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Unit-II 

Impurities of water and their significance, water-borne diseases, physical, chemical and bacteriological 

analysis of water, water standards for different uses, Intake structure, conveyance of water, pipe 

materials, pumps - operation and pumping stations. 

 

Impurities of water and their significance: 

Different types of impurities in water 

Pure water is colourless, tasteless, and odourless and is chemically composed of just two elements, 

hydrogen and oxygen. Because water is such a good solvent, it dissolves almost everything that it comes 

i to co tact ith. Water is k o  as a u i ersal sol e t . That is hy dri ki g ater is ot pure fro  ater 
that is available to us from rain, well, streams, rivers, etc. Due to the lack of availability of clean safe 

drinking water in India, many health problems due to dirty water is common in India. The usual 

contaminants and types impurities in water are of the following three main categories: 

Dirt or Suspended Solids in water 

These are the solids which are insoluble like dust, fine sand, clay, rust, etc. They remain suspended in the 

water and cause muddy water or cloudiness in water. 'Total Suspended Solids' or 'TSS' is the technical term 

used to measure how much of dirt there is in the muddy water. 'Turbidity' is the term to describe the 

muddy water and a unit of measurement of cloudy water is based on the transmission of light through the 

muddy or cloudy water. 

Types of Germs in Water 

Biological contamination of water is caused by the presence of living organisms like algae, bacteria, 

protozoa, pathogens, microbes, Viruses, Parasites and their eggs (cysts), etc. known collectively known as 

microorganisms and commonly called 'germs'. The health effects of drinking water contaminated with 

germs may be severe, but easily curable with modern day medicine. These minute living organisms in water 

are the causes of diseases from dirty water like typhoid fever, dysentery, cholera, gastroenteritis, etc.  

Types of Germs in Water 

Biological contamination of water is caused by the presence of living organisms like algae, bacteria, 

protozoa, pathogens, microbes, Viruses, Parasites and their eggs (cysts), etc. known collectively known as 

microorganisms and commonly called 'germs'. The health effects of drinking water contaminated with 

germs may be severe, but easily curable with modern day medicine. These minute living organisms in water 

are the causes of diseases from dirty water like typhoid fever, dysentery, cholera, gastroenteritis, etc.  

 

Water-borne diseases: 

Waterborne diseases are caused by drinking contaminated or dirty water. Contaminated water can cause 

many types of diarrheal diseases, including Cholera, and other serious illnesses such as Guinea worm 

disease, Typhoid, and Dysentery. Water related diseases cause 3.4 million deaths each year. Water filters 

remove the bacteria and pathogens that contaminate water to decrease the incidence of waterborne 

diseases. 

 

 

Physical, chemical and bacteriological analysis of water: 
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Water quality is determined by physical, chemical and microbiological properties of water. These water 

quality characteristics throughout the world are characterized with wide variability. Therefore the quality 

of natural water sources used for different purposes should be established in terms of the specific 

water-quality parameters that most affect the possible use of water. That is why the aim of this chapter is 

to provide an overview of water quality characteristics - Physical, Chemical, Microbiological, and Biological 

characteristics. 

Physical Characteristics of Water 

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 odour by smell. 

Temperature 

The temperature of water affects some of the important physical properties and characteristics of water: 

thermal capacity, density, specific weight, viscosity, surface tension, specific conductivity, salinity and 

solubility of dissolved gases and etc. Chemical and biological reaction rates increase with increasing 

temperature. Reaction rates usually assumed to double for an increase in temperature of 10 °C. The 

temperature of water in streams and rivers throughout the world varies from 0 to 35 °C. 

Colour 

Colour in water is primarily a concern of water quality for aesthetic reason. Coloured water give the 

appearance of being unfit to drink, even though the water may be perfectly safe for public use. On the 

other hand, colour can indicate the presence of organic substances, such as algae or humic compounds. 

More recently, colour has been used as a quantitative assessment of the presence of potentially hazardous 

or toxic organic materials in water. 

Taste and Odour 

Taste and odour 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. Human detect many more tips of odour than tastes. Organic materials discharged 

directly to water, such as falling leaves, runoff, etc., are sources of tastes and odour-producing compounds 

released during biodegradation. 
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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. 

Solids 

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. The organic fraction (or volatile solids  content) 

is considered to be related to the loss of weight of the residue remaining after evaporation of the water 

and after ignition of the residue at a temperature of 500 °C. The volatile solids will oxidize at this 

temperature and will be driven off as gas. The inorganic (or fixed solids) remind as inert ash. Solids are 

classified as settle able solids, suspended solids and filterable solids. Settle able solids (silt and heavy 

organic solids) are the one that settle under the influence of gravity. Suspended solids and filterable solids 

are classified based on particle size and the retention of suspended solids on standard glass-fibre filters. 

Chemical Characteristics of Water 

The chemical characteristics of natural water are a reflection of the soils and rocks with which the water 

has been in contact. In addition, agricultural and urban runoff and municipal and industrial treated 

wastewater impact the water quality. Microbial and chemical transformations also affect the chemical 

characteristics of water 

Inorganic Minerals 

Runoff causes erosion and weathering of geological formation, rocks and soils as the runoff travels to the 

surface-water bodies. During this period of contact with rocks and soils the water dissolves inorganic 

minerals, which enter the natural waters. Inorganic compounds may dissociate to varying degrees, to 

cations and anions. 

Major Cations 

Major cations found in natural water include calcium (Ca2+), magnesium (Mg2+), sodium (Na+) and 

potassium (K+). Calcium (Ca2+), is the most prevalent cation in water and second inorganic ion to 

bicarbonate in most surface water. 

The principal concern about calcium is related to the fact that calcium is the primary constituent of water 

hardness. Calcium precipitates as CaCO3 in iron and steel pipes. A thin layer of CaCO3 can help inhibit 

corrosion of the metal. However, excessive accumulation of CaCO3 in boilers, hot water heaters, heat 

exchangers, and associated piping affects heat transfer and could lead to plugging of the piping. Calcium 

concentration of up to 300 mg/L or higher have been reported. However, calcium concentrations of 40 to 

120 mg/L are more common. 
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Magnesium is not abundant in rocks as calcium. Therefore, although magnesium salts are more soluble 

than calcium, less magnesium is found in surface water. Sodium and potassium are commonly found as 

free ions. The concentration of these cations in natural water is usually low. 

Other constituents in natural water in concentration of 1 mg/L or higher include aluminum, boron, iron, 

manganese, phosphorus and etc. 

Major Anions 

Major anions include chloride, sulfate, carbonate, bicarbonate, fluoride and nitrate. Bicarbonate (HCO3
-) is 

the principal anion found in natural water. These ions are very important in the carbonate system, which 

provides a buffer capacity to natural water and is responsible in a great measure for the alkalinity of water . 

One source of bicarbonate ions (HCO3
-) in natural water is the dissociation of carbonic acid (H2CO3) that is 

formed when carbon dioxide (CO2) from the atmosphere, or from animal (e.g. fish) and bacterial 

respiration, dissolves in water. 

In addition to bicarbonates (HCO3
-) anions such as chlorides (Cl-), sulfates (SO4

2-), and nitrates (NO3
-) are 

commonly found in natural water. These anions are released during the dissolution and dissociation of 

common salt deposits in geologic formations. 

The concentration of the chlorides anions (Cl-) determines the water quality because the quality of water 

get worse after increasing in the concentration of this anions which limit possibilities of using of natural 

water for different purposes (household, agriculture, industry and etc.). Principal source of the chlorides 

anions (Cl-) in natural water are magmatic rock formations that include chlorine-content minerals. The 

second source of this anions is Ward Ocean from where a considerably amount of chlorides anions (Cl -) 

enter in the atmosphere. From atmosphere chlorides anions (Cl -) enter in the natural water in result of 

interaction between precipitation and soil. 

The sulfates anions (SO4
2-) are frequently found in natural water as the result of the chemical dissolution,  

dissolve sulfur-content minerals and oxidize sulfates and sulfur: 

CaCO3 + H2SO4 = CaSO4 + H2O+CO2; 

2FeS2 + 7O2 + 2H2O = 2FeSO4 + 2H2SO4; 

2S + 3O2+ 2 H2O = 2 H2SO4. 

 

The sulfates anions (SO4
2-) enter in natural water as the result of the oxidation of the substances from plant 

and animal origin. The increase concentration of the sulfates anions (SO4
2-), at one hand brings about 

change for the worse of some physical characteristics of water (taste, smell and etc.) and on the other 

hand has destructive influence upon human consumption. The concentration of the sulfates anions (SO4
2-) 

fluctuates in a wide range in surface water - from 5 mg/l to 60 mg/l. 
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Nitrate anions (NO3) are found in natural water as the result of the bacteriological oxidation of nitrogenous  

materials in soil. That is why the concentration of these anions rapidly increases in summer when the 

process of the nitrification takes place very intensively. Another important source for dressing of the 

surface water with Nitrate anions (NO3) are precipitations, which absorb nitric oxides and convert them 

into nitric acid. A great deal of nitrate anions (NO3) enters in surface water together with domestic water 

and water from industry, agriculture and etc. Nitrate anions (NO3) are one of the indicators for the degree 

of the pollution with organic nitrate-content substances. 

Water 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 (Organized) 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 

 

 

Intake structure- 

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. 
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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. 

 

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: 

Submerged intake 

Exposed intake 

 

Category 2: 

Wet intake 

Dry intake 

 

Category 3:  

River intake 

Reservoir intake 

Lake Intake  

Canal intake 

 

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. 

 

Submerged Intake Structures 

 

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. 

 

Exposed Intake Structures 
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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. 

 

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. 

 

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. 

 

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. 

 

 

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. 

 

Canal Intake Structures: 
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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. 

 

 

 

  

Conveyance of water 

Humans have used pipelines for water conveyance throughout the ages. However, the materials used in 

manufacturing pipelines as well as knowledge of the properties and manufacturing these materials, has 

improved over time. Originally made of such materials as burned mud and clay, they are now made of such 

materials as iron, concrete, plastic and fibreglass. 

Pipelines are used throughout the countries of the West Asia region in all types of water projects, including 

water, irrigation, various industries and sanitary drainage projects. 

 

Pipe materials 

Water is supplied to the consumers through the pipe under pressure. The pipe materials should be 

corrosion resistant and resistant to chemical reactions. Pipe material should not release harmful substances 

into the water they carry. 

 

Requirement of good pipe material 

Structural Strength: 

The pipe material should be able to withstand internal as well as external pressures. Internal pressures 

generate due to static and dynamic water pressures as well as water hammer effects. The external 

pressures are due to the pressure due to vehicles and overburden pressure by soils.  

 

Durability: 

The durability of the pipe material must be more than the design period of the water supply scheme. 

 

Resistance to corrosion: 

Water contains gases as carbon dioxide and hydrogen sulphide which are corrosive in nature. The pipe 

material should resist such corrosions and the corrosion caused due to chemical reactions. 
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Resistance to abrasion: 

Suspended solids present in the water may cause the erosion of the pipe as high-velocity flow leads to 

abrasion. The pipe material must resist such abrasion. 

 

Imperviousness: 

The groundwater and waste water may enter the pipe line carrying water to be supplied to the consumers 

if the pipe is not impervious. So, to prevent such movement of groundwater and waste water into the pipe, 

the pipe material must be impervious. 

 

Smoothness: 

Smoothness determines the carrying capacity of the pipe. The smoother is the pipe, the more will be the 

carrying capacity and vice versa. When the pipe is smooth, the resistance to the flow of water decreases.  

 

Weight: 

The pipe material should be light in weight which contributes to easier transportation and reduced 

transportation cost. 

 

Easy to join: 

The pipe materials must be easy to join. It should be easier to make service connections.  

 

Cost: 

The cost of the pipe including handling, transportation and installation must be within the affordable limit 

(less) so to make the water supply scheme economical. 

 

Types of Pipe Material 

 Cast Iron (CI) Pipe 

 Steel Pipe 

 Wrought Iron (WI) Pipe 

 GI Pipe 

 Ductile Iron 

 Concrete Pipe 

 Asbestos Pipe 

 Plastic Pipe 

 

 

 

Pumps - operation and pumping stations 

Pumps are hydraulic machines designed for transmitting fluids under a head. By transforming the 

mechanical energy of the driving motor into the mechanical energy of the moving fluid, pumps lift fluid up 

to a specified elevation, deliver it over the required distance at the horizontal plane or make it circulating in 

a certain closed system. 
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Pumps, performing one or several of the mentioned functions, form a part of pumping station equipment 

one way or another. An electric motor connected to the power grid is used to drive the pump. Water or 

another working fluid is taken from the lower basin by the pump and pumped over the pressure pipeline to 

the higher basin transforming the motor energy into the fluid energy. The energy of the fluid after having 

passed through a pump is always greater than that prior to passing through the pump. 

 

The key parameters of pumps which determine the variation range of pumping station operation mode, its 

equipment configuration and design features are pressure (discharge head), discharge (delivery rate), 

capacity and efficiency. 

 

Pressure (discharge head) implies a fluid specific energy increment in the section from the pump inlet to 

outlet. Pump head determines the lifting height (vertical head) or range of fluid transmission and is stated 

in meters. 

 

Discharge (delivery rate) is characterized by the fluid volume supplied by a pump to a pressure pipeline per 

unit of time; it is generally expressed in m3/s, l/s, or m3/h. The pump capacity expressed in kW determines 

the driving motor capacity and total (installed) capacity of the pumping station. 

 

Efficiency takes into consideration all types of losses associated with transformation of motor mechanical 

energy into the energy of moving fluid by the pump. The efficiency determines the financial viability of 

pump operation with its other parameters (pressure, discharge, capacity) varying. The history of the 

appearance and development of pumps shows that they initially were used only for water lifting purposes. 

But at present their application range is so broad and diverse that it would be one-sided to introduce them 

as water-pumping machines only. 

 

Pumping station 

The pumping station consists of water intake structures for suction pipes of pumps, the pumps themselves, 

motor, gear from motors to the pumps, pressure pipeline transporting water from the pumps to 

water-discharge device, etc. Thus, the conception of a pumping installation includes all the components of 

the operation depends the pump performance. 

 

The pumping station includes: some components of pumping installations, station building itself, particular 

machines and facilities control units located in the building, and auxiliary equipment. Thus, pumping station 

in addition to components of pumping installations includes also machine control components. 

 

Waterworks facility of the pump irrigation system 

 

Waterworks facility of the pump irrigation system represents a complex composed of structures for water 

intake, water delivery to the pumping station building, pumping station building itself, pressure pipelines 

and constructions for reception of the water pumped. 

 

Structures of the waterworks facility 
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Some constructions of hydro systems are set approximately in the following sequence: 

 

1. Construction of water-intake installation (aka water-intake structure), which withdraws water from a 

water supply source; 

2. Facilities for water transportation from the water intake structure to the pumping station (open 

channels, pipelines); 

3. Intake chamber in front of the pumping station building for water delivery to the it through an open 

channel; intake chamber represents a wider section of the canal before the pumping station 

building which includes conjugation structures of the canal and building; 

4. Pumping station building; 

5. Pressure pipelines; 

6. Water-discharge facilities for receiving the water out flowing from the pipeline (e.g., head pond of 

pumping main canal of the irrigation system). 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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