 Disposal on land -sewage farming, sewage application and 
dosing sewage sickness-causes and remedies . 

SEWAGE FARMING: When the sewage is used for growing crops, it is called sewage 
farming. The fertilizing elements of sewage are consumed by the roots of crops. The mineral 
salts of sewage such  as nitrates, sulphates and phosphates are the main fertilizing constituents of 
sewage. By the  sewage farming a good income can be done, which is always profitable.  

APPLICATION OF SEWAGEAND DOSING 

The sewage can be applied to the land by the following methods 

 (i)Surface Irrigation. In this method the parallel drains are constructed in the fields. All these 
drains are connected to a distributaries drain by meansof regulating device so that sewage can 
flow in the required drain. This method is most suitable in sloppy areas. 



(ii)Sub-soil Irrigation : In this method a network of porous open joint pipes is laid about 30 cm. 
below the ground level. The sewage is allowed to flow through these pipes which is absorbed by 
the sub-soil. The remaining quantity of sewage, if any, can be used for irrigation to another place 
or discharged in natural water course. 

iii)Flooding. The irrigation area is divided into various parts surrounded by dykes. The sewageis 
filled like small ponds in between the dykes .The depth of sewage. Flooded over the fields varies 
from few centimeters to 50 cm. depending on the requirements of the irrigation.  

iv) Ridge and Furrow. In this method the land is first ploughed deep up to 30 cm, leveled and 
divided into plots and subplots. Then each sub-plot is enclosed by small dykes. Now ridges and 
follows are formed in each subplot. The sewage is allowed to flow in furrows, whereas crops are 
grown/on rigid. After an interval of 8-10 days the sewage can be again applied depending on the 
crops requirement and the nature of soil. 

Sewage sickness: If sewage is applied continuously on a piece of land, pores or voids of soil 
are filled up or clogged.  Free circulation of air is thereby prevented and anaerobic conditions 
develop.  At this stage, the land is unable to take any further sewage load.  Organic matter 
decomposes and foul smelling gases are produced.  The phenomena of soil is known as sewage 
sickness of land. 

Remedial  measures:In order to prevent sewage sickness of land, the following preventive 
measures may be adopted 

1.Alternative arrangement:  There should be ample provision of extra land so that land with 
sewage sickness can be given the desired rest.  Alternatively, sewage should be disposed off by 
some other method when sewage farms are taking rest 

2.Depth of sewage:  If sewage is applied in excess, the chances of sewage sickness are 
increased.  The land is unable to receive the excess sewage in a satisfactory way and it ultimately 
clogs up.  Depth of sewage on land should be carefully decided by keeping in view the climatic 
conditions, drainage facilities, nature of crops and characteristics of soil. 

3.Drainage of soil:  Subsoil drain pipes should be laid in sufficient number to collect the 
percolated effluent 

4.Intermittent application:  Sewage should be applied on land at intervals.  The period between 
successive applications depends on general working of sewage farm and the permeability of soil.  
Depending on the nature of the soil, this period between successive applications varies from few 
hours to few weeks. 

5.Pretreatment of sewage:  sewage should be given some pretreatment before it is applied on 
land. 



6.Rotation of crops:  It is desirable to grow different types of crops on a piece of land instead of 
one single crop.  Rotation of crops minimizes the chances of sewage sickness. 

7.Treatment to land:  The land affected by sewage sickness should be properly treated before it 
is put up in use again.  Clogged surfaces should be broken by suitable equipment.   

9.5 Disposal by dilution- standards for disposal in different types of 
water bodies, self purification of stream  

Dilution :The disposal of sewage by discharging it into water courses such as streams large 
body of water such as lake, sea, is called dilution. This method of disposal is only possible when 
the natural water in required quantity Is available near the town. while discharging the sewage in 
this way, care should be taken that the sewage may not pollute the natural water. 

Self purification of stream:When sewage is discharged into a natural stream or river, the 
organic matter present in the sewage gets oxidized by bacteria and converted to simple, 
inoffensive, stable substances. In this process of oxidation the dissolved oxygen (DO) content of 
the river or stream water is utilized. 

This phenomena which occurs in all natural streams or rivers is known as self-purification of 
natural streams or rivers. It is thus seen that natural streams or rivers, polluted by sewage, are 
purified in natural course by the phenomenon of self-purification. 

SHORT QUESTION 

1.What are the main purpose of man hole? 

The main purpose of a manhole is: 

• 1.To perform inspection, cleaning, and removal of any obstruction present in the sewage 
line. 

• 2.The joining of sewers, the change of direction or the alignment of sewers can be 
performed with the help of manhole. 

• 3.These have a perforated cover which helps the foul gases to escape. Hence it is a good 
means of ventilation for the underground sewage system. 

• 4.Manholes help to lay the sewer line in the conventional lengths. 

2. What is lamp hole? 

LAMP-HOLES :In narrow lanes, change of gradient and slight curves where space is insufficient 
for the construction of manholes, a vertical shaft of20-30 cm diameter is connected to the sewer 
by a T-bend. These small size openings are covered by a cast iron or R.C.C. cover flush with the 
road level at the top.  lamp hole mostly used in sewer lines. 



3.what is self cleaning velocity?2018s,2019w) 

Ans :When sewage is discharged into a natural stream or river, the organic matter present in the 
sewage gets oxidized by bacteria and converted to simple, inoffensive, stable substances.This 
phenomena which occurs in all natural streams or rivers is known as self-purification. 

 
Long question 
 

1. Describe about different appurtances used in sewer system.(2018s,w,2020w) 
2. Difference between man hole and lamp hole. 
3. Write the purpose of grit chamber. 
4. Explain different types of manhole.(2015,2018) 

 

CHAPTER 10: Sewage treatment:  
(Note: 1.Design of treatment units excluded.  
2.Students may be asked to prepare detailed sketches of units, preferably from working drawing, as 
home assignment.  
3.Field visit to treatment plant, under practical should be arranged after covering this unit.)  
10.1 Principles of treatment, flow diagram of conventional treatment  
10.2 Primary treatment – necessity, principles, essential features, functions  
10.3 Secondary treatment – necessity, principles, essential features, functions  

 

 10.1 Principles of treatment, flow diagram of conventional 
treatment 

If the quantity of sewage is more then receiving water will become polluted or the land will 
become sewage sick. Under such circumstances it becomes essential to do some treatment of the 
sewage, so that it can be accepted by the land or receiving water without any objection. These 
treatment process will directly depend on the types of impurities present in the sewage and the 
standard up to which treatment is required.  

Flow diagram: 



 

 

10.2 Primary treatment- necessity, principles, essential features, 
functions 

Primary treatment removes material that will either float or readily settle out by gravity. It 
includes the physical processes of screening, grit removal, and sedimentation. Screens are made 
of long, closely spaced, narrow metal bars. They block floating debris such as wood, rags, and 
other bulky objects that could clog pipes or pumps. In modern plants the screens are cleaned 
mechanically, and the material is promptly disposed of by burial on the plant grounds. A 
comminutor may be used to grind and shred debris that passes through the screens. The shredded 
material is removed later by sedimentation or flotation processes. 

 

 

Grit chambers are long narrow tanks that are designed to slow down the flow so that solids 
such as sand, coffee grounds, and eggshells will settle out of the water. Grit causes excessive 
wear and tear on pumps and other plant equipment.  



Its removal is particularly important in cities with combined sewer systems, which carry a 
good deal of silt, sand, and gravel that wash off streets or land during a storm. 

Suspended solids that pass through screens and grit chambers are removed from the sewage in 
sedimentation tanks. These tanks, also called primary clarifiers, provide about two hours of 
detention time for gravity settling to take place. As the sewage flows through them slowly, the 
solids gradually sink to the bottom. 

 The settled solids—known as raw or primary sludge—are moved along the tank bottom by 
mechanical scrapers. Sludge is collected in a hopper, where it is pumped out for removal. 
Mechanical surface-skimming devices remove grease and other floating materials. 

 10.3 Secondary treatment necessity, principles, essential features, 
functions 

Secondary treatment removes the soluble organic matter that escapes primary treatment. It also 
removes more of the suspended solids. Removal is usually accomplished by biological processes  

There are three basic biological treatment methods: the trickling filter, the activated sludge 
process, and the oxidation pond. A fourth, less common method is the rotating biological 
contactor. 

Trickling filter 

• A trickling filter is simply a tank filled with a deep bed of stones. Settled sewage is 
sprayed continuously over the top of the stones and trickles to the bottom, where it is 
collected for further treatment.  

• As the wastewater trickles down, bacteria gather and multiply on the stones. The steady 
flow of sewage over these growths allows the microbes to absorb the dissolved organics, 
thus lowering the biochemical oxygen demand (BOD) of the sewage.  

• Air circulating upward through the spaces among the stones provides sufficient oxygen 
for the metabolic processes. 

 

• Settling tanks, called secondary clarifiers, follow the trickling filters. These clarifiers 
remove microbes that are washed off the rocks by the flow of wastewater. Two or more 
trickling filters may be connected in series, and sewage can be re-circulated in order to 
increase treatment efficiencies. 

 

 



Activated sludge 

1. The activated sludge treatment system consists of an aeration tank followed by a 
secondary clarifier. Settled sewage, mixed with fresh sludge that is re-circulated from 
the secondary clarifier, is introduced into the aeration tank.  

2. Compressed air is then injected into the mixture through porous diffusers located at 
the bottom of the tank. As it bubbles to the surface, the diffused air provides oxygen 
and a rapid mixing action. 

3. Under such oxygenated conditions, microorganisms thrive, forming an active, healthy 
suspension of biological solids—mostly bacteria—called activated sludge. About six 
hours of detention is provided in the aeration tank.  

4. This gives the microbes enough time to absorb dissolved organics from the sewage, 
reducing the BOD. The mixture then flows from the aeration tank into the secondary 
clarifier, where activated sludge settles out by gravity. 

5. Clear water is skimmed from the surface of the clarifier, disinfected, and discharged 
as secondary effluent. The sludge is pumped out from a hopper at the bottom of the 
tank. About 30 percent of the sludge is re-circulated back into the aeration tank, 
where it is mixed with the primary effluent.  

6. This recirculation is a key feature of the activated sludge process. The recycled 
microbes are well acclimated to the sewage environment and readily metabolize the 
organic materials in the primary effluent.  

7. The remaining 70 percent of the secondary sludge must be treated and disposed of in 
an acceptable manner . 

 

Oxidation pond 

Oxidation ponds, also called lagoons or stabilization ponds, are large, shallow ponds designed to 
treat wastewater through the interaction of sunlight, bacteria, and algae. Algae grow using energy 
from the sun and carbon dioxide and inorganic compounds released by bacteria in water. During 
the process of photosynthesis, the algae release oxygen needed by aerobic bacteria. Mechanical 
aerators are sometimes installed to supply yet more oxygen, thereby reducing the required size of 
the pond. Sludge deposits in the pond must eventually be removed by dredging. Algae remaining 
in the pond effluent can be removed by filtration or by a combination of chemical treatment and 
settling. 

Rotating biological contacter 

In this treatment system a series of large plastic disks mounted on a horizontal shaft are partially 
submerged in primary effluent. As the shaft rotates, the disks are exposed alternately to air and 



wastewater, allowing a layer of bacteria to grow on the disks and to metabolize the organics in 
the wastewater. 

SHORT QUESTION 

1. what is screening?(2020w) 

Ans: the process of removing the large size suspended floating matters  from sewage by 
passing through screens is called screening 

2.What are the 3 types of sewage treatment? 

Ans: There are three main stages of the wastewater treatment process, aptly known as primary, 
secondary and tertiary water treatment 
 
3.What is sewage and its treatment? 

Ans: Sewage treatment (or domestic wastewater treatment, municipal wastewater treatment) is a 
type of wastewater treatment which aims to remove contaminants from sewage to produce an 
effluent that is suitable for discharge to the surrounding environment or an intended reuse 
application, thereby preventing water pollution ... 
Long question 
1.Describe about oxidation pond. 
2.Describe about primary treatment of sewage. 
 
3.Describeabout secondary treatment of sewage. 
 
 
 
 
Chapter 11:Sanitary plumbing for building:  
11.1 Requirements of building drainage, layout of lavatory blocks in residential buildings, layout 
of building drainage 

11.2 Plumbing arrangement of single storied & multi storied building as per I.S. code practice 

11.3 Sanitary fixtures – features, function, and maintenance and fixing of the fixtures – water 
closets, flushing cisterns, urinals, inspection chambers, traps, anti-siphonage pipe 

11.1 Requirements of building drainage,  

1. For regular cleaning and maintenance of pipelines inspection chambers must be installed; 

2. If local factors do not allow to design gravity pipe system, force main sewerage should be 
installed, and for it the special pipes must be used - they are designed for the work under 
pressure. Usually they are made of cast iron, asbestos cement or plastic; 



3. Connections of the pipeline should not have displacement which disturb integrity of the 
system during seasonal increase level of ground waters; 

4. Pipes, which can withstand the load of vehicles and pedestrians, should be installed in areas 
that intersect with highways, as well as in areas with increased load. 

Main sewer. 

As for outdoor drainage system, specific requirements are developed, and they must be followed 
when installation of drainage system. All pipeline equipment for domestic drainage system 
should have high capacity - this will avoid frequent and time consuming cleaning of the pipeline. 
Also it should withstand test pressure which exceeds the working pressure by 1.5 times, but not 
less than 0.68 MPa or about 7 bar, and the permanent pressure corresponding to the operating 
pressure, but not less than about 0.45 MPa or 4.5 bar.  

Also the pipes should be: 

Durable; 

Resistant to low and high temperatures; 

Smooth inside – smooth inner surface allows to avoid frequent clogging; 

Mechanically and chemically wear resistant; 

Compatible with outdoor drainage system. 

Additionally, you should choose such pipes that are easy to install. 

layout of lavatory blocks in residential buildings: 

 

layout of building drainage 



 

11.2 Plumbing arrangement of single storied & multi storied 
building as per I.S. code practice  

 



 

 

11.3 Sanitary fixtures features, function, and maintenance and 
fixing of the fixtures water closets, flushing cisterns, urinals, 
inspection chambers, traps, ant- siphonage pipe  

WATER-CLOSET This is a sanitary appliance to receive the human excreta directly and is 
connected to the soil pipe by means of a trap. The water closets are classified as follows: In  

(A) Squatting type or Indian type (i) Long pan pattern (length 450, 580, 680 mm) (ii) Orissa 
pattern (length 580, 630, 680 mm) (iii) Rural pattern (length 425 mm) 

 (B) Wash-down, Pedestral or European type  

Fig. 25.6 shows the section through an Indian type water closet. This is manufactured in two 
different pieces: (a) squatting pan, and (b) trap. The pan is provided with an integral flushing rim 
of suitable type. The inside of the bottom of the pan should have sufficient slope towards the 
outlet for quick disposal during flushing. These are made of vitreous chain clay. The inner 
portion is glazed to make it easy in cleaning. The pan is connected to the flushing cistern by 
means of flushing pipe. The top of the trap is connected to the anti-siphon or vent pipe. 

 Fig. 25.7 shows the pictorial view of an Indian type water closet.  

Fig. 25.8 shows the section through a wash-down type water closet which is most commonly 
used in high class buildings. It is provided with a wide flushing rim and 5 cm trap. It is one piece 



construction in which the pan and trap are not separate. It is provided with an inlet or supply 
horn for connecting to the flushing pipe. It may be provided with  Strap as desired. These types 
of water closets require less space than squatting pattern type and can be flushed by low level 
cistern. Nowadays siphonic water closets are very popular.  

Fig.25.9 shows the isometric view of such a water closet.  

 

FLUSHING CISTERNS :These are used for flushing water closets and urinals after use. There 
are several varieties of flushing cisterns. High-level cisterns are intended to operate with a 
minimum height of 125 cm between the top of the pan and the under side of the cistern. Low-
level cisterns are intended to operate at a height not more than 30 cm between the top of the pan 
and the underside of the cistern. Cistern may be of cast iron, glazed earthenware, glazed vitreous 
ware or pressed steel or any other impervious material. Now a days plastic cisterns are also 
available in the market. Following two types of cisterns are most common now a days 

 (i) Bell type without valve. (ii) Flat bottom type fitted with valve.  

 



 

 

TRAPS  

Foul gases produced in the sewers, drains, waste-pipes may cause nuisance by entering in 
houses through house-connecting pipes, if their passage is not checked by some suitable devices. 
The devices which are used to stop the escape of foul gases inside or outside the houses are 
known as traps. The traps generally consist of a bend tube which provides a water seal between 
the atmosphere and the sewer gas. The efficiency of the traps depends on the depth of water seal, 
deeper the seal more efficient will be the trap.  

The following are the requirements of a good trap : 

( i)It should be made of non-absorbent material. 

 (iii) It should provide sufficient depth of water seal all times (about 50 mm) having large 
surface area. 

 (iii) It should be self-cleaning and should not obstruct the flow of sewage.  

 (iv) It should be provided with access door for cleaning . 

Anti –siphonage trap:  there are several types of anti-siphon traps in the market, which are 
also called trap. These traps are avoid the connection to the vent pipe and reduce this expensive 
work. Grevak trap is the most common type of trap. The construction of this trap is such that 
when water seal is subjected to the pull due to siphonic action, the heavier atmospheric pressure 
on the inlet side passes the water down and the air can pass from by-pass tube B as shown in fig. 
and the water is stored in through C. 



 

 

 

Short question 

1.What is trap? 

Ans: Foul gases produced in the sewers, drains, waste-pipes may cause nuisance by entering 
in houses through house-connecting pipes, if their passage is not checked by some suitable 
devices. The devices which are used to stop the escape of foul gases inside or outside the houses 
are known as traps. The traps generally consist of a bend tube which provides a water seal 
between the atmosphere and the sewer gas. The efficiency of the traps depends on the depth of 
water seal, deeper the seal more efficient will be the trap.  

2. Write about flushing cistern.(2018s) 
Ans: These are used for flushing water closets and urinals after use. There are several 
varieties of flushing cisterns. High-level cisterns are intended to operate with a minimum 
height of 125 cm between the top of the pan and the under side of the cistern. Low-level 
cisterns are intended to operate at a height not more than 30 cm between the top of the 
pan and the underside of the cistern. Cistern may be of cast iron, glazed earthenware, 
glazed vitreous ware or pressed steel or any other impervious material. 

 

Long question 

1.Plumbing arrangement of single storied & multi storied buildings per I.S 

2.Requirements of building drainage 

3.write down the features of sanitary work.(2016) 
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