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WATER TREATMENT: WHAT IS IT, AND WHY DO WE NEED IT? 

 

Water treatment is a broad term that covers a wide range of techniques and processes that are applied to 

water sources. The definition of water treatment is: ‘Any process that makes water more acceptable for a 

specific end-use’. That means water treatment can cover a huge range of applications, including drinking 

water, water for industrial use (such as in producing paper, chemicals, and cars), and ultra-pure water, 

which is used for semiconductor and pharmaceutical purposes. 

But what happens when water isn’t treated properly? When it comes to domestic use water (also known 

as potable water), it can have disastrous results if the water hasn’t been appropriately treated at the plant. 

There are many dangerous waterborne diseases that pose a serious risk to human and animal health if 

ingested. In the Industrial Revolution, many major cities like London, Paris, and Frankfurt began the 

construction of large-scale public sewer works to help effectively remove wastewater and sewage, and 

treat it in a much safer way than had been attempted previously, following several outbreaks of disease 

that became linked to contaminated water. 



Waterborne diseases from untreated water 

Untreated water is a breeding ground for several dangerous waterborne diseases, and were a real danger 

to public health for many centuries. The modernisation of sewer systems and properly treated drinking 

water have mostly eradicated these in the West, but they are still present and should not be 

underestimated for their severity. Waterborne diseases still pose a serious threat to health in 

underdeveloped countries where properly treated water may not be readily available. 

These diseases are all caused by improper sanitation and unsafe water being ingested by people, and were 

once very common around the world: 

• Hepatitis A. Causes nausea, vomiting, jaundice, fever, diarrhoea and can result in acute liver failure. 

• Typhoid. Causes fever, abdominal pain, rash, and headaches. 

• Dysentery. Causes severe diarrhoea, fever, and abdominal pain. 

• Cholera. Causes severe diarrhoea and dehydration, fever, abdominal pain, and vomiting. 

• Leptospirosis. Symptoms include fever, rash and body pains. Can turn into Weil’s Disease which results 

in meningitis, kidney failure, and jaundice. Animals are also susceptible. 

• Legionnaire’s Disease. Legionnaire’s is a form of atypical pneumonia. It causes coughing, shortness of 

breath, fever, muscle pains, and headaches. 

• Giardiasis. Causes weakness, stomach cramps, vomiting, and diarrhoea. 

Water Treatment Processes 

While there are many waterborne diseases, there are a number of processes that are used to treat water, 

many of which are used together in order to produce the best and most suitable results. Processes include: 

• Sedimentation – use of gravity to remove solid particles within the water. 

• Disinfection – use of chemicals such as chlorine to kill bacteria, viruses, and harmful substances in the 

water. Disinfection also uses filtration to help remove these from the water. 

• Filtration – filtering of water through sand or membranous filters. 

• Coagulation – adding certain chemicals to encourage particles to clump together making them easier to 

remove through sedimentation. 

• Boiling and distillation – heating of water to boiling temperatures to kill microbes and pathogens, 

although this method cannot remove particles or chemical toxins. Distillation is more effective due to the 

evaporation process and can be up to 99% pure. 



 

These processes are used to remove harmful chemicals, bacteria, viruses, fungi, minerals and suspended 

solids to make sure the water is safe for use. Sedimentation, for example, is widely used in sewage water 

treatment to remove any solids (this is then turned into sludge), whilst filtration and disinfection are used 

across a variety of domestic and industrial water sources. Using a variety of methods, making water safe 

for use by people and industries is completely possible, although it needs careful monitoring. 

Parsons are experts at providing odour abatement for wastewater treatment, particularly for facilities 

dealing with sludge waste water. To find out more about our services, contact us, or check out our case 

studies to see where we’ve solved problems with our expert solutions. 

 

 

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. That means total demand is 270 liters/capita/day 

 
It can be expressed in liters per capita per day. Per capita demand of water in Indian towns for various 

uses are:- 

o Domestic use = 135 liters/capita/day 

o Public use = 25 liters/capita/day 

o Industrial use = 40 liters/capita/day 

o Fire demand = 15 liters/capita/day 

o Losses, wastages and thefts = 55 liters/capita/day 

http://parsonsuk.com/contact/
http://parsonsuk.com/case-study/waste-water-sludge-treatment/
http://parsonsuk.com/case-study/waste-water-sludge-treatment/
https://1.bp.blogspot.com/-MdwB0PwKCj4/XTiD4IsbE3I/AAAAAAAAAKQ/vx2AsTq9sdUi0xxqkluD7vOecpJg9bz3ACLcBGAs/s1600/Untitled.jpg


Factors affecting per capita demand 

Factors affecting per capita per demand are:- 

1. Climate of town. 

2. Habits of people. 

3. Industries and commercial places. 

4. Method of charging. 

5. Pressure in distribution system. 

6. Size of city or town. 

7. System of supply. 

8. Sanitation facilities. 

9. Quality of water. 

10. Cost of water. 

1. Climate of town  

Requirement of water in hotter places is more than cooler places as they need more water for air 

conditioning, sprinkling in streets or roads, bathing etc. 

2. Habits of people 

Some people need less water for bathing, washing clothes and other daily activities while some people 

need more. Generally rich people consume more water due to their high living standards. 

3. Industries and commercial places 

More industries and commercial places in the city more will be demand of water. Hence, increase in per 

capita demand. 

4. Method of charging 

Water is charged on basis of metering system and non-metering system. In metering system consumers 

will consume less water comparing to non-metering system. 

5. Pressure in distribution system 

There will be more consumption of water in case if adequate pressure is maintained as water reaches to 

upper stories of the buildings. Also, leakages will be more. 

6. Size of city or town 

If size of city or town is large, then more water will be consumed. This is all due to population, big cities 

have more population than small cities. Per capita demand increases with increase in population. 

7. System of supply 

If water supply is intermittent, less water is consumed due to decreases in losses and wasteful use. 

8. Sanitation facilities 

In areas where underground sanitation facilities are available, more water is needed for efficient drainage 

through pipes, channels and sewers. 

9. Quality of water 

Per capita demand will increase if the quality of water is good. 



10. Cost of water 

The per capita demand will be more if cost of water is less and vice versa. 

, variation in demand 

The rate of demand of water varies considerably from season to season (or month to month). In summer 

season the average rate of demand of water is usually 30 to 40 per cent above the annual average 

rate of demand of water, because more water is required for drinking, bathing, washing of clothes, air 

coolers, etc. 

Estimating the Water Demand for a Town or City: 

For estimating the water demand or the quantity of water required for a town or city the following 

three factors are required to be known: 

(1) Rate of Demand: 

It represents the average consumption or demand of water for various purposes per person (or per head, or 

per capita) per day. It is usually expressed as the consumption or demand of water for various purposes in 

litres per person (or per head) per day (lphd), or litres per capita per day (lpcd). 

If ∀ is the total quantity of water in litres required per year for a town or city having a population P, then 

the average consumption or demand of water per capita per day over a period of a year, or the annual 

average rate of demand of water q in litres per capita per day (lpcd) is given by the following expression 

 

(2) Design Period: 

A water supply project should be so planned that it has a sufficient capacity to meet the demand not only 

for the present times but also for a reasonable future period or number of years. The future period or the 

number of years for which a provision is made while planning and designing a water supply project is 

known as design period. 

The design period should neither be too long nor too short. A too long design period will result in a heavy 

financial burden on the present generation while a too short design period may render the project to be 

uneconomical. 

The consideration of a design period is generally affected by the following factors: 

 

(a) Useful Life of the Component Structures: 

ADVERTISEMENTS: 

The design period should not exceed the useful life of the component structures. 

https://www.engineeringenotes.com/wp-content/uploads/2018/04/clip_image002-145.png


(b) Ease and Difficulty in Future Expansion: 

If future expansion involves lot of difficulties then a longer design period should be chosen. On the other 

hand if future expansion of a water supply project can be undertaken with ease then a relatively shorter 

design period may be considered. 

(c) Availability of Funds: 

If only limited funds are available then a shorter design period will have to be considered and vice-versa. 

(d) Rate of Interest on the Borrowings: 

If the money to be borrowed for a water supply project is available at a lower rate of interest, then a 

longer design period may be economically justified and the same may be adopted. 

(e) Anticipated Rate of Population Growth, Including Possible Shifts in Communities, Industrial 

and Commercial Establishments: 

 

Population Forecasting Methods 

• Arithmetic Progression. 

• Geometric Progression. 

• Iller Bankasi Method. 

• Decreasing Rate of Growth method. 

• Graphical Extension Method. 

 

1.Arithmetic Increase Method 

This method is applied to areas where it is found that the rate of increase of population with time is 

constant i.e. dP/dt = Constant; 

If, Pn = Population of an area after any time 't' or Population after 'n' decades, Po = Last known 

Population of that area; n = number of decades ( 10 years = 1 decade); X' = average increase in 

population. 

Pn = Po + nX' (Eq.1) 



2. Geometric Progression Method 

The method is used for the condition dP/dt = Kg. P. Where, Kg is called as the geometric constant, P is 

the population. 

Kg = [(LnP'' -LnP')/(t'' - t')] (Eq.2) 

Then the future population Pn is given by, 

Ln Pn = Ln Po + K'g(tn - to); (Eq.3) 

K'g is Average of Kg which is equal to below relation. 

Eq.4 

3. Iller Bankasi Method or Geometric Increase Method 

This method is employed in a area where the population is rapidly increasing. Here the future population 

Pn is given by, 

Eq.5 

Here, r = Assumed growth rate in percentage, n is in decades and Po is the last known population of the 

city. 

The value of 'r' is calculated differently based on the data available. 



1.If Initial Population P' and Final Population P'' are given, then 

Eq.6 

2. Arithmetic Increase method 

r = ( r1 + r2 + .... rn)/n Eq.7 

3. Geometric Method 

Eq.8 

4. Decreasing Rate of Growth Method 

The method is applied to a city that owns a limiting saturation population. In this type, the rate of growth 

is a function of its population deficit. That means, 

dP/dt = Kd(S-P) Eq.9 

Where, P is the population, S is the saturation population and Kd is the constant. 

Then, Kd and Kd average is given by, 

Eq.10 

Eq.11 



Then, future population is given by, 

Eq.12 

5. Graphical Extension Method 

In this method, the population of the past few decades is plotted in the graph correctly following a proper 

scale. The obtained population curve is extended to obtain the future population. The extension of the 

curve is performed by a person who has proper experience and judgement 

 

 

 

 

 

 

 

 

 

 

 

 

Example 1: 

The following data have been noted from the census department: 



 

 

2. Geometrical Increase Method: 

This method is based on the assumption that the percentage increase in population from decade to decade 

remains constant. In this method the average percentage of growth of last few decades is determined; the 

population forecasting is done on the basis that percentage increase per decade will be the same. 

If the present population is P and the average percentage growth is IG the population at the end of n 

decade will be: 

 

Example 2: 

ADVERTISEMENTS: 

Forecast the population of example 1 by means of geometrical increase method. 

https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image002-103.jpg
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The population at the end of various decades shall be as follows: 

 

 

3. Incremental Increase Method: 

This method is 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. 

P is the present population, la = Average Arithmetical increase, and lC is the average incremental increase, 

then population after ‘n’ decade will be 

Pn = P + n (la + Ic) 

Solved example 3 will explain this method clearly. 

Example 3: 

Forecast the population of example 1, by means of incremental increase method. 

Solution: 

https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image006-58.jpg
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The population at the end of various decades shall be as follows: 

In the year 1980, 

P1980= 22,500 +1 x (4833 + 750) 

P1980 = 28,083 

P1990 =28,083+ (4833 +750) x 1 

P1990 = 33,666 

and P2000 =33,666+(4833+ 750) 

P2000 = 39249 

4. Decrease Rate of Growth Method or Decreasing Rate Method: 

It has been seen that all life grow within limited space. If the complete growth of a very old city is plotted, 

it will be seen that the curve has S-shape, which indicates that early growth takes place at an increasing 

rate, latter growth is at a decreasing rate which indicates that saturation limit is reached. 

In this method, the average decrease in the percentage increase is worked out and is then subtracted from 

the latest percentage increase for each successive decade. 

Example 4: 

Solve example 1, by using decrease rate of growth method. 

Solution: 

https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image010-43.jpg


 

Now the population at the end of various decades shall be as follows: 

 

 

Example 5: 

The population of five decades from 1940 to 1980 are given below. Find out the population in 

decades 1990, 2000 and 2010 by using decrease rate of growth method. 
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Solution: 

 

Now the population at the end of various decades shall be as follows: 

 

5. Simple Graphical Method: 

In this method the populations of last few decades are correctly plotted to a suitable scale on the graph 

with respect to decade. The curve is smoothly extended to forecast the future population. The graph of 

present city is plotted from the beginning and it will show the growth curve. Fig. 5.1 shows the typical 

growth curve of a city of example 1. 

https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image016-25.jpg
https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image017-18.jpg


 

After extending the curve and determining the forecasts of population at various decades, following 

results are noted on the graph of Fig 5.1. 

 

6. Comparative Graphical Method: 

In this method, the cities having conditions and characteristics similar to the city whose future population 

is to be estimated are first of all selected. It is then assumed that the city under consideration will develop 

as the selected similar cities have developed in the past. This method has a logical background, and if 

statistics of development of similar cities are available quite precise and reliable results can be obtained. 

Consider Fig. 5.2. Let the population of a city A be given for 4 decades (say 1940, 1950, 1960 and 1970) 

the population time curve is then plotted. 

Now, Suppose it is required to estimate the population of the city A at the end of year 2010. And let the 

available data show that this city A has reached the present population of 42500 in the year 1970. Then 

the available data of similar cities Band C is analyzed. Let it be found that city B has reached 42500 in the 

year 1940 then its curve is plotted beyond the year 1940 onward. 

However, this curve for city B should start from point P which represents the present population of city 

A. Similarly, the population of city C is plotted from the year it has reached 42500 onwards. Now the 

curve for city A is carefully extended between the curves of cities B and C as shown in Fig. 5.2. 

https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image019-11.jpg
https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image021-14.jpg


 

Fig. 5.2 shows the development of cities A,B, C and D. The development of the city ‘X’ under 

consideration has been shown by dotted line. Future expected population at any decade can be directly 

determined from this graph. 

IMPURITIES IN WATER 

In the United States, dirty or unsafe water consists of elements called Total Suspended Solids (TSS) that 

are not designed to dissolve. These solids include dust, sand, clay and rust. They remain suspended in 

water and cause it to become muddy or cloudy. They also lack the two essentials of pure water: hydrogen 

and oxygen. 

Hydrogen and oxygen enable drinking water to become pure and basically dissolve most anything it 

comes into contact with. If consumed, suspended impurities in water if consumed can result in a range of 

medical ailments and illnesses. These include, but are not limited to: 

• Cholera 

• Guinea worm disease 

• Typhoid 

• Legionella 

https://en.wikipedia.org/wiki/Total_suspended_solids
https://aosts.com/what-is-legionella-bacteria-water-treatment-prevention-planning/
https://www.engineeringenotes.com/wp-content/uploads/2017/03/clip_image023-11.jpg


• Dysentery 

• Malaria – most commonly associated with mosquitoes and germs in contaminated water 

Waterborne diseases stemming from drinking contaminated water result in a staggering 3.4 million deaths 

each year. The problem is so significant that the Center for Disease Control and Prevention (CDC) even 

has a special department that deals with contaminated water in the United States. They also network with 

the World Health Organization (WHO) to provide pure water and treatment solutions for developing 

nations. 

 

The most common inorganic impurities in purified water are residuals of the more common ions in feed 

water – sodium, calcium, iron, magnesium, chloride, sulphate, nitrate – and ions weakly held on ion-

exchange resin – silicates and borates 

1.IMPURITIES 

A)INORGANIC 

a. Suspended 

b.Dissolved 

 

CAUSES              

1. Particles of silt and clay 

2. I)Carbonates  and bicarbonates of calcium and mg.                

3. ii)Sulphates  and  chortles  of  ca and mg.            

4. iii)carbonates  and         bicarbonates of sodium           

5. iv)Nitiates                                

6. v)chlorides of Na 

7. vi)Fluorides of Na                   

8. vii)Iron oxide                 

viii)Manganese               

                   

https://www.vestergaard.com/global-challenges/waterborne-diseases
https://www.cdc.gov/healthywater/drinking/public/water_treatment.html


EFFECTS            

1. Turbidity              

2. Hardness & alkalinity    

3. Hardness and corrosion 

4. Alkalinity             

5. Excess        over   50mg/lit 

6. Methenoglubanemiao r blue babies. Brackish taste                 

7. Excess over 1.5mg/L causes Fluor sis.                 

8. Taste colour and hardness       

9. Taste and odour   

  

  

  

2.IMPURITIES 

B) ORGANIC 

I. Suspended 

a.vegetable 

b.animal 

II.Dissolved 

a.vegetable 

b.Animal 

  

CAUSES    

Decayed      leaves, 

algae,Fungi,etc..   

Dead  animals,  hairs,    insects, etc..          



Large Quantities   of albuminoidal   nitrogen       with little    quantities  of  ammonia and chlorides.    

Large quantities    of Albuminoidal nitrogen        

  

EFFECTS 

Acidity, taste and colour Contamination 

Bacteria. 

Pathogens, contamination due to sewage 

Common Impurities Found in Water 

Contaminated water mainly contains different types of elements known as Total Dissolved Solids. Dust, 

rust, clay and sand stay suspended in water and make it contaminated. In addition, microorganisms and 

other pathogens also make water unsafe for use. Here is a list of the contaminants present in water: 

Biological Contaminants 

The most-deadly impurities found in water, biological impurities make the water extremely unsafe for 

use. Biological contaminants such as bacteria, protozoa, viruses, and parasites may lead to 

fatal waterborne diseases and health disorders. The minute organisms present in water lead to diseases 

such as typhoid fever, dysentery, and many other health problems. Though the microorganisms survive 

different temperatures, these can’t be removed from water easily without using the right purification 

technology. 

Chemical Contaminants 

Water also contains some dangerous chemicals that can’t be removed by the simple filtration process. The 

reason is water is a universal liquid that easily dissolves everything. The total dissolved solids (TDS) 

present in water measures the number of dissolved impurities in water and is expressed in ‘PPM’. The 

harmful chemicals present in water include nitrate, mercury and fluoride that are present in the waste 

dumped by industries. To remove these chemicals from water, you need to use an RO water purifier. 

Physical Contaminants 

The physical impurities mainly affect the appearance and physical properties of water. Sediment or 

organic material that are suspended in water bodies as a result of soil erosion. The traditional methods of 

water purification don’t remove the physical contaminants from water. RO water purifiers use multistage 

purification process to remove physical impurities from water. 

 

PHYSICAL, CHEMICAL AND BIOLOGICAL CHARACTERISTICS OF WATER 

Properties of water  

A water  molecule (H2O) is made up of three atoms, one oxygen  and two hydrogen atoms. In each  

water molecule, the oxygen atom  attracts more than its "fair share" of electrons.  The  oxygen end  

https://www.kent.co.in/blog/waterborne-diseases-that-can-be-prevented-by-consuming-clean-water/
https://www.kent.co.in/blog/what-are-total-dissolved-solids-tds-how-to-reduce-them/
https://www.kent.co.in/blog/what-are-total-dissolved-solids-tds-how-to-reduce-them/
https://www.kent.co.in/blog/remove-contaminants-from-water-with-rouvuf-purification-system/


causes the water to be polar in nature (Fig 2a). However, water is neutral as it has equal number of  

electrons and protons giving it a Zero Net Charge 

 

Physical Characteristics: temperature, color, odor, turbidity and solid 

Chemical Characteristics: pH, conductivity, salinity, hardness, BOD,   

3. Biological Characteristics: counts of specific organisms and groups of organisms 

Physical Characteristics:  

Physical characteristics of water (temperature, colour, taste, odour and etc.) are determined by senses  

of touch, sight, smell and taste. For example temperature by touch, colour, floating debris, turbidity  

and suspended solids by sight, and taste and odor by smell.  

  

3.1.2 Temperature: Temperature is a measure of the average energy (kinetic) of water molecules. 

It  

is measured on a linear scale of degrees Celsius or degrees Fahrenheit. Temperature is a basic water  

quality variable. It determines the suitability of water for various forms of aquatic life. Depending on  

the geographic location the mean annual temperature varies in the range of 10 to 21

o

C with an average  

of 16

o

C. 

Color: Color in water is primarily a  concern of water quality for aesthetic reason. Colored  

water give the appearance of being unfit to drink, even though the water may be perfectly safe for  

public use. Color of the water body can indicate the presence of organic substances, such as algae or  

humic compounds. In recent times, color has been used as a quantitative assessment of the presence of  

 

Taste and Odor: Taste and odor are human perceptions of water quality. Human perception of  

taste includes sour (hydrochloric acid), salty (sodium chloride), sweet (sucrose) and bitter (caffeine).  

Relatively  simple compounds  produce sour  and salty  tastes.  However,  sweet  and bitter  tastes are  

produced  by  more complex  organic  compounds. Odor  is  produced  by gas  production  due to  the  

1.  

  

 

Fecal matter  

  

Turbidity: 

  Turbidity  is  a  measure  of  the  light-transmitting  properties  of  water  and  is  

comprised  of  suspended  and  colloidal  material.  It  is  important  for  health  and  aesthetic  reasons.  

Transparency  of  natural water  bodies  is affected  by  human  activity,  decaying  plant  matter, algal  

blooms, suspended sediments, and plant nutrients. Turbidity provides an inexpensive estimate of total  

suspende dsolids (TSS)  concentration.  It has  little meaning  except  in relatively  clear  waters but is  

useful in defining drinking-water quality in water treatment.  

  

 Solids: 

Total dissolved solids (TDS) is the term used to describe the inorganic salts and small  

amounts of organic matter present in solution in water. The principal constituents are usually calcium,  

magnesium, sodium, and potassium cations and carbonate, hydrogen carbonate, chloride, sulfate, and  

nitrate anions. The total solids content of water is defined as the residue remaining after evaporation of  

the water and drying the residue to a constant weight at 103°C to 105°C 



Chemical  Characteristics: 

  The  health  concerns  associated  with  chemical  constituents  of  

drinking-water arise mainly from the ability of chemical constituents to cause adverse health effects  

after extended exposure  time. There are few chemical  constituents of water that can  lead  to health  

problems resulting  from even a  single exposure. An appreciable number of serious health concerns  

may occur as a result of the chemical contamination of drinking-water. The major chemical properties  

of the water are discussed below:  

3.2.1 Ph 

: pH is a measure of how acidic or basic (alkaline) the water is. It is defined as the negative  

log of the hydrogen ion concentration.  The pH scale is logarithmic and ranges from 0 (very acidic) to  

14  (very  alkaline).  For  each  whole number  increase  (i.e. 1  to  2) the  hydrogen  ion concentration  

decreases tenfold and the water becomes less acidic.  The range of natural pH in fresh waters extends  

from  around  4.5,  for  acid,  peaty  upland  waters,  to  over  10.0  in  waters  where  there  is  intense  

photosynthetic  activity by  algae  

3.2.3  Salinity: Salinity  is a  measure of  the amount  of  salts  in the  water.  Because dissolved  ions  

increase  salinity  as well as  conductivity, the  two measures  are related.  The salts  in sea  water are  

primarily  sodium  chloride  (NaCl).  However,  other  saline  waters  owe  their  high  salinity  to  a  

combination of dissolved ions including sodium, chloride, carbonate and sulfate.  

Salts and other substances affect the quality of water used for irrigation or drinking  

concentration.   

3.2.4  Alkalinity: The  alkalinity of natural  water is  generally due  to the  presence  of bicarbonates  

formed in reactions in the soils through which the water percolates. It is a measure of the capacity of  

the water to neutralize acids and it reflects its buffer capacity. It may also be attributed to the presence  

of carbonates and hydroxides 

.  

Environmental   

Sciences  

Water Resources and Management  

Physical, Chemical and Biological Characteristics of Water  

3.2.5 Hardness: Hardness is a natural characteristic of water which can enhance its palatability and  

consumer acceptability for drinking purposes. The hardness of water is due to the presence of calcium  

and magnesium minerals that are naturally present in the water. The common signs of a hard water  

supply  are  poor lathering  of  soaps  and  scum.  The  hardness is  made  up of  two  parts:  temporary  

(carbonate) and permanent (non carbonate) hardness. The temporary hardness of water can easily be  

removed by boiling the water.   

The following is a measure of hardness (expressed in mg/l as CaCO3):  

Soft: 0 - 100 mg/l as CaCO3  

Moderate: 100 - 200 mg/l as CaCO3  

Hard: 200 - 300 mg/l as CaCO3  

Very hard: 300 - 500 mg/l as CaCO3  

Extremely hard: 500 - 1,000 mg/l as CaCO3  

  

3.2.6 Major  ions in Water:  There are various  kinds of  trace ions  in water  supply that  influence  

chemical nature and account  for the  bulk of  natural  water mineral  content. Most  of the  dissolved,  

inorganic chemicals in freshwater occur as ions. The main ionic species of natural water are given in  

Table 2. These ions come in water body from atmospheric deposition, rock weathering, runoff etc.  

Major Cations  

Major Anions  

Sodium (Na

+)

  



 

Cations:   

Sodium may be  of  health significance  to individuals.  Sodium salts  are generally  highly soluble  in  

water and are leached from the terrestrial environment to groundwater and surface water  

Potassium is an essential nutritional element in drinking water supplies but in its excessive quantities,  

it acts as a laxative.   
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Calcium is essential to human nutrition and a key element in the formation of teeth and bones. It is  

also known as limestone and is a cause of water hardness.  

Magnesium is one of the most common elements in the earth’s crust. Sulfates of magnesium at very  

high concentrations may have a laxative effect on some people. It also give an unpleasant taste at high  

concentration   

Anions:  

Chloride in  drinking water  is generally  not harmful to  human health  except when present  in high  

concentrations. The high concentration may be injurious to heart and kidney patients. The restriction  

on chloride concentrations in potable water are determined by taste requirements.  

Water with objectionable Sulfate content may have a bitter taste. It also contributes to odor problems.  

Excessive bicarbonate adds to the salinity and total solid content of water while Carbonate content of  

water can also be considered as the temporary water hardness as it can easily be removed by boiling.  

Nitrates: Nitrates even at low concentrations can cause health problem to infants of six months of age  

or less and pregnant women by affecting the oxygen carrying capacity of the blood.  

3.2.7 Heavy Metals: Heavy metal refers to any metallic chemical element that has a relatively high  

density and is toxic or poisonous at low concentration. The some major examples of heavy metals are  

mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), nickel (Ni), copper (Cu), cobalt (Co) and  

lead (Pb) etc. These are the natural  components  of geological environment. They enter the human  

body via food, drinking water and air to small extent. Some heavy metals (e.g. copper, selenium, zinc)  

are necessary to keep up the metabolism of the human body as trace elements. However, they can be  

poisonous at higher concentrations leading to various serious diseases.   

3.2.8 Dissolved Oxygen: Dissolved oxygen is  the amount of gaseous oxygen (O2) dissolved in an  

aqueous  solution.  It  gets  into  water  by  diffusion  from  the  surrounding  air,  by  aeration  (rapid  

movement), and  as a waste product of  photosynthesis. The oxygen in dissolved  form is needed by  

most  aquatic  organisms to survive  and grow.  Organisms such  as trout  and stoneflies  require high  

Environmental   

Sciences  

Water Resources and Management  

Physical, Chemical and Biological Characteristics of Water  

amount of DO while some others like catfish, worms and dragonflies can survive in somewhat lower  

amount. The absence of enough amount of oxygen in water can lead to death of adults and juveniles,  

reduction in growth, failure of eggs/larvae to survive, change of species present in a given water body.  

The  hypoxic condition  in water  body (DO<  3mg/L) causes  reduced cell  functioning and  disrupts  

circulatory fluid balance in aquatic system, eventually leading to death.  

3.2.9 Biochemical Oxygen Demand (BOD)  

Biochemical  oxygen  demand  the  amount  of  dissolved  oxygen  required  by  aerobic  biological  

organisms  to degrade  the  organic  material  present in  a water  body  at certain  temperature over  a  

specific  time  period.  It  widely  used  as  an  indication  of  the  organic  quality  of  water  and  thus  

representing the pollution load. It is most commonly expressed in milligrams of oxygen consumed per  

liter  of sample  during 5  days  (BOD5) of  incubation at  20°C.   When organic  matter decomposes,  

microorganisms  (such as  bacteria and  fungi)  feed  upon  this  decaying  material  and eventually  the  



matter becomes oxidized.  The harder  the microorganisms  work, the  more oxygen  will be used up  

giving a high measure of BOD, leaving less oxygen for other life in the water.  

3.2.10 Chemical Oxygen Demand  

Chemical Oxygen Demand (COD) determines the quantity of oxygen required to oxidize the organic  

matter present in water body under specific conditions of oxidizing agent, temperature and time. COD  

is  an  important  water  quality  parameter  as  it  provides  an  index  to  assess  the  effect  discharged  

wastewater will  have on the  receiving environment.  Higher COD  levels represent  the presence  of  

greater amount of oxidizable organic material in the sample, the degradation of which will again lead  

to hypoxic conditions in the water body. The ratio of BOD to COD indicates the percent of organic  

material in water that can be degraded by natural microorganism in the environment.  

  

3.2 Biological Characteristics  

3.3.1 Microbial Contamination: Microbial contamination is one of the major concerns of water  

quality. Many types of microorganisms are naturally present in the water such as  

 •Protozoans -Amoeba, cryptosporidium, giardia,  
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3.3.2 Feacal Matter  

Total Coliform and Feacal Coliform  

Total  coliform  bacteria, fecal  coliform  bacteria,  and E.  coli are  all considered indicators  of water  

contaminated with fecal matter. Contaminated water may contain other pathogens (micro-organisms  

that cause illness) that are more difficult to test for. Therefore these indicator bacteria are useful in  

giving us a measure of contamination levels.  

E.  coli is  a  bacterial species  found  in  the  fecal matter  of  warm  blooded  animals  (humans, other  

mammals, and birds). Total coliform bacteria are an entire group of bacterial species that are generally  

similar to and include the species E. coli. There are certain forms of coliform bacteria that do not live  

in fecal matter but instead live in soils. Fecal coliform bacteria are coliform bacteria that do live in  

fecal matter, including, but not limited to, the species E. coli. Most of the fecal coliform cells found in  

fecal matter are E. coli. Untreated sewage, poorly maintained septic systems, un-scooped pet waste,  

and farm animals with access to water bodies can cause high levels of fecal coliform bacteria to appear  

in and make the water unhealthy 

 

 

 

 

Water quality standards for different uses 

 

Designated Best Use Class Criteria 

Drinking Water Source 

without conventional treatment 

but after disinfection 

A 1.Total Coliforms Organism MPN/100ml shall be 50 or less 

2. pH between 6.5 and 8.5 

3. Dissolved Oxygen 6mg/l or more 

4. Biochemical Oxygen Demand 5 days 20 C, 2mg/l or less 



Outdoor bathing (Organised) B 1.Total Coliforms Organism MPN/100ml shall be 500 or less 

2. pH between 6.5 and 8.5 

3. Dissolved Oxygen 5mg/l or more 

4. Biochemical Oxygen Demand 5 days 20 C, 3mg/l or less 

Drinking water source after 

conventional treatment and 

disinfection 

C 1. Total Coliforms Organism MPN/100ml shall be 5000 or less 

2. pH between 6 and 9 

3. Dissolved Oxygen 4mg/l or more 

4. Biochemical Oxygen Demand 5 days 20 C, 3mg/l or less 

Propagation of Wild life and 

Fisheries 

D 1. pH between 6.5 and 8.5 

2. Dissolved Oxygen 4mg/l or more 

3. Free Ammonia (as N) 

4. Biochemical Oxygen Demand 5 days 20 C, 2mg/l or less 

Irrigation, Industrial Cooling, 

Controlled Waste disposal 

E 1. pH between 6.0 and 8.5 

2. Electrical Conductivity at 25 C micro mhos/cm, maximum 

2250 

3. Sodium absorption Ratio Max. 26 

4. Boron Max. 2mg/l 

  Below-E Not meeting any of the A, B, C, D & E criteria 

  

Blue water  This water can be directly used for drinking, industrial use, etc. 

Green water  Water contained in soil and plants is termed as green water 

White water  Atmospheric moisture is white water 

Brown or grey water   Various grades of wastewater are shown by brown or grey colour 

 

 

 

 

 

 

Sources and Conveyance of water 

Among the most common water conveyance methods are tanker trucks, rural aqueducts, and 

pipelines. In some cases, this involves the transfer of water from one portion of a river basin to another, 

or between river basins. ... Aqueducts are canals used to bring water from a river or reservoir to a water 

distribution center. 

Salient features of various sources of water 

 

Water sources are broadly classified as 



Surface sources 

 

a) Streams 

b) Natural ponds and lakes 

c) Impounding reservoirs 

d) Seawater 

e) Wastewater reclamation 

Underground sources 

 

a) Infiltration Gallery 

b) Infiltration well 

c) Springs 

d) Wells 

Surface sources 

 

Surface sources of the water can be termed as the source of water in which the water flows over the 

earth’s surface are called Surface sources. 

 

a) River or Stream 

 

Throughout the history of the world, we find river valley civilizations and cities first developing along the 

banks of rivers. Hence Rivers are the most important source for public water supply schemes. 

In perennial rivers, we find availability of water throughout the year where as in non-perennial or 

seasonal river water is available only during some seasons of the year. 

river source 



 

Perennial rivers can be adopted as direct sources of public water supply. Whereas Non- perineal rivers 

can be so used only after constructing storage works such as dams, impounded reservoirs, etc. 

 

River water has self-purification action due to which it automatically becomes clean in some distance 

travel from the point of disposal of sewage. 

 

The quantity of water available varies depending on the catchment. Hilly Rivers have good quantity of 

water while that of rivers in the plains is bad. It should be noted that River water should always be used 

after the necessary treatment. 

 

Small rivers or streams usually feed their water to lakes or bigger rivers. Their supply is small. Hence, 

they are not suitable for water supply projects. However, they may be used as sources of water for small 

villages, particularly in hilly regions. 

 

b) Lake or Pounds 

 

Pond or Lakes are the natural or artificial depressions where surface run-off is collected in the rainy 

season (Runoff may be defined as the quantity of water flowing on the surface of the earth after all losses 

such as evaporation, percolation, etc.). Small streams and underground springs contribute to the supply of 

lake water. 

lake source 



 

Generally, the quantity of water in the pond is very small and the quality of water in lake is good, and 

hence it does not require much purification. This source is suitable for small water supply schemes. 

c) Impounding Reservoir 

 

There are basins constructed in the valley of streams. These may be in the form of pick-up weirs, earthen 

dams, masonry dams, concrete dams, etc. 

The object is to impound or store a portion of the stream water during the monsoon so that it may be used 

for water supply and also such reservoirs may be multipurpose such as irrigation, water supply, 

hydroelectric power generation, fishery etc. 

The quantity and quality are both reliable. So this source is always preferred for large water supply 

projects. 

The quality of water from the storage reservoir is almost like that of a lake. 

The reservoir essentially consists of three parts 

• A dam to hold the backwater 

• A spillway through which excess stream-flow may discharge, and 

• A gate chamber containing the necessary valves regulating the flow of water from the reservoir 

 

d) Sea Water 

 

This source of water is available in huge quantities; it is difficult to extract economically water of potable 

quality because it contains 3.5% of salts in solution, which involves costly treatment. 

Offshores water of the Oceans and seas have a salt concentration of 30000 to 36000mg/l of dissolved 

solids including 19000 mg/l chloride, 10600 mg/l of sodium, 1270mg/l of magnesium, 880 mg/l of 

Sulphur, 400 mg/l of calcium, 380 mg/l of potassium, 65mg/l of bromine, 28 mg/l of carbon, 13 mg/l of 

strontium, 4.6 mg/l of boron. 



sea water 

 

The Desalting or demineralizing process involves the separation of salt or water from saline waters. This 

is yet a costly process and has to be adopted in places where seawater is the only source available and 

potable water has to be obtained from it, such as in ships on the high seas or a place where an Industry has 

to be set up and there are no other sources of supply. 

 

The various processes for conversion of brackish water are 

• Thermal Distillation 

• Electrodialysis 

• Separation by freezing 

• Humidification –dehumidification 

• Reverse osmosis 

• Hydration 

• Ion-exchange 

• Critical point separation 

• Biological process 

• Employing nuclear energy 

• By high-frequency sound or current, etc 

Desalination removing the salt is a useful way of supplying water for deserts, islands, military camos, 

ships, boilers, marine industries, fishery works, etc. 



c) Wastewater reclamation 

 

Sewage or other wastewaters of the community may be utilized for non-domestic purposes, such as water 

for cooling, flushing, lawns, parks, etc., firefighting, and for certain industrial purposes, after giving the 

necessary treatment to suit the nature use. The supply from this source to residences is prohibited because 

of the possible cross-connection with the potable water supply system. 

Underground sources of water (Infiltration galleries and springs) 

November 5, 2020 by admin 

Underground sources are the accumulation of water below the surface of the ground, caused by the 

portion of rainfall which percolates through the soil pores of rocks, flows by gravity till it reaches an 

impervious stratum when it moves in a lateral direction to some point of escape appearing in the form of 

springs, wells or infiltration galleries. 

At the time of rain fall, some portion of water flows away and some portion will percolate into the ground 

and becomes groundwater. 

 

Generally, the groundwater is clear, cold, and colourless than the surface water. 

The groundwater is much safe than the surface water; where the surface pollution may be present. 

 

What is Infiltration Gallery…?? 

 

Generally, for tapping water from sandy river beds sometimes horizontal tunnels are constructed in the 

beds. The walls of the tunnel are constructed with brickwork and its top is covered with RCC slab having 

manholes at some interval. 

 

The perforated pipelines are connected to the tunnel through which the water gets collected inside the 

tunnel. This tunnel is known as the infiltration gallery. 

 

The slope of the Infiltration gallery should be kept in such a way that the water inside the gallery flows 

towards a well which is known as a sump well. 

 

The water from the sump well is pumped out and stored in a storage reservoir. These galleries are useful 

when water is available in sufficient quantity just below the ground level. The quality of water is good 

and it doesn’t require any treatment and the quantity of water from this source is suitable for small water 

supply schemes. 
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Infiltration Well 

 

These are nothing but the shallow wells constructed on the banks of river streams. The water infiltrates 

through the bottom of these wells. It passes through layers of sand and undergoes natural filtration. 

Infiltration Well 

 

For tapping water from sandy river beds, the infiltration wells are sunk in series in sandy river beds. 

These are constructed of brick masonry with open joints. 

The water percolates through these joints and gets collected in the wells. 

 

The top of the wells is covered with RCC slab having manhole for inspection. The water flows under the 

gravity from these wells to the inspection well and then towards jack well from where it is pumped and 

stored in a storage reservoir. 



Jack well 

 

In this type of water source, the quality of water is good and requires no treatment. The quantity of water 

from this source is suitable for small water supply schemes. 

 

What are the Springs…?? 

When underground water reappears at the ground surface by percolation or by underground pressure, then 

it is known as spring. 

 

Generally, their quality largely depends on the geologic formation as well as their locality. Water supply 

from spring is only worked for small communities. This source is suitable for water supply in a hilly 

town. 

 

Springs are formed under the following conditions 

 

• When the surface of the earth drops sharply below the normal ground water table, the water bearing 

stratum aquifer is exposed to the atmosphere, and the springs are created. This type of spring is called 

Gravity or shallow springs and the water table in such springs varies with rainfall. 

 

• When due to an obstruction, groundwater is store in the form of a reservoir, and this water is forced to 

overflow at the surface. Springs of these types are most common. 

• When a fissure in an impervious stratum allows artesian water to flow in the form of springs. Such types 

of springs come across when ground water rises through a fissure in the upper impervious stratum. These 



are also known as artesian springs. 

The following are the different forms of springs. 

 

Gravity Spring 

 

The gravity spring comes into existence when the water table rises along the hill slope and the water finds 

a path (a pervious zone) on the slope through which it rushes out by gravity. 

Gravity spring 

 

The discharge of water from gravity spring is variable as the water table may rise or fall in different 

seasons. A trench is constructed just below the spring for tapping water. 

 

Surface Spring 

 

When subsoil water forms storage due to the presence of an impervious layer in the form of a valley, then 

the surface spring comes into existence. 



Surface Spring 

 

A cut off wall is constructed on the impervious layer to form a reservoir from where water is supplied to 

the consumers. 

 

Artesian spring 

 

An Artesian spring is formed when two impervious strata enclose an aquifer or water-bearing stratum 

between them and the aquifer will be under pressure. 

 

Water rises to find an outlet in the weaker portions (fissures, cracks, holes, etc) of the impervious strata 

and rushes out Unser pressure. 



Artesian Spring 

 

The artesian spring provides a constant and fairly uniform yield throughout the year. 

Some artesian springs discharge hot water. Such springs are termed as hot springs. The water of the hot 

springs is suitable for bathing to remove disease such as gout, skin problem, etc 

 

Yield from well- method s of determination 

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: 

ADVERTISEMENTS: 

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 

ADVERTISEMENTS: 

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) 

ADVERTISEMENTS: 

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. 

ADVERTISEMENTS: 

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. 
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 Intakes – types, description of river intake, reservoir intake, canal intake 

Intake structures are used for collecting water from the surface sources such as river, lake, and reservoir 

and conveying it further to the water treatment plant. These structures are masonry or concrete structures 

and provides relatively clean water, free from pollution, sand and objectionable floating material 

Site Selection for Intake Structures 

1. The site should be so selected that it may admit water even under worst condition of flow in the 

river. Generally, it is preferred that intake should be sufficiently below the shore line. 

2. Site should be very close to treatment plant as possible. 

3. It should be so located that it is free from the pollution. It is better to provide intake at upper 

stream of city so that water is not contaminated. 

4. It should not interfere with river traffic, if any. 

5. It should be located where good foundation conditions are available. 
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6. It should be so located that it admits relatively pure water free from mud, sand and pollutants. 

Means it should be protected from rapid currents. 

Types of Intake Structures 

Intakes are classified under three categories: Category 1: 

1. Submerged intake 

2. Exposed intake 

Category 2: 

1. Wet intake 

2. Dry intake 

Category 3: 

1. River intake 

2. Reservoir intake 

3. Lake intake 

4. Canal intake 

1. Submerged Intake Structures 

1. It is the one which is constructed entirely under water. 

2. It is commonly used to obtain supply from a lake.

 

2. Exposed Intake Structures 

1. It is in the form of a well or tower constructed near the bank of a river, or in some cases even 

away from the river banks. 

2. Exposed intakes are more common due to ease in operation. 



 

3. Wet Intake Structures 

1. It is a type of intake tower in which the water level is practically the same as the level of the 

sources of supply. 

2. It is sometimes known as Jack well and is most commonly used. 

 

4. Dry Intake Structures 

1. In case of dry intake there is no water in the water tower. 

2. Water enters through entry port directly into the conveying pipes. 

3. It is simply used for the operation of valves etc. 



 

5. River Intake Structures 

1. It is a type of intake which may either located sufficiently inside the river so that demands of 

water are met with in all the seasons of the year, or they may be located near the river bank where 

a sufficient depth of water is available. 

2. Sometimes, an approach channel is constructed and water is led to the intake tower. 

3. If the water level in the river is low, a weir may be constructed across it to raise the water level 

and divert it to the intake tower. 

 

6. Reservoir Intake Structures 

1. When the flow in the river is not guaranteed throughout the year, a dam is constructed across it to 

store water in the reservoir so formed. 

2. These are similar to river intake, except that these are located near the upstream face of the dam 

where maximum depth of water is available. 

3. Design of intake may vary based on the type of dam. 



 

7. Lake Intake Structures 

1. Generally submerged intakes are preferred for lake intakes. 

2. These are constructed as cribs or bell mouths. The cribs are made of heavy timber frame work 

which is partly or wholly filled with rip-rap to protect the intake conduit against damage by 

waves etc. 

3. The top of the crib is covered with cast iron or mesh grating. 

 



8. Canal Intake Structures 

1. In some cases, source of water supply to a small town may be an irrigation canal passing nearer 

or through the town. Then it will be constructed. 

2. Generally it consists of masonry or concrete intake chamber of rectangular shape, admitting water 

through a coarse screen. 

3. A fine screen is provided over the bell mouth entry of the outlet pipe. 

4. The intake chamber may be constructed inside the canal bank if it does not offer any appreciable 

resistance to normal flow in the canal. 

5. It’s preferred to provide lining to the canal near the intake chamber. 

 

 

 

  

Pumps for conveyance & distribution 



Pumping 

A pump is a device which converts mechanical energy into hydraulic energy. It lifts water from a lower to 

a higher level and delivers it at high pressure. Pumps are employed in water supply projects at various 

stages for following purposes: 

1. To lift raw water from wells. 

2. To deliver treated water to the consumer at desired pressure. 

3. To supply pressured water for fire hydrants. 

4. To boost up pressure in water mains. 

5. To fill elevated overhead water tanks. 

6. To back-wash filters. 

7. To pump chemical solutions, needed for water treatment. 

Classification of Pumps 

Based on principle of operation, pumps may be classified as follows: 

1. Displacement pumps (reciprocating, rotary) 

2. Velocity pumps (centrifugal, turbine and jet pumps) 

3. Buoyancy pumps (air lift pumps) 

4. Impulse pumps (hydraulic rams) 

Capacity of Pumps 

Work done by the pump, 

          H.P.= QH/75 

where, = specific weight of water kg/m3, Q= discharge of pump, m3/s; and H= total head against which 

pump has to work. 

H= Hs + Hd + Hf + (losses due to exit, entrance, bends, valves, and so on) 

where, Hs=suction head, Hd = delivery head, and Hf = friction loss. 

Efficiency of pump (E) = QH/Brake H.P. 

Total brake horse power required = QH/E 

Provide even number of motors say 2,4,... with their total capacity being equal to the total BHP and 

provide half of the motors required as stand-by. 

Conveyance 

There are two stages in the transportation of water: 

1. Conveyance of water from the source to the treatment plant. 

2. Conveyance of treated water from treatment plant to the distribution system. 



In the first stage water is transported by gravity or by pumping or by the combined action of both, 

depending upon the relative elevations of the treatment plant and the source of supply. 

In the second stage water transmission may be either by pumping into an overhead tank and then 

supplying by gravity or by pumping directly into the water-main for distribution. 

Free Flow System 

In this system, the surface of water in the conveying section flows freely due to gravity. In such a conduit 

the hydraulic gradient line coincide with the water surface and is parallel to the bed of the conduit. It is 

often necessary to construct very long conveying sections, to suit the slope of the existing ground. The 

sections used for free-flow are: Canals, flumes, grade aqueducts and grade tunnels. 

Pressure System 

In pressure conduits, which are closed conduits, the water flows under pressure above the atmospheric 

pressure. The bed or invert of the conduit in pressure flows is thus independant of the grade of the 

hydraulic gradient line and can, therefore, follow the natural available ground surface thus requiring lesser 

length of conduit. The pressure aqueducts may be in the form of closed pipes or closed aqueducts and 

tunnels called pressure aqueducts or pressure tunnels designed for the pressure likely to come on them. 

Due to their circular shapes, every pressure conduit is generally termed as a pressure pipe. When a 

pressure pipe drops beneath a valley, stream, or some other depression, it is called a depressed pipe or 

an inverted siphon. 

Depending upon the construction material, the pressure pipes are of following types: Cast iron, steel, 

R.C.C, hume steel, vitrified clay, asbestos cement, wrought iron, copper, brass and lead, plastic, and glass 

reinforced plastic pipes. 

Hydraulic Design 

The design of water supply conduits depends on the resistance to flow, available pressure or head, and 

allowable velocities of flow. Generally, Hazen-William's formula for pressure conduits and Manning's 

formula for freeflow conduits are used. 

Hazen-William's formula 

            U=0.85 C rH
0.63S0.54 

Manning's formula 

            U=1/n rH
2/3S1/2 

where, U= velocity, m/s; rH= hydraulic radius,m; S= slope, C= Hazen-William's coefficient, and n = 

Manning's coefficient. 

Darcy-Weisbach formula 

            hL=(fLU2)/(2gd) 

Pipe materials – necessity, suitability, merits & demerits of each type 



Pipes are used for carrying gas, cold and hot water, and other liquids from one place to another safely. 

Different types of pipes are used in different circumstances. 

Pipes types are selected on the basis of work and suitability, and their prices are also taken into account. 

 

For plumbing and water supply, some of the commonly used and best pipes are as under: 

1. Cast iron Pipe. 

2. G.I Pipe. 

3. Wrought Iron Pipe. 

4. Steel Pipe. 

5. Copper Pipe. 

6. Plastic Pipe. 

7. Asbestos Cement Pipe 

8. Concrete Pipe. 

9. Vitrified Clay Pipe. 

In this article, we will cover all of the above piping types in details. 

So, Let’s Start. 

1. Cast Iron Pipe: 

Cast Iron pipe is widely used for city water-distribution systems because of its high resistance to 

corrosion and consequent long life. 

Cast iron pipe is made from pig iron. Such pipes are normally made from 5 cm to 120 cm in diameter. 

Under normal conditions, a cast iron pipe can be expected to last 100 years. 

 

The usual length of a pipe section is 12 ft, but lengths up to 20 ft can be obtained. 

Cast iron pipe is made in several thickness classes for various pressures up to a maximum of 350 psi. 

Cast-iron pipes are usually dipped in a bituminous compound for protection against corrosion and to 

improve their hydraulic qualities; larger sizes may be provided with a lining of cement mortar. 

A common joint for cast iron pipe is the bell and spigot. A few strands of jute are wrapped around the 

spigot before it is inserted into the bell, and then more jute is packed into the joint. 

Finally, the space between the bell and spigot is tilled with a molten lead, which is tightly caulked into the 

joint after cooling. 

Patented compounds of sulfur and other materials and neat cement mortar are also used for joints. These 

materials are cheaper than lead, but the joints are usually less flexible. 

The flanged pipe is used for pumping stations, filter plants, and other locations where it may be necessary 

to disjoint the pipe. 

Following methods are used to join a cast iron pipe. 

https://dailycivil.com/system-of-plumbing-one-pipe-two-pipe-system/
https://civilseek.com/water-distribution-system/
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(i). Bell and Spigot Joint. 

(ii). Hanged Joint. 

(iii). Expansion Joint. 

Pipe joints – necessity, types of joints, suitability, methods of jointing Laying of pipes – method 

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 

        Pipe joints in water supply are major components of plumbing system provided to connect multiple 

pipes. There are several types of pipe joints, but their selection depends on pipe sizes, material and flow 

pressure etc.. Pipe joint provided should withstand pressure of each pipe. 

theconstructor.org - heavy construction equipment types 

Types of Pipe Joints in Plumbing 

Different types of pipe joints used in plumbing system are as follows. 

1. Threaded joint 

2. Brazed joint 

3. Soldered joint 

4. Welded joint (butt welded, socket welded) 

5. Flanged joint 

6. Compression joint 

7. Grooved joint 

https://theconstructor.org/practical-guide/plan-water-supply-projects/80366/
https://theconstructor.org/building/types-of-plumbing-drainage-systems-buildings/13117/


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. 

Threaded Joint in Pipe 

 

https://theconstructor.org/building/cast-iron-types-properties-uses/16022/


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. 

The 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. 

Brazed Joint in Pipe 

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. 

Soldered Joint 

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. 

https://theconstructor.org/construction/construction-sewer-sanitary-pipe-methods/18047/
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The joints are fixed and do not opened for maintenance purposes. External smoothing of welded portion 

will give good appearance to the piping system. 

Butt 

Welded Joint in Pipe 

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. 

If pipes having similar diameter, then required fittings are used. Welding cost is generally lower than butt 

welding. Fatigue resistance is lower for socket welded joints when compared to butt weld joints. 

However, socket welded joint give good results when compared with other mechanical joints. 

 

https://theconstructor.org/question/what-are-the-types-of-welding-techniques/


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. 



So, in this case we can connect pipes of different materials and different sizes. But the joints should be 

properly fitted to resist flow pressure otherwise they may fail and leakage occurs. Compression fittings 

are available in different materials and selection of fittings may depend upon our requirement. 

Compression Joint 

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. 



Grooved Joint 

Grooved joints are easily removable so, for maintenance purposes of pipes these joints are preferable. 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER-3 Treatment of water 

 

Functions of each unit 

1. Intake well The raw water admitted from the source, in these wells, through the inlet opening 

having screen to separate the floating material. 

2. Screen Screen are used to remove the floating, suspended material. 

3. Aerators To remove the gases from the water, the raw water exposed to the air. 

4. Coagulant tank It is Used to add the coagulant into the water. 

5. Flash mixer In this unit, added coagulators are properly mixed. 

6. Clari Floccurator • In this unit two process are done i.e. Flocculation and sedimentation. • 

Flocculation Floc are formed and in sedimentation Floc get settleddown. 

7. Filter beds It helps to remove the fine and colloidal matter from the water. 

8. Disinfection It helps to kill microorganisms and also to destroy organic impurities. This is 

important process for water treatment. 

9. Distribution System Treated water convey to household. 

 

Why is  Aeration Important  for Wastewater Treatment?  



Wastewater aeration is the process of adding air into wastewater to allow aerobic bio-degradation of the 

pollutant components. It is an integral part of most biological wastewater treatment systems. Unlike 

chemical treatment which uses chemicals to react and stabilize contaminants in the wastewater stream, 

biological treatment uses microorganisms that occur naturally in wastewater to degrade wastewater 

contaminants. 

 When is Aeration Used? 

In municipal and industrial wastewater treatment, aeration is part of the stage known as the secondary 

treatment process. The activated sludge process is the most common option in secondary treatment. 

Aeration in an activated sludge process is based on pumping air into a tank, which promotes the microbial 

growth in the wastewater. The microbes feed on the organic material, forming flocks which can easily 

settle out. After settling in a separate settling tank, bacteria forming the "activated sludge" flocks are 

continually recirculated back to the aeration basin to increase the rate of decomposition. 

 How does Aeration Work? 

Aeration provides oxygen to bacteria for treating and stabilizing the wastewater. Oxygen is needed by the 

bacteria to allow biodegradation to occur. The supplied oxygen is utilised by bacteria in the wastewater to 

https://oxymem.com/municipal/
https://www.oxymem.com/industrial-wwtp-expansion
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break down the organic matter containing carbon to form carbon dioxide and water. Without the presence 

of sufficient oxygen, bacteria are not able to biodegrade the incoming organic matter in a reasonable time. 

In the absence of dissolved oxygen, degradation must occur under septic conditions which are slow, 

odorous, and yield incomplete conversions of pollutants. Under septic conditions, some of the biological 

process convert hydrogen and sulphur to form hydrogen sulphide and transform carbon into methane. 

Other carbon will be converted to organic acids that create low pH conditions in the basin and make the 

water more difficult to treat and promote odour formation. Bio-degradation of organic matter in the 

absence of oxygen is a very slow biological process. 

Learn about our Simultaneous Nitrification and De-nitrification process. 

Why is Aeration Important for Wastewater Treatment? 

Aeration is the most critical component of a treatment system using the activated sludge process. A well 

designed aeration system has a direct impact on the level of wastewater treatment it achieves. An ample 

and evenly distributed oxygen supply in an aeration system is the key to rapid, economically-viable, and 

effective wastewater treatment. 

The Membrane Aerated Biofilm Reactor is a game changer for wastewater treatment. Understand how to 

apply the MABR to reduce OPEX intensive biological treatment with smarter aeration.  

https://www.oxymem.com/simultaneous-nitrification-and-denitrification
https://www.oxymem.com/what-is-mabr
https://www.oxymem.com/what-is-mabr


A sedimentation tank is structure in which wastewater is filled and stored for some time to remove the 

suspended particles present in the water. These particles may settle at the bottom of the tank and are 

removed by using scrapers. If the suspended particles have low specific gravity than water, they settle at 

the top of the tank. 

Types of Sedimentation Tanks 

Depending upon various factors sedimentation tanks are classified as follows. 

1. Based on methods of operation 

a. Fill and draw type tank 

theconstructor.org - foundation types and uses 

b. Continuous flow type tank 

2. Based on shape 

a. Circular tank 

b. Rectangular tank 

c. Hopper bottom tank 

3. Based on location 

a. Primary tank 

b. Secondary tank 



 

Types of Sedimentation Tanks based on Methods of Operation 

Fill and Draw Type Sedimentation Tank 

In case of fill and draw type sedimentation tank, water from inlet is stored for some time. The time may 

be 24 hours. In that time, the suspended particles are settled at the bottom of the tank. After 24 hours, the 

water is discharged through outlet. Then settled particle are removed. This removal action requires 6-12 

hours. So, one complete action of sedimentation requires 30-40 hours in case of fill and draw type 

sedimentation tank.  



Continuous Flow Type Sedimentation Tank 

In this case, water is not allowed to rest. Flow always takes place but with a very small velocity. During 

this flow, suspended particles are settle at the bottom of the tank. The flow may be either in horizontal 

direction or vertical direction.  

Horizontal flow type sedimentation tank 

These tanks generally in rectangular shape. They have more length twice its width. Because they need to 

flow more distance to settle all suspended particles. The maximum permissible velocity in this case is 

0.3m/sec. 

Vertical flow type sedimentation tank 

The vertical flow type sedimentations tanks are generally in circular shape and flow takes place in vertical 

direction. Hopper bottom is provided at the bottom of the tank to dispose the collected sludge. 

Types of Sedimentation Tanks based on Shape 

Circular Tank 

Circular sedimentation tanks are preferred for continuous vertical flow type sedimentation tanks. In this 

case influent is sent through central pipe of the tank and radial flow takes place. Mechanical sludge 

scrappers are provided to collect the sludge and collected sludge is carried through sludge pipe provided 

at the bottom. But circular tanks are uneconomical as compared to rectangular tanks but they have high 



clarification efficiency.

 

Rectangular Tank 

Rectangular sedimentation tanks are mostly preferred sedimentation tanks and are used widely. The flow 

takes place in horizontal direction that is length wise in rectangular tanks. Sometimes baffle walls are 

provided for rectangular tank to prevent short circuiting. Maintenance costs are low in case of rectangular 

sedimentation tanks. They are also suitable for large capacity plants.

 



Hopper Bottom Tank 

In case of hopper bottom tank, a deflector box is located at the top which deflects the influent coming 

from central pipe to downwards. Sludge is collected at the bottom and it is disposed through sludge pump.

 

Types of Sedimentation Tanks based on Location 

Primary Sedimentation Tank 

Primary sedimentation tank is a normal sedimentation tank in which water is stored at rest for some time 

and sludge collected at bottom and oily matter collected at top are removed. After primary sedimentation 

process the wastewater is discharged into aerobic filter where activated sludge process take place. 

Secondary Sedimentation Tank 

After activated sludge process the wastewater enters secondary sedimentation tank in which suspended 

particles contains microbes are removed and are reflected towards aerobic filter to maintain high microbe 



concentration in aerobic filter.

 

 

 

 

Filtration is commonly the mechanical or physical operation which is used for the separation of solids 

from fluids (liquids or gases) by interposing a medium through which only the fluid can pass. The fluid 

that passes through is called the filtrate.Oversize solids in the fluid are retained, but the separation is not 

complete; solids will be contaminated with some fluid and filtrate will contain fine particles (depending 

on the pore size and filter thickness). Filtration is also used to describe some biological processes, 

especially in water treatment and sewage treatment in which undesirable constituents are removed by 

absorption into a biological film grown on or in the filter medium as in slow sand filtration. 

Applications 

• Filtration is used to separate particles and fluid in a suspension, where the fluid can be a liquid, a gas or a 

supercritical fluid. Depending on the application, either one or both of the components may be isolated. 

• Filtration, as a physical operation is very important in chemistry for the separation of materials of 

different chemical composition. A solvent is chosen which dissolves one component, while not dissolving 

the other. By dissolving the mixture in the chosen solvent, one component will go into the solution and 

pass through the filter, while the other will be retained. This is one of the most important techniques used 

by chemists to purify compounds. 

• Filtration is also important and widely used as one of the unit operations of chemical engineering. It may 

be simultaneously combined with other unit operations to process the feed stream, as in the biofilter, 

which is a combined filter and biological digestion device. 

• Filtration differs from sieving, where separation occurs at a single perforated layer (a sieve). In sieving, 

particles that are too big to pass through the holes of the sieve are retained (see particle size distribution). 

In filtration, a multilayer lattice retains those particles that are unable to follow the tortuous channels of 

the filter. Oversize particles may form a cake layer on top of the filter and may also block the filter lattice, 

preventing the fluid phase from crossing the filter (blinding). Commercially, the term filter is applied to 



membranes where the separation lattice is so thin that the surface becomes the main zone of particle 

separation, even though these products might be described as sieves. 

• Filtration differs from adsorption, where it is not the physical size of particles that causes separation but 

the effects of surface charge. Some adsorption devices containing activated charcoal and ion exchange 

resin are commercially called filters, although filtration is not their principal function. 

• Filtration differs from removal of magnetic contaminants from fluids with magnets (typically lubrication 

oil, coolants and fuel oils), because there is no filter medium. Commercial devices called "magnetic 

filters" are sold, but the name reflects their use, not their mode of operation. 

The remainder of this article focuses primarily on liquid filtration. 

Methods 

There are many different methods of filtration; all aim to attain the separation of substances. Separation is 

achieved by some form of interaction between the substance or objects to be removed and the filter. The 

substance that is to pass through the filter must be a fluid, i.e. a liquid or gas. Methods of filtration vary 

depending on the location of the targeted material, i.e. whether it is dissolved in the fluid phase or 

suspended as a solid. 

screen filters utilize point-of-suction backwashing to clean the screen without interrupting system flow. 

SLOW SAND FILTER 

Slow sand filtration has been an effective water treatment process for preventing the spread of 

gastrointestinal diseases for over 150 years, having been used first in Great Britain and later in other 

European countries (LOGSDON 2002). SFFs are still used in London and were relatively common in 

Western Europe until recently and are still common elsewhere in the world. The move away from slow 

sand filtration in industrialised countries has largely been a function of rising land prices and labour costs, 

which increased the cost of SSF produced water. Where this is not the case, SSFs still represent a cost-

effective method for water treatment (WHO n.y.). Since these conditions prevail in many developing 

countries, it is a very promising technique for water purification and, therefore, the development of a 

sustainable water system 

Advantages 

Very effective removal of bacteria, viruses, protozoa, turbidity and heavy metals in contaminated fresh 

water 

Simplicity of design and high self-help compatibility: construction, operation and maintenance only 

require basic skills and knowledge and minimal effort 

If constructed with gravity flow only, no (electrical) pumps required 

Local materials can be used for construction 

High reliability and ability to withstand fluctuations in water quality 

No necessity for the application of chemicals 

Easy to install in rural, semi-urban and remote areas, Simplicity of design and operation 

Long lifespan (estimated >10 years) 

Disadvantages 



Minimal quality and constant flow of fresh water required: turbidity (<10-20 NTU) and low algae 

contamination. Otherwise, pre-treatment may be necessary 

Cold temperatures lower the efficiency of the process due to a decrease in biological activity 

Loss of productivity during the relatively long filter skimming and ripening periods 

Very regular maintenance essential; some basic equipment or ready-made test kits required to monitor 

some physical and chemical parameters 

Possible need for changes in attitude (belief that water that flows through a green and slimy filter is safe 

to drink without the application of chemicals), Chemical compounds (e.g. fluorine) are not removed 

Natural organic matter and other DBPs precursors not removed (may be formed if chlorine is applied for 

final disinfection) 

May require electricity 

Requirement of a large land area, large quantities of filter media and manual labour for cleaning, Low 

filtration rate 

Basic design principles 

Factsheet Block Body 

Process 

Principle of a 

slow sand filter. Source: WHO (n.y.)  

The basic principle of the process is very simple. Contaminated freshwater flows through a layer of sand, 

where it not only gets physically filtered but biologically treated. Hereby, both sediments and pathogens 

are removed. This process is based on the ability of organisms to remove pathogens. 

In this context, it is important to distinguish slow and rapid sand filtration. The difference between the 

two is not simply a matter of the filtration speed, but of the underlying concept of the treatment process. 

https://sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/rapid-sand-filtration


Slow sand filtration is essentially a biological process whereas rapid sand filtration is a physical treatment 

process (WHO n.y.). To learn more about rapid sand filtration have a look at the factsheet: rapid sand 

filtration. 

Although the physical removal of sediments is an important part of the purification process, the relevant 

aspect is the biological filtration. The top layers of the sand become biologically active by the 

establishment of a microbial community on the top layer of the sand substrate, also referred to as 

‘schmutzdecke’. These microbes usually come from the source water and establish a community within a 

matter of a few days. The fine sand and slow filtration rate facilitate the establishment of this microbial 

community. The majority of the community are predatory bacteria that feed on water-borne microbes 

passing through the filter (WHO n.y.). Hence, the underlying principle of the SSF is equivalent to the bio-

sand filtration. While the former is applied to semi-centralised water treatment, the latter mainly serves 

household purposes. 

  

Structure 

As the process itself, the basic structure is very elementary. Essentially, only the filter chamber, a type of 

reservoir and pipes are required. The filter chamber can either be constructed as an open or as a closed 

box. Depending on climatic and other factors, the one or the other is more reasonable (e.g. cold climate 

requires a closed box since low temperatures decrease the performance of the process). 

 

Introduction 

Factsheet Block Body 

Rapid sand filters evolved at the end of the 19th century in the United States and quickly gained 

popularity. By the 1920s, they were widely used as a major water purification method, since necessary 

facilities required less land area compared to slow sand filters. Today, a combination of flocculation and 

coagulation, sedimentation, filtration and disinfection (e.g. chlorination, ozonation) is the most widely 

https://sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/rapid-sand-filtration
https://sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/rapid-sand-filtration
https://sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/biosand-filter
https://sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/biosand-filter
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/slow-sand-filtration
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/coagulation-flocculation
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/coagulation-flocculation
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/sedimentation-(centralised)
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/chlorination-(centralised)
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/ozonation


applied water treatment technology for treating large quantities of drinking water in industrialised 

countries (SDWF n.y.) (see also treatment plant set-ups).  

Rapid sand filtration, in contrast to slow sand filtration, is a purely physical treatment process. As the 

water flows through several layers of coarse-grained sand and gravel, relatively large particles are held 

back safely (DIJK & OOMEN 1978). However, RSFs never provide safe drinking water without adequate 

pre-treatment and final disinfection. Usually, coagulation and flocculation and chlorination are applied 

for that purpose. 

Treatment process and basic design principles 

Factsheet Block Body 

The major parts of a gravity rapid sand filter are: 

• Chamber: filter tank or filter box 

• Filter media (sand) 

• Gravel support 

• Under drain system 

• Wash water troughs 

  

The filter chamber is usually made out of reinforced concrete, filled with sand and gravel to the height of 

1.5-2 metres. The water is supplied to the top of the sand-bed and filtered as it flows through the layers of 

graded sand and gravel. A system of perforated pipes on the bottom drains the chamber (WHO 1996). 

The filter chamber can be constructed as open tanks (rapid gravity filters) or closed tanks (pressure 

filters). 

https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/treatment-plant-set-up
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/slow-sand-filtration
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/coagulation-flocculation
https://www.sswm.info/sswm-university-course/module-2-centralised-and-decentralised-systems-water-and-sanitation-2/chlorination-(centralised)
https://sswm.info/content/filter


Components of an open (gravity) rapid sand filter. Source: TWT (n.y.) 

  

Closed rapid sand filter (pressure filter). Source: WHO (1996) 

  

This filtering process is determined by two basic physical principles. First, relatively large suspended 

particles get stuck between the sand grains as they pass the filter medium (mechanical straining). Second, 

smaller particles adhere to the surface of the sand grains caused by the effect of the van der Waals forces 

(physical adsorption). A chemical filter-aid (i.e. coagulant or flocculant) might be added to promote 

additional adhesion (SCHMITT & SHINAULT 1996). 



 

Advantages 

Highly effective for removal of turbidity (usually < 0.1-1 NTU) 

High filter rate (4’000 – 12’000 litres per hour per square metre of surface), small land requirements 

No limitations regarding initial turbidity levels (if coagulant or flocculant is available and correctly 

applied) 

Cleaning time (backwashing) only takes several minutes and filters can be put back into operation 

instantly 

Disadvantages 

Not effective in removing bacteria, viruses, fluoride, arsenic, salts, odour and organic matter (requires 

pre- and post-treatment) 

High capital and operational costs 

Frequent cleaning (backwashing) required (every 24-72h) 

Skilled supervision essential (e.g. for flow control and dosage of disinfectant) 

High energy input required 

Backwashing water and sludge needs treatment; sewage system or stabilisation ponds required 

Necessity of drinking water disinfection 

The larger part of pathogenic microorganisms is removed from water during the primairy water 

purification steps. However, water disinfection is still necessary in order to prevent drinking water from 

being harmful to our health. 

https://www.lenntech.com/water-purification-steps-FAQ.htm
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Why Do We Need Disinfection? 

Disinfection of drinking water and wastewater is critical to the protection of public health. All water and 

wastewater systems should use some form of disinfection process to remove or inactivate microorganisms 

(pathogens) that can cause disease in humans and animals. (Yes, water treatment and disinfection are 

critical to agriculture, cattle, swine and poultry farms, too. All life as we know it thrives on clean water.) 

Just think—if not for the specialized aquatic life-support systems featuring highly refined disinfection 

processes, the general public would never get to experience the array of natural aquatic beauty seen at 

aquariums around the world. Water parks would otherwise be a complete impossibility, as would 

fountains, grocery stores and space stations. Think about the many uses of water you experienced just on 

your way to work this morning: a shower, morning coffee, clean streets, etc. None of these things would 

be possible without some form of disinfection along the way. 

Methods of Disinfection 

• Chemical Disinfectants 

o Alcohol 

o Chlorine and chlorine compounds 

o Formaldehyde 

o Glutaraldehyde 

o Hydrogen peroxide 

o Iodophors 

o Ortho-phthalaldehyde (OPA) 

o Peracetic acid 

o Peracetic acid and hydrogen peroxide 

o Phenolics 

https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/chemical.html


o Quaternary ammonium compounds 

• Miscellaneous Inactivating Agents 

o Other germicides 

o Metals as microbicides 

o Ultraviolet radiation 

o Pasteurization 

o Flushing- and washer-disinfectors 

• Chlorine Demand. Chlorine Demand. Chlorine demand is defined as the difference between the 

amount of chlorine added to a water system and the amount of free available chlorine or 

combined available chlorine remaining at the end of a specified time period. The demand is the 

amount of chlorine consumed by oxidation or substitution reactions with inorganic and organic 

materials, such as H2S, Fe2+, Mn2+, NH3, phenols, amino acids, proteins, and carbohydrates. Free 

available residual chlorine is the amount of chlorine which exists in the treated water system as 

hypochlorous acid and hypochlorite ions after the chlorine demand has been satisfied. Free 

residual chlorination is the application of chlorine to water to produce a free available chlorine 

residual. 

• Combined Available Residual Chlorination. Combined Available Residual Chlorination. 

Combined available residual chlorine is the chlorine residual which exists in water in 

combination with ammonia or organic nitrogen compounds. Combined residual chlorination is 

the application of chlorine to water to react with ammonia (natural or added) or other nitrogen 

compounds to produce a combined available chlorine residual. Total available chlorine is the total 

of free available chlorine, combined available chlorine, and other chlorinated compounds. 

• Available Chlorine. Available Chlorine. "Available chlorine" is an expression of the equivalent 

weights of oxidizing agents, with chlorine gas as a basis, similar to the expression of alkalinity in 

terms of calcium carbonate equivalents. The term originated from the need to compare other 

chlorine-containing compounds to gaseous chlorine. Available chlorine is based on the half-cell 

reaction in which chlorine gas is reduced to chloride ions with the consumption of two electrons. 

In this reaction, the equivalent weight of chlorine is the molecular weight of chlorine, 71 g/mole, 

divided by 2, or 35.5 g/mole. 

Breakpoint Chlorination. Breakpoint chlorination is the application of sufficient chlorine to maintain a 

free available chlorine residual. The principal purpose of breakpoint chlorination is to ensure effective 

disinfection by satisfying the chlorine demand of the water. In wastewater treatment, breakpoint 

chlorination is a means of eliminating ammonia, which is converted to an oxidized volatile form. 

Water Chlorination 

Chlorination is the application of chlorine to the water for the purpose of disinfection. But the 

chlorination can also be used for taste and odor control, iron and manganese removal, and to remove 

some gases such as ammonia and hydrogen sulfide. Chlorination is currently the most frequently used 

form of disinfection in the water treatment field. However, other disinfection processes have been 

developed. Like several other water treatment processes, chlorination can be used as a pretreatment 

process (pre-chlorination) or as the final treatment of water (post -chlorination). 

During pre-chlorination, chlorine is usually added to raw water after screening and before flash mixing. 

Post-chlorination, in contrast, is often the last stage in the treatment process. After flowing through the 

filter, water is chlorinated and stored in the clear water reservoir to allow a sufficient contact time for the 

https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/miscellaneous.html


chlorine to act. From the clear water reservoir, the water may be pumped into a service reservoir for 

storage and distribution to the consumers. 

TYPES OF CHLORINATION 

The different types of chlorination adopted in water treatment are as follows: 

• Plain chlorination 

• Pre-chlorination, 

• Post-chlorination, 

• Break point chlorination, 

• Super chlorination, 

• De-chlorination. 

Plain chlorination: 

When the raw water contains turbidity less than 10 NTU, obtained from unpolluted lakes or reservoirs, 

the water could be supplied to the public without any treatment except chlorination. 

Such chlorination is called plain chlorination. The dosage of chlorine for plain chlorination is about 0.5 

mg/L. 

Break point chlorination 

When chlorine is added to water, number of reactions taking place in water and the residual chlorine in 

water is also changing (increasingly as well as decreasingly). A typical breakpoint chlorination curve, 

showing the chemical reactions and the residual chlorine levels 

 The breakpoint chlorination is the most common form of chlorination, in which enough chlorine is added 

to the water to bring it past the breakpoint and to create some free chlorine residual. 

Super chlorination 

Super chlorination is a term, which indicates the addition of excessive amount of chlorine (i.e., 5 to 15 

mg/L) to the water. This may be required in some special cases when the water is highly polluted, or 

during epidemics of water borne diseases. The huge quantity of chlorine, which is added in super 

chlorination, is such as to give about 1 to 2 mg/L of residual beyond the break point in the treated water. 

Sometimes even higher doses may be used and the resultant -water is rechlorinated after the end of the 

desired contact period, by using dechlorinating agents. 

De-chlorination 



De-chlorination means removing the chlorine from the water. This is generally required when super-

chlorination has been practiced. The de-chlorination process may either be carried out to such an extent 

that sufficient residual chlorine of 0.1 to 0.2 mg/L only remains in water after de-chlorination. The 

common de-chlorinating agents are sulphur dioxide gas, acivated carbon, sodium thiosulphiate, sodium 

metasulphate, and ammonia. 

Water Softening 

What is soft water? 

Water naturally has a variety of minerals such as calcium and magnesium. Whether a water supply is 

considered “hard” or “soft” depends on how much of these minerals are in your water. Soft water contains 

lower levels of calcium and/or magnesium than hard water. 

Advantages of home water softening 

• Prevents build-up of minerals (scale) on the inside of pipes, fixtures, and hot water heaters. 

• Lengthens the life of some appliances. 

• Reduces or prevents mineral spots on glassware. 

• Prevents or reduces soap films and detergent curds in sinks, bathtubs, and washing machines. 

Disadvantages of home water softening 

• Can corrode your pipes. The corroded metal from the pipes can end up in your water. This can contribute 

to elevated lead and copper levels in drinking water. 

• Potential health effects from additional sodium. 

• Regular testing of the water and maintenance of the softener is necessary to make sure the softener is 

working properly. 

• Negative impacts to the environment from salt use. 

• The water used to regenerate the softener beads ends up as waste. 

Ion Exchange Water Softening vs. Lime Softening 

Ion-exchange water softening Lime-soda softening 

The Various Types of Ion Exchange Materials The Various Methods of Lime-Soda Softening 



• Cation 

• Anion exchangers 

Cation exchange materials react only with positively charged ions such as Ca++ and 

Mh++. 

Anion exchanger materials react only with the negatively charged ions such as 

carbonate (CO3-) and sulphate (SO4-) 

• The older method of intermittent softening consists of mixing the chemicals 

with the water in a tank, allowing time for reaction and settling of the 

sludge, and drawing off the clear water. 

• The more modern method of continuous lime-soda softening involves the 

use of specially compartmented tanks with provisions for 

1. Proportioning chemicals continuously to the incoming water 

2. Retention time for chemical reactions and settling of sludge, and 

3. Continuous draw-off of softened water. Lime-soda softening may also be 

classified as hot or cold, depending on the temperature of the water. Hot 

process softeners increase the rate of chemical reactions and give better 

quality water. 

Advantages 

Ion – exchange water softening Lime-soda softening 

• Lower capital costs 

• The main advantage of zeolite softening is ease of control. 

• Running this system does not require any training nor does it require a staff 

person to take care of it. 

• When paired with bulk brine tank, system can run 100% automatically. 

• Ordinary variations of hardness in the raw water or in flow rate do not affect 

completeness of softening. 

• The use of acid exchangers has advantages when a low alkalinity soft water 

is required. 

• Better quality water than can be obtained by any other method. 

• It has compact size and small footprint. 

• The chemicals used (salt) are safer for the operator to handle and operation 

is much easier. 

• The main advantage is that in reducing hardness, alkalinity and silica can 

also be reduced. 

• In addition, prior clarification of the water is not usually necessary since 

suspended matter and turbidity are also removed in the process. 

• Another advantage is that with continuous hot process softening some 

removal of oxygen and carbon dioxide can be achieved. 

• Operational costs may be lower than ion softening. However, careful 

analysis needs to be done to consider the costs of full time staff to run 

equipment. 

Disadvantages 

Ion – exchange softening Lime-soda softening 

• Could have higher operating costs. 

• The total solids, alkalinity and silica contents of the raw water are not 

reduced. 

• A problem encountered with cation exchange on the hydrogen cycle is 

corrosion from acidity of the effluent. This does not apply for standard 

sodium exchange softeners. 

• Initial capital cost is higher. 

• Generally requires full-time, trained personnel to run equipment 

• Hardness is reduced it is not completely removed. 

• Wide variations in raw water composition and flow rate also make control 

of this method difficult since this involves adjusting the amounts of lime and 



• In some cases, fouling of the ion exchange material with suspended or 

colloidal matter in the raw water can produce difficulties and some water 

impurities cause degradation of the material. 

• Softeners have to be backwashed in a manner similar to a filter, and the 

recharge water, known as brine, could cause disposal problems. 

soda ash being fed. 

• Handling and monitoring of chemicals that are less safe than salt for an ion 

exchanger 

Process 

Ion-exchange water softening 

What is Ion Exchange? 

When minerals dissolve in water they form electrically charged particles called ions. Calcium carbonate, 

for example, forms a calcium ion with plus charges (a cation) and a carbonate ion with negative charges 

(an anion). Certain natural and synthetic materials have the ability to remove mineral ions from water in 

exchange for others. For example, in passing water through a simple cation exchange softener all of 

calcium and magnesium ions are removed and replaced with sodium ions. Ion exchange materials usually 

are provided in the form of small beads or crystals which compose a bed several feet deep through which 

the water is passed. 

Lime-soda softening 

What are the Various Methods of Lime-Soda Softening? 

The two general types are intermittent (batch type) and continuous. The older method of intermittent 

softening consists of mixing the chemicals with the water in a tank, allowing time for reaction and settling 

of the sludge, and drawing off the clear water. The more modern method of continuous lime-soda 

softening involves the use of specially compartmented tanks with provisions for 

1. Proportioning chemicals continuously to the incoming water 

2. Retention time for chemical reactions and settling of sludge, and 

3. Continuous draw-off of softened water. Lime-soda softening may also be classified as hot or cold, 

depending on the temperature of the water. Hot process softeners increase the rate of chemical 

reactions and give better quality water. 

 

 

 

 

 

 

 

 



 

 

 

 

 

4 Distribution system And Appurtenance in distribution system: 

 

Water Distribution System | Layout of Distribution Network | 3 Methods of Water Distribution 

System 

The process of distributing treated water to the consumers is called a water distribution system. 

The distribution system includes pumps, reservoirs, valves, water meters, pipe fittings, etc. 

The cost of the distribution system is about 40-70 % of the total of the entire scheme. 

  

 

  

A good water distribution system aims to supply water to all the consumers whenever required in 

sufficient quantity with required pressure without any leakage. 

  

  1.1. Requirements of the Good Water Distribution System   

1. The system should be economical to maintain and operate. 



2. Sufficient water should reach all consumers. 

3. It should be able to draw enough water during an emergency like fire fighting. 

4. The system should be watertight and leakage should be least as possible. 

5. Any type of contamination of water should not occur during the distribution. 

6. It should not be laid below the sewer lines as far as possible. 

7. The system should have adequate pressure but the pressure should not be high causing the bursting 

of pipes and fittings. 

8. The distribution layout should be such that it should supply water even during repair and maintenance 

time. 

  

  1.2. Methods of the Water Supply System   

There are two types of water supply systems. 

i. Continuous system 

ii. Intermittent system 

  

  1.2.1. Continuous System   

This is the best method in which the water is supplied to the community during all 24 hours of the day. 

In this system, a sufficient amount of water is always available for consumers to use and also for an 

emergency like fire fighting. 

Due to the continuous circulation; water remains fresh but the losses will be more if there are leakages in 

the system. 

  

  1.2.2. Intermittent System   

If adequate water is not available, the whole community is divided into several zones, and water is 

supplied in each zone for a fixed time in a day or alternate days. 

The water flows in the consumer’s tap at certain intervals. So, it is called an intermittent system. 

  

Methods of water distribution sysytem 
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For efficient distribution, it is required that water should reach every consumer with the required rate of 

flow. 

Therefore, the same pressure in the pipelines is necessary which should force the water to reach every 

place. 

The distribution systems can be classified as follows: 

  

  1.3.1. Gravity System   

When the distribution reservoir is located at a higher elevation than the target community; then water can 

be supplied with the gravity flow. 

This method is much suitable when the source is the river or impounded reservoir at sufficient height than 

the target community. 

Usually pumping water is not required at any stage of this type of distribution. 

  

Advantages of the gravity method 

1. No energy is required to operate the system as water is conveyed by gravity. 

2. No pump is required. 

  

Disadvantages of the gravity method 

1. Not applicable in plain or flat terrain where an elevation source of water supply is not available. 

2. Water loss by leakage is comparatively higher. 

3. Requirement of break pressure tanks to reduce the pressure in the pipelines. 

  

  1.3.2. Pumping System   

In this system, water is supplied to the consumers with the help of pumps. 

Some extra pumps are installed for emergency causes like fire hazards, peak water demand, etc. 

This method is suitable if the source is at a lower elevation than the target community. 

However, this system of distribution becomes very expensive for long-term use. 

In this system, the water may be insufficient when the power fails. So diesel pumps are also managed as 

an alternative. 



This method has no problem with the pressure and maintaining the head at the consumer’s tap. 

  

Advantages 

1. Water can be pumped only when required. 

2. Low water loss due to leakage. 

  

Disadvantages 

1. Break down of system may occur if power fails. 

2. Maintenance and operation cost is high. 

3. During pumping hours, the inflow of water through leaks may cause water contamination. 

 

  1.3.3. Dual System   

It is a combination of a gravity system and a pumping system. So it is called the Dual System. 



 

  

a. One Way Dual System 

In this system, water is pumped to the elevated reservoir and then supplied to the consumers by the action 

of gravity. The distribution network is connected with an elevated reservoir but not with direct 

distribution pumps as shown in the figure above. 

  

b. Two Way Dual System 

In this system, separate pumps are provided for direct distribution and elevated reservoir where the 

elevated reservoir is used for backup in an emergency, power failure, etc. The distribution network is 

connected with both elevated reservoirs and direct distribution systems. 

  

  1.4. Types of Distribution Network In Water Distribution System  

In general, there are 4 types of distribution network systems. They are: 

a. Dead End or Tree system 

b. Gridiron System 

c. Circular or Ring System 

d. Radial System 

https://en.wikipedia.org/wiki/Reservoir


  

  1.4.1. Dead End or Tree System   

This system is also referred to as a tree system. It consists of one main pipe from which a number of sub-

mains bifurcate and from each sub-main several branch pipes separate out which are called laterals. 

From laterals; connections are given to different houses. 

This type of distribution system is suitable for old cities. 

The system is easy to design and is cheap and simple. 

Water conveyance is only unidirectional in this system, so water can reach a specific point solely through 

one route, thus if any fault creep in the water system gets disturbed in that area. 

This system has many dead ends which prevent the free circulation of water, thereby increasing the 

possibility of contamination of water. 

Discharge can’t be increased in case of a fire breakout. 

Dead-end mains longer than 1,000ft should be at least 6 inches in diameter. 

  

Advantages of the dead-end system 

a. It is relatively cheaper. 

b. Design and calculation of the dead-end system is easy. 

c. Requires less number of valves; this makes it easier to determine discharges and pressures. 

  

Disadvantages of the dead-end system 

a. The single pipeline serves the region. One problem in the pipeline may lead to a cut of the water supply 

of a large area. 

b. Presence of many dead ends makes stagnation of water in pipes. 

c. Discharge of water is quite low. 

  

  1.4.2. Gridiron System   

This system is also referred to as a reticular or interlaced system. 

The entire system consists of one main pipe which runs through the center. 



And also consists of branches and laterals which run in a grid pattern. All of these three pipes are 

interconnected. 

Since the mains, branches, and laterals are interconnected; dead ends are laminated and water reaches at 

different locations through more than one route. 

By closing cut-off valves of other areas’ pipes, water can be diverted to the affected area at the time of the 

fire. 

There is a very fewer chance of recontamination because there are no dead ends. 

The design of this system is complicated because pipelines get water from different directions. 

The size of pipes is larger and more sluice valves are required. 

It is most applicable for a planned city where roads and streets are provided in well-planned rectangular 

and squares grid patterns. 

  

Advantages of the gridiron system 

a. The absence of a dead-end reduces the chances of pollution due to stagnation. 

b. During repair and maintenance work; the small region is only affected. 

c. Availability of enough water at street fire hydrants. 

  

Disadvantages of the gridiron system 

a. Requirement of a huge number of cut-off valves. 

b. Requirement of longer pipes with a larger diameter. 

c. Difficult to determine discharge, pressure, and velocities in the pipelines. 

d. Less economical. 

  

  1.4.3. Circular or Ring System   

In this system, the supply main forms a ring around the distribution area. 

The branches are connected cross-wise to the mains and also to each other. 

This system is most reliable for a town with well-planned streets and roads. 

  



  1.4.4. Radial System   

In this system; the whole city is divided into parts and each part contains a centrally located distribution 

reservoir (elevated). 

The distribution pipes are laid radially ending towards the periphery and are connected to the central 

distribution reservoir. 

  

Advantages of the radial system 

a. Easy to determine pipe size. 

b. This system provides quick service. 

1. 5.  Relieve a pipe system of a certain pressure Regulating a flow or process pressure  

Controlling the direction of flow  Reduce or increase a flow  Stopping and starting flow 

VALVES Valves are mechanical devices that controls the flow and pressure within a system or 

process. 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 FUNCTIONS OF 

VALVES  

2. 6. TYPES OF VALVES 1) Sluice valve (stop valve) 5) Zero velocity valve 2) Check valve 

(reflux valve) 6) Scour valve 3) Air relief valve (float valve) 7) Ball valve 4) Drain valve (blow 

offs) 8) Fire hydrant Depending upon different situations and requirements different types of 

valves are used in the supply system. 

3. 7. SLUICE VALVE (STOP VALVE) These are sometimes known as gate valves. This is 

generally use to control the flow in a pipe line. When a question of repair is needed, this valve 

close the supply of water beyond the valve in the pipe line. This is made of cast iron having a 

brass or stainless steel mounting at its end fitted with a pipe. A circular wedge shaped disc 

attached to the end of a threaded spindle (stem) passing through a gland. This is connected to a 

handle by means of a threaded spindle. This can be used to control or regulate the flow. 

4. 8. SLUICE VALVE (STOP VALVE) These valves are cheaper, offers less resistance to the flow 

of water than other valves. The entire supply system is divided into blocks by providing these 

valves at appropriate places. They are provided in straight pipeline at 150- 200m intervals. When 

two pipe lines intersect, valves are fixed in both sides of intersection. For long straight mains, the 

sluice valves can be installed at a distance of about 1km also to divide the pipe in different 

sections. 

5. 9. CHECK VALVE (REFLUX VALVE) This is sometimes called as non-return valves. A reflux 

valve is an automatic device which allows water to go one direction only. The swing type of 

reflux valve is widely used practice. When the water moves in the direction of arrow, the valve 

swings or rotates around the pivot and 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. 

6. 10. TYPES OF CHECK VALVES Swing check valve lift check valve 1. Swing check valve 2. 

Lift check valve 

7. 11. AIR RELIEF VALVE (FLOAT VALVE) In longer pipe lines, air accumulates at high points 

of the line which interfaces with stream line flow of water. At such points air valves are provided 

which remove the accumulated air automatically. This valve has one or two hollow float 

chamber. There are air opening at the top and the valves are connected to the main as indicated in 

the figure. Float chamber normally remains full of water. When air fills it, the water level goes 
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down and the float falls, thereby openings the air opening at the top through which air escapes 

out, after which chamber again fills up with water and takes the float up which closes the air 

openings. 

8. 12. AIR RELIEF VALVE (FLOAT VALVE) An air valve consists of a cast-iron chamber, float, 

lever and poppet valve shown in figure. The chamber may be circular or rectangular in shape. A 

poppet valve is a valve that is lifted bodily. 

9. 13. DRAIN VALVE (BLOW OFFS) 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. 

10. 14. ZERO VELOCITY VALVE Zero velocity valve called as water hammer arrester. The 

principle behind the design of this valve is to arrest the forward moving water column at zero 

momentum i.e. when its velocity is zero and before any return velocity is established. 

ADVANTAGES OF ZERO VELOCITY VALVES 1. Controlled closing characteristics. 2. Low 

loss of head due to streamlined design. 

11. 15. SCOUR VALVE These are similar to blow off valves. They are ordinary valves operated by 

hand. It is placed at every depression in a pipe line. Mud and sludge get collected in the pipes at 

these depressions which generally occur when pipes cross valleys, etc. the valve is essentially 

mounted on a branch of the main pipe line at the lowest point. When the valve is worked, it 

removes the dirt due to high velocity of water. After the complete removal of silt, the value is to 

be closed. 

12. 16. BALL VLAVE A Ball valve is a quarter-turn rotational motion valve that uses a ball-shaped 

disk to stop or start flow. If the valve is opened, the ball rotates to a point where the hole through 

the ball is in line with the valve body inlet and outlet. If the valve is closed, the ball is rotated so 

that the hole is perpendicular to the flow openings of the valve body and the flow is stopped 

13. 17. FIRE HYDRANT A hydrant is an outlet provided in water pipe for tapping water mainly in 

case of fire. They are located at 100 to 150m apart the roads and also at junction roads. They are 

of two types namely 1. Flush hydrant 2. Post hydrant 

14. 18.  It should permit undisturbed flow of water when being fully opened. It should function 

properly and should not go out of order during operation.  Easily detachable and reliable.  

Easy to connect with hose or motor pump.  Should be cheap. REQUIREMENTS OF A 

GOOD FIRE HYDRANT  

15. 19. WATER METER To determine the quantity of water flowing through pipes, water meters are 

installed. The readings obtained from the meters help in working out the quantity of water 

supplied and thus the consumers can charged accordingly. The water meters are usually installed 

to supply water to houses, industries, hotels, big institutions, etc. Metering prevents the wastage 

of purified water. 

16. 20.  It should be capable of registering even small quantity of flow of water. CLASSIFICATION 

OF WATER METERS 1. Positive displacement type meters 2. Velocity meters. It should have 

screen on its inlet side, to exclude the clay, silt, grit, etc.  It should be economical.  It can be 

easily maintained and repaired.  All its parts should be of non-corrosive alloy.  It should 

measure the discharge up to 2% accuracy.  It should not offer any resistance to the flow of 

water. REQUIREMENTS OF GOOD METER  

17. 21. STORAGE TANKS Storage tanks may be kept on the roof of the building or on the ground 

and should be water tight. The storage tank should be placed in such a position so that the 

discharge of water can be readily seen. The tank should be provided with over flow pipe and 

drain pipe near the bottom to clean the tank. The storage tanks are provided with outlet pipes to 

draw the water. 

18. 22. STORAGE TANKS CONSTRUCTION DETAILS Storage tanks are the small tanks installed 

above the roof level of the buildings and intended to serve the requirements of water storage of 

the buildings. A storage tank may be constructed of masonry or reinforced cement concrete when 
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the size is to be large. The storage tank is usually supported on the roof slab of the building or on 

separate bearers so as to distribute the load uniformly. The tank should be located in an easily 

accessible position and should be able to easy inspection and cleaning. 

19. 23. BIB COCK These are the water taps which are attached at the end of water pipes and from 

which the consumers obtain water. Bib cocks are available of various patterns. Figure shows 

typical bib cock. It is operated from a handle and when handle is turned, the opening from which 

water comes out, gets increased in size. The bib cocks may also be of push and they operate 

automatically. They open out when a slight push is given and close down as soon as the push is 

removed or withdrawn. 

20. 24. BIB COCK The bib cocks should be water tight. The leaky bib cocks are the source of waste 

of water. The below table gives an idea of water lost due to leaky bib cocks in a continuous 

system of water supply. It is therefore advisable to repair or replace such leaky bib cocks as early 

as possible. 

21. 25. STOP COCK These are small sized sluice valves and they are installed in service pipes 

serving the bib cocks. They operate on the same principle of sluice valve and they are used up to 

sizes of about 50mm. they are placed on water pipe leading to flushing tanks, wash basins, water 

tanks, etc. It should be of size sufficient to pass the required discharge through service pipe. 

22. 26. STOP COCK It is provided before the water meter service line. Stop cock is housed in a 

suitable masonry chamber with a removable cover and is fixed in the street close to the boundary 

wall in an accessible position. It controls the supply to the building from the water main. The 

purpose of stop cock is to stop the supply of water. The temporary disconnections are made at the 

stop cock while permanent disconnections are made at ferrule. 

 

 

5 W/s plumbing in building : 

 

Water supply in independent house and multistoreyed buildings 

1. Water Supply In Residential Buildings 

• Public water supply system consists of collection, conveyance, treatment and 

distribution. 

• Water is distributed for consumption in a building through internal water distribution 

system. 

• Water supply in a building depends on the size and height of the building. 

• Water piping system may be basically horizontal or vertical systems above the main 

or pressure tank are called up feed systems. 

• In tall buildings water is pumped to elevated tanks, so that it can flow down. 

• Before designing building water requirement should be calculated keeping the 

present and future needs of the occupants. 

• Availability of sufficient quantity of water sources like municipal water, ground 

water and surface water should be found. 

• Normally municipal water is treated and supplied, whereas ground and surface water 

should be properly treated as per the need of the users. 

• Distribution of water is done with pipes internally in a building. 

• Residential buildings are normally one, two or three –storeyed constructions. 
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• Individual residences are connected to the public water main by a service pipe. 

• A water meter is connected to the service main. 

• Once the service pipe emerges from the floor level of the building, it is referred as 

the rising main. 

• The service pipe can supply to upper floors depending upon the available water 

pressure. 

• If adequate pressure is not available, then water can be collected in a stump, which 

can be constructed below the ground floor level and pumped up to the elevated water 

tanks with a motor. 

• From these tanks, water can be distributed down with gravity pressure. 

• Water storage tanks located on the terrace should be properly covered and protected 

from contamination. 

• Plastic water tanks are preferred for storage purpose. 

 

2. Water Supply in Multi Storeyed Buildings 

• Water supply pressure from the main will not be sufficient to reach the upper floors 

on many occasions, so it is necessary to pump it to reach the upper floors. 

• The water requirement in such buildings is very high for both drinking and general 

use. 

• Thus there is a need to store water and supply it with gravity pressure. 

• The storage of water is possible only on the terrace of the building. 

• Pumping of water from the main becomes a necessity, but continuous operation 

would be costly and difficult to maintain. 

• To avoid this, storage techniques are employed to prevent continuous pumping. Most 

common storage systems used are: 

1. The header storage system 

2. Enclosed tank system 

 

 

3. The header storage system 

• In this system, water is pumped through the rising main to the 

terrace of the building, where two storage tanks are placed. 

• One is meant for drinking water, and the other overflowing water 

from this tank is connected in another storage tank for general use. 

• The storage water is supplied with gravity pressure in separate pipes 



for drinking and general use. 

4. Enclosed Tank System 

• Normally drinking water is directly taken from the main because 

storage can lead to contamination. 

• However, storage of drinking water is inevitable due to various 

reasons for daily use. So it should be stored in enclosed, insulated 

and ventilated tanks to avoid contamination. 

• There are two common storage systems adopted for this purpose. 

• In one system, two separate tanks are located for drinking water and 

general use at the ground or basement floor level. 

• The capacity of the tanks at the roof level can be dwelling unit-wise 

or floor-wise or one for all the dwelling units. 

• In another system, a large tank is located in the ground or basement 

floor to supply both drinking water and general purpose water. 

• From this tank, water is pumped to the roof level for storing 

separately for drinking and general use. 

• From these storage tanks, water is supplied by gravity pressure in 

separate pipes for drinking and general use. 

• In both the systems water is pumped to the roof level with motor. 

Planning and design of building services in multi Story 

1. Water Supply and Distribution System Definition A well-planned distribution of pipe network that 

can distribute water supply to the premises in an organized way. Overall, the effectiveness of water 

supply system means a decision may be taken by examining a method of distribution the water supply 

to the premises in an orderly manner and properly. Introduction For Water Supply Clean water is very 

important for a residence. There force, the construction of the water supply should be emphasized to 

ensure that consumers are satisfied with the services provide. In supplying water to consumers, 

various factors need to be considered such as the following aspects: • Engineers aspects • The 

chemical analysis • The design and structure of building Water supply layout should be planned for a 

long period of at least between 20 and 30 years. Among the factors to be considered when planning 

water supply layout are: • Population growth • Industrial development • Economic development • 

Sources of water supply 

2. MAIN SOURCES OF WATER SUPPLY 3 - SURFACE SOURCES: 1. Streams 2. Lakes 3. 

Ponds 4. Rivers 5. Reservoirs 2 - UNDERGROUND SOURCES: • Springs • Wells • The main 

sources of water supply are from river, ponds Underground and etc. however, there are also water 

taken from former mines and rain. The responsible party will treat the water from the main 

sources before supply it to the consumers. This is to ensure that the quality of water is free from 

contamination while ensuring the health and safety of consumers • The water is a basic necessity 

of life such as for drinking. However, the consumption of water is highly need for daily use such 

as bathing, cleaning, washing, cooking and watering plants, etc. this includes the use for religious 

ritual, business and related activates. Water that has been used will be channeled into the sewage 

system for treatment before being discharges into to river. There are three main sources of water 

for supply purpose, namely: 1 - RAIN WATER 

3. Water Supply Distribution Method 

4.  The supply from the main line to the individual is made through the house service connection. The 

house service connection consists of two types: Distribution System For Building 1. Communication 

pipe: The pipe which runs from the street mains/ municipal distribution/service mains to the boundary 

of the premises. 2. Supply pipe: the pipe which runs inside the premises is called as supply 

pipe/consumer’s pipe. At this level, water is conveyed from the street mains to the individual 
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building, and then to the taps and other fixtures. water main Water authorities stop valve service 

pipe Installed and maintained by water authority Installed and maintained by building owner Stop 

valve chamber 760mm (minimum) Communication pipe For building (Building Distribution system)  

1. 5. Distribution System: • For plumbing purposes, the term “multi-storey” is applied to buildings 

that are too tall to be supplied throughout by the normal pressure in the public water mains. Water 

main supply pressures of 8–12 meters (25– 40 feet) can supply a typical two-storey building, but 

higher buildings may need pressure booster systems. • In hilly areas, the drinking-water supply 

pressures will vary depending on the ground elevation. In these cases, the water authority may 

have to specify areas where particular supply pressures can be relied upon for the design and 

operation of buildings. Where a building of three or more storeys is proposed a certificate should 

be obtained from the drinking-water supply authority guaranteeing that the present and future 

public drinking- water supply pressure will be adequate to serve the building. If the public water 

pressure is inadequate, suitable means shall be provided within the building to boost the water 

pressure. Water Supply Systems • Hot water system• Cold water system 

2. 6. Cold water supply is nothing but an external water supply. However, cold water supply system 

can also use filter, water softener appliances, or any other fixture. The connection for the cold 

water system is done in such a way that other appliances could receive it through fixtures and 

taps. Such appliances include sinks, hot water heaters, faucets, bathtubs, showers etc. COOL 

WATER SUPPLY SYSTEM 

3. 7. Calculating Cold Water Storage Requirements Public Health Engineering gives data for 

calculating cold water storage requirements for various buildings. Table gives 24 hour storage 

requirements based on various fittings, e.g. Shower 140-230 litres, Bath 900 litres, WC 180 litres, 

Basin 90 litres, Sink 90-180 litres, Urinal 110 litres. BS6700 (2006) also gives Recommended 

minimum storage of cold water for domestic purposes (hot and cold outlets) Type of building 

Storage per person (L) Dwelling houses and flats 90 Hostels 90 Hotels 140 Offices without 

canteens 40 Offices with canteens 45 Restaurants 10 Day schools 30 Boarding schools 90 Nurses 

homes and medical quarters 115 

4. 8. Direct Supply System 

5. 9. Indirect Supply System 

6. 10. Water Storage Tank 

7. 11. Multi-storey buildings can usually be divided into zones of water pressure control. The lower 

two to three storeys can generally be supplied directly from the pressure in the public water main. 

Upper storeys, usually in groups of five to eight storeys, can be supplied from pressure-boosted 

main risers through a pressure reduction valve for each group. Systems can be up-fed or down-

fed. Up-fed systems usually originate from a pressure booster pump set or hydropneumatic tank 

in the basement of the building. Down-fed systems usually originate from a rooftop gravity tank. 

Where a building is divided into water pressure zones, care must be taken not to cross-connect the 

piping between two or more zones. This is a particular problem when domestic hot water is 

recirculated from a central supply system. Systems for boosting water pressure 

8. 12. Pressure-boosting systems can be of several different types: • pumping from a ground level or 

basement gravity tank to a gravity roof tank; • pumping from a gravity storage tank or public 

water main into a hydro-pneumatic pressure tank that uses captive air pressure to provide 

adequate drinking-water supply pressure; • installation of booster pump sets consisting of 

multiple staged pumps or variable speed pumps that draw water directly from a gravity storage 

tank or the public water main. Multistage booster pump sets typically include discharge pressure 

regulating valves to maintain a constant drinking-water supply pressure. Written approval should 

be obtained from the appropriate authority before any pump or booster is connected to the supply. 

Where booster pump sets are permitted to draw directly from public water mains, the public 

drinking-water supply must be adequate to meet the peak demands of all buildings in the area. 

Otherwise, there is a high risk of backflow and subsequent contamination of the mains from 

buildings not equipped with a booster pump. Building booster 
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13. A water pipe is any pipe or tube designed to transport treated drinking water consumers. The 

varieties include large diameter main pipes, which supply entire towns, smaller branch lines that 

supply a street or group of buildings, or small diameter pipes located within individual buildings. 

Materials commonly used to construct water pipes include cast iron, polyvinyl chloride (PVC), 

copper, steel or concrete. 

14. Types of Pipes Pipes come in several types and sizes. They can be divided into three 

maincategories: metallic pipes, cement pipes and plastic pipes. 1) Metallic pipes include • Steel pipes 

: Steel pipes are comparatively expensive, but they are the strongest and most durable of all water 

supply pipes. They can withstand high water pressure, come in convenient (longer) lengths than most 

other pipes and thus incur lower installation/transportation costs. They can also be easily welded. • 

Galvanized iron pipes : Galvanized steel or iron is the traditional piping material in the plumbing 

industry for the conveyance of water and wastewater. The use of galvanized steel or iron as a 

conveyer for drinking water is problematic where water flow is slow or static for periods of time 

because it causes rust from internal corrosion. Galvanized steel or iron piping may also give an 

unpalatable taste and smell to the water conveyed under corrosive conditions. • Cast iron pipes : Cast 

iron pipes are quite stable and well suited for high water pressure. However, cast iron pipes are heavy, 

which makes them unsuitable for inaccessible places due to transportation problems. In addition, due 

to their weight they generally come in short lengths increasing costs for layout and jointing. 

15. 2) Cement pipes include • Concrete cement pipes and Asbestos cement pipes : Concrete cement 

pipes are expensive but non-corrosive by nature. Their advantage is that they are extremely strong 

and durable. However, being bulky and heavy, they are harder and more costly to handle, install and 

transport 3) Plastic pipes include • Plasticized polyvinyl chloride (PVC) pipes : PVC pipes are non-

corrosive, extremely light and thus easy to handle and transport. Still, they are strong and come in 

long lengths that lower installation/transportation costs. However, they are prone to physical damage 

if exposed over ground and become brittle when exposed to ultraviolet light. In addition to the 

problems associated with the expansion and contraction of PVC, the material will soften and deform 

if exposed to temperatures over 65 °C. Cast Iron Pipes Steel PipesConcrete Cement and Asbestos 

Cement Pipes Plasticised Polyvinyl Chloride (PVC) Pipes 

16. Sizing procedure for supply pipes (1) Assume a pipe diameter. (2) Determine the flow rate: (a) by 

using loading units; (b) for continuous flows; (c) obtain the design flow rate by adding (a) and (b). (3) 

Determine the effective pipe length: (d) work out the measured pipe length; (e) work out the 

equivalent pipe length for fittings; (f) work out the equivalent pipe length for draw-offs; (g) obtain the 

effective pipe length by adding (d), (e) and (f). (4) Calculate the permissible loss of head: (h) 

determine the available head: (i) determine the head loss per meter run through pipes; (j) determine 

the head loss through fittings; (k) calculate the permissible head loss. (5) Determine the pipe 

diameter: (l) decide whether the assumed pipe size will give The procedure below is followed by an 

explanation of each step with appropriate examples. 

17.  cross slip Socket  Elbows 90o  union Bend  End cap  Reducing Tee  Equal Tee  

Elbows 45o  Faucet Socket  Valve Socket Reducing Socket SLS 147:2013 cover rigid 

unplasticized Polyvinyl Chloride pipes for potable cold water supplies. The nominal sizes of uPVC 

Pipes are based on the outside diameter of the pipes as per ISO requirements. The nominal size of 

uPVC pipes and the approximate equivalent size in inches are : Standard for uPVC Pipes Injection 

Moulded Fittings  

18.  Air Valve A Float valve is a form of quarter-turn valve which uses a hollow, perforated and 

pivoting ball (called a “Ball ball") to control flow through it. It is open when the ball's hole is in line 

with the flow and closed when it is pivoted 90-degrees by the valve handle. The handle lies flat in 

alignment with the flow when open, and is perpendicular to it when closed, making for easy visual 

confirmation of the valve's status. Gate Valve : These are also known as the gate valves or shut off 

valves or stop valves. These valves control the flow of water and are helpful in dividing the water 

mains into suitable sections. They are generally placed at a distance of about 150 m to 200 m and at 

all junctions. For long straight mains, the sluice valves can be installed at a distance of about 1 km 
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also to divide the pipe in different sections. The installation of sluice valves is very much useful in 

case of intermittent system of supply of water. Water Supply Valve A valve is a device that regulates, 

directs or controls the flow of a fluid (gases, liquids, fluidized solids, or slurries) by opening, closing, 

or partially obstructing various passageways. Valves are technically fittings , but are usually 

discussed as a separate category.  Float Valves  Pillar Tap  PVC Ball Valves  

19. There are certain appliances that can be used to provide hot water, such as water heaters. Cold 

water supply system supplies a volume of water to such appliances, where they heat the water and 

provide hot water. HOT WATER SUPPLY SYSTEM 

20. Hot Water Supply System It is very widely used for certain sectors such as for high-end 

residential and commercial buildings. Examples of areas that use hot water are as follows: i. Medical 

• Use in place for washing clothes, bed sheets, blankets and so on in order to remove germs • Use for 

the sterilization of medical equipment • Use in study and research testing room, medical laboratory 

and chemistry laboratory ii. Manufacturing • Use in palm oil mill where the hot water is used to steam 

oil palm fruit. • Use in textile and dyeing industries for dipping, dyeing and washing clothes • Used in 

food canning industry for food preparation. 

21. Hot Water Heating Method There are tow type water heating methods often used, namely; 

22. Advantages of Solar Heating System Disadvantages of Solar Heating System • Safety - No gas 

leak, no dangerous explosion, no electricity mishaps. Safe • Savings - No electric bills, no gas bills – 

the product pays for itself. • Convenient - Rain or shine. Enjoy a hot shower any time of the day. 

•Additional roof top space is required to install the solar heater. •Working of solar heaters depends up 

on abundance and availability of direct sun light. •It heats only in day time, however if the storage 

tank is well insulated, heated water can be stored and used even at night. •It will not be very helpful in 

rainy season or foggy days. 

23. Currently there are three main types of hot water systems in use; • open vented • unvented and 

• Instantaneous. Hot Water Supply System Method 1) Open vented hot water systems This 

system uses many different parts to heat the water. It consists of a hot water cylinder, a cold water 

storage cistern (tank), special pipework (known as an open vent pipe), and a heat source to heat 

the water. There are two types of open vented hot water; direct heating and indirect heating. • 

Direct heating – the water is heated directly from the heat source either by an immersion heater or 

by the boiler. • Indirect heating – the central heating and the hot water are separate. The water is 

heated via a coil (heat exchanger) from a boiler. This is done because there is a set of radiators 

connected to the boiler, in this case water in the central heating system slowly becomes 

contaminated by iron residues from the radiators which would make the hot water unusable 

forwashing. 

24.  The open vent pipe - is the main safety setup for an open vented hot water system. It helps the 

system cope with the expansion of water in the system. The open vent pipe should end in the storage 

cistern allowing for the control of expansion of the hot water in the system. The storage cistern - is 

the reservoir of cold water used to supply the cylinder. This is always positioned above the cylinder to 

give a head of pressure (to make the water flow out of the cylinder).  The cylinder coil (heat 

exchanger) - is the tube that is often fitted to a cylinder to heat up water using the water from the 

central heating system. The pipe itself is coiled up inside the cylinder to give as much chance as 

possible for the pipe to ‘touch’ the water in the cylinder and heat it up.  The cylinder - is the main 

part of the open vented hot water system; this is where the hot water is heated. The heat can come 

from an immersion heater, directly from a boiler or indirectly from a boiler using a coil fitted inside 

the cylinder. Often the indirectly heated cylinders come with an immersion heater back up in case of a 

boiler breakdown.  

25. The two diagrams below show the general layout of open vented hot water systems: 

26. 2) Unvented hot water systems These systems are far more complicated, and have many more 

parts to them but do allow near mains pressure hot water supply. They are designed to do away with 

the storage cistern and operate at a much higher pressure than the open vented system. • Pressure 
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reducing valve - This is placed on the incoming cold water main pipe to the hot water system to 

reduce the water pressure slightly and keep it at a constant level of pressure. • Line strainer - This is 

placed on the incoming cold water main pipe to filter out any particles that might come from the cold 

water system, because of the sensitive nature of some of the components (a small piece of grit could 

cause them to malfunction), the strainer keeps them clear. • Expansion vessel - This is used to deal 

with the expansion of the water in the system as it is heated. As water gets warmer it gets bigger, by 

up to 4% in volume. The water has to go somewhere, the expansion vessel is designed to store this 

extra water and stop the parts of the system bursting. • Temperature and expansion relief valve - This 

valve is also part of the ‘sealed’ heating system. It is designed to remove pressure from the system. • 

The tundish - This is connected to the pipe coming from the relief valve. This device is placed in the 

pipeline to alert you to a fault in the system, as you will be able to see the water flowing out of the 

safety valve(s). 

27. The diagram below shows the general layout of an unvented hot water system: 

28. 3) Instantaneous hot water heating systems This method involves using gas or electricity to heat 

the water to a useable temperature without the need to store the water. The electric versions use a 

coiled heating element to heat the water rapidly in a similar way to a kettle or immersion heater. The 

most common method to heat water is the use of a combination boiler, this type of boiler works by 

using the circuit that powers the central heating and diverting it to another ‘water to water’ heat 

exchanger (heat swapping). This part swaps out the heat from the heating water to the hot water parts 

of your home. The boiler diagram below works by heating the central heating water and pumping it 

around to the diverter valve. This is then diverted from the central heating circuit to go into the water 

to the heat exchanger where it passes the heat from the central heating water to the cold water coming 

into the boiler. 

29.  Polyethylene (PEX) :- gives the following maximum allowable working temperatures and 

pressures: • Central heating 300 kPa at 92°C • Hot water 600 kPa at 65°C • Cold water 1200 kPa at 

20°C • Cross-linked polyethylene can withstand 114°C intermittently for short periods. 

Polybutylene (PB) - if the temperature and pressure limitations of this material are not exceeded by 

the system under normal operating conditions. reasonable price , tolerate 100°C water for any 

significant length of time.  Copper pipe :- Copper pipes use as a transition/switch between a heat 

source and distribution pipe. This allows heat conducted down the pipe from the heat source (solar 

panel or water storage cylinder).  The working pressure and max. temperature vary with different 

materials. Acceptable materials:-  The allowable working pressure will decrease with temperature  

For example, PN16 is rated for a pressure of 1600 kPa at 20°C.  Pipes are classified by their 

pressure rating at 20°C. PIPE AND MATERIALS Choose carefully.  

30.  Circulating pumps are often used to circulate hot water so that a faucet will provide hot 

waterinstantly upon demand, or a short time after a user's request for hot water. In regions where 

water conservation issues are rising in importance with rapidly expanding and urbanizing 

populations local water authorities offer rebates to homeowners and builders that install a 

circulator pump to save water. Calorifier : A calorifier is an indirect- fired water heater to 

provide hot water. Essentially they are storage water cylinders with single or twin heat exchanger 

coils.  Head tank improves the flow of hot water to the taps on the upper floors of each zone.  

The purpose of zoning is to maintain the pressure of the hot water supply  Floors are zoned 

HOT WATER SYSTEM FOR HIGH RISE BUILDINGS  

31. MULTISTORY BUILDING WASTE DISPOSAL. 

32.  Tenants putting the waste in chute Waste taken to service area by tenants  Crew can 

collect waste ▪ Waste disposal in tall buildings poses its own unique set of challenges. ▪ Waste 

streams in high rise properties can be quite varied depending upon the use of the building from 

recycled paper, to general and criteria waste. ▪ Method of waste collection in high rise building  

33. ▪ Domestic refuse is rubbish from dwelling and other residential premises, some local 

authorities include refuse from catering and other premises in this category. ▪ Commercial and 
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trade refuse include some domestic rubbish but it mostly consists of by product of businesses, for 

example paper waste from office stationary, cartons, catering waters, and so on. ▪ Industrial 

refuse includes rabble from building operations, and agricultural and horticultural waste materials 

produced by other industrials, some of which may be toxic, dangerous, flammable or offensive. 

34. ▪ Bins &  Bin center should be near to water source for easy washing and cleaning, either on 

ground or sub basement floor. Condition of a service bay access allows rubbish truck to collect 

rubbish is required.  The cart then taken down to the refuse chamber by a service lift.  Cleaner will 

collect refuse bags from each floor using a bin that is pushed on a cart. Bags  

35. ▪ Thought dustbin should be light enough to be carried easily. Bins should be strong to withstand 

rough handling and being banged on their sides and edges. 

36. ▪ Turning circles for common refuse collection vehicle are give below 

37. BIN AREA ▪ In all type of building, the bin area should be well ventilated and screened from the 

sun or powerful smells may result. A dry firm base should be provided and some form of cover is 

usually necessary. Space should be provided for the accommodation of an extra bin. 

38. ▪ Chutes are commonest method of refuse disposal in high rise building in overseas. Ifmanage 

wisely this system will give advantages but if not then it give problems. ▪ Must be on non 

combustible and their walls should be moisture proof. ▪ Minimum internal diameter of 457mm in 

block over twelve stories high to reduce the risk of blockage. 

39. ▪ For sound insulation any wall separating a refuse Shute from a habitable room must be a 27inch 

brick wall. Kitchen and storage room are not considered as habitable room. ▪ There must be access for 

inspection, cleaning and clearing of chute after misuse. ▪ All access areas must be well ventilated and 

the chute must be ventilated from top to bottom. 

40. ▪ Rubbish is deposited in chutes through hoppers. It is best located in naturally and mechanically 

ventilated public lobbies with self-closing fire doors. ▪ Refuse collection containers on turntable at 

bottom of chute ▪ Precast refuse chute incorporating hoppers. 

41. Main collection point Individual collection point 

42.  Sanitation is the hygienic means of promoting health through prevention of human contact 

with the hazards of wastes as well as the treatment and proper disposal of sewage waste water. 

INTRODUCTION The World Health Organization states that: "Sanitation generally refers to 

the provision of facilities and services for the safe disposal of human urine and feces. Inadequate 

sanitation is a major cause of disease world-wide and improving sanitation is known to have a 

significant beneficial impact on health both in households and across communities. The word 

'sanitation' also refers to the maintenance of hygienic conditions, through services such as 

garbage collection and wastewater disposal. SANITATION  

43. ▪ For transporting sewage from houses & and commercial buildings, a separate underground 

carriage system, called sanitary sewer , to treatment or disposal, is used. ▪ Sanitary sewers serving 

industrial areas also carry industrial wastewater. The 'system of sewers' is called sewerage. WATER 

SENITATION PROCESS 

44. ▪ WATER SENITATION LAYOUT 

 Fouling area reduce to the minimum  A sanitary appliance design considerations are, 

SANITARY APPLIANCES DESIGN REQUIREMENT  
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: WASTE WATER ENGINEERING 

6 Introduction 

Aims and Objectives 

The main function of the Public Health Engineering Department is to plan, implement & maintain Rural 

and Urban Water Supply Schemes, rural sanitation schemes. The District Level administration of the 

Public Health Engineering Department undertakes field investigation, survey, data collection, preparation, 

execution & maintenance of schemes. 

The salient objective and functions of the Public health Engineering Department in the Government of 

Meghalaya :- 

1. To plan & execute water supply schemes for adequate safe drinking Water Supply to Rural and Urban 

population including schools & anganwadi centres. 

2. To provide sanitary facilities to the rural areas by using appropriate Low-cost technologies. 

 

Definitions of some common terms used in the sanitary engineering. 

  

REFUSE: 

  

This is the most general term to indicate the wastes which include all the rejects left as worthless, sewage, 

sullage - all these terms are included in this term. 

  

GARBAGE: 

  

It is a dry refuse which includes, waste papers, sweepings from streets and markets, vegetable peelings 

etc. The quantity of garbage per head per day amounts to be about .14 to .24 kg for Indian conditions. 

Garbage contains large amount of organic and putrifying matter and therefore should be removed as 

quickly as possible. 

  

RUBBISH: 



  

It consists of sundry solid wastes from the residencies, offices and other buildings. Broken furniture, 

paper, rags etc are included in this term. It is generally dry and combustible. 

  

SULLAGE: 

  

It is the discharge from the bath rooms, kitchens, wash basins etc., it does not include discharge from the 

lavatories , hospitals , operation theaters , slaughter houses which has a high organic matter . 

  

SEWAGE: 

  

It is a dilute mixture of the wastes of various types from the residential, public and industrial places. It 

includes sullage water and foul discharge from the water closets, urinals, hospitals, stables, etc. 

  

STORM WATER: 

  

It is the surface runoff obtained during and after the rainfall which enters sewers through inlet. Storm 

water is not foul as sewage and hence it can be carried in the open drains and can be disposed off in the 

natural rivers without any difficulty. 

  

SANITARY SEWAGE : 

  

It is the sewage obtained from the residential buildings & industrial effluents establishments'. Being 

extremely foul it should be carried through underground conduits. 

  

DOMESTIC SEWAGE: 

  



It is the sewage obtained from the lavatory basins, urinals &water closets of houses, offices & institutions. 

It is highly foul on account of night soil and urine contained in it. Night soil starts putrefying & gives 

offensive smell. It may contain large amount of bacteria due to the excremental wastes of patients. This 

sewage requires great handling &disposal. 

  

INDUSTRIAL SEWAGE: 

  

It consists of spent water from industries and commercial areas. The degree of foulness depends on the 

nature of the industry concerned and processes involved. 

  

SEWERS: 

  

Ewers are underground pipes which carry the sewage to a point of disposal. 

  

SEWERAGE: 

  

The entire system of collecting, carrying &disposal of sewage through sewers is known as sewerage. 

  

DRY WEATHER FLOW (DWF): 

  

Domestic sewage and industrial sewage collectively, is called as DWF. It does not contain storm water. It 

indicates the normal flow during dry season. 

  

BACTERIA: 

  

These are the microscopic organisms. The following are the groups of bacteria: 

  

-Aerobic bacteria: they require oxygen &light for their survival. 



  

-Anaerobic bacteria: they do not require free oxygen and light for survival. 

  

- Facultative bacteria: they can exist in the presence or absence of oxygen. They grow more in absence of 

air. 

  

Invert: 

  

It is the lowest point of the interior of the sewer at any c/s. 

  

SLUDGE: 

  

It is the organic matter deposited in the sedimentation tank during treatment. 

System of Sanitation | Conservancy System | Water Carriage System 

  1. Introduction   

The system of sanitation is the hygienic means of maintaining proper health through the prevention 

of human contact with hazards of wastes by proper treatment and disposal of solid and liquid 

wastes. 

 



Humans use the resources of the earth and waste products are produced. These wastes are generated by 

domestic, commercial and industrial activities. If these wastes are not carefully disposed off then it results 

in water, soil and air pollution. 

Sanitation has played a great role in maintaining a healthy life and environment for the living of humans 

and other creatures on the earth. 

  

  2. Types of System of Sanitation   

  

  a. Conservancy System of Sanitation   

In the conservancy system of sanitation; different types of garbages or refuses are collected, conveyed and 

disposed off separately by methods like burning, filling, burying etc. 

 

Refuses or garbages are collected in dustbins and are conveyed by trucks to the disposal point. Then, 

combustible & non-combustible portions are separated. 

Combustible portions like dry leaves, waste papers, furniture, plastics, etc are burnt and remained residue 

is buried. 

Non-combustible materials like sand, silt, clay, etc are used for filling the low-level areas. 



Human excreta is collected separately in conservancy latrines or privies and is carried by human agencies. 

The Conservancy system is also called the dry system of sanitation. 

  

Advantages of Conservancy System of Sanitation 

Some of the advantages of the conservancy system are: 

a. Its initial cost is very low. 

b. No need for water for flushing purposes. 

c.  No need for sewer pipes as in the water carriage system. 

d. Sewage quantity reaching the treatment plant before disposal is low. 

  

Disadvantages of Conservancy System of Sanitation 

Some of the disadvantages of the conservancy system are: 

a. This system fully depends upon human agencies. So, lack of manpower or strike by agencies can cause 

the unhygienic condition in the city. 

b. For the burying of the residue ( remained part after burning of combustible portions) or excremental 

matter; a large area is required. 

c. Labours are needed daily for the collection of waste. 

d. Decomposition of excreta takes place before its removal. This causes nuisance of smell. 

e. It is not suitable for most of the buildings. 

f. It is unhygienic and causes unsanitary conditions. 

g. This method also increases the risk of an epidemic. ( E.g. There is a risk of another outbreak 

of coronavirus if proper safety is not adopted by labours.) 

h.  Liquid wastes from laboratories may percolate into the ground causing the pollution of the 

groundwater table. 

  

  

  b. Water Carriage System of Sanitation   

Water Carriage System is a method for the disposal of wastes, where water carries the wastes from its 

point of production to the point of treatment for final disposal. 

https://www.who.int/health-topics/coronavirus


The wastes become liquid due to the high quantity of water (99.9%) and which is carried by the sewers. 

A sewer is a pipe or conduit that carries wastewater. 

Solid waste materials like garbage are collected separately as in the conservancy system because they 

may clog the sewers. 

Every person uses 5 to 10 litres of water for their hygiene and that wasted water is used for maintaining 

the flushing system in sewers. 

Also, the wastewater from kitchens, baths, washbasins, industries, commercial buildings etc. is led to the 

sewers and used for flushing. 

Finally, those collected sewerage lead by the sewers is then treated suitably and then is disposed off by 

different methods. 

A water carriage system is a sanitation process that is carried out with the help of sewers & water. So, it is 

also called a water carriage system of sewers. 

  

Types of water carriage system of sanitation 

There are 3 types of water carriage systems. They are: 

1. Separate system 

2. Combined system 

3. Partially combined system 

  

1. Separate system  

In a separate system, there are two separate sewers ( i.e. Foul Sewer & Stormwater Sewer). 

Foul sewer is also called sanitary sewer and is used to carry sewage from buildings (but not stormwater) 

to point of treatment. 

Stormwater sewer is used to carry stormwater from roads, buildings & surfaces.  The stormwater is 

discharged into rivers without treatment. 

If a separate outlet for stormwater is available and the topography of the town is such that stormwater can 

be disposed of in natural drains then, it is suitable to construct a separate system. 

Advantages of Separate System 

a. Load on the treatment unit is low. 

b. It is more economical for the long term. 

https://dreamcivil.com/conservancy-system-of-sanitation/


c. It is more uniform. 

d. If one sewer gets clogged then it doesn’t affect another sewer system. 

e. It is more hygienic and pollution-free as compared to combined & partially combined. 

f. It mitigates the problem of flooding. 

g. It allows the use of stormwater as a resource. 

h. It optimizes the efficiency of the wastewater treatment plant (WWTP). 

Disadvantages of Separate System  

a. Cleaning of two sewers have to be done. 

b. Two sets of sewers are ultimately costly to construct. 

c. Confusion of the pipe can be there. 

d. Reconstruction process may disrupt the traffic, businesses, etc. 

  

2. Combined system  

In Combined System; there is only one set of the sewer. 

Sewages from houses and commercial buildings as well as rainwater is carried in the same sewer. 

It means that the same sewer act as both sanitary sewer and stormwater sewer. 

Advantages of Combined System 

a. It requires only one sewer. This reduces the cost of construction. 

b. Because of the large diameter; cleaning is easy. 

c. Self-cleaning velocity can be easily achieved in this method. 

Disadvantages of the Combined System  

a. Handling and transportation of sewer is difficult. 

b. Load on the treatment plant is increased. 

c. During heavy rains, it may flow out. 

d. They are large which requires more area & gets easily silted. 

e. Pollution of stormwater unnecessarily. 

https://en.wikipedia.org/wiki/Sewage_treatment


f. If the pump is required; it becomes uneconomical. 

  

3. Partially combined system  

In this system; only one set of the sewer is there with one overflow drain connected. 

When an overflow drain is added to the combined system; the partially combined system is formed. 

Advantages of Partially Combined System 

a. The cleaning process is easy. 

b. It combines the advantages of both. 

c. Fewer chances of choking. 

Disadvantages of Partially Combined System 

a. In dry weather; velocity is low. 

b. It increases the treatment load. 

  

Advantages of water carriage system of sanitation 

Some advantages of water carriage system are: 

1. It improves the aesthetic appearance of the city. 

2. As compared to the conservancy system, less area is required. 

3. No problem of foul smell or hygienic trouble as it immediately removes excreta with water. 

4. Depending on the topography of the town, sewage may or may not require pumping while treating it 

before disposing off. 

5. Waste materials are treated up to the required degree of sanitation. 

6. It makes the environment more hygienic and pollution-free. 

  

Disadvantages of water carriage system of sanitation 

Some disadvantages of water carriage system are: 

1. The initial cost of construction is high. 



2. Treatment is required for the large quantity of sewage before disposal as it pollutes nature. So operation 

and maintenance are more costly. 

3. It is not suitable for the areas having less water. 

 

 

 

 

 

 

7 Quantity and Quality of sewage 

The total quantity of sewage generated per day is estimated as product of forecasted population at the 

end of design period considering per capita sewage generation and appropriate peak factor. The per capita 

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

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 

Domestic sewage  

Domestic sewage  means human excrement, gray water (from home clothes washing, bathing, showers, 

dishwashing, and food preparation), other wastewater from household drains, and waterborne waste 

normally discharged from the sanitary conveniences of dwellings (including apartment houses and 

hotels), office buildings, . 

Industrial Sewage 

Industrial Sewage  means a combination of liquid and water carried wastes, discharged from any 

industrial establishment, and resulting from any trade or process carried on in that establishment. This 

shall include the wastes from pretreatment facilities and polluted cooling water. 

variation in sewage flow, 

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

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

Figure 4.1. If the flow is gauged near its origin, the peak flow will be quite pronounced. 

For estimating the storm water (or rain water) flow or runoff for the design of sewers the following 

two methods are commonly adopted: 

(1) Rational method 



(2) Empirical formulae 

ADVERTISEMENTS: 

(1) Rational Method: 

In this method the storm water (or rain water) flow or runoff reaching a sewer is given by the expression – 

 

 
 

Design of Sewers 

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

generally carried out on the same lines as that of the water supply pipes. However, there are two major 

differences between characteristics of flows in sewers and water supply pipes. They are: 

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

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

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

generate self cleansing velocities at different possible discharges. 

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

in the downward direction upto the outfall point, from where it will be lifted up, treated and 

disposed of. 

https://www.engineeringenotes.com/wp-content/uploads/2018/04/clip_image002.jpg
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Hazen-William's formula 

            U=0.85 C rH
0.63S0.54 

Manning's formula 

            U=1/n rH
2/3S1/2 

where, U= velocity, m/s; rH= hydraulic radius,m; S= slope, C= Hazen-William's coefficient, and n = 

Manning's coefficient. 

Darcy-Weisbach formula 

            hL=(fLU2)/(2gd) 

Minimum Velocity 

The flow velocity in the sewers should be such that the suspended materials in sewage do not get silted 

up; i.e. the velocity should be such as to cause automatic self-cleansing effect. The generation of such a 

minimum self cleansing velocity in the sewer, atleast once a day, is important, because if certain 

deposition takes place and is not removed, it will obstruct free flow, causing further deposition and finally 

leading to the complete blocking of the sewer. 

Maximum Velocity 

The smooth interior surface of a sewer pipe gets scoured due to continuous abrasion caused by the 

suspended solids present in sewage. It is, therefore, necessary to limit the maximum velocity in the sewer 

pipe. This limiting or non-scouring velocity will mainly depend upon the material of the sewer. 

SEWAGE CHARACTERISTICS 

 General importance :-  

Sewage is dilute mixture of the various types of wastes from the residential, public and industrial places. 

The characteristics and composition of sewage mainly depend on this source. Sewage contains organic 

and inorganic matters which may be in dissolved, suspension and colloidal state. Sewage also contains 

various types of bacteria’s, virus, protozoa, algae, fungi etc. Some of these are pathogens and are harmful 

to the human and animal life. 

 Strength of sewage: 

- Sewage is a water-carried waste, in solution or suspension, which is intended to be removed from a 

community. Also known as wastewater, it is more than 99% water and is characterized by volume or rate 

of flow, physical condition, chemical constituents and the bacteriological organisms that it contains. 

Characteristics of sewage:-  

The characteristics of sewage can be classified as  

i) Physical characteristics ii) Chemical characteristics iii) Biological characteristics 



 (i) physical characteristics: (a) Colour & OdourFresh domestic sewage has a slightly soapy and cloudy 

appearance depending upon its concentration. As time passes the sewage becomes stale, darkening in 

colour with a pronounced smell due to microbial activity. 

 (b) Temperature:- The observations of temperature of sewage are useful in indicating solubility of 

oxygen, which affects transfer capacity of aeration equipment in aerobic systems, and rate of biological 

activity. Extremely low temperature affects adversely on the efficiency of biological treatment systems 

and on efficiency of sedimentation. In general, under Indian condition the temperature of the raw sewage 

was observed to be between 15 to 350C at various places in different seasons. 

 Biological characteristics  

Biochemical Oxygen Demand (BOD) 

 BOD measurement permits an estimate of the waste strength in terms of the amount of dissolved oxygen 

required to break down the wastewater. The BOD test is one of the most basic tests used in the 

wastewater field. It is essentially a measure of the biological and the chemical component of the waste in 

terms of the dissolved oxygen needed by the natural aerobic biological systems in the wastewater to break 

down the waste under defined conditions. Generally the BOD test is carried out by determining the 

dissolved oxygen on the wastewater or a diluted mixture at the beginning of the test period, incubating the 

wastewater mixture at 20°C, and determining the dissolved oxygen at the end of 5 days. The difference in 

dissolved oxygen between the initial measurement and the fifth day measurement represents the 

biochemical oxygen demand.  While BOD describes the biological oxidation capacity of a wastewater, it 

is not a• measure of the total potential oxidation of the organic compounds present in the wastewater. A 

number of chemical tests are used to measure this parameter, either in terms of the oxygen required for 

virtually complete oxidation, or in terms of the element carbon. Probably the most common test for 

estimating industrial wastewater strength is the Chemical Oxygen Demand (COD) Test. This test 

essentially measures the chemical oxidation of the wastewater by a strong oxidizing agent in an acid 

solution.  

 B.O.D Test:• i) B.O.D is the principal test, which gives an idea of the biodegradability of any sample and 

strength of the waste. ii) B.O.D is an important parameter in the design of treatment plant to determine the 

size of certain units particularly trickling filters and activated sludge units. iii) B.O.D is useful to estimate 

the population equivalent of any industrial wastes, which is useful to collects from industrialists for 

purification of industrial wastes in municipal sewage treatment plants. 

 C.O.D Test: i) The C.O.D test is widely used in place of B.O.D test in the operation of treatment 

facilities because of its high speed of obtaining the results. ii) The C.O.D test is very useful to assess the 

strength of wastes which contains toxic and biologically resistant organic substances. iii) The ratio of 

B.O.D and C.O.D is useful to assess the amenability of waste for biological treatment. iv) The C.O.D. test 

is widely used in the analysis of the industrial wastes. 

 

 

 



 

 

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. Biological oxygen demand (BOD): 

▪ Sewage usually have high BOD due to presence of large amount of organic matters. 

▪ Value of BOD ranges from 100mg/ltr for very dilute sewage to 600mg/ltr or more for 

concentrated sewage containing industrial effluent mix. 

4. 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). 

5. pH: 

▪ sewage is slightly alkaline in pH 

6. 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. 

▪ In sewage nitrite never accumulate in concentration greater than 1mg/ltr because it is intermediate 

product during conversion of ammonia into nitrate (NO3). 

▪ In sewage treatment plant, NH3 and NO2 are finally converted to NO3. 

7. Oxidation-Reduction (O-R) potential: 

▪ Oxidation-Reduction potential indicates energy state of sewage in terms of its oxidizing or 

reducing potential. 

▪ O-R potential is very valuable index to monitor sewage treatment plant. 

▪ In aerobic treatment process like tripling filters, positive OR potential of about +2—to +600 is 

needed. In anaerobic treatment process like sludge digestion, negative OR potential of about -

100 to -200 is needed. 



III. Biological characteristics of sewage: 

1. Bacteria: 

▪ Two types of bacteria are found in sewage. 

▪ Intestinal bacteria: 

▪ Non-pathogenic intestinal bacteria are normal flora of gastointestinal tract of 

human and animals and enter into sewage together with stool. Examples; 

faecal coliform, faecal streptococci, Clostridium perfingens, et 

▪ Pathogenic intestinal bacteria such as Salmonella, Shigella, Vibrio cholera, 

Yersenia enterocolitica etc enter into sewage through stool of patients. 

▪ Real sewage bacteria 

▪ The natural habitat of these bacteria is sewage. 

▪ Both aerobic as well as anaerobic are found in sewage. 

▪ Aerobic bacteria play important role in oxidation of organic matter during 

aerobic process. 

▪ Common anaerobic bacteria includes; 

▪ Clostridium sporogens 

▪ Bifidobacterium 

▪ Peptococcus 

▪ Methanogenic bacteria like Methanobacterium, methanosarcina 

▪ Common aerobic bacteria includes; 

▪ Zeoglea remigera 

▪ Noacrdia 

▪ Flavobacterium 

▪ Achromobacter 

▪ Nitrosomonas 

▪ ** Zeoglea remigera is the main organism found in trickling filter. 

2. Algae: 

▪ Some algae found in sewage includes Chlorella phormidum, Ulothrix etc 

▪ Algae are used in trickling filter in sewage treatment plant 

3. Fungi: 

▪ Fungi like Fusarium and Sporotricum are found in sewage which play important role in trickling 

filter. 

4. Virus: 

▪ Some viruses causing human disease such as Poliovirus, Rotavirus, Hepatitis A and E etc are 

found in sewage which get access through stool of patients. 

5. Protozoa: 



▪ Some protozoa that cause disease of intestinal tract enter into sewage together with stool of 

patient. 

▪ Examples: Entamoeba histolytica, Giardia, Balantidium coli etc are pathogenic protozoa 

▪ Few protozoa such as Vorticella and Opercularia are found in trickling filter. 

 

concept of sewage-sampling, 

Wastewater sampling is generally performed by one of two methods, grab sampling or composite 

sampling. ... The analysis of this material, collected over a period of time, will therefore represent the 

average performance of a wastewater treatment plant during the collection period. 

 

 

 

 

 

Ch-8 Sewerage systems 

A sewerage system, or wastewater collection system, is a network of pipes, pumping stations, 

and appurtenances that convey sewage from its points of origin to a point of treatment and disposal. 

Combined systems 

Systems that carry a mixture of both domestic sewage and storm sewage are called combined sewers. 

Combined sewers typically consist of large-diameter pipes or tunnels, because of the large volumes of 

storm water that must be carried during wet-weather periods. They are very common in older cities but 

are no longer designed and built as part of new sewerage facilities. Because wastewater treatment plants 

cannot handle large volumes of storm water, sewage must bypass the treatment plants during wet weather 

and be discharged directly into the receiving water. These combined sewer overflows, containing 

untreated domestic sewage, cause recurring water pollution problems and are very troublesome sources 

of pollution. 

In some large cities the combined sewer overflow problem has been reduced by diverting the first flush of 

combined sewage into a large basin or underground tunnel. After temporary storage, it can be treated by 

settling and disinfection before being discharged into a receiving body of water, or it can be treated in a 

nearby wastewater treatment plant at a rate that will not overload the facility. Another method for 

controlling combined sewage involves the use of swirl concentrators. These direct sewage through 

cylindrically shaped devices that create a vortex, or whirlpool, effect. The vortex helps concentrate 

impurities in a much smaller volume of water for treatment. 

https://www.britannica.com/topic/wastewater
https://www.merriam-webster.com/dictionary/appurtenances
https://www.britannica.com/science/water
https://www.britannica.com/science/water-pollution
https://www.britannica.com/science/pollution-environment
https://www.britannica.com/technology/sewer


Separate systems 

 
 
 

 
SEE Mew wastewater collection facilities are designed as separate systems, carrying either domestic sewage or storm sewage but not both. Storm sewers usually carry surface runoff to a point of disposal in a stream or river. Small detention basins may be built as part of the system, storing storm water temporarily and reducing the magnitude of the peak flow rate. Sanitary sewers, on the other hand, carry domestic wastewater to a sewage treatment plant. Pretreated industrial wastewater may be allowed into municipal sanitary sewerage systems, but storm water is excluded. 

Storm sewers are usually built with sections of reinforced concrete pipe. Corrugated metal pipes may be 

used in some cases. Storm water inlets or catch basins are located at suitable intervals in a street right-of-

way or in easements across private property. The pipelines are usually located to allow downhill gravity 

flow to a nearby stream or to a detention basin. Storm water pumping stations are avoided, if possible, 

because of the very large pump capacities that would be needed to handle the intermittent flows. 

A sanitary sewerage system includes laterals, submains, and interceptors. Except for individual house 

connections, laterals are the smallest sewers in the network. They usually are not less than 200 mm (8 

inches) in diameter and carry sewage by gravity into larger submains, or collector sewers. The collector 

sewers tie in to a main interceptor, or trunk line, which carries the sewage to a treatment plant. 

Interceptors are usually built with precast sections of reinforced concrete pipe, up to 5 metres (15 feet) in 

diameter. Other materials used for sanitary sewers include vitrified clay, asbestos cement, plastic, steel, or 

ductile iron. The use of plastic for laterals is increasing because of its lightness and ease of installation. 

Iron and steel pipes are used for force mains or in pumping stations. Force mains are pipelines that carry 

sewage under pressure when it must be pumped. 

Alternative systems 

 
 
 

SEE MORE 

Sometimes the cost of conventional gravity sewers can be prohibitively high because of low population 

densities or site conditions such as a high water table or bedrock. Three alternative wastewater collection 

systems that may be used under these circumstances include small-diameter gravity sewers, pressure 

sewers, and vacuum sewers. 

In small-diameter gravity systems, septic tanks are first used to remove settleable and floating solids from 

the wastewater from each house before it flows into a network of collector mains (typically 100 mm, or 4 

inches, in diameter); these systems are most suitable for small rural communities. Because they do not 

carry grease, grit and sewage solids, the pipes can be of smaller diameter and placed at reduced slopes or 

gradients to minimize trench excavation costs. Pressure sewers are best used in flat areas or where 

expensive rock excavation would be required. Grinder pumps discharge wastewater from each home into 

the main pressure sewer, which can follow the slope of the ground. In a vacuum sewerage system, sewage 

from one or more buildings flows by gravity into a sump or tank from which it is pulled out by vacuum 

pumps located at a central vacuum station and then flows into a collection tank. From the vacuum 

collection tank the sewage is pumped to a treatment plant. 

Pumps 

Pumping stations are built when sewage must be raised from a low point to a point of higher elevation or 

where the topography prevents downhill gravity flow. Special nonclogging pumps are available to handle 

raw sewage. They are installed in structures called lift stations. There are two basic types of lift stations: 

https://eb2.3lift.com/pass?tl_clickthrough=true&redir=https%3A%2F%2Frtb-us-west.linkedin.com%2Flax%2Fclk%3Ftrk%3DCwEAAAF-gANtKI9rwoqozrFANcuQ3MbA4GiKn51Nwpt2dcKa_93VwOEhKkRXD_8ksTlpQjYcbqTXzXE48ZxA-E6X9ReWKYGNFK8UnxCwH8UUI9yZL6Gulds_G0v1YlXE8beR015UZdUV5CWixPQHl0B1IwAV2aCi2CsB5-9OXrwG7BWkWmf-nifNR9hsHTIpkX1Hyzvn1a0GxJRK2x5-0jz-7m-uUEcoBfxm-IrtPiMrBwxt9BrJxDmMIMptpQ7iucfXQoTGMZWZF8eFpdmWpOHfdnKyiDUIVnlYWYc5bGy3MX3o2sZN_Vcu5_s8pPfvwZtNA99mHxfRCr6Yl2iCGE6OxYMUi4sKGIltwxAnwzkjaHj4H4bituyOtzc2WVkSK9cjfJue1HTIGg1YUPFXnw_4xRBt1Bih2QJXU6kIMIKwB8alAM0vfDt-7trR6TU-Zr1SWUUG5gpmWfqqg38NYjsv-hNRMGT1Bk2t-oHq1fSO3uD5H3QkSqcXl2WLScMCIXrXHos5Vgm2WON3RTQgkfQ3RUPX1ja_r8MT-e9GCAGnz1KX5LZNqux0CKgZWpF6-LAIE0soUS0ysbf21fFU1uhVDFvbADRVYV56ePZu_WhEe9-GQgJaGZNlN_GkdAFGz-9xDD-uZPh0YyeD5H09traVwMC22hRQ_L__VOaDk4ht0hoQnqjW2Ir4ayxCZrzst2soHblLXL1h81Non6xgQRZHv_V6NvqVwzCk1-5q56wULRApJBxgY9nCKc2rwJNMGtyVWRdfEIeMGHDOkb1OFgAogxOoVtrlkvgCCmVW3y-UxyQ1jI3Bn2qAkjizyZPfpzGDnMvy_ICJ5kP0m6cgVy0G3zQAv9NgCscVQwbqZ4u2ysCR4cW6h9ndQ7dvc-CmT94rLmXvWAkNUq-qWIDYHPPvgZ2bznX06Nm4zxlpYRqHBotO3lpCz4bW8SEvLt84jMRMQZaIzu2w5mKh1mb-cMkBq5eImIgon0HsMfTbUr2KWBugSYgqSYoYtPYXWBYMncXioQlUd8PZmdynw3WZS4b7jHzr-m2x4R5qdwmN-h70tKo7B57dlLxU0_SZqRlyqNhPe3m9SY1nU1EHyQVA_gxwdcsNIgKkopwz3pXFi1ykAiQ0h5_Bema1u5vjbLujPuTSvIqRl2FCijVQXLKG0ifOomcQRMNwGRunTLMtxYaClkzZMaakcCkypZcH0mvuG7-lyGpBCFJloZQUbyNQom0m4xi-P1YVDr4LM4PCejbJ2PqQPzKmH2XMOBHd5R50kUCrZby_AkkDHAS8OuNvaisNa2HX3-uBd0twylHamZ9yhAxB-ChJvBEkuzt-9zPYsNgo7WVSvZEqoptGKzl8vTG1wsbL2HVAFRLkKNWPGugrvtLKbrgynyKFX04P4Y1JtaeZosw-QFqBov88eZ6trpXb69kPh-lnHt3obsu30zfAaNMOd27Xfdp-TRVS0PcmKzv80XiODiHxJlhcX0yLyHZEhhnJU8zLlhEfzub3rkP2KbbzArWM3aJ3X6BO_HL636rTvyc%26action%3Dclick%26laxrid%3De4c3b911-15ff-4f27-b79e-3bc2bd542a4b%26laxbid%3D2%26eid%3D3%26crtype%3Dvid%26laxerid%3D48379100984707205770%26adfmt%3D6%26urle%3DCwEAAAF-gANtKhlo2GgPWxYkizxlkId_x-e9ypz-0o4LJvh6YHoi66jcr2BXOShMv_QAAEbEyU-7D78FlxEqJQVzIUEblEWe3oCahLvDnWKuBVS7xgNO4kuHBrbW8Vlu_6-J-kqRo1avEH_B3boWWQvQ_cDm4J-wVgQaPnJ9vSWU6JcIpQ7ZMt3Gat4cBfEgMA%26urlhash%3DJdD_&ss=39&bc=1.101&pr=0.5846899999999999&brid=12361&bmid=6250&
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dry well and wet well. A wet-well installation has only one chamber or tank to receive and hold the 

sewage until it is pumped out. Specially designed submersible pumps and motors can be located at the 

bottom of the chamber, completely below the water level. Dry-well installations have two separate 

chambers, one to receive the wastewater and one to enclose and protect the pumps and controls. The 

protective dry chamber allows easy access for inspection and maintenance. All sewage lift stations, 

whether of the wet-well or dry-well type, should include at least two pumps. One pump can operate while 

the other is removed for repair. 

Flow rates 

There is a wide variation in sewage flow rates over the course of a day. A sewerage system must 

accommodate this variation. In most cities domestic sewage flow rates are highest in the morning and 

evening hours. They are lowest during the middle of the night. Flow quantities depend upon population 

density, water consumption, and the extent of commercial or industrial activity in the community. The 

average sewage flow rate is usually about the same as the average water use in the community. In a 

lateral sewer, short-term peak flow rates can be roughly four times the average flow rate. In a trunk sewer, 

peak flow rates may be two-and-a-half times the average. 

Although sewage flows depend upon residential, commercial, and industrial connections, sewage flow 

rates potentially can become higher as a result of inflows and infiltration (I&I) into the sanitary sewer 

system. Inflows correspond to storm water entering sewers from inappropriate connections, such as roof 

drains, storm drains, downspouts and sump pumps. High amounts of rainwater runoff can reach the sewer 

system during precipitation and stormflow events or during seasonal spring flooding of rivers inundated 

with melting ice. Infiltration refers to the groundwater entering sewers via defective or broken pipes. In 

both these cases, downstream utilities and treatment plants may experience flows higher than anticipated 

and can become hydraulically overloaded. During such overloads, utilities may ask residents connected to 

the system to refrain from using dishwashers and washing machines and may even limit toilet flushing 

and the use of showers in an attempt to lessen the strain. Such I&I issues can be especially severe in old 

and aging water infrastructures. 

Wastewater treatment and disposal 

 
 
  

SEE MORE 

The size and capacity of wastewater treatment systems are determined by the estimated volume of sewage 

generated from residences, businesses, and industries connected to sewer systems as well as the 

anticipated inflows and infiltration (I&I). The selection of specific on-lot, clustered, or centralized 

treatment plant configurations depends upon factors such as the number of customers being served, the 

geographical scenario, site constraints, sewer connections, average and peak flows, influent wastewater 

characteristics, regulatory effluent limits, technological feasibility, energy consumption, and the 

operations and maintenance costs involved. 

SEE MORE 

The predominant method of wastewater disposal in large cities and towns is discharge into a body of 

surface water. Suburban and rural areas rely more on subsurface disposal. In either case, wastewater must 

be purified or treated to some degree in order to protect both public health and water quality. Suspended 

particulates and biodegradable organics must be removed to varying extents. Pathogenic bacteria must be 

destroyed. It may also be necessary to remove nitrates and phosphates (plant nutrients) and to neutralize 

or remove industrial wastes and toxic chemicals. 
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The degree to which wastewater must be treated varies, depending on local environmental conditions and 

governmental standards. Two pertinent types of standards are stream standards and effluent standards. 

Stream standards, designed to prevent the deterioration of existing water quality, set limits on the amounts 

of specific pollutants allowed in streams, rivers, and lakes. The limits depend on a classification of the 

“maximum beneficial use” of the water. Water quality parameters that are regulated by stream standards 

include dissolved oxygen, coliforms, turbidity, acidity, and toxic substances. Effluent standards, on the 

other hand, pertain directly to the quality of the treated wastewater discharged from a sewage treatment 

plant. The factors controlled under these standards usually include biochemical oxygen demand (BOD), 

suspended solids, acidity, and coliforms. 

 

 

 

 

Shapes of Sewer |  

Types of Sewer | 

  

Sewer of circular cross section has following advantages – 

• Easily manufactured 

• Gives the maximum are for given perimeter 

• Also gives the greatest H.M.D. while running full / half-full 

• Most efficient cross section at all flow conditions 

• Most economical section since it utilizes minimum quantity of material 

• Due to uniform curvature, it offers less opportunities for deposits 

https://www.merriam-webster.com/dictionary/beneficial
https://www.merriam-webster.com/dictionary/parameters
https://www.britannica.com/science/biochemical-oxygen-demand
https://www.britannica.com/science/coliform-bacteria
https://www.examveda.com/the-hydraulic-mean-depth-hmd-for-an-egg-shaped-sewer-flowing-two-third-full-is-51546/
https://en.wikipedia.org/wiki/Flow_conditions


1. Circular Shaped Sewer – 

 

Other than circular, we have non-circular shapes of sewer as following 

1. Standard egg shaped / Ovoid section 

2. New ovoid section 

3. Horse shoe section 

4. Parabolic section 

5. Semi-elliptic section 

6. Semi-circular section 

7. U-shaped section 

8. Basket handle section 

9. Rectangular section 

All of the above shapes, except for the the ovoid and rectangular section, however have become 

practically obsolete. Because there is a lot of difficulty in their construction and non-availability of 

factory made section of these shapes. 

 

https://dictionary.cambridge.org/dictionary/english/obsolete


9. Rectangular section 

 

Rectangular sections are mainly used as independent covered storm water surface drains rather than as 

sewers. 

 

 

 

 

 

Laying Of Sewer Pipes 

All the sewer pipes are generally laid starting from their outfall end towards their starting. The laying of 

a new sewer pipes consists of the following 9 steps: 

1. Marking Of The Alignment 

The center line of the sewer is marked along the road with a theodolite and invert tap. It may be marked 

either by reference line or with the help of sight rail. The position of the manhole is also marked. 

 

https://www.yourhome.gov.au/water/stormwater
https://civilnoteppt.com/19-types-of-sewer-according-to-material-and-place-of-use/
https://civilnoteppt.com/sewer-appurtenances-manhole-drop-manhole-lamp-holes-clean-outs-street-inlets-catch-basin/


2. Excavation Of Trench 

After marking the centre line of the sewer, the excavation of trench is started. The excavation may be 

carried out either by manual labour or by machines like power shovels, track excavators etc.  

The width of the trench at the bottom is generally kept 15 cm more than the dia of sewer pipe. At the 

point of sewer joint, the width of the trench is made 60 cm for a length of 60 cm. The invert level is fixed 

by boning rod. 

3. Timbering Of The Trench 

When, in ordinary soil, the depth of excavation is more than 2 m, timber bracing or sheet piling is 

provided on both sides of the trench so that it may not collapse. The extent of timbering required depends 

upon the type of soil and the depth of excavation. 

4. Dewatering Of Trench 

If water is met with during excavation, it is removed by pumping or any other suitable method. 

5. Preparation Of Sub-grade  

For soft soil, the bed of the sewer is prepared by plain concrete (1:3:6). The thickness of concrete varies 

from 15 to 20 cm. The bedding layer is not required in case of rocky or hard soil.  

6. Laying And Joining Of  Pipes 

The sewers are laid along the trench very carefully. Then the joining of the sewer is done as per 

requirements. After joining, both sides of the pipe are finished with concrete. 

 

7. Testing Of Leakage 

The leakage in the pipe joints or any other points is tested by water test or air test…..Read more(Testing 

of leakage in the pipe joint -Air Test & Water Test). 

https://civilnoteppt.com/5-types-of-sewer-pipe-joints/
https://civilnoteppt.com/engineering-classification-of-soils/
https://civilnoteppt.com/category/soil/
https://civilnoteppt.com/category/concrete/
https://civilnoteppt.com/method-of-testing-water-and-air-of-leakage-of-sewer-pipe-joints/
https://civilnoteppt.com/method-of-testing-water-and-air-of-leakage-of-sewer-pipe-joints/


8. Testing of Straightness Of Alignment And Obstruction 

The straightness of the sewer pipe and the presence of any obstruction are tested by placing a mirror at 

one end of the sewer and a lamp at the other end. If the pipe line is straight, the full circle of light will be 

observed. 

The presence of an obstruction in the pipe can also be tested by inserting a smooth ball at the upper end of 

the sewer. The dia of the ball is 13 mm less than the internal diameter of the sewer. If there is no 

obstruction inside the sewer, the ball shall roll down and reach the lower end of the sewer.  

9. Back Filling  

Lastly, the trenches are filled up with the excavated earth in layers of about 15 cm thick. Each layer is 

properly watered and rammed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 Sewer appurtenances and Sewage Disposal: 

  Sewer Appurtenances 

Sewer appurtenances are the various accessories on the sewerage system and are necessary for 

the efficient operation of the system. They include man holes, lamp holes, street inlets, catch 

basins, inverted siphons, and so on. 

Man-holes: Man holes are the openings of either circular or rectangular in shape constructed 

 



on the alignment of a sewer line to enable a person to enter the sewer for inspection, cleaning 

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

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

Man-holes are provided at all junctions of two or more sewers, whenever diameter of sewer 

changes, whenever direction of sewer line changes and when sewers of different elevations join 

together. 

Special Man-holes: 

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

Drop man-hole: When the difference in elevation of the invert levels of the incoming and 

outgoing sewers of the man-hole is more than 60 cm, the interception is made by dropping the 

incoming sewer vertically outside and then it is jointed to the man-hole chamber. 

Flushing man-holes: They are located at the head of a sewer to flush out the deposits in the 

sewer with water. 

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

man-holes which are far apart and permit the insertion of a lamp into the sewer to find out 

obstructions if any inside the sewers from the next man-hole. 

Street inlets: Street inlets are the openings through which storm water is admitted and 

conveyed to the storm sewer or combined sewer. The inlets are located by the sides of 

pavement with maximum spacing of 30 m. 

Catch Basins: Catch basins are small settling chambers of diameter 60 - 90 cm and 60 - 75 cm 

deep, which are constructed below the street inlets. They interrupt the velocity of storm water 

entering through the inlets and allow grit, sand, debris and so on to settle in the basin, instead 

of allowing them to enter into the sewers. 

Inverted siphons: These are depressed portions of sewers, which flow full under pressure 

more than the atmospheric pressure due to flow line being below the hydraulic grade line. They 

are constructed when a sewer crosses a stream or deep cut or road or railway line. To clean the 

siphon pipe sluice valve is opened, thus increasing the head causing flow. Due to increased 

velocity deposits of siphon pipe are washed into the sump, from where they are removed. 

Pumping of Sewage 

Pumping of sewage is required when it is not possible to have a gravitational flow for the entire 

sewerage project. 

Sufficient pumping capacity has to be provided to meet the peak flow, atleast 50% as stand by. 

Types of pumps : 

1. Centrifugal pumps either axial, mixed and radial flow. 



2. Pneumatic ejector pumps. 

 

 

 

How the grease trap works? 

How does a grease trap work? Grease traps work on the basis that animal fats and vegetable oils 

(grease) are 10 to 15 percent less dense than water and that grease won't mix with water. Thus, fats 

and oils float on top of water. ... Solids settle at the bottom and the separated clear water escapes under an 

outlet baffle. 

 

A grease trap (also known as grease interceptor, grease recovery device, grease capsule and grease 

converter) is a plumbing device (a type of trap) designed to intercept most greases and solids before they 

enter a wastewater disposal system. Common wastewater contains small amounts of oils which enter 

into septic tanks and treatment facilities to form a floating scum layer. This scum layer is very slowly 

digested and broken down by microorganisms in the anaerobic digestion process. Large amounts of oil 

from food preparation in restaurants can overwhelm a septic tank or treatment facility, causing the release 

of untreated sewage into the environment. High-viscosity fats and cooking grease such as lard solidify 

when cooled, and can combine with other disposed solids to block drain pipes. 

Uses[edit] 

 

In-ground grease trap outside of a shop 

Restaurant and food service kitchens produce waste grease which is present in the drain lines from 

various sinks, dishwashers and cooking equipment such as combi ovens and commercial woks. Rotisserie 

ovens have also become big sources of waste grease. [2] If not removed, the grease can clump and cause 

blockage and back-up in the sewer. 

STORM REGULATOR 

Type # 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 

https://en.wikipedia.org/wiki/Plumbing
https://en.wikipedia.org/wiki/Trap_(plumbing)
https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Septic_tanks
https://en.wikipedia.org/wiki/Impurity
https://en.wikipedia.org/wiki/Anaerobic_digestion
https://en.wikipedia.org/wiki/Lard
https://en.wikipedia.org/w/index.php?title=Grease_trap&action=edit&section=2
https://en.wikipedia.org/wiki/Combi_steamer
https://en.wikipedia.org/wiki/Wok
https://en.wikipedia.org/wiki/Grease_trap#cite_note-2
https://en.wikipedia.org/wiki/Sanitary_sewer
https://en.wikipedia.org/wiki/File:InGroundGreaseTrap.JPG


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. 

Type # 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. 

Type # 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. 

The crest level of the siphon is kept exactly same as the overflow level in the combined sewer. An air 

pipe connects the throat of the siphon to the combined sewer. The opening of the air pipe is held at a level 

slightly above the overflow level in the combined sewer. 

 

 

Disposal on land 

INTRODUCTION 

The domestic waste water (sewage) begins to cause nuisance as it becomes stale.  If it is possible to 

dispose off sewage within four to five hours after its production, the treatment required is less in 

magnitude.  This lesson deals with the methods of disposing domestic waste water. 

The methods of sewage disposal can classified as follows: 

Disposal by dilution 

Disposal by land treatment 

Disposal by dilution 

In this process, the raw sewage or the partially treated sewage is thrown into natural waters having large 

volume.  The sewage in due course of time is purified by what is known as the self-purification capacity 

of natural waters.  The limit of discharge and degree of treatment of sewage are determined by the 

capacity of self-purification of natural waters. 

Conditions favorable for dilution 

Following conditions are favourable for sewage to be disposed off by dilution into natural waters 



1. It is possible only to provide primary treatment to sewage i.e., removal of floating matter and 

settleable solids. 

2. Currents of flow of diluting waters should be favourable which means that nuisance should not be 

caused when sewage is discharged into diluting waters 

3. Diluting waters are not used for the purpose of navigation for at least some reasonable distance on 

the downstream from the point of sewage disposal. 

4. Diluting waters should not have habitation or they should not hage been used as source of water 

supply for at least some reasonable distance on the downstream from the point of sewage disposal 

5. Dissolved oxygen content of diluting waters should be high 

6. The place is situated near natural waters having large volumes 

7. The sewage is relatively fresh and it is possible to bring it to the point of discharge within four or 

five hours of its production. 

Types of natural waters 

Following are the natural waters into which the sewage can be discharged for dilution 

1. Creeks 

2. Estuaries 

3. Ground waters 

4. Lakes 

5. Ocean or sea 

6. Perennial rivers and streams 

Self purification of natural waters 

When sewage is discharged into natural water, its organic matter gets oxidized by the dissolved oxygen 

content in water.  The oxidation of organic matter converts such matter into simple inoffensive 

substances.  Deficiency of dissolved oxygen thus created in natural waters is filled up by the absorption of 

atmospheric oxygen.  Thus, the oxygen of water is consumed by sewage and at the same time, it is 

replenished by the atmosphere.  This phenomena which occurs in all natural waters is known as self-

purification of natural waters.  It is thus seen that natural waters, polluted by sewage, are purified in 

natural course by the phenomena of self-purification 

The rate of self-purification will depend on various factors such as rate of re-aeration type of organic 

matter present in sewage, temperature, velocity of flow, presence of available oxygen in receiving waters, 

sedimentation, etc 

Disposal by land treatment 



Here, the raw domestic waste water (sewage) is applied on the land. A part of sewage evaporates and the 

remaining portion percolates through the ground and is caught by the underground drains for disposal into 

natural waters.  The sewage adds to the fertilizing value of land and crops can be profitably raised on such 

land.  The term sewage farming is also sometimes used for indicating disposal of sewage by land 

treatment.  The design of a good land treatment system demands the services of environmental engineers, 

hydraulic engineers, irrigation engineers, agronomists, soil scientist, etc. 

Conditions favourable for land treatment 

1. The area of land treatment is composed of sandy, loamy or alluvial soils.  Such soils are easily 

aerated and it is easy to maintain aerobic conditions in them 

2. The depth of water table is more even in rainy season so that there are no chances of pollution of 

underground water sources by land treatment 

3. The rainfall in the area is low as it will assist in maintaining good absorption capacity of soil 

4. There is absence of river or other natural water sources in the vicinity of disposal of sewage 

5. There is demand for cash crops which can be easily grown on sewage farms 

6. There is availability of large open areas in the surrounding locality for practicing broad irrigation 

by sewage 

Advantages of land treatment 

1. It increases the fertility of land 

2. It is cheap where land is available in plenty 

3. Application of sewage on land is the best method of supplying manure to the soil 

4. Crops grown on land treated with sewage possess high calorific value and more vitamins. 

5. Increased fertility of land results in profitable returns of crops 

6. The method becomes very much useful at places where disposal of sewage by dilution is not 

possible. 

7. The method does not require costly equipment for its working. 

8. The method proves economical and safe where available irrigation water is scarce in quantity 

9. The method to some extent charges the underground aquifers 

10. Water of irrigation canal is saved when this method is practised. 

Disadvantages of land treatment 

1. If proper precautions are not taken, nuisance developed by sewage farming may lead to possible 

dangers to the health of men.  It is therefore, necessary that the sewage farms should be operated 

under skilled technical supervision 



2. Crops grown on sewage farms are generally not liked by ordinary public 

3. The method is not applicable for all the seasons of year.  In monsoon, some other arrangement of 

sewage disposal has to be found out. 

4. The method requires large area of land which may not be available in some cases 

5. Types of crops grown on sewage treated land are limited in number. 

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. 

Preventive measures 

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

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 

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. 

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

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. 

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

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. 

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. 

1. Dilution: 

When sewage is discharged into a large volume of water flowing in a natural stream or river, it is 

dispersed and dilution takes place. Due to dilution the concentration of various constituents such as 

organic matter, BOD, suspend solids, etc., is reduced and thus the potential nuisance of sewage is also 

reduced. 



The concentration of any of these constituents in the resulting mixture of sewage and water flowing 

in stream or river is given by the following expression: 

 

In the derivation of this expression conservation of mass and complete intermixing of sewage and water 

flowing in stream or river is assumed. Further this expression is applicable to dissolved oxygen content, 

BOD, suspended solids, and other characteristic contents of sewage. 

When dilution factor (or dilution ratio) is quite high, large quantities of dissolved oxygen will be always 

available which will reduce the chances of putrefaction and pollutional effects. Thus because of dilution 

aerobic conditions will always exist. This will, however, not be so if dilution factor (or dilution ratio) is 

small, i.e., when large quantity of sewage is discharged into a small stream or river. 
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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. Due to this deficiency of 

dissolved oxygen is created in river or stream water. 

The deficiency of dissolved oxygen thus created in river or stream water is filled up by the absorption of 

atmospheric oxygen. Thus dissolved oxygen of river or stream water is consumed by sewage discharged 

into it and at the same time it is replenished by the atmosphere. 
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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. 

The rate of self-purification depends on various factors such as rate of re-aeration, type of organic matter 

present in sewage, temperature, velocity of flow, presence of available oxygen in receiving waters, 

sedimentation, etc. 

The various actions involved in self-purification process are physical, chemical and biological in 

nature, and are as listed below: 

(1) Dilution 

(2) Oxidation 

(3) Reduction 

 

 

 

 

 

 

 

10 Sewage treatment : 

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 from raw sewage discharges.[2] Sewage contains wastewater from households 

and businesses and possibly pre-treated industrial wastewater. There are a high number of sewage 

treatment processes to choose from. These can range from decentralized systems (including on-site 

treatment systems) to large centralized systems involving a network of pipes and pump stations 

(called sewerage) which convey the sewage to a treatment plan 
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1 Wastewater Treatment 

Conventional Treatment Technologies - Wastewater 

The following is a basic overview of the treatment processes commonly found within conventional 

wastewater treatment plants operated for the treatment of municipal sewage. The information presented 

reflects the processes found in many if not most wastewater facilities. It should be understood that the 

technologies used to treat municipal sewage are advancing as concerns arise over recalcitrant micro-

contaminants within domestic sewage. New treatment technologies are now emerging that effectively 

deal with many of these micro-contaminants. As such wastewater facilities, in general, are being modified 

to accommodate these new technologies.  The implementation of these upgrades can be expensive and 

limited to those regions with the financial resources needed. 

 

 

Primary treatment 

Primary treatment removes material that will either float or readily settle out by gravity. It includes the 

physical processes of screening, comminution, 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. 
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activated sludge process 

Primary and secondary treatment of sewage, using the activated sludge process. 

SEE MORE 

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. 

Secondary treatment 

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 in which 

microbes consume the organic impurities as food, converting them into carbon dioxide, water, 

and energy for their own growth and reproduction. The sewage treatment plant provides a 

suitable environment, albeit of steel and concrete, for this natural biological process. Removal of soluble 

organic matter at the treatment plant helps to protect the dissolved oxygen balance of a receiving 

stream, river, or lake. 

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 contacter. 
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Trickling filter 

 
 
 

 
SEE MORE 

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 recirculated in order to increase treatment efficiencies. 

Activated sludge 

The activated sludge treatment system consists of an aeration tank followed by a secondary clarifier. 

Settled sewage, mixed with fresh sludge that is recirculated from the secondary clarifier, is introduced 

into the aeration tank. 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. Air can also be added by the churning action of mechanical propeller-like mixers located at the 

tank surface. 

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. 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. 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 recirculated back into the aeration tank, where it is mixed 

with the primary effluent. 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. The remaining 70 percent of the secondary sludge must be treated and disposed of in 

an acceptable manner (see Sludge treatment and disposal). 

Variations of the activated sludge process include extended aeration, contact stabilization, and high-purity 

oxygen aeration. Extended aeration and contact stabilization systems omit the primary settling step. They 

are efficient for treating small sewage flows from motels, schools, and other relatively isolated 

wastewater sources. Both of these treatments are usually provided in prefabricated steel tanks 

called package plants. Oxygen aeration systems mix pure oxygen with activated sludge. A richer 

concentration of oxygen allows the aeration time to be shortened from six to two hours, reducing the 

required tank volume. 
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11 Sanitary plumbing for building : 

System of Plumbing: 

Following are the main systems of plumbing for the building drainage: 

(a) Two-Pipe System: 

ADVERTISEMENTS: 

This is the most common system used in India. This method provides an ideal solution, where it is not 

possible to fix the fixture closely. Fig. 24.21 illustrates the line diagram of this system. 

In this system, two pipes are provided. One pipe collects the foul soil and lavatory wastes, whereas the 

second pipe collects the unfoul water from kitchen, bathrooms, house washings, rain water etc. The soil 

pipes (pipes carrying the soil waste) are directly connected to the drain, whereas the waste pipes (pipes 

carrying unfoul water) are connected through the trapped gully. All the traps used in this system are fully 

ventilated. 

 

(b) One-Pipe System: 

ADVERTISEMENTS: 

In this system only one main pipe is provided which collects both the foul soil waste as well as unfoul 

waste from the buildings. The main pipe is directly connected to the drainage system. If this system is 
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provided in multi-storeyed buildings the lavatory blocks of various floors are so placed one over the 

other, so that the waste water discharged from the different units can be carried through short branch 

drains. Fig. 24.22 shows this system by means of line diagram. 

 

All the traps of the W.C., basins sinks, etc. are fully ventilated and connected to the ventilation pipe. But 

all gully traps and waste pipes are completely dispensed with. 

(c) Single-Stack System: 

ADVERTISEMENTS: 

Fig. 24.23 illustrates this system. This is similar to single pipe system, the only difference being that no 

ventilation is provided even in the traps too. 
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(d) Single-Stack Partially Ventilated System: 

This system is in between the one pipe and single-stack system. In this system only one pipe is provided 

to collect all types of waste water foul as well as unfoul. A relief vent pipe is provided for ventilating only 

the water closet-traps. Fig. 24.24 shows this system. 

 

Now a days in modern multi-storeyed buildings one pipe system is becoming popular due to its low cost. 

C.B.R.I. Roorkee, after doing extensive research on this system, has recommended it in modern buildings. 
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An analysis of this system showed that the flow from the applicant to the stack through branch is 

momentarily halted at the sharp change of flow of direction. Sometimes a plug of water is formed 

immediately at the junction, which depends upon the rate of change of discharge and the size of branch. 

This gives rise to unequal pressures at the seals, for the lower floors of the building and sometimes this 

breaks the water seals of the sanitary appliances. C.B.R.I, has recommended the use of aerator and 

deaerator in the stack to increase its capacity. 

The function of the aerator is to prevent the formation of the plugs of water in the vertical stack and to 

make a mixture of water and air of low specific gravity. The aerators are provided at every floor. 

 (a) For supply of water to various sanitary fittings. 

(b) For collection of waste water from the sanitary fittings. 

(c) For collection of rain water from the roofs, house and courtyard washings. 

The fixing of sanitary appliances in the walls, floor and other places and their connected pipe works are to 

be done carefully for their proper functioning. 

Deaerators are provided at the foot of the stack to separate air and water to avoid excessive back pressure. 

Studies carried out by C.B.R.I. revealed that 100 mm dia. Stack with these fittings can be safely used up 

to 15 storeys, whereas a single stack system without these fittings can be used only up to 5 storeys. 

The two pipe system is costly as it requires much labour and material with antisyphonage pipe, as 

compared with single stack system of plumbing. No antisyphonage pipe is required. The single stack 

system is becoming popular in the modern building construction. The tests done by C.B.R.I. on 5 storeyed 

building shows that there was no break of water seals. 

As it is the common practice in India to discharge the waste water from the sinks and wash basin to the 

floor trap, therefore, sanitary appliance carrying unfoul waste water do not require deeper seals. 100 mm 

dia stack with two appliances at each floor can be safely used up to 5 storeyed building. 

Plumbing Operations: 

Following are the main plumbing operations: 

(i) Fixing of brackets, hooks, etc. for fixing of sanitary fittings. 

(ii) Fixing of sanitary appliances or fittings. 



(iii) Laying of water pipe line. 

(iv) Giving connections to various sanitary fittings. 

(v) Laying of pipe lines for collection of waste water. 

(i) Fixing of Brackets: 

The brackets of wash basins, sinks, flushing cisterns, geysers, etc., are fixed in the walls at proper 

positions. Generally, the holes are made in the walls and after placing the brackets at proper level and 

positions in the holes, they are filled with rich 1: 4 cement sand mortar. 

The line of the water pipe is marked on the wall or floor at the proper place and the pipe hooks are 

inserted in the walls with their ends sufficiently projected from the walls for placing of water pipes in 

proper position. 

(ii) Fixing of Sanitary Appliances or Fittings: 

The sanitary fitting are fixed on the brackets, when the joints of the brackets with walls are cured. For 

fixing of Indian type water closet first of all the bottom trap is fixed in position and connected with the 

outlet earthenware or A.C. pipe. The W.C. seat is fixed over the trap. The joint between the seat and the 

trap is filled with rich cement mortar properly. 

Now the space around the trap and seat is filled with lime concrete up to required height, over which the 

flooring is made. The foot rests are fixed on the floor at proper place. The flushing type connections are 

made to the seat from the flushing cistern before laying of door. 

The English W.C. seat is laid and fixed on the floor, but its trap and the outlet pipe is laid before laying of 

floor. Therefore care should be taken while fixing these types of W.C. 

Urinals are fixed on the wooden pegs fixed in the walls at proper heights. These are fixed by means of 

screws to the pegs. 

The high level flushing cisterns are fixed on the steel brackets, whereas the lo-v down cisterns are fixed 

on wooden pegs or brackets as the case may be. 

The bath tub is directly laid on floor. Sometimes it is embedded in masonry work while glazed tiles or 

terrazzo finish is provided over it. 



Kitchen sinks, sinks and geysers are fixed on the steel brackets fixed in the walls. The kitchen sink drain 

board is supported on one side on the sink and on the other side on the steel bracket. 

All the miscellaneous fittings such as mirror, tooth brush holder, soap tray, towel hooks, sanitary paper 

reel towel rod, etc. are all on the wooden pegs provided at the proper height and place. 

(iii) Laying of Water Pipe Line: 

Before laying the pipe line, all the lengths of the pipes are cut to sizes, screwed at both the ends. Care 

should be taken in measuring the exact length of the pipe lines, because if shorter or longer lengths are cut 

they will not properly fit in position allowance for the sockets, valves tee, elbows, cross, etc. should be 

made. 

The pipe laying work should be started from one side. All the joints should be made watertight by 

wrapping jute yarn soaked in white lead paint in the threads of the joint. After laying the pipe line it 

should be held in position by means of pipe hooks embedded in the walls. At -every floor one union 

should be provided. 

(iv) Connection to the Sanitary Appliances: 

After laying the pipe line, the connections to the various sanitary appliances are given. In case of wash 

basins, kitchen sinks, urinals etc. Lead or plastic connectors are used for giving connections. All the joints 

should be made water-tight by wrapping jute yarn soaked in white lead paint. 

(v) Laying of Pipe Lines for Collection of Waste Water: 

AC. or stone ware or earthen ware pipes are used for the collection of waste water. Care should be taken 

to take the foul water i.e., from water closets and urinals in a separate pipe line. The unfoul water from 

washbasins, kitchen sinks, bath tubs, bathroom, etc. is taken in separate set of pipe line, because soapy 

water may kill all the bacteria responsible for the treatment of sewage in the septic tanks. But now a days 

single stack system is also used in which all types of waste water is collected and taken in one set of pipe 

lines. 

Figure 24.25 shows the method of doing plumbing work in two pipe systems. In this method foul water is 

taken in one set of pipe lines and the unfoul water is taken in another set of pipes. 



 

Figure 24.26 shows the method of doing plumbing work in single-pipe system. In this method all types of 

waste water foul and unfoul is taken in the same of pipes. 

 

Figure 24.27 shows the details of connection in case of single or one pipe system. 
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Laying of Rain Water Pipes: 

The pipe laid to collect the rain water from the roof is known as ram water pipe. The rain water from the 

flat as well as sloppy roof is to be collected and brought on the ground level, from where it is allowed to 

flow in open drains. 

Figure 24.28 shows the method of fixing rain water pipe for collecting rain water of flat roof, along with 

all the specials required at various places. 
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Fig. 24.29 shows the method of fixing rain water pipe for collection of rain water from sloppy roofs. 
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Safety and Precautions to be Taken While Doing Plumbing Work: 

Following precautionary measures should be followed while doing plumbing work: 

1. All the tools should be properly inspected for their proper working conditions. 

2. Only standard material should be used in the plumbing work, because sub-standard materials may 

cause leakage in pipe lines, taps, etc. 

3. Correct threading, the same which is on the specials should be done on the pipes. 

4. All the joints should be made water-tight by wrapping jute thread and white lead paint in the threads, 

while screwing. 

5. Over-screwing should not be done in any case; otherwise it may split or crack the parts of the fittings, 

socket, elbow, tee or cross, etc. 

6. While measuring the length of pipes for cutting due allowance for the space of fittings should be made, 

otherwise the length of the pipes may be more or less. 

7. All the pages should be fixed with their broader end inside the wall and smaller size in face of the wall. 

8. Only the required size hole should be made in the wall for fixing of pegs, brackets, etc. 

9. While fixing the pipe in the pipe-vice, it should not be over-tightened, otherwise it may also press the 

pipe and give more bend than desired. 

10. While bending the pipes on the bending machines, care should be taken otherwise it may also press 

the pipe and give more bend than desired. 

11. The cutting of the pipes should be done properly, it should be at right angle to the axis of the pipe. 

12. The pipes should be fixed with the pipe-hooks at proper place. These hooks should be driven in the 

masonry joints. 

13. In case of accidents first-aid facilities should be available. 

 

 

 

 



CODE OF PRACTICE FOR 

PLUMBING IN MULTI-STOREYED BUILDINGS 

PART 1 WATER SUPPLY 

0. FOREWORD 

0.1 

This Indian Standard was adopted by the Bureau of Indian Standards on 30 July 1987, after the 

draft finalized by the Water Supply and Sanitation Sectional Committee had been approved by the Civil 

Engineering Division Council. 

0.2 

Many administrative authorities controlling water supply have their own sets of bye-laws, rules 

and regulations for water supply to suit local conditions. These should be strictly conformed to before 

operations are commenced for laying pipe lines or plumbing systems which are to be connected to public 

water supply. This code is intended to give the necessary guidance on good practices of plumbing. 

0.3 

For the purpose of deciding whether a particular requirement of this standard is complied with, 

the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 

accordance with IS : 2-1960*. The number of significant places retained in the rounded off value should 

be the same as that of the specified value in this standard. 

1. SCOPE 

1.1 

This code deals with water supply in multi-storeyed buildings and covers general requirements 

and regulations, design considerations, plumbing systems, distribution system, storage of water and 

inspection for water supply in multi-storeyed buildings. 

1.2 

Requirements of water piping, fittings and appliances, inspection, and maintenance covered in 

IS : 2065-1983† shall be applicable for multi-storeyed buildings also. 

Drainage System For a Building 

. DRAINAGE SYSTEM It is the arrangement provided in a house or building for collecting or 

conveying waste water through drain pipes, by gravity, to join either a public sewer or a domestic 

septic tank is termed as house drainage or building drainage. AROH THOMBRE 

2. Terminologies related to Drainage: Wastewater: Water when used for different purpose like 

domestic commercial, industrial etc., receives impurities and become wastewater. Thus 

wastewater is used water and it has physical, chemical, and biological Impurities in it. Sewage: 

The waste water coming from W.C. and containing human excreta is known as sewage. Sullage: 

from W.C. Vent Pipe : A vertical pipe that provides circulation of air to and from the Drainage 

system. Stack: A general term used for any vertical line of soil, waste or vent piping. 

3. Terminologies related to Drainage: Cleanout: An access opening to allow cleanout of the pipe 

Waste Pipe: It is a pipe carrying sullage from bathrooms, kitchens, sinks, wash basins, etc. 

Sewerage System: A system of sewers of different types and sizes in a town collecting 
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wastewater from the town and carrying it to the wastewater treatment plant. Sanitary Sewer: A 

sewer pipe that carries only sewage. Storm Sewer: A sewer pipe that carries storm water or other 

drainage (excluding sewage).  

4. Pipes: In house drainage system pipes may be designated depending upon the function as 

shown below. Soil Pipe: A pipe carrying human Sewage from W.C. Waste Pipe: A pipe carrying 

sullage. Vent Pipe: It is a pipe installed to provide flow of air to or from the drainage system or to 

provide circulation of air in the drainage system to protect the water seal of traps against 

Siphonage and backflow 

5. Traps: Traps are U shaped fixtures that have Water seal in it. This water in the trap creates a seal 

that prevents sewer gas from passing from the drain pipes back into the occupied space of the 

building. Essentially all plumbing fixtures including sinks, bathtubs, and toilets must be equipped 

with either an internal or external trap 

6. Traps: Based on the Use, the traps are classified as: Floor Traps (Nahni Trap): This trap isgenerally 

used to admit sullage from the floors of rooms, bathrooms, kitchen etc. in to the sullage pipe. This is 

provided with cast iron or stainless steel or galvanized gratings (Jallis) at its top so that the entry of 

larger matter is prevented thereby chances of blockage are reduced. Gully Traps: A Gully trap or 

gully is provided at a junction of a roof drain and other drain coming from kitchen or bathroom 

7. Sanitary Fittings: Following sanitary fittings are used in the house drainage system. Wash Basin: 

These are plumbing fixtures mainly used for handwashing. Sinks: Sinks are the plumbing fixtures 

provided in kitchens for cleaning utensils. Bath tubs: A circular waste hole at the bottom of bath tub is 

provided for drainage purpose. Bath Tub is the plumbing fixtures provided in the bathroom for taking 

bath. Water Closets 

8. Basic Principles of Drainage system: *House Drainage should be preferable laid by side of the 

building to facilitate easy repair and better maintenance. *The sewage or sullage should flow under 

the force of gravity. *The house sewer should always be straight. The entire system should be well 

ventilated from start to the end.  

9. Soil pipe: 100mm Waste pipe: horizontal: 30-50mm Waste pipe: vertical : 75mm Rainwater 

pipe : 75mm Vent pipe: 50mm Connecting soil pipe: 50mm Connecting waste pipe: 40mm Sizes 

of Various Pipes: Schematic Drainage system: 

10. Types of Drainage Systems: Two pipe system : This is the best and most improved system of 

plumbing. Two sets of vertical pipes, one for excreta (night soil) as soil pipe and another for 

sullage as waste pipe. The soil pipes as well as waste pipes are separately ventilated, by 

providing, separate vent pipe or anti-siphon age pipe. This system has four vertical pipes. One 

pipe system 

11. Types of Drainage Systems: Single stack system: This system is having a single pipe for soil, 

waste and vent without any separate ventilation pipe. It uses only one pipe, which carries night 

soil as well as sullage and the same pipe is extended up to 2 m above roof level with a cowl to act 

as vent pipe for removal of gases.  

12. Grey Water Recycling Grey water flows to Surge tank where is filtered through coarse 

filter.Then it is Pumped to Sand filter then it is disinfected and then pumped to Grey water tank. 

And now this can again be used for Flusing purpose. 
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