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1. History of water treatment 
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• In ancient Egypt, aluminum sulfate, iron sulfate 
or a mix of the two was used to extract 
suspended solids. 

• In Greece, a fabric bag, called the Hippocrates 
Sleeve, was used to strain water before boiling it. 

• In ancient India, sand and gravel were used to 
filter water before boiling it. This method was 
from the Sanskrit manuscript called the Susruta
Samhita

Copper as water purifier 

Distillation in Arabic 
literature 



1850 Cholera Epidemic of London 
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• John Snow (15 March 1813 – 16 June 1858[1]) was an 
English physician and a leader in the adoption 
of anesthesia and medical hygiene. He is considered one of 
the fathers of modern epidemiology, in part because of his 
work in tracing the source of a cholera outbreak in Soho, 
London, in 1854. His findings inspired fundamental changes 
in the water and waste systems of London, which led to 
similar changes in other cities, and a significant 
improvement in general public health around the world.

• John Snow was one of the first physicians to study and 
calculate dosages for the use of ether and chloroform as 
surgical anaesthetics, allowing patients to undergo surgical 
and obstetric procedures without the distress and pain they 
would otherwise experience.

• He personally administered chloroform to Queen 
Victoria when she gave birth to the last two of her nine 
children, Leopold in 1853 and Beatricein 1857,[11] leading to 
wider public acceptance of obstetric anaesthesia

Source- The Ghost Map by Steven Johnson and Wikipedia 

https://en.wikipedia.org/wiki/John_Snow#cite_note-1
https://en.wikipedia.org/wiki/Anesthesia
https://en.wikipedia.org/wiki/Hygiene
https://en.wikipedia.org/wiki/Epidemiology
https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak
https://en.wikipedia.org/wiki/Sewage_treatment
https://en.wikipedia.org/wiki/Public_health
https://en.wikipedia.org/wiki/Diethyl_ether
https://en.wikipedia.org/wiki/Chloroform
https://en.wikipedia.org/wiki/Anesthesia
https://en.wikipedia.org/wiki/Obstetrics
https://en.wikipedia.org/wiki/Queen_Victoria
https://en.wikipedia.org/wiki/Prince_Leopold,_Duke_of_Albany
https://en.wikipedia.org/wiki/Princess_Beatrice_of_the_United_Kingdom
https://en.wikipedia.org/wiki/John_Snow#cite_note-11


1850 Cholera Epidemic of London

• In 1854 it was discovered that a cholera epidemic spread through water. The 
outbreak seemed less severe in areas where sand filters were installed. 

• British scientist John Snow found that the direct cause of the outbreak was water 
pump contamination by sewage water. 

• He applied chlorine to purify the water, and this paved the way for water 
disinfection. 

• Since the water in the pump had tasted and smelled normal, the conclusion was 
finally drawn that good taste and smell alone do not guarantee safe drinking 
water. 

• This discovery led to governments starting to install municipal water filters (sand 
filters and chlorination), and hence the first government regulation of public 
water.

Read more: https://www.lenntech.com/history-water-treatment.htm#ixzz5N0cjUBrF
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https://www.lenntech.com/Waterborne-diseases/cholera.htm
https://www.lenntech.com/Periodic-chart-elements/Cl-en.htm
https://www.lenntech.com/water-disinfection/what-is-water-disinfection.htm
https://www.lenntech.com/history-water-treatment.htm#ixzz5N0cjUBrF


2. Drinking water quality parameters and 
common contaminants 
• pH 

• Odor 

• Suspended solids

• Coliform and other pathogens- E.Coli, Salmonella Typi, Virbio Cholera

• Total Dissolved Solids 

• Iron and Manganese 

• Fluoride 

• Arsenic 

• Nitrates 

• Natural Organic Matter – Humic acid/ Fluvic acid 

• Sulphide
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2.1 National drinking water standards

• As per IS 10500: 2012 there are around >38 water quality parameters 
that a drinking water must satisfy

• Most basic and vernacular are pH, TDS, Coliform, Odor, Turbidity and 
Taste 

• Some emerging contaminants like Arsenic, Fluoride and Nitrates have 
also become critical now

• For example: High Uranium in Punjab groundwater, High Arsenic 
contamination in groundwater of West Bengal, Bangladesh and 
Assam 
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IS 10500: 2012
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3. Typical unit operations for water treatment 

• Oxidation: Aeration 

• Coagulation-Flocculation: Alum/PAC/Polymers 

• Clarification: Gravity settling, Lamellar Clarifier  

• Filtration: Rapid Sand Filters, Slow Sand Filters, Ultrafiltration, RO

• Adsorption: Activated Carbon Bed, Fe+3, Activated Alumina 

• Disinfection: Chlorination, Ozonation, UV 

• Ion-Exchange: Softening, Demineralization
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3. Unit operation and their target parameters
Unit Operation Target parameter 

Aeration Iron, Manganese, Off gases like Sulfide

Coagulation-Flocculation- Sedimentation Colloidal solids, Some amount of 
disinfection is also achieved 

Filtration (Rapid & Slow sand filtration) Suspended solids, Pathogens 

Chlorination Disinfection and coliform/pathogen 
removal 

Activated Alumina Fluoride removal 

Activated Carbon Organic contaminants like NOM, Heavy 
Metals

Ion-Exchange Calcium, Magnesium, Nitrates, Heavy 
Metals 
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3. Typical process flow diagram of a WTP 
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Aeration Rapid Mixing 
Clarifier/ 

Settling tank 
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Alum/PAC + Lime/ Caustic Dosing 



3.1 Coagulation-Flocculation  

• Most commonly referred by “Alum/PAC dosing”

• Coagulation and Flocculation are 2 consecutive steps used to removal 
colloidal/ suspended solids from water 

• Colloidal particles are very stable particles causing TURBIDITY AND 
COLOR to sample

• Colloidal particles cannot be removed by sedimentation and filtration 
effectively/ economically as PARTICLE CHARGE DESTABILIZITON
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3.1 Coagulation-Flocculation: Zeta Potential  

13Source: Water Quality Engineering, Desmond Lawler and Mark Benjamin



3.2 Coagulation-Flocculation- Mechanism 
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3.3 Coagulation-Flocculation: Floc formation

Three mechanism of floc formation:

1. Brownian Motion- Collision of 
particle due to random 
bombardment of molecules of 
the surrounding fluid on particle 
surface 

2. Fluid Shear- Collision of particle 
travelling in fluid lines with 2 
different velocity 

3. Differential Sedimentation-
Collision of particle settling at 2 
different velocity  
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The key is increasing collision 
frequency 
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3.4 Coagulation-Flocculation: Flocculator types 
• In and nutshell Flocculation requires :

“an optimal turbulence and time for maximizing the collision frequency and 
formation of larger flocs which can settle rapidly”
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Paddle type flocculator

Pipe type flocculator

Baffle type flocculator



3.4 Coagulation-Flocculation: Design parameters 

Coagulation/Rapid Mixing (typical blade type mixer)

• Optimal coagulant dosing (as determined by Jar test) 

• Rapid Mixing Time of contact 60 sec

• Velocity gradient: 300 per sec 

• Tangential tip velocity: 2-4 m/s

• RPM of paddle: 100 rpm 

Flocculation (typical paddle type) 

• Detention time: 10-30 min 

• Velocity gradient: 25-60 per sec

• Paddle tip velocity : 4 m/s

• RPM of paddle: 4 rpm 
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4. Sedimentation: Gravity Settling 
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Source: Google Images, Monroe Environmental 

Terminal Settling velocity 

Design parameter:
• Surface Overflow Rate 

in cum/sqm-day
• Weir Loading rate in 

cum/m-day
• Side water Depth 
• Retention time 



4. Sedimentation: Surface Overflow rate
Surface Overflow Rate (SOR) = 

Flowrate (cum/day) / Cross Sectional area of Clarifier (sqm)
In more simpler terms it is the vertical up flow velocity in the clarifier 

CPHEEO design parameters  

20



4. Sedimentation: Lamella Clarifier 
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Design parameter:
• Surface Overflow Rate in cum/sqm-

day
• Weir Loading rate in cum/m-day
• Side water depth 
• Plate spacing 
• Plate inclination 
• Velocity through each plate
• Retention time  



5. Filtration: Rapid sand filter 
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5. Filtration: Rapid sand filter Underdrain latest 

23



5.1 Filtration: Rapid sand filter 
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During Service Flow 
Valve 1, 2 are open 
Valve 3,4,5,6 are closed 

During Backwash Flow 
Valve 3,4,6 are open 
Valve 1,2,5 are closed 

During Air Scour 
All valves open 

During Rinse cycle (Optional)  
Valve 1,5 are open 
Valve 2,3,4,6 are closed 



5.2 Filtration: Sequence of operation   
1. Service Flow 

2. Accumulation of head loss to 2-2.25 m 

3. Stopping service flow 

4. Air Scour at stipulated C/S velocity :5 min

5. Backwash with stipulated C/S velocity :10 min 

6. Stopping Backwash water 

7. Starting Service Flow 
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5.3 Filtration: Rapid sand filter design parameters 
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Design Parameters:
• C/S velocity : 5-15 m/hr
• Dimension of Filter unit- L/B ratio: 1.25-1.33
• Filter sand: 0.6-0.9 mm D10, SpGr 2.55-2.65 and UC of 1.3-

1.5
• Depth of Sand Layer: 0.6-0.75 m 
• Depth of Gravel Layer: 0.4-0.6 m 
• B/W velocity: 24-36 m/hr
• B/W duration: 10 min 
• Air Scour : 26-45 m/hr



6.1 Disinfection- Chlorination  
• Picked up only after World War-1 

once the production of Cl gas was 
economical 

• Involves adding chlorine as a 
strong oxidizing agent to 
essentially oxidize the cell wall 
and cause cell lysis (death)

• Typical dosing 5-7 mg/l can be 
calculated based on Watson 
Chicks Law and CT value (Contact 
time * Concentration)

• Residual Property 
• Disinfection by-products are 

carcinogenic 
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6.1 Disinfection- Chlorination 
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Chlorine toners standard size 500 kg and 990 kg 

Some design considerations 
• Very harmful gas when inhaled and can 

be fatal if inhaled in certain amount 
• Safety considerations like neutralization 

pit, scrubber, personal protective 
equipment to be made mandatory 
while handling Chlorine for plant 
personnel 



6.1 Disinfection- Chlorination 
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Chlorine Contact Tank 



6.2 Disinfection- Ultraviolet radiation  
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• Dosing is measured in 
mW/cm2 

• Does not produce disinfection 
by-products 

• Disadvantage when the water 
is turbid as the particle can 
cause a shielding effect 

• Low risk of handling compared 
to chlorine. As not chemical 
handling is involved 

• Need safety equipment when 
the UV radiation is ON

• Expensive equipment 
compared to Chlorine 



6.2 Disinfection- Ultraviolet radiation 
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6.2 Disinfection- Ozonation
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• Dosing is measured in mg/l

• Does not produce disinfection 
by-products which are 
carcinogenic

• Low risk of handling compared 
to chlorine. As no chemical 
handling is involved 

• Need safety equipment when 
near the ozone generator 

• Expensive equipment 
compared to Chlorine 

• High power cost compared to 
UV and Chlorine 



Some leading research on disinfection 

• http://faculty.washington.edu/doddm/Personal/Research.html
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http://faculty.washington.edu/doddm/Personal/Research.html


7. Design Stages 
1. Population estimation and forecast 
2. Design period 20,30 years or so 
3. Determine ideal process based on TYPE OF INFLUENT WATER 
4. Process Design based on FLOW and HOURS OF OPERATION 
5. Layout based on available  land 
6. Hydraulic Design based on FSL of receiving sump (U/G) based on head 

loss between each unit. Preparing HFD 
7. Sizing Electromechanical Equipments and Piping schedule 
8. Preparation of General Arrangement Drawing (GAD)
9. Structural Design based on GAD, Process Design and HFD
10. Other utilities 
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7.1 Process Design- Example 35 MLD  
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7.2 Hydraulic Design- Example 35 MLD  
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7.2 Typical Layout 
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