
1Water Demand, Its Source 
and Conveyance

Design Period: The number of years for which a provision is made 
in designing the capacities of various components of the water supply 
scheme.

Units Design Period
Water treatment units 15 years
Service Reservoirs (overhead or ground 
level)

15 years

Pipe Connections to the several treatment 
units

30 years

Distribution system 30 years

Population Forecasting Methods:
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(i) Arthematic Increase Method:

Pn = Po + nx
Pn = Population after n decades from present.
Po = Present population
n = No. of decades

x = Arthematic mean of population Increase in known 
decades.

(ii) Geometric Increase Method:

Pn = Pc 1
100

+⎛
⎝⎜

⎞
⎠⎟

r n

Po = Population at the end of last known census
r = Assumed growth rate (%)

r =
r r r

n
n1 2� � �...  or r = (r1 × r2 × ... rn)1/n

(iii) Incremental Increase method (or method of varying Increment)

Pn = Po + ( 1)
2

n n
nx y

��

x = Average Increase of population of known 
decades

y = Average of incremental increses of the known 
decades

(iv) The logistic curve method

P =
P

m nt
s

e1 1+ −log ( )
Ps = Saherahen population

m = constant
(v) Decreasing rate of growth: Applicable only when the rate of 

growth shows downward trend. In this method, the average decrease 
in percentage is worked out, and is then subtracted from the latest 
percentage increase for each successive decade.

(vi) Comparative graphical method: Cities of similar characteristics 
and conditions are selected which have grown is similar fashion in the 
past as that of city under consideration and their graph is plotted and 
then mean graph is plotted.
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Water Demands:
(i) Domestic Water Demand: 135 to 225 lpcd.
(ii) Institutional and commerical water demand.

(a) School & colleges : 45 to 135 lpcd
� 
D��1HſEGU�����NREF

(c) Restaurants: 70 lpcd
(d) Cinema & theater: 15 lpcd
(e) Hotels:  180 lpcd
(f) Hospitals: When bed < 100 340 lpcd

     When bed > 100    450 lpcd 
(iii) Fire Demand: 1 lpcd

(a) Kuichling’s Formula, Q = 3182 P   l/min
  P = Population in thousands

(b��0CVKQPCN�$QCTF�QH�ſTG�WPFGT�9TKVGTŏU�HQTOWNC

For Population d 2 lakhs, Q = 4,637 P P( )1 0 01− ⋅  l/min
For Population > 2 lakhs, 54600 l/min with an extra additional 
RTQXKUKQP�QH�������VQ���������N�O�HQT��PF�ſTG�

(iv) Water demand for losses and theft: 15% of the total demand.
Per Capita demand (lpcd) =    

Tatal yearly water requirement of the city in litres
365 × Design popullation

Assesment of Normal Variation
(i) Maximum daily demand = 1·8 × Average daily demand

(ii) Maximum hourly demand = 1·5 × Maximum daily demand
(iii) Maximum hourly demand or Peak demand = 2·7 × Average 

daily demand.
(iv) Maximum weekly demand = 1·48 × Average weekly demand
(v) Maximum monthly demand = 1·28 × Average monthly demand

Note: Maximum daily demand + Fire demand = Coincident draft.
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Design capacity of various components of water supply 
scheme.

(i) Source of supply, pipe mains, pumps are to be designed for 
maximum daily.

(ii) Distribution system (sensive reservoir to water taps) for 
maximum hourly.

Strainer type Cavity type Gravel Pack type

Tube wellsOpen wells

Infiltration

gallaries

Infiltration

wells

springs wells

Ground water sourceSurface water source

Natural ponds and Lakes

Streams and Rivers

Impending Reservoirs

Various sources of water for supply

Joint in Water Supply Piping:
(i) Spigot and socket joint: Also known as Bell-spigot joint. Where 

spigot end is inserted into the bell end.
(ii) Collar joint: Recommended for joining R.C.C pipes and asbestos 

cement pipes.
(iii) Expansion joint: Provided at suitable intervals to take 

into account the change in pipe length due to temperature 
variations.

(iv) Flanged joint: Recommended for temporary work where the 
pipe line is to be dismantled after work or to be shifted.

(v) Flexible joint: Where Settlement of pipe line can occur.
(vi) Threaded joint: Recommended for connecting the GI pipes.

(vii) Simplex joint: For joining asbestos cement pipes.
Pipe Appurtenances:

(i) Sluice Valve: Placed at summits, and are provided  to regulate 
the flow of water through the pipe and are essential to divide 
main line into several sections.

(ii) Air Valve: Provided at summits to release air pressure.
(iii) %JGEM�XCNXG�QT�4GƀWZ�XCNXG�QT�0QP�TGVWTPKPI�XCNXG�� Provided

in the pipe line which draws water from the pumps.
(iv) 4GNKGH�XCNXG�QT�EWV�QHH�XCNXG�QT�5CHGV[�XCNXG��Helps in regulating 

the water hammer pressure.
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(v) 5EQWT�8CNXG�QT�$NQY�QHH�XCNXG�QT�&TCKP�XCNXG��Provided at dead 

end of the pipe line.
(vi) Foot Valve: Prevent entry of debris into the pumping system 

and prevent back flow.
(vii) $WVVGTƀ[�8CNXG��Regulate and Stop the flow specially in large 

size conduits.
(viii) Globe Valve: Direction of Flow changes by 90° twice.

(KZ) Ball valvs or Ball Float Valves: Used to maintain constant level 
in a service reservoir or elevated tank.

(Z) Bib Cocks: Used in small sized taps.
(ZK) (KTG�J[FTCPVU��Its an outlet provided in main water line for 

VCRRKPI�YCVGT�KP�ECUG�QH�ſTG�
(ZKK) Water Meter: Device by which quantity of water flowing through 

a particular point is measured. It is of two types.
(a) &KURNCEGOGPV�V[RG�QT�2QUKVKXG�FKURNCEGOGPV�/GVGT� For small flows
(b)�8GNQEKV[�V[RG�QT�+PVGTGPVKCN�OGVGT��For high flows.
Economical diameter of the pumping main:

D = 0 97 1 22. .to( ) Q
D = Economical diameter (in meters)
Q = Discharge to be pumped (in m3/sec)

Lowest
cost

Annual cost

Size of pipe

Economical diameter



9CVGT�KORWTKVKGU�CTG�ENCUUKſGF�CU�RJ[UKECN��EJGOKECN�CPF�DKQNQIKECN�
impurites.

PHYSICAL WATER QUALITY PARAMETER
1. Suspended Solids: These are called as physical parameters 

where as dissolved solids are considered as chemical parameters. 
Inorganic solids are non-biodegradable solids.

Note: Problem of SS comes only in surface water not in ground water. 
Gravimetric SS are calculated by weighing them.
Total solids i.e., all solids (suspended or dissolved). are calculated by 

evaporating the sample and measuring the residue. Heating temperature  
is 104°C.

Dissolved solids (DS) = Total solids (TS) – Suspended solids (SS)

Organic fraction 
600°⎯ →⎯⎯⎯C  CO2 + Water + Other Gases

4GOCKPKPI�UQNKFU�CTG�KPQTICPKE�UQNKNFU�QT�ſZGF�UQNKFU�
2. Turbidity: It is not direct quantitative measure of suspended 

solids.
Measurement of turbidity is done using the following:

• Turbidity rod
• Jackson’s turbidimeter

• Baylis turbidimeter
• Nephelometer

� Ŗ�6WTDKFKV[�YJKEJ�QPG�OKNNKITCO�QH�ſPGN[�FKXKFGF�UKNKEC�RTQFWEGU�
in one litre of distilled water is taken as one unit.

2Quality Parameters of 
Water
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Note: )1+ manual gives turbidity in 067 i.e., Nephelometer turbidity 
unit. Acceptable limit is 1 and cause for rejection is 10.

Turbid raw water of natural source has turbidity greater than 25 ppm.
• Baylis and Nephelometer turbidimeters are based on colour 

metching techniques.
• Baylis turbidity meter light intensity is measured in the 

direction of the incident light only where as in nephelometer 
light intensity is measured at right angles to the incident ray.

NTU is based on Scattering principle.
If Formazine, a chemical, is used as base in place of SiO2. The 

turbidity unit is also sometimes called. FTU

3. Colour
• After suspended matter causing colur is removed by 

centrifugation, the colour botained is called true colour.
• Water containing oxidised iron and magnese impart characteristic 

reddish or black colour. 
• Organic compounds causing colour may exert chlorine demand. 
• Measurement of colour is done by colour matching technique 

(tintometer).
• 1TCU is equal to colour prodiced by 1 mg per litre of platinum 

in the form of chloroplantinate ion.
Acceptable limit is 5 TCU and cause for rejection is 25 TCU.

3. Taste And Odour
• Taste and odour are caused by dissolve gasses
• Algae secretes oily substances that may result in bad taste and 

odour.
• Odour is measured by an instrument known as osmoscope.
• Intensity of taste and odour is measured by Threshold odour 

number(TON).
• TON allowed is between 1 – 3.

• TON = +A B
A  where A 4 mL is the volume of odourous water 

in mL B is the volume of odour free water required to produce 
a mixture in which odour is hardly detectable.
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5. Temperature
An increase in 10qC, doubles the biological acitivity. The temperature 
should be between 10-25qC and greater than 25qC is objectional.

CHEMICAL PROPERTIES OF WATER
1. Total Dissolved Solids (TDS): TDS is made by determining 

the electrical conductivity of water.

� (Electrical conductivity in PMHo/cm at 25qC) × 0.65 = dissolved 
solid content in mg/l.

If we add organic matter.

• Source of Total dissolved solids:
Major source : Na, Ca, Mg, HCO3

–, SO4
2–, Cl–

Minore source : Fe, K, CO3
2–, NO3

–, Fluoride Boron, Silica

Acceptable limit of TDS (mg/l) is 500 and cause for rejection is 2000. 

2.  Alkalinity
Quantity of ions in water that will react to neutralize hydrogen 

ions (H+).

Common constituents of alkalinity are CO3
2–, HCO3

–, OH–.

CO3
2– is carbonate alkalinity, HCO3

– is bicarbonate alkalinity OH–

is ECWUVKE�CNMCNKPKV[�

CO H O H CO2 2 2 3� ! ⇀!!!↽ !!!! ...(i)

H CO H HCO3
+

2 3! ⇀!!!↽ !!!! + −
...(ii)

HCO H CO3
+

3
2− −+! ⇀!!!↽ !!!! ...(iii)

CO H O HCO OH3 2 3
2− − −+ +! ⇀!!!↽ !!!! ...(iv)

If algae is present in water, the water becomes alkaline (pH = 9 to 10).

• Alkalinity measurements are done by titrating the water with 
an acid. It is expressed in terms of mg/l as CaCO3.

• If 0.02 N H2SO4 is used in titration then 1 ml of acid will 
neutralize 1 mg of alkalinity as CaCO3.
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Relative Quantity of Alkalinity Species are pH Dependent.

(Titration curve)

• If P = M all alkalinity is caustic alkalinity.

• If P = M
2

, all alkalinity is carbonate alkalinity

• If P < M
2

, predominant species are carbonate and bicorbonate.

• If P ! M
2

, predominant species are carbonate and Hydroxide.

• If P = 0 total alkalinity is bicarbonate alkalinity.
3. pH
pH = –log10 [H

+]    [H+] is in moles/litre.
pH is measured by potentiometer 
7 – 8.5 is accepetable limit
Methyl orange is an acidic indicator.
Phenophthalein is a basic indicator.

Note: Acidic water causes corrosion and alkaline water causes 
incrustation of pipe.

4. Hardness
Concentration of multivalent metallic cations in solution.

• Hardness can be divided in two parts i.e., carbonate hardness 
and non-carbonate hardness.

• HCO3
– and CO3

2– of calcium and magnesium cause carbonate 
hardness. It is also called temporary hardness.

• Sulphate, chloride and nitrate of calcium and magnesium gives 
permanent hardness. It is also called non-carbonate hardness.
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Amount of Ca2+ and Mg2+ in water is determined by titration with 
varsanate solution (EDTA method). Using Eriochrome Black T (EBT) 
as a in indicator. EBT  forms red colour and titration changes the colour 
to blue .

If [Ca2+] and [Mg2+] is known in mg/litre, total hardness would be 
equal to

Total Hardness = Mg mg/l
eq.wt of Mg

2+⎡⎣ ⎤⎦  × eq. wt. of CaCO3

+ Ca mg/l
eq.wt of Ca

eq wt CaCO
2+[ ]

× . . 3

? Total Hardness = Ca Mg2+⎡⎣ ⎤⎦× + ⎡⎣ ⎤⎦×
+50

20
50
12

2

Alkalinity and Hardness
Acceplable limit of total hardness = 200 mg/l and 
                         Cause for rejection = 600 mg/l
Note : Sodium cation imports pseudo-hardness to water.

5. Chloride Content
Estimated by Mohr’s method in which raw water is titrated with 

standard AgNO3 Solution using K2CrO4 (Potassium chromate) as 
indicator.

6. Nitrogen Content
• It occurs in the form of
(a) Free ammonia  Indicates recent pollution
(b) Organic ammonia (Albuminoid)  indicates quantity of nitrgen 

before decomposition has started
(c) Nitrite  indicates partly decomposed condition
(d) Nitrate  indicates old pollution (fully oxidised)
Free ammonia should not be more than 0.15 mg/l
Organic ammonia should not be more than 0.3mg/l

Free ammonia + organic ammonia = Kjedahl Nitrogen Ammonia
• Nitrite permissible limit is zero.
• Nitrate is not harmful as it is fully osidised. But too much of 

nitret affects infants. Beacuse it caused blue baby disease or 
Mathemoglobineming Nitrate concentration should bot be 
more than 45mg/l
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7. Phosphorus
• It facilitates rapid growith of aquatic plants.
• It interferes with water treatement like chemical coagulation.
8. Fluorides
• Upto 1 mg/l, it helps to prevent dental cavities
• Excess value (greater than 1.5 to 2 ppm) results in decolouration 

of teeth called mottling of teeth. (Infants are affected not adults).
9. Metals
• Ca, K, Na, Fe, Mn, Zn are non-toxic metals.
• Arsenic, Barium, Cadmium, Chromium, Cynide, Lead & 

Mercury are toxic metals.
10. Dissolved Gas
• Ch4 explosive tendency
• H2S bad taste and odour
• CO2 biological activity, imparts bad taste and water becomes 

corrosive
• 6Q�FGVGTOKPG�QZ[IGP�FGſEKGPE[�QH�YCVGT�����UQNWVKQP�-/P1�KU�

exposed to 27ºC for 4 hours and the amount of oxygen absorbed 
is calculated.

Organics
%NCUUKſGF�CU�DKQFGITCFCDNG�CPF�PQP�DKQFGITCFCDNG�QTICPKEU�
(a) Biodegradable
Recation in the presence of oxygen is called aerobic reation and 

reaction in the absence of oxygen is called annaerobic reaction
Amount of oxygen consumed during microbial utilization of organics 

is called BOD (biochmemical Oxdygen demand)
BOD after 5 days at 20ºC is taken as standard BOD.
BOD5 = (Initial Dissolved oxygen – Find dissolved oxygen] ́  Dilution 

factor

Where, Dilution factor = 
finalvolume

Samplevolume
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(b) Non-biodegradble
• These organics decompose so slowly that they are called non-

biodegradable.
• Measurement of non-biodegradable organics is done by COD 

i.e,. chemical oxygen demand and also TOC i.e., total organic 
carbon

Non-biodegradble organic = COD–BODu

BODu = ultimate BOD
• The usual routine tests are generally conducted to detect and 

count the presence of coliforms which in themselves are 
harmless aerobic loctose fermenters organismns.

• Coliform called bacteria coli (B-Coli, E-Coli)
• The tests for coliforms are :

C��/GODTCPEG�ſNVGT�VGEJPKSWG
(b) MPN test (Most Probable Number)
(c) Coliform index
Membrane Filter Technique
• Membrane is put in contact with nutrients (M-endo medium) 

that permits the growth of only Coliform colony. After 
incubation for 20 hrs number of visible colonies are counted. 
No visible colonies should be detectable in any 100 ml sample.

Most Probable Number (by Multiple Tube Fermentation 
Test)
• The presence of acid or Carbon Dioxide in the test tube 

will indicate presence of coliform bacteria.

Thomas equation
MPN/100 ml 

=

Number of positive tube  100
(ml of sample in negative tube

u
))  (ml of sample in all tube)u
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Coliform Index
+V�KU�FGſPGF�CU�VJG�TGEKRTQECN�QH�UOCNNGUV�SWCPVKV[�QH�C�UCORNG�YJKEJ�

will give positive B-coli test MPN and B-Coli index are now obsolete.
Water Borne Diseases
Bacteria – Typhoid fever, Cholera, Dacillary Dysentry etc.,
Virus – Jaundice, Poliomyelitis,
Protozoa –Amoebic dysentry
Nuisance Bacteria : Iron Bacteria, Sulphur Bacteria



• 2NCKP�FKUKPHGEVKQP�KU�UWHſEKGPV�HQT�FTKPMKPI�RWTRQUGU�
• For ground water containing excessive iron, dissolved carbon 

dioxide and odourous gases.

Aeration o Flocculation + Sedimentation o Rapid gravity o
Disinfection o Supply

• If ground water contains only CO2 and odourous gases, aeration 
CPF�FKUKPHGEVKQP�KU�UWHſEKGPV�

• Surface water with turbidity less than 50 NTU
� �2NCKP�5GFKOGPVCVKQP��5NQY�UCPF�ſNVGT��&KUKPHGEVKQP

• Highly polluted surface water laden with algae

Prechloriation + Aeration + Flocculation and Sedimentation + Rapid 
ITCXKV[�ſNVGTCVKQP��&KUKPHGEVKQP�
RQUVEJNQTKPCVKQP���5WRRN[�

Screening
• %NCUUKſGF�CU�%QCTUG�UETGGP�CPF�ſPG�UETGGP�
• In the form of bars spaced at 20 – 100 mm c/c.
• Kept inclined 3-6V : 1 H racking.

Microstrainer
• Usefull for screening stored water, which do not contain a large 

amount of suspended matter.
• Ideal position of micro-strainer is earlier to rapid gravity or 

UNQY�UCPF�ſNVGTU�
Pre-chlorination

• Practice of injecting chlorine into the raw water.
• Fairly high dose of chlorine (2-5 mg/l) is used.
• Kills  algae and bacteria, reduces colour and slime formation.
• In case of clear ground water with high ammonia content, it is effective.
• Most advantageous when GZVTGOGN[�RQNNWVGF�ENGCT�TCY�YCVGT.

3Treatment of Water



TREATMENT OF WATER 9.17
AERATION

• Remove undesirable gases.
• It can also remove volatile liquid like phenols and humic acids.
• It removes iron and manganese. 

4 Fe +O  + 10 H O 4 F e(OH) + 8H  2+
2 2 3

+⎯ →⎯⎯ ↓

2 Mn + O  + 2H 2 MnO + 4H  2+
2 2 2

+⎯ →⎯⎯ ↓

• Increases the acidity of water.

Process of Aeration
(a) Spray nozzle o removes 90% CO2 and 99% H2S.
(b) Cascade aerator o Removes 20 – 45% CO2 and 35% H2S.
(c) Diffused air aerator o Water absorbs oxygen from compressed 

air and colour, odour and taste are removed.
(d) Trickling bed or Tray tower: Fe, Mn
• To help oxidation, KMnO4 may be mixed.

Algal Control
• Fairly alkaline water containing more concentration of nitrates 

and phosphates are prone to algal growth.
• Where organisms are more, a heavier dose of copper sulphate 

(2mg/l) or chlorine (3-5 mg/l) may be necessary.
Ŗ�4CRKF�UCPF�ſNVGTU�TWPPKPI�YKVJQWV�EQCIWNCPVU�

Pre-settlement Basins
Where water reaching main settling basins has suspended solids 

concentration more than 1000 mg/l by dry weight.
SEDIMENTATION

• To remove suspended solids.
Ŗ�%NCUUKſGF�KPVQ�VYQ�ECVGIQTKGU�
(a) Plain sedimentation,
(b) Sedimentation with coagulation
Ŗ�5GFKOGPVCVKQP�VCPMU�CTG�ENCUUKſGF�CU�Quiescent type�
ſNN�CPF�

draw type) and continuous type.
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Quiescent type tank 
• Detention time = 24 hr 
• Period of cleaning = 8-12 hr. Minimum 3 numbers of tank, max. 

daily flow max daily flow = 1.8 × av. daily flow.
• Settling velocity

V
d

S
S w= −( )γ γ

µ

2

18
 ... applicable for Re < 1 (stoke’s law)

d < 0.2 mm
Discrete particle settling not for merging of particle i.e, not used in 

sedimentation with coagulation only for plain sedimentation.

Time of horizontal flow = 
Length of tank
Velocity of flow

 L
Vf

Velocity of flow, Vf = Q
BH

tD = Volume of tank
Discharge

V Q
BLs  Over/flow rate.

• 5WTHCEG�QXGTƀQY�TCVG�ECP�DG�VJQWIJV�QH�CU�UGVVNKPI�XGNQEKV[�QH�VJCV�
particle which if introduced at the top most point at inlet will reach the 
bottom most point at outlet.
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• Percentage removal of these particle will be is given by

h
H

V
V

s

s
= ′

Percentage removal of particle having settling velocity Vsc = V
V

s

s

′ × 100 .

Short Circuiting in Sedimentation Tank
• The deviation of actual flow of tank from the flow pattern of ideal 

tank.
�&KURNCEGOGPV�GHſEKGPE[�
Kd)

      = 
Flow through period actual time needed to cross

Theoretical Detentioon Time
u 100

Tube Settlers
• Settling efficiency of the sedimentation tank is primarily 

dependent upon the surface area of the tank and independent 
of its depth.

• Divide the tank height into compartments, to reduce the depth 
and to provide multiple surface area.

Data for Sedimentation Tanks
• Overflow rate: 15,000 – 30,000 litre/m2/day for plain sedimentation, 

30,000 – 40,000 litre/m2/day for sedimentation with coagulation.
• Detention time is 3-4 hours for plain sedimentation tank and 2-2.5 

hrs for sedimentation with coagulation.
Q × detention time = volume of tank
(Vf) = 0.3 m/minute.
Vf × detention time = length of tank
• Width 10 to 12 m.
• Length
4 times the width.
Maximum daily flow = 1.8 × average daily flow.
• Depth of tank 3 m.
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CIRCULAR SEDIMENTATION TANK
Volume of Circular tank
V = D2 (0.785 H + 0.011D)
Q × td = Volume

over flow rate = Q
Dz 4

4
• Weir loading Rate = Q

Dz

SEDIMENTATION WITH COAGULATION
• #�EQNNQKFCN�FKURGTUKQP�KU�FGſPGF�CU�UVCDNG�YJGP�VJG�FKURGTUKQP�

shows little or no tendency to aggregate.
• Aggregation of colloidal particles requies:

(a) particle destabilisation
(b) agglomeration

• “Zeta potential” is a measure of the stability of particle and 
indicates the potential, which would be required to penetrate 
the layer of ions surrounding the particle for destabilisation.

• The choice of the best coagulant for any particular water Jar
Test.

Mechanism of Coagulation
(a) Ionic Layer Compression: The quantity of ions in water 

surrounding a colloid has an effect on reducing the repulsive force.

(b) Adsorption and Charge Neutralisation: Nature rather than 
quantity of iron is of prime importance.

(c) Sweep Coagulation: The aluminium hydroxide (Al(OH)3)
formed when alum is added to water. Colloids become entrapped in the 
flocs as the flocs settle down. 

(d) Inter Particle Bridging: Large molecules may be formed when 
Al or ferric suphate dissociate in water (like Al7 (OH)17

4+).
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Common Coagulants added in Water
(a) Alum
•  Al2 (SO4)3. 18H2O.

Al SO H O Ca HCO

CaSO Al OH CO H O
P

2 4 3 2 3 2

4 3 2 2

18 3

3 2 6 18

( ) ⋅ +

⎯ →⎯ + ↓ + ↑ +

( )

( )
eermanent ppt Acidity

hardness
.

• Reaction introduces permanent hardness in water and water 
becomes corrosive.

• Narmal dose is 10 – 30 mg/litre of water

• pH 6.5 to 8.5.

?�1 gm of alum gives = 0.234g = 0.24 gm of Al(OH)3 ppt

Alkalinity–Coagulation Relationships
#NMCNKPKV[�KU�UWHſEKGPV�KP�YCVGT��NKPG�=%C
1*�2] or soda ash (Na2CO3)

may be added in water.

(b) Copperas
• FeSO4 · 7H2O
9JGP�NKOG�KU�CFFGF�ſTUV�
FeSO H O Ca OH

CaSO Fe OH H O
Soluble in water

4 2 2

4 2 2

7

7

⋅ +

⎯ →⎯ + +

( )

( )

CQRRGTCU�KU�CFFGF�ſTUV�
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FeSO H O Ca HCO

Fe HCO CaSO H O
3

3

4 2 2

2 4 2

7

7

⋅ +

⎯ →⎯ + +
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

( )

( )

Fe(HCO ) + 2Ca OH
Fe OH CaCO H O

3 2 2

2 3 22 2
( )

( )
⎯ →⎯

+ +
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

Fe OH O H O Fe OH
PPt

( ) ( )2 2 2 3+ + ⎯ →⎯ ↓

• pH : 8.5 and above
• Quantity 10 – 30 mg/litre
(c) Chlorinated Copperas
3 7 3 2 214 2 2 4 3 3 2FeSO H O Cl Fe SO FeCl H O

Ferric sulphate Ferr
⋅ + ⎯ →⎯ + +( )

iic chloride

• Works in large pH range.
• Chlorinated copperas with lime

Fe SO 3Ca OH 3CaSO +2Fe OH

FeCl Ca OH CaC
2 4 4( ) ( ) ( )

( )
3 2 3

3 23 3

+ ⎯ →⎯ ↓

+ ⎯ →⎯ ll Fe OH2 33+ ↓

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥( )

(d) Sodium Aluminate [Na2 (Al2O4)]

Na Al O Ca HCO Ca Al O Na CO CO H O

Na Al O C
2 3 2 2 22 4 2 4 2 3 2

2 2 4

+ ⎯ →⎯ ↓+ + ↑+

+

( ) ( )

aaCl Ca Al O NaCl

Na Al O CaSO Ca Al O Na S
4

2

2 2 2

2 4 4 2 4 2 2

2⎯ →⎯ ↓+

+ ⎯ →⎯ ↓+

( )

( ) OO4

• Reduces the temporary and permanent hardness.
• Costlier than alum.
• pH range is 6 – 8.5.
(e) Lime where phosphorus removal is desired.

10 6 24
3

10 4 5 2Ca PO OH Ca PO OH
pp

pH above 9.5++ − −+ + ⎯ →⎯⎯⎯⎯← ⎯⎯⎯⎯⎯ ( ) ( )
( tt)
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Coagulation Aids
Finally divided clay, bentonites and activated carbon.
1. High Turbidity Low, Alkalinity of Water
Lowo doses of cagulants
2. High Turbidity – High, Alkalinity of Water
Higher coagulant dosage
3. Low Turbidity – High, Alkalinity of Water
High coagulant dosages
4. Low Turbidity – Low Alkalinity Water
Add both turbidity and alkalinity

MIXING
Mechanical Mixer

Raw water

inlet

Deflecting wall

Wash out drain

Fan

Vertical shaft

Outlet

Coagulant

inlet

Driving

unit

Flash mixer

• Termporal mean velocity gradient (G). 
V

1
V

2

x

G
V V

x
f P

V
= − = ⎛

⎝⎜
⎞
⎠⎟

2 1 , µ
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• Unit of G is sec–1

G P
V

=
µ

where, P is power in watts

� P is dynamic viscosity

V is volume of tank in m3

• Detention time 30 to 60 seconds.

• G is kept 300 per second or more.

FLOCCULATION
Slow mixing or agitation process in which destabilized colloidal 

particles are brought into intimate contact.
• Gtd = It is the measure of conjugation opportunity.
• Gtd adopted for alum is (2 – 6) × 104 for FeCl3 is (1 – 1.5) × 105.
• Larger G and Smaller td will make Small and dense floc.
• Smaller G and larger td will make large and light floc.

Calculation of G

Power = FD × Vr

Vr = VP – VW

FD = C P Ap VD W r
2

2

G
C P A V

V
D W P r=

3

2µ
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Design Criteria
• Depth of tank 3 to 5 m.

• Detention time taken is 10 – 30 min.

• Peripheral velocity (Vp) 0.2 – 0.6 meter per sec.

• Gtd adopted is 10,000 – 100,000.

FILTRATION
• Effective in controlling guinea worm disease.

Ŗ�(KNVGTU�CTG�ENCUUKſGF�CU�

(a��5NQY�UCPF�ſNVGT

(b��4CRKF�UCPF�ſNVGT

(c��2TGUUWTG�ſNVGT�

Theory of Filtration
(a) Mechanical Straining:
Particles are removed in  upper layers.

(b) Sedimentation: 2CTVKENGU� ſPGT� VJCP� XQKFU� CTG� TGOQXGF� D[�
sedimentation.

(c) Biological Metabolism: 6JTGG�\QPGU�QH�RWTKſECVKQP�
• The surface coating is known as “schmutzdecke”.
• The ‘autotropic’ zone existing a few millimeters.
• The “heterotrophic” zone, which extends around 300 mm into 

the bed.
(d) Electrolytic Changes
Ŗ�5CPF� ITCKPU� KP� ſNVGT� CPF� KORWTKVKGU� KP�YCVGT� ECTT[� QRRQUKVG�

charges. Thus because of their interaction, chemical characteristics of 
water changes and it becomes pure.



9.26 CIVIL ENGINEERING

SLOW SAND FILTER

Gravel
Sand

Raw water

Telescopic

outlet

Heat loss of

fitter head

Measuring

water

Main

collector

Inlet chamber

Inlet valve

for

raw water

Section at end

Section at center to supply reservoir

• 7PVKNK\GU�VJG�GHƀWGPV�HTQO�RNCKP�UGFKOGPVCVKQP�VCPM�QPN[��

• Depth of tank is 2.5 to 3.5m.

• Plan are required is 100 – 2000 m2.

• D10�
QH�ſNVGT�OGFKWO��������Ō�����OO�

•
D
D

60

10
5 

• Depth of sand is 90 – 110 cm | 1 m.

Ŗ�6QR����EO�QH�UCPF�NC[GT�YQWNF�DG�ſPGT�

Top layer size — 3 — 6 mm

Middle layer — 20 — 40 mm

Bottom layer — 40 — 65 mm

Ŗ�&GUKIP�RGTKQF�QH�UNQY�UCPF�ſNVGT�KU����[GCTU�

Cleaning of Filter
• Top layer of sand is scraped and 1.5 to 3 cm of sand is removed
• Frequency of cleaning is 1 – 3 months.

� Ŗ� 4CVG�QH�ſNVTCVKQP�KU����Ō����N�JT�O2�QH�ſNVGT�CTGC�
• Bacteria removal is 97-98%.
• Filter cannot be used if turbidity is greater than 50 ppm.
• Used for smaller plants in villages.
• Designed for maximum daily demand.
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RAPID GRAVITY FILTER

• Particle more than and less than 1 vO�FKC�CTG�GHſEKGPVN[�TGOQXGF�
• Removes suspended and colloidal matter.
• Remove microorganisms.

Gravel

Sand

Air

compressor

unit

Water level while

filtering

Wash water troughs

Water

W
a
s
h
 w

a
te

r 
p
ip

e

A
ir
 p

ip
e

Influent 1

2

4
3 Filter rate

controller

Lateral

drains

Wash water

rate controller

6

5In
le

t 
c
h
a
m

b
e
r

Seal

Wash

water

drain

Filtered water

storage tank

Wash water storage

tank

Back Washing
• Process takes 15 minutes
• Washing period is 24 – 48 hrs.
• Rate of washing is 15 to 90  cm rise per minutes
• Area of tank is 10 – 100 m2/unit
• Number of units required

   n = 1 22. Q , Q is plant capacity in MLD.
• Sand layer is 60 – 75 cm deep and D10 of sand is 0.45 – 0.7 mm.
• Depth of water over sand layer = 1 – 2m.
• Length/width = 1.25 to 1.33.
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•
D
D

60

10
1 3 1 7 . .to

• Max. loss of head = 2.5 to 3.0 meters.
(NQY�TCVG�KP�TCRKF�ITCXKV[�ſNVGT������O�JT
? Head loss during back wash h

h
L n s w

w
= × − −( )( )1 γ γ

γ

For the expanded length of bed.

h
L nex ex s w

w
= − −( )( )1 γ γ

γ

Porosity in the expanded condition 

n
V
Vex

B

t
= ⎛
⎝
⎜

⎞
⎠
⎟

0 22.

VB = Back wash velocity o 45 cm/min
Vt = Terminal settling velocity of the particle
Operational Troubles in Rapid Sand Filter
(a) Air binding
(b) Mud balls formations

E��%TCEMKPI�QH�ſNVGT
4CRKF�UCPF�ſNVGT�KU�JKIJN[�GHſEKGPV�KP�EQNQWT�TGOQXCN�YJGP�WUGF�YKVJ�

EQCIWNCVKQP�UGFKOGPVCVKQP��'HſEKGPE[�Y�T�V��DCEVGTKC�TGOQXCN�KU����Ō�����

DUAL MEDIA FILTER AND MUTLI MEDIA FILTERS
Larger anthracite grain (Sp. gr. 1.55) is provided is 30 – 60 cm depth 

QH�ſNVGT�OGFKC�CPF�DGNQY�VJKU�UOCNNGT�UCPF�ITCKP�
5R��IT��������KU�RTQXKFGF�
• Multi Media Filters (MMFS)
7UG�VJTGG�QT�OQTG�OCVGTKCNU�HQT�ſNVGT�NC[GTU�
/WNVK�OGFKC�ſNVGTU�CTG�KORTQXGF�FWCN�OGFKC�ſNVGTU��YKVJ�KPETGCUGF�

ſNVGT�TWP�VKOGU�CPF�DGVVGT�YCVGT�SWCNKV[�
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PRESSURE FILTERS

• Diameter of the tank is 1.5 – 3.0 m.
• Height or length is 3.5 to 8.0 m.
�Ŗ�4CVG�QH�ſNVTCVKQP������Ō�������NKV�O2/hr.
• Used for clarifying softened water at industial plants.

DISINFECTION
• Process of destruction or inactivation of harmful micro-organism 

in water either by physical process or chemical process.
• Sterilization process, all organism are killed by a physical 

phenomenon.

1. Minor Methods
(a) Treatment with excess lime : 14 – 40 ppm
(b) Treatment with ozone : 2-3 ppm
• Residual ozone is measured by orthotolidine test.
• +V�KU�NGUU�GHſEKGPV�VJCP�EJNQTKPG�KP�MKNNKPI�DCEVGTKC�
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(c) Treatment with F and Br
      In the form of pills.
(d ) Treatment with KMnO4

• KMnO4 is mixed with water in a bucket and added to well. Pink 
colour forms because of this. If pink colour disappears, this implies that 
organic matter is present. 

Major Methods
(a) Chlorination

CI  + H2 2O HOCI HCI

HOCl

pH

hypochlorous
acid

Unsta

> +5! ⇀!!!!↽ !!!!!

bble hence
break downt
at higher pH

pH

pH
H OCI>

<
+ −+8

7
! ⇀!!!!↽ !!!!!

HOCI is most destructive. It is 80% more effective the OCI– ion.

NH HOCI NH Cl H O

NH Cl HOCl NH H

pH

pH
3

7 5
2 2

2
5 6 5

2

+ ⎯ →⎯⎯⎯ +

+ ⎯ →⎯⎯⎯⎯ +

>

−

.

( . )
22

2
4 4

3 2

5 6 5

4 5

O PH

NHCl HOCl NCl H O PHpH

, ( . )

, ..

−

+ ⎯ →⎯⎯⎯ + <<
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Forms in which Chlorine is Added
(a) As free chlorine (liquid or gaseous form)
(b) Hypochlorites (Bleaching powder)
(c) Chloramines (ammonia + chlorine)
(d) Chlorine dioxide (CIO2)
Types of Chlorination 
(a) Plain chlorination
• turbity b/w 20-30 mg/l
• Dose is 0.5 mg/l
(b) Pre Chlorination
• %JNQTKPG�KU�CFFGF�DGHQTG�ſNVTCVKQP�QT�TCVJGT�DGHQTG�UGFKOGPVCVKQP�

and coagulation
• Doses required 0.1 to 0.5 mg/l
(c) Post Chlorination
• Dose of 0.1 to 0.2 mg/lit contract period of 20 min.
(d) Double Chlorination
• Prechlorination and post-chlorination combinedly.
(e) Breakpoint Chlorination

• Chlorine residue is tested by DPD test
• Chlorine is added beyond break point to ensure a residual of 

0.2 – 0.3 mg/litre as free chlorine
• The difference of applied chlorine and residual chlorine beyond 

break point is called chlorine demand of water.
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(f) Super Chlorination
• Excess chlorine (5 to 15 mg/l) is added in water during epidemic
• Dechlorinating agents are :
Sodium thiosulphate (Na2S2O3) - cheapest of all
Activated carbon
Sulphur dioxide (SO2)

Testing of Chlorine Residue
(a) Orthotolidence test
(b) DPD test
(c) Chlorotex test
(d) Starch iodide test

WATER SOFTENING
Removal of Temporary Hardness
By simple boiling

Ca HCO CaCO H O COHeated

ppt
3 3 2 2( )⎯ →⎯⎯⎯ ↓ + + ↑

.

by addition of lime.

MgCO Ca OH Mg OH CaCO

M

Hydrated e
3 2 2 3             

 
+ ( ) ⎯ →⎯ ( ) ↓ + ↓

lim

gg HCO Ca OH Ca HCO Mg OH

Ca HCO Ca OH

3 2 2 3 2 2

3 2 2

( ) + ( ) ⎯ →⎯ ( ) + ( ) ↓

( ) + ( ) ⎯ →⎯ 22 23 2CaCO H O↓ +

I mole of MgCO3 requires 1 mole of hydrated lime, whereas 1 mole 
of Mg(HCO3)2 requires 2 moles of lime.
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Removal of Permanent Hardness (Water Softening)
1. Lime Soda Process

Ca HCO Ca OH CaCO H O

Mg HCO Ca OH Ca

3 2 2 3 2

3 2 2

2 2( ) + ( ) ⎯ →⎯ ↓ +

+ ( ) ⎯ →⎯

   

 ( ) HHCO Mg OH

MgCO Ca OH Mg OH CaCO

3 2 2

3 2 2 3

( ) + ( ) ↓

+ ( ) ⎯ →⎯ ( ) ↓ +           ↓↓

Mg

Cl

SO

NO

Ca OH Mg OH Ca2
4

2

3

2 2
2

2

2

+

−

−

−

++ + ( ) ⎯ →⎯ ( ) ↓ + +

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎫

⎬
⎪⎪

⎭
⎪
⎪

22

2
4

2

3

Cl

SO

NO

−

−

−

Further

CaCl Na CO CaCO NaCl

CaSO Na CO C
2 2 3 3

4 2 3

2+ ⎯ →⎯ ↓ +

+ ⎯ →⎯

        

       aaCO Na SO

Ca NO Na CO CaCO NaNO

3 2 4

3 2 2 3 3 32

↓ +

( ) + ⎯ →⎯ ↓ +

Lastly

CO Ca CH CaCO H O2 2 3 2+ ( ) ⎯ →⎯ ↓ +

Optimum pH for CaCO3 precipitation by lime addition is from 9 – 
9.5 and for Mg(OH)2 precipitation is 11.0.
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2. Base Exchange Process (Cation Exchange Process)
Zeolite is a natural or synthetic cation

Zeolite Na O Al O xSiO yH O green sand

NaZ
Ca
Mg

HCO

→

+

−
2 2 3 3 2

3

 ⋅ ⋅ ⋅     ( )

SSO

CI

Na

HCO

SO

CI

Ca
Mg

Z4
2

3

4
2−

−

−

−

−

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎯ →⎯ +

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎫

⎬
⎪⎪

⎭
⎪
⎪

• Water will have zero hardness.
• Regeneration from CaZ2 and Na Z
Ca
Na

Z NaCl Na Z
Ca
Mg

Cl+ ⎯ →⎯ +⎧
⎨
⎩

⎫
⎬
⎭

2 2 2

3. Demineralization Process
Removes all the minerals in water.
1st stage

Ca HCO H R CaR H O CO

CaCl H R CaR HCl

3 2 2 2 2

2 2

2 2

2

( ) + → + +

+ → +                         

                 MgSO H R MgR H SO

NaCl H R N
4 2 2 4

22

+ → +

+ → aa R HCl2 2+

⎧

⎨

⎪
⎪⎪

⎩

⎪
⎪
⎪

2nd stage

ROH HCl RCl H O
anion exchange re

+ ⎯ →⎯
⎧
⎨
⎪

⎩⎪
+

↓
       

          sin

2
↓↓
Exhausted anion
exchange re

 
 sin
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R HCl H R
Ca
Mg
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⎬
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+ → +

⎫
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↓
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↓
Exhausted C E R

C E R
. .

. .
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2 2 22 3 2 2RCl Na CO ROH NaCl CO H O+ → + + +
                            

      
↓ ↓

Exhausted A E R A E R. . . .

Minor Treatments
(a) With activated carbon
(b) Treatment with Copper Sulphate (CaSO4.7H2O)
(c) Removal of Iron and Maganese
(d) Fluoridation (Addition of Fluroine)

G��&GƀWQTKFCVKQP�
4GOQXCN�QH�(NWQTKPG�
(i) Absorption by activated alumina (AA), commonly known as 

Prashanti Technology.
(ii) Nalgonda technique.
(iii) Ion exchange adsorption method.
(iv) Reverse osmosis process.
(f) Desalination
(h) Removal of Toxic Metals



METHOD OF DISTRIBUTION
(i) Gravitational system          (ii) Direct pumping
(iii) Combined system

System of Supply
(i) Continuous supply              (ii) Intermittent supply

LAYOUTS OF DISTRIBUTION SYSTEM
• Pipes except the service connections are usually made of cast 

iron with some type of coating to avoid rusting where as for service 
connections galvanised iron pipes are used.

(i) Dead end or tree system     (ii) Grid system or reticular system
(iii) Ring or circular system    (iv) Radial system
Dead End System
Also known as tree system.

B B B B

B

B

BBB

B

B CV
CV

SM

SM
CV

SM

SM

CV

M - Main pipe
SM - Sum main

B - Branch pipe
CV - Cut off valve

4Distribution System
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• Water can reach at a particular point only through one route.

• Many dead ends which prevent tree cirxculation of water.

• Stagnant water has to removed periodically to providing score 
values

Grid System
• Also known as reticular system.

Ŗ�#V�VJG�VKOG�QH�ſTG��YCVGT�ECP�DG�FKXGTVGF�VQ�VJG�CHHGEVGF�CTGC�D[�
closing cut-off valves of other area.

Ŗ�&GUKIP�KU�C�DKV�FKHſEWNV�
Requires more length of pipe lines and a large number of sluice valve.
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Ring System 

SMSM

SM

SM

SM

SM

SM

M

M M

M

M M

Main pipe

Cut off

valves

Sub mains

• Also known as circular system.
• Consists of a main pipe all round the area.
Radial System

This method gives higher service head and efficient water 
distribution.
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DETECTION OF LEAKAGE IN DISTRIBUTION SYSTEM

(i) By direct observations.
(ii) By using sounding rod: Stethoscope type instrument is used, 

also called aquaphone or a sonoscope.
(iii) By plotting hydraulic gradient line and
(iv) By using waste detecting meters.

PRESSURE IN THE DISTRIBUTION SYSTEM
Single storey buildings – 7m above ground level.
Two storey buildings – 12 m above ground level.
Three storey buildings – 17 m above ground level.

ANALYSIS OF NETWORK OF PIPES
• The Hazen– Williams is mostly used for computation of flow 

through pipes and following, two methods are used for analysis:
(i) Equivalent pipe method.
(ii) Hardy cross method.

Equivalent Pipe Method
• In this method different small loops are replaced by an imaginary 

single equivalent pipes having same discharge capacities and causing 
same head loss.

• Used in solving large network of pipes.

Hardy-Cross Method
A distribution of flow in the network is assumed and resulting head losses 
CTG�DCNCPEGF��+P�RKRG�PGVYQTM�HQNNQYKPI�VYQ�EQPFKVKQPU�CTG�VQ�DG�UCVKUſGF�

(i) The algebraic sum of the pressure drops around a closed loop 
must be zero.

(ii) The flow entering a juntion must be equal to the flow leaving 
the same junction

Loss of head is hf = rQn.
Steps
• Assume flow in each pipe satisfying continuity eq.
• Take clockwise flow as (+) ve
   Anti clockwise flow as (–) ve



9.40 CIVIL ENGINEERING

Ŗ�/QFKſECVKQP�KP�FKUEJCTIG�'Q = 
−( )

−
Σ

Σ
rQ

rnQ

n

n 1 .
• 'Q is added algebrically.

APPURTENANCES IN PLUMBING SYSTEM
1. Ferrules
2. Goose Neck
3. Service Pipe
4. Stop Cock
5. Water Meter
There are two types of meters
(i) Velocity or inferential meters
(ii) Positive or displacement meters
Velocity or Inferential Meters : Measure the horizontal velocity
Measure large Àow : Positive or Displacement Meters
They work by the Àow of water causing a piston to reciprocate within 

a cylinder
Design of Balancing Reservoir
(a) Mass Curve Method
A mass diagram is the plot of accumulated suppy or demand versus 

time.

Time in houre0

Demand curve

Max"

ordinate = (A)

Supply curve

(continuous at

constant rate)

Max"

ordinate (B)

Total storage required

= A + B
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(Continuous supply)
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A

Demand

curve

Supply curve

Pumping
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Total storage required

= A + B

(Limited hour supply)

A Supply

B

4

3

Water
getting
stored

Water
getting

depleted

Water
getting
stored

Time 24 hrs1

2
A

Demand

5

Cumulative
demand or
supply

From (2 – 4) o Demand rate > Supply rate
� o Water getting depleted.
From (4 – 5 – 1 – 2) o Demand rate < Supply rate
� o Water getting stored.
From (4 – 5) o accumulation = B
From (1 – 2) o accumulation = A
From (2 – 3) o depletion = A
From (3 – 4) o depletion = B
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� Max. water that would be stored = A + B  (i.e., From 4 – 2)
� Max. water that would be depleted = A + B (i.e., From 2 – 4).
(b) Analytical method: In this mehtod cumulative hourly demand 

and cumulative hourly supply are tabulated for all 24 hours.



Ŗ�%NCUUKſGF�CU�KPFWUVTKCN�YCUVG�YCVGT�QT�OWPKEKRCN�YCUVG�YCVGT�

Important Waste Water Contaminants

Sl.No. Contaminant Source Environmental
UKIPKſECPEG

�� 5WURGPFGF�UQNKFU &QOGUV KE � WUG ��
KPFWUVTKCN�YCUVGU

%CWUG�UNWFIG�FGRQUKVU�CPF�
CPCGTQDKE� EQPFKVKQP� KP�
CSWCVKE�GPXKTQPOGPV

�� $KQFGITCFCDNG�
QTICPKEU

&QOGUV KE � WUG ��
KPFWUVTKCN�YCUVG

%CWUG� DKQNQIKECN� FGITCFC�
VKQP

�� 2CVJQIGPU &QOGUVKE�YCVGT 6TCPUOKV� EQOOWPKECDNG�
FKUGCUGU

�� 0WVTKGPVU &QOGU V K E � CPF�
KPFWUVTKCN�YCUVG

%CWUG�GPVTQRJKECVKQP

�� 4GHTCEVQT[�
QTICPKEU

+PFWUVTKCN�YCUVG %CWUG� VCUVG� CPF� QFQWT�
RTQDNGOU

Physical Characteristics
Turbidity: 0QTOCNN[�VWTDKF�
Colour:
Ŗ�(TGUJ�YCUVG�YCVGT�KU�ITC[�QT�NKIJV�DTQYP�CPF�CU�QTICPKE�EQORQWPFU�

CTG�DTQMGP�FQYP�D[�DCEVGTKC��VJG�FKUUQNXGF�QZ[IGP�KP�VJG�YCUVG�YCVGT�
KU�TGFWEGF�VQ�\GTQ�CPF�EQNQWT�EJCPIGU�VQ�DNCEM�

Odour:
Ŗ�%CWUGF� D[� ICUGU� RTQFWEGF� D[� VJG� CPCGTQDKE� FGEQORQUKVKQP� QH�

QTICPKE�OCVVGT�

Temperature:
#XGTCIG�VGORGTCVWTGU�QH�UGYCIG�KP�+PFKC�KU���u%�

5Waste Water
Characteristics
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Chemical Characteristics

• Suspended solids, are those which remain floating in water.
Ŗ�&KUUQNXGF�UQNKFU�CTG�VJQUG�YJKEJ�FKUUQNXG�KP�YCUVG�YCVGT�
Ŗ�%QNNQKFCN� UQNKFU� CTG� ſPGN[� FKXKFGF� UQNKFU� TGOCKPKPI� GKVJGT� KP�

UWURGPUKQP�QT�KP�UQNWVKQP�
Ŗ�5GVVNGCDNG�UQNKFU�CTG� VJCV�RQTVKQP�QH� UQNKF�OCVVGT�YJKEJ�UGVVNGU�

QWV��KH�VJG�YCUVG�YCVGT�KU�CNNQYGF�VQ�TGOCKP�WPFKUVWTDGF�HQT�C�RGTKQF�QH�
��JQWTU�KP�KOJQHH�EQPG�

50
40

30

20
10

Conical

glass
vessel

1 Litre

Imhoff cone

2. pH Value 
Ŗ�6JG�CNMCNKPKV[�QH�HTGUJ�YCUVG�YCVGT�UCORNG�KU�CNMCNKPG�DWV�CU�VKOG�

RCUUGU�KV�DGEQOGU�CEKFKE�
3. Chloride Content
Ŗ�0QTOCN�EJNQTKFG�EQPVGPV�QH�FQOGUVKE�YCUVG�YCVGT�KU�����OI�N�
Ŗ�/GCUWTGF�D[�VKVTCVKPI�VJG�UCORNG�QH�YCUVG�YCVGT�YKVJ�UVCPFCTF�

UKNXGT�PKVTCVG�UQNWVKQP��WUKPI�RQVCUUKWO�EJTQOCVG�CU�CP�KPFKECVQT�
4. Nitrogen Content

C��(TGG�COOQPKC�QT�COOQPKC�PKVTQIGP�
KPFKECVGU�TGEGPV�RQNNWVKQP��

D��#NDWOKPQKF�PKVTQIGP�QT�QTICPKE�PKVTQIGP�
KPFKECVGU�SWCPVKV[�QH�

PKVTQIGP�DGHQTG�FGEQORQUKVKQP�JCU�UVCTVGF��

E��0KVTKVGU�
KPFKECVGU�RCTVN[�FGEQORQUGF�EQPFKVKQP��

F��0KVTCVGU�=KPFKECVGU�QNF�RQNNWVKQP�
HWNN[�QZKFKUGF���
5. Presence of Fats, Oils and Greases
Ŗ�&GVGTOKPGF�D[�GXCRQTCVKPI�KV�CPF�VJGP�OKZKPI�VJG�TGUKFWCN�UQNKFU�

NGHV��YKVJ�GVJGT�
JGZCPG���
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6. Sulphides, Sulphates and Hydrogen Sulphide Gas
Ŗ�(QTOGF�FWG�VQ�VJG�FGEQORQUKVKQP�QH�XCTKQWU�UWNRJWT�EQPVCKPKPI�

UWDUVCPEGU�
7. Dissolved Oxygen
Ŗ�6GORGTCVWTG�QH�UGYCIG�KU�OQTG��VJCP�&�1��EQPVGPV�YKNN�DG�NGUU��

/CZ�SWCPVKV[�QH�&�1��VJCV�ECP�TGOCKP�OKZGF�KP�YCVGT�CV�C�RCTVKEWNCT�
VGORGTCVWTG�KU�ECNNGF�Saturation Dissolved Oxygen.

Ŗ�&�1��EQPVGPV�QH�YCUVG�YCVGT�KU�FGVGTOKPF�D[�VJG�Winkler’s Method.

8. Chemical Oxygen Demand (COD)
Ŗ�/GCUWTG� VJG� EQPVGPV� QH� QTICPKE�OCVVGT� QH�YCUVG�YCVGT�� DQVJ�

DKQFGITCFCDNG�CPF�PQP�DKQFGITCFCDNG�
Ŗ�/GCUWTGF�D[�WUKPI�C�UVTQPI�EJGOKECN�QZKFKUKPI�CIGPV�KP�CP�CEKFKE�

OGFKWO�
Ŗ�%1&�$1&5����0QPDKQFGITCFCDNG�QTICPKEU�
9. Theoretical Oxygen Demand (ThOD)
(QT�OQUV�RTCEVKECN�ECUGU��%1&���6J1&�
VCMGP�
*QYGXGT��IGPGTCNN[
6J1&� �%1&� �$1&� �61%
10. Total Organic Carbon (TOC)
/GVJQF�QH�GZRTGUUKPI�VJG�QTICPKE�OCVVGT�KP�VGTOU�QH�ECTDQP�EQPVGPV��

Bio-chemical Oxygen Demand
/GCUWTG� QH� VJG� SWCPVKV[� QH� QZ[IGP� TGSWKTGF� HQT� QZKFCVKQP� QH�

DKQ�FGITCFCDNG� QTICPKE�OCVVGT� RTGUGPV� KP�YCVGT� UCORNG� D[� CGTQDKE�
DKQEJGOKECN�CEVKQP�

1Z[IGP�FGOCPF�QH�YCUVG�YCVGT�KU�GZGTVGF�D[�VJTGG�ENCUUGU�QH�OCVGTKCNU�

C��%CTDQPCEGQWU�QTICPKE�OCVGTKCNU�

D��1ZKFKUCDNG�PKVTQIGP�

E��%JGOKECN�TGFWEKPI�EQORQWPFU�
$1&�QT�$1&5���&�1��EQPUWOGF�KP�VJG�VGUV�D[�FKNWVGF�UCORNG

× Vol. of the diluted sample
Vol. of the undiluted  sewage saample

⎡
⎣
⎢

⎤
⎦
⎥

Note: 5CORNG�KU�FKNWVGF�YKVJ�FKNWVKQP�YCVGT�UQ�VJCV�UWHſEKGPV�QZ[IGP�
KU�CXCKNCDNG�FWTKPI�VJG�KPEWDCVKQP�RGTKQF�QH���FC[U�



9.46 &එඞඑඔ�(ඖඏඑඖඍඍකඑඖඏ

0KVTKſECVKQP�DCEVGTKC�CTG�CWVQVTQRJU��%CTDQPCEGQWU�OCVVGT�QZKFKUKPI�
DCEVGTKC�CTG�JGVTQVTQRGU�

Reaction Kinetics 1st order Reaction

LV���COQWPV�QH�QTICPKE�OCVVGT�RTGUGPV�CV�VKOG�V

dL
dt

kLt
t= −

L L et
kt= −

0

L Lt
k tD= −

010
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BOD Lt
k tD= − −

0 1 10( )

7PKV�QH�MD�KU�KP�VGTOU�QH�RGT�FC[�CPF�KV�KU�VGORGTCVWTG�FGRGPFGPV�

k k
D D

T

T( )
[ . ]

° °
= − °

20
1 047 20


8CPVJQHH�#TTJGPKWU�GSWCVKQP�

MD�KU�CNUQ�UQOGVKOGU�ECNNGF�FGQZ[IGPCVKQP�EQPUVCPV�

$1&�HQT�OWPKEKRCN�UGYCIG�KU�����Ō�����OI�N�
'UVKOCVKQP�QH�MD

k
A
B

per dayD = 2 61.  
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Population Equivalent
#XGTCIG�UVCPFCTF�$1&�QH�FQOGUVKE�UGYCIG�KU����IOU�RGT�RGTUQP�

RGT�FC[�

Relative Stability (S)

S
O available in treated effluent

Total O required for Ist
= 2

2

    
         stage BOD i e BOD ultimate( . . )

S t t= − ( ) = −100 1 0 794 100 1 0 6320 37[ . ] [ ( . ) ]

Note: #� TGRTGUGPVCVKXG� UCORNG� HTQO�C� RQKPV�YJGTG� VWTDWNGPEG� KU�
VJTQWIJN[�OKZKPI�WR�VJG�UGYCIG�KU�ECNNGF�ITCD�UCORNG�
6JG�UGGFGF�YCVGT�KU�VJG�YCVGT�YKVJ�UGGFKIP�QH�OKZGF�DCEVGTKCN�EWNVWTG�

BOD
D D B B P

P5
1 2 1 2 1

=
−( ) − −( ) −( )

YJGTG��&1���&1�QH�FKNWVGF�UCORNG�KOOGFKCVGN[�CHVGT�FKNWVKQP�OI�N
D2���&1�QH�FKNWVGF�UCORNG�CHVGT���FC[U�
����JQWTU��I�N
B1���&1�QH�UGGFGF�EQPVTQN�UCORNG�DGHQTG�KPEWDCVKQP��OI�N
B2���&1�QH�UGGFGF�EQPVTQN�UCORNG�CHVGT���FC[U�KPEWDCVKQP��OI�N
2���&GEKOCN�XQNWOGVTKE�HTCEVKQP�QH�UCORNG�WUGF
��8QNWOOG�QH�WPFKNWVGF�UCORNG�XQNWOG�QH�FKNWVGF�UCORNG



BIS Standard for Disposal of Sewage

Parameter Domestic sewage 
If discharge into 

surface water source

Industrial sewage**
Surface
water

Public
sewer

$1&5 ���OI�N ���OI�N ����OI�N

R* — ���Ō��� ���Ō���

5WURGPFGF�UQNKFU ���OI�N ����OI�N� ����OI�ON

2JGPQNKE�
EQORQWPFU

— ��OI�N ��OI�N

%[CPKFGU — ����OI�N ��OI�N

* 5WRGPFGF� QTICPKE�OCVVGT� EQPVCKPU� NGUV� ECTDQP� UQ� TGNCZCVKQP� KP�
PQTOU�

� ��� %QPVCKPU� TGHCEVQT[� QTICPKEU��YJKEJ� TGVCPF�DCEMXCN� RTQEGUU�JGTG�
KPFWUVKCN�UGYCIG�PQV�OKZGF�FKTGEVN[�KPVQ�RWDNKE�UGYGT�

/GEJCPKUO�QH�5GNH�2WTKſECVKQP
1. Dilution and Dispersion
+V�KU�PQV�C�UGNH�RWTKſECVKQP�OGVJQF�

C C Q C Q
Q Qmix

s S R R

S R
= +

+

Cs���%QPEGPVTCVKQP�QH�OCVGTKCN�QH�UGYCIG
CR���%QPEGPVTCVKQP�QH�UCOG�OCVGTKCN�KP�TKXGT
QS�CPF�3R�CTG�FKUEJCTIGU�QH�UGYCIG�CPF�TKXGT�
2. Sedimentation
Ŗ�6JG�UWURGPFGF�UQNKF�KP�VJG�UGYCIG�YKNN�UGVVNG�FQYP�CV�VJG�DQVVQO�

QH�VJG�TKXGT�CPF�KP�FWG�EQWTUG�VJG[�YKNN�DG�UVCDKNK\GF�

6Disposal of Sewage
Waste
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3. Sunlight
Ŗ�&WG�VQ�UWPNKIJV��KP�VJG�RTQEGUU�QH�RJQVQU[PVJGKU��QZ[IGP�KU�TGNGCUGF�
4. Oxidation
Ŗ�1ZKFCVKQP�QH�QTICPKE�OCVVGT�QEEWTU�FWG�VQ�QZ[IGP�OKZGF�KP�VJG�

TKXGT�YCVGT�
5. Reduction
Ŗ�$[�J[FTQN[UKU� QH� QTICPKE�OCVVGTU� UGVVNGF� CV� VJG� DQVVQO�GKVJGT�

EJGOKECNN[�QT�DKQNQIKECNN[��VJG�QTICPKE�OCVVGTU�CTG�UVCDKNK\GF�
Zone of Pollution in River Stream

Zone of

degradation

Zone of

recovery

Clearer

water
Clearer

waterDO

Saturation

D.O

40% of D.O

D.O sag curve

Zone of

active

decomposition
saturation

Zone of Degradation
Ŗ�+P�VJKU�CNICG�FKGU�DWV�VJG�ſUJ�UWTXKXGU�
Ŗ�&Q�TGFWEGU�VQ�WRVQ�����QH�UCVWTCVKQP�
Zone of Active Decomposition
Ŗ�+V�KU�C�\QPG�QH�JGCX[�RQNNWVKQP�
Ŗ�&1�OC[�GXGP�HCNN�VQ�\GTQ�
Zone of Recovery
Ŗ�&�1��EQPVGPV�TKUGU�CDQXG�����QH�VJG�UCVWTCVKQP�XCNWG�
Zone of Clear Water
Ŗ�&Q�YKNN� TKUG�WRVQ� KVU� UCVWTCVKQP�XCNWG�� DWV� VJG�RCVJQIGPU�OC[�

TGOCKP�
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1Z[IGP�&GſEKV�QH�C�2QNNWVGF�4KXGT�5VTGCO

6YQ�OGEJCPKUOU�CTG�MPQYP�VQ�EQPVTKDWVG�QZ[IGP�VQ�UWTHCEG�YCVGT�

C��4GCGTCVKQP

D��RTQFWEVKQP�QH�QZ[IGP�D[�CNICG�RJQVQU[PVJGUKU
Reaeration
1Z[IGP�FGſEKV�
&����=5CVWTCVKQP�&�1�?�Ō�=#EVWCN�&�1��
%�?

D = CS Ō�C
KH rg���TCVG�QH�TGCGTCVKQP�
4CVG�QH�QZ[IGP�CFFKVKQP�

rg = KrD 
�UV�QTFGT�TGCEVKQP�
Kr = Re�QZ[IGPCVKQP�EQPUVCPV�CV�DCUG�ŎGŏ�
Rate of Oxygen Removal
y���$1&�QH�UVTGCO�CFFGF�YKVJ�UGYCIG

dy
dt

dD
dt

 

y L Lt= −0

L����WNVKOCVG�$1&�QH�OKZ�
Lt ��QZ[IGP�GSWKXCNGPV�QH�QTICPKE�OCVVGT�RTGUGPV�CV�CP[�VKOG�ŎVŏ

dy
dt

dL
dt

t= −

Kd ��&GQZ[IGPCVKQP�EQPUVCPV�CV�DCUG�ŎGŏ��
rd���4CVG�QH�FG�QZ[IGPCVKQP

r K Ld d t= ⋅

The Oxygen Sag Curve
0GV�TCVG�QH�QZ[IGP�FGſEKV���4CVG�QH�TG�CGTCVKQP��4CVG�QH�FG�QZ[IGPCVKQP

dD
dt

K L K Dd t r= −

&GſEKV�KU�OCZ��YJGP�TCVG�QH�TG�CGTCVKQP���TCVG�QH�FG�QZ[IGPCVKQP
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Ca

D
1

D
2

C1

C0

r0

rR

Equilibrium
concentration

D0

Diss
olve

d
oxy

gen

Cumulative oxygen
addition; slope of line
= rR

Cumulative oxygen
depletion: slope of line
= rD

D0 mix

D
is

so
lv

e
d

o
xy

g
e
n

m
g
/1

t tc Time, days

%JCTCEVGTKUVKEU�QH�VJG�QZ[IGP�UCI�EWTXG
D����KPKVKCN�QZ[IGP�FGſEKV

D
K L

K K
e e D ed

r d

K t K t K td r r=
−

−⎡⎣ ⎤⎦+− − −0
0

Streeter-Phelps equation.

   
D

K L
K K

DD

R D

K t K t K tD R R=
−

−⎡⎣ ⎤⎦+− − −0
010 10 10

� ��������
i)
DC���ETKVKECN�QZ[IGP�FGſEKV

D K L
KC
D

R

K TD C= −0 10

L
D f

f f D
LC

f
0

1
0

0
1 1⎛

⎝⎜
⎞
⎠⎟

= − −⎡
⎣⎢

⎤
⎦⎥

−( )

( )

f K
K

R

D
 ���UGNH�RWTKſECVKQP�EQPUVCPV�

.CMG�5VTCVKſECVKQP

4°C
April

(mixing)

3°C
Jan.

August

12°C

10°C
November
(mixing)

Epilimnion

Thermocline

Hypolimnion

9°C
21°C

Sharpest
temp gradient

0°C 4°C

Lake stratification
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Biological Zones in Lakes

(a) Euphotic zone: .C[GT� QH� NCMG� VJTQWIJ�YJKEJ� UWPNKIJV� ECP�
RGPGVTCVG�

(b) Littoral zone: 0GCT� VJG� UJQTG�YJGTG� TQQVGF�RNCPVU� ITQY� KU�
ECNNGF�NKVVQTCN�\QPG�

(c) Benthic zone: 6JG�DQVVQO�UGFKOGPVU�KP�NCMG�YJKEJ�EQPVCKPU�
DCEVGTKC�

Productivity of Lake
Ŗ�+U�C�OGCUWTG�QH�CNICN�ITQYVJ�
• Oligotrophic: NQY�NGXGN�QH�RTQFWEVKXKV[�
• Mesotrophic:�/GFKWO�CNICN�ITQYVJ�
OGFKWO�RTQFWEVKXKV[��
• Eutrophic: *KIJ�RTQFWEVKXKV[�CPF�CNICN�ITQYVJ�
• Senescent: /CTUJ[��NCMG�
Eutrophication of Lake
Ŗ�0CVWTCN�RTQEGUU�WPFGT�YJKEJ�NCMGU�IGV�KPHGUVGF�YKVJ�CNICG�CPF�

UKNV�WR�ITCFWCNN[�VQ�DGEQOG�UJCNNQY�CPF�OQTG�RTQFWEVKXG��

Note: 1PEG�RJQURJQTWU�KU�OKZGF�KP�NCMG��QPN[�UQNWVKQP�KU�VQ�CFF�NKOG�
VQ�KV�CPF�VQ�FTGFIG�QWV�VJG�UGFKOGPV�CV�VJG�DQVVQO�QH�NCMG�

$+5�UVCPFCTF�HQT�YCUVG�YCVGT�GHƀWGPV�VQ�DG�FKUEJCTIGF�KPVQ�UGC�

$1&� Ō�����OI�N
%1&� Ō�����OI�N
R*� Ō�����Ō�����OI�N
55� Ō�����OI�N
(NWQTKFG� Ō����OI�N
1KN�CPF�ITGCUG� Ō����OI�N

Sewage farming
+PECUG� QH� UGYCIG� HQTOKPI�� UVTGUU� KU� NCKF�WRQP� VJG�WUG� QH� UGYCIG�

GIÀWGPVU�HQT�KTTKICVKPI�ETQRU�CPF�KPETGCUKPI�HGTVKNKV[�QH�UQKN�



Laying of Sewer
+V�EQPUKUVU�QH�VJG�HQNNQYKPI�UVGRU�
���/CTMKPI�QH�VJG�#NKIPOGPV

C��$[�4GHGTGPEG�.KPG

D��$[�5KIJV�4CKN
���'ZECXCVKQP�QH�6TGPEJ
���$TCEKPI�QH�VJG�6TGPEJ
���&GYCVGTKPI�QH�6TGPEJ
���.C[KPI�CPF�,QKPKPI�QH�2KRGU
���6GUVKPI�QH�.GCMCIG

C��$[�9CVGT�6GUV

D��$[�#KT�6GUV

Assumptions in Sewer Design
(i) The flow of waste water in sewer is steady and uniform.

(ii) Design of sewer is based on peak flow discharge.

Ŗ�/CPPKPIŏU�HQTOWNC�

V
n

R S 1 2 3 1 2/ /

V = velocity of flow
R = hydraulic radius
S = slope of sewer

• *C\GP�9KNNKCOŏU�HQTOWNC�
8���������%4���� S����

=%����*C\GP�9KNNKCO�EQGHſEKGPV?

7Design of Sewerage System 
and Sewer Appurtenances
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Design Data

Ŗ�5GNH�ENGCPUKPI�XGNQEKV[�KU�VJG�OKPKOWO�XGNQEKV[�CV�YJKEJ�PQ�UQNKF�
IGVU�FGRQUKVGF�CV�VJG�DQVVQO�QH�UGYGT�

/CZ�JQWTN[�FKUEJCTIG�����ª�CXGTCIG�FCKN[�FKUEJCTIG

/CZ�FCKN[�FKUEJCTIG�����ª�CXGTCIG�FCKN[�FKUEJCTIG

/KP�JQWTN[�FKUEJCTIG���
1
3
�ª�CXGTCIG�FCKN[�FKUEJCTIG

/KP�FCKN[�FKUEJCTIG���
2
3
�ª�CXGTCIG�FCKN[�FKUEJCTIG

5GNH�ENGCPUKPI�XGNQEKV[�KU�IKXGP�D[�Shields formula

V = 
1
n

R K G1 6 1 2
1/ /

( )s s pd−⎡⎣ ⎤⎦

FR���RCTVKENG�UK\G

Ks���C�FKOGPUKQP�NGUU�EQPUVCPV

4���J[FTCWNKE�TCFKWU�QH�UGYGT

Ŗ�5NQRG�QH�UGYGT�UJQWNF�DG�FGUKIPGF�HQT�OKP��RGTOKUUKDNG�XGNQEKV[�
CV�OKP flow.

Partial Flow Characteristics of Circular Sewer

Small letter : hydraulic elements under partial flow

Capital letter : the hydraulic elements under full flow condition then 
for a circular sewer.

D

d

"

d
D

= −⎛
⎝⎜

⎞
⎠⎟

1
2

1
2

cos
α

a
A

= −α α
π360 2

sin

p
P

= α
360
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r
R

a A
p P

= − =1
360

2
sin /

/
α

πα

v
V

N
n

r
R

= ⎛
⎝⎜

⎞
⎠⎟

2 3/

q
Q

v
V

a
A

= ×

By knowing the conditions under which sewer runs full and by 
knowing two ratios of hydraulic elements, under partial and full flow 
conditions, third can be calculated analytically. 

Note: �� +H�/CPPKPIŏU�EQGHſEKGPV�ŎPŏ�KU�CUUWOGF�EQPUVCPV�YKVJ�FGRVJ��
VJGP

v
V

r
R

= ⎛
⎝⎜

⎞
⎠⎟

2 3/

���(QT�EQPUVCPV�ŎPŏ��XGNQEKV[�of flow�KU�OCZ�YJGP�F�&��������

���(QT�EQPUVCPV�ŎPŏ��FKUEJCTIG�KU�OCZ�YJGP�
d
D

 0 95.

���
v
V
� FGETGCUGU� NGUU� UJCTRN[� VJCP�

d
D
� DGNQY� 1

2
� HWNN� FGRVJ� 
HQT�

EQPUVCPV�n��

���
q
Q

 1
2

 at 1
2

full flow

���+H�
d
D

t������VJGP� v
V

t 1
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SEWER APPURTENANCES

(1) Manholes
Components of Manhole
(a) Access Shaft
(b) Working Chamber
• *KIJV�QH�EJCODGT������O
• 5K\G�
TGEVCPIWNCT��������ª�����O
• +H�EJCODGT�KU�EKTEWNCT�FKCOGVGT�������O

Types of Manholes
(i) Straight – Trough Manholes
9JGTG�VJGTG�KU�C�EJCPIG�KP�VJG�UK\G�QH�UGYGT��VJG�UQHſV�QT�ETQYP�NGXGN�

QH�VJG�VYQ�UGYGTU�UJQWNF�DG�VJG�UCOG��
(ii) Junction Manholes
$WKNV�CV�GXGT[�LWPEVKQP�QH�VYQ�QT�OQTG�UGYGTGU�
(iii) Drop Manholes: 6Q�EQPPGEV�VJG�JKIJ�NGXGN�DTCPEJ�UGYGT�VQ�

VJG�NQY�NGXGN�OCKP�UGYGT�D[�XGTVKECN�FTQRRKPI�RKRG�
(iv) Flushing Manhole: 9JGTG� KV� KU�PQV�RQUUKDNG� VQ�QDVCKP�UGNH�

ENGCPUKPI�XGNQEKVKGU�FWG�to flatness�QH�VJG�ITCFKGPV��+V�KU�GUUGPVKCN�VJCV�
UQOG�HQTO�of flushing�FGXKEG�DG�KPEQTRQTCVGF�

(2) Lamp Hole: 1RGPKPI�YJKEJ� KU� RTQXKFGF� KP� C� UGYGT� NKPG� HQT�
NQYGTKPI�C�NCOR�KPUKFG��

(3) Grease and Oil Trap
(4) Catch basin
6Q�CNNQY�VJG�UVTQO�YCVGT�VQ�GPVGT�VJG�UGYGT�D[�GNKOKPCVKPI�VJG�UKNV��

ITKV��GVE��CV�VJG�DQVVQO�QH�VJG�DCUKP�
(5) Storm Water Inlet: /GCPV�VQ�CFOKV�VJG�UWTHCEG�TWP�QHH�VQ�VJG�

UGYGTU�UVQTO�YCVGT�KPNGVU�JCXKPI�XGTVKECN�QRGPKPIU��
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(6) Clean Outs: 

Sewer Pipe

Clean-Out Pipe

Ground Cover

Clean-Out

(7) Inverted Siphons: 9JGPGXGT�C�UGYGT�RKRG�JCU�VQ�DG�FTQRRGF�
DGNQY�VJG�J[FTCWNKE�ITCFKGPV�NKPG�HQT�RCUUKPI�KV�DGPGCVJ�C�XCNNG[��#P[�
FGRTGUUKQP�KP�VJG�GCTVJŏU�UWTHCEG�QT�YJGTG�KV�RCUUGU�DGPGCVJ�UQOG�QVJGT�
QDUVTWEVKQPU�KP�KVU�RCVJ��KV�KU�MPQYP�CU�CP�KPXGTVGF�UKRJQP�


���5VQTO�9CVGT�4GIWNCVQT�QT�1XGTƀQY�&GXKEG
(i) Side Flow Weir

To River

Storm water sewer

Weir

Manhole

Combined sewer

Overflow weir

(ii) Leaping Weir

Normal Flow

Sanitary sewer

To River

Excess Storm waterLipWeirExcess Flow
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(iii) Siphon Spillway: +V�KU�CP�CWVQOCVKE�RTQEGUU��CPF�YQTMU�QP�

VJG�RTKPEKRNG�QH�UKRJQPKE�CEVKQP�

Throat

Storm water sewer

Siphon Spillway

Mouth

Priming pipe

Siphon

Combined sewer



1. Treatment Methods
Unit Operations
6JG�OGCPU�QH�VTGCVOGPV�KP�YJKEJ�VJG�CRRNKECVKQP�QH�RJ[UKECN�HQTEGU�

RTGFQOKPCVGU�CTG�MPQYP�CU�WPKV�QRGTCVKQPU�
Unit process
6JG�V[RGU�QH� VTGCVOGPV� KP�YJKEJ� VJG�TGOQXCN�QH� EQPVCOKPCPVU� KU�

DTQWIJV�CDQWV�D[�VJG�CFFKVKQP�QH�EJGOKECNU�QT�VJG�WUG�QH�DKQNQIKECN�OCUU�
QT�OKETQDKCN�CEVKXKVKGU�

256Ō2TKOCT[�5GVVNKPI�6CPM��556Ō5GEQPFCT[�5GVVNKPI�6CPM
5EJGOCVKE�ƀQY�FKCITCO�QH�C�V[RKECN�EQPXGPVKQPCN�VTGCVOGPV�RNCPV

Primary Treatments
1. Screening: 
• 2TKOCT[� RWTRQUG� QH� UETGGP� KU� VQ� RTQVGEV� RWORU� CPF� QVJGT�

OGEJCPKECN�GSWKROGPVU�
Ŗ�*GCF�NQUU�VJTQWIJ�UETGGP�

JL�
O�����������
8
2�Ō�X2)

8���XGNQEKV[�VJTQWIJ�QRGPKPI�QH�DCT�UETGGP�
KP�O�U�
X���CRRTQCEJ�XGNQEKV[�KP�WRUVTGCO�EJCPPGN�
KP�O�U�

8Sewage Treatment
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2. Comminution and Maceration

6JG[�CTG�KPUVCNNGF�DGHQTG�ſPG�UETGGP�
3. Grit Chamber

.QECVGF�GKVJGT�DGHQTG�QT�CHVGT�UGYCIG�RWORU��5GRCTCVG�PQP�FGEC[KPI�
JGCX[�KPQTICPKE�OCVGTKCN�HTQO�UGYCIG�

Ŗ�5JQWNF�PQV�CNNQY�UGVVNGOGPV�QH�QTICPKE�OCVGTKCNU�
• Two channels are provided one for normal flow and other for peak 

flow.
• Only one section (channel) is required if velocity control devices 

has been used.

Designed

depth (1 to 1.2 m)
Silt removing

pipe

Free board (0.3 m)

Inlet

Design Criteria
Ŗ�4GOQXGU�RCTVKENGU�QH�UK\G�t�����OO
Ŗ�(QT�����OO�RCTVKENG�UGVVKPI�XGNQEKV[���������O�U
Ŗ�5WTHCEG�over flow�TCVG��������O3�O2�FC[

Ŗ�*QTK\QPVCN�critical flow�XGNQEKV[�V K g G dC C s= −( )1

   KC�����VQ����
Ŗ�&GVGPVKQP�VKOG�KU����Ō����UGE�
Ŗ�&GRVJ�KU���Ō�����O
Ŗ�(TGG�DQCTF�KU�����O

4. Detritus Tank
Ŗ�6Q�TGOQXG�ſPGT�CPF�KPQTICPKE�RCTVKENGU�

5. Skimming Tank
Ŗ�4GOQXCN�QH�UQCRU��QKN�CPF�ITGCUGU�
Ŗ�2TQXKFGF�DGHQTG�UGFKOGPVCVKQP�VCPM�
Ŗ�%QORTGUUGF�CKT�KU�DNQYP�HTQO�DGNQY�
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Ŗ�%JNQTKPG�ICU�OC[�CNUQ�DG�DNQYP�YKVJ�EQORTGUUGF�CKT��

inlet

Air Diffusers
Compressed Air

Grease and oil

C.l. cover

Outlet

Sedimentation
+P�RTKOCT[�UGFKOGPVCVKQP��QTICPKE�UWURGPFGF�UQNKFU�CTG�UGVVNGF�
Types of Settling
6[RG����&KUETGVG�UGVVNKPI
6[RG����(NQEEWNGPV�UGVVNKPI
6[RG����*KPFGTGF�QT�\QPG�UGVVNKPI
6[RG����%QORTGUUKQP�UGVVNKPI�

PST 1XGT�ƀQYTCVG�
(m3/m2/day)

Depth Detention 
time

Avt. Peak
�� �u�UGVVNKPI�QPN[ ����� ����� ��������O ������JT
�� �u�UGVVNKPI�HQNNQYGF�D[�

UGEQPFCT[�VTGCVOGPV
����� ������ ��������O ������JT

�� �u�UGVVNKPI�YKVJ�5#2 ����� ����� ������� ������JT

Surface area from average flow = 
Average discharge

Average over flow rate

Surface area from peak flow = 
Peak discharge

peak overflow rate

Note: 5GFKOGPVCVKQP�YKVJ�%QCIWNCVKQP�KU�PQV�WUGF�IGPGTCNN[�KP�UGYCIG�
VTGCVOGPV�

Secondary Treatment (Biological Treatment)
5GEQPFCT[�VTGCVOGPV�KU�IGPGTCNN[�ECTTKGF�QWV�CGTQDKECNN[�
7PKVU�DCUGF�QP�CGTQDKE�VTGCVOGPV�CTG�
Ŗ�6TKEMNKPI�ſNVGT
Ŗ�#EVKXCVGF�UNWFIG�RTQEGUU
Ŗ�1ZKFCVKQP�RQPF�GVE�
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7PKVU�DCUGF�QP�CPPGTQDKE�VTGCVOGPVU�CTG�
Ŗ�5GRVKE�VCPM
Ŗ�+OJQHH�VCPM
• UASB Reactor (Upflow Anaerobic Sludge Blanket)

Standard Rate Trickling Filter

Filter Media

Laterals

Outlet chamber

Effluent
To SST

Rotating
Distribution Arm

Peripheral Effluent
Collection Channel

Inlet
(Inffluent)

Pipe

Inffluent

• 2 m deep circular bed, angular stone about 50 mm in size, 
supported on a tile floor

Ŗ�&KUEJCTIG�WPFGT�C�JGCF�QH���������O

Operational Trouble in Standard Rate Filter
(a) Filter media ponding and clogging

D��'ZEGUUKXG�ƀ[�DTGGFKPI
(c) Odour 

Standard High rate Super high rate
*[FTCWNKE�NQCFKPI�
KP�
O3�O2�FC[�

��Ō�� ��Ō���
KPENWFKPI�
TGEKTEWNCVKQP

���Ō�����
KPENWFKPI�
TGEKTEWNCVKQP�

1TICPKE�NQCFKPI�

KP�MI�$1&5�O

3�FC[�
Ō � � � � � Ō�
����

�����Ō�����

GZENWFKPI�
TGEKTEWNCVKQP�

���Ō�����
GZENWFKPI�
TGEKTEWNCVKQP�

&GRVJ�
O� ����Ō���� ����Ō�����O ����Ō����O

4GEKTEWNCVKQP�TCVKQ�
(QR�3�)

� ����Ō���� ��Ō��
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5VCPFCTF�TCVG�VTKEMNKPI�ſNVGT��TGOQXGU�$1&�WRVQ��������

K =
100

1 + 0.0044 u

u���QTICPKE�NQCFKPI�KP�MI�JCE�O�FC[
• Design of TF is done for average flow.

High Rate Trickling Filter
Recirculation is done by pumping the effluent of trickling filter to 

influent of trickling filter or to the primary sedimentation tank.

Effluent

Recirculation Alternate

SSTTFPST

Design of High Rate TF
5WTHCEG�CTGC�QH�VTKEMNKPI�ſNVGT

=
( )Q QR0 �

Hydraulic loading (including recirculation)

8QNWOG�QH�VTKEMNKPI�ſNVGT���
Q Y0 1

Organic loading (excluding recirculation)

Q0 = discharge from PST

QR = Recycled discharge

Y0 = BOD of waste water

Y1 = BOD of PST effluent

Y2 = BOD of TF effluent

'HſEKGPE[�QH�*KIJ�4CVG�6TKEMNKPI�(KNVGT

η1
1

1 1

100

1 0 41
=

+ . W
V F

91���$1&5�CRRNKGF�VQ�VTKEMNKPI�ſNVGT�KP�MI�FC[
91 = Q�Y1�
GZENWFKPI�TGEKTEWNCVKQP�
V1���8QNWOG�QH�VTKEMNKPI�ſNVGT�KP�O

3

F1���4GEKTEWNCVKQP�HCEVQT
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F1 = 
1

1 1 2
0

+
+ −

R
f R

Q
Q

R

[ ( ) ]
, ][R = recirculation ratio = 

f���6TGCVCDKNKV[�HCEVQT
f�������HQT�UGYCIG

F R
R1 2

1
1 0 1

= +
+( . )

'HſEKGPE[�QH��PF�UVCIG�
K2) is

η

η

2

1

2

2 2

100

1 0 44
1

=
+

−
. W

V F

92���$1&5�CRRNKGF�QP��PF�UVCIG�6(�
GZENWFKPI�TGEKTEWNCVKQP�KP�MI�FC[�
V2���8QNWOG�QH��PF�UVCIG�ſNVGT
F2���4GEKTEWNCVKQP�HCEVQT�HQT��PF�UVCIG

92 = W1 1100
100

( )− η

1XGTCNN�'HſEKGPE[�KP�6GTOU�QH�K1 and K2

η

η η

=
− −⎛

⎝⎜
⎞
⎠⎟

−⎛
⎝⎜

⎞
⎠⎟ ×

W W

W

1 1
1 2

1

1
100

1
100 100

Rotating Biological Contractor (RBC)
Ŗ�+V�KU�DCUGF�QP�CVVCEJGF�ITQYVJ�U[UVGO�

Inffluent

Primary

clanfier
Reactor

Secondary

clanfier

Effluent

Sludge waste

Rotating biological contactors

Ŗ�(KNO�KU�OQXKPI�
����TRO��
Ŗ�5JGCTGF�QHH�OCUU�KU�MGRV�KP�UWURGPUKQP��D[�VJG�VWTDWNGPEG�ETGCVGF�

FWG�VQ�OQXGOGPV�QH�FKUEU�
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Reaction Kinetics

Stationay
phase

lag phase

log growth
phase

Concentration
(mg/1) Biomass curve

Food curve

Endogenous phase

Time

Ŗ�/.55�TGRTGUGPVU�DQVJ�NKXKPI�CPF�FGCF�DCEVGTKC�

4CVG�QH�DKQOCUU�IQYVJ���
dX
dt

4CVG�QH�HQQF�EQPUWORVKQP��� �
dS
dt

− >⎛
⎝⎜

⎞
⎠⎟

dS
dt

dX
dt

Ŗ�&WTKPI�NQI�ITQYVJ�RJCUG� dX
dt

kX �� =�UV�QTFGT�GSWCVKQP?

k
k S

k Ss

=
+
0 ( )Monod’s equation

M����OCZKOWO�ITQYVJ�TCVG�EQPUVCPV
U���EQPEGPVTCVKQP�QH�NKOKVKPI�HQQF�
KP�OI�N�
Ms���*CNH�UCVWTCVKQP�EQPVCPV

− =y
dS
dt

dX
dt

y�KU�VJG�HTCEVKQP�QH�HQQF�OCUU�EQPXGTVGF�VQ�DKQOCUU�
6JG�GSWCVKQP�HQT�QXGTCNN�DKQNQIKECN�ITQYVJ�KU

dX
dt

k S
k S

X k X
s

d=
+

⎛
⎝⎜

⎞
⎠⎟

−�

kd���GPFQIGPQWU�FGEC[�TCVG�EQPUVCPV�
kd��������RGT�FC[

Activated Sludge

1° – ST ASP

QR

2° – ST

Sludge form
2° – STWasted

sludge
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6JG�UGVVNGF�UNWFIG�KP�UGEQPFCT[�ENCTKſGT�EQPVCKPKPI�NKXKPI�OKETQ�

QTICPKUOU�KU�TGVWTPGF�VQ�VJG�TGCEVQT�VQ�KPETGCUG�VJG�CXCKNCDNG�DKQOCUU�
CPF�URGGF�WR�VJG�TGCEVKQP�

6JG�RTQEGUU�ECP�DG�

K��EQORNGVGN[�OKZ�RTQEGUU
(ii) plug flow process

Completely Mix Process
Reactor

Q , Q
u R

X, SV, X, S

Q , S , X
0 00

Q , X , SR 0

2° – ST

(Q – Q ,) X , S)
0 eu

Q , X , S
u u

Q , S X
R 1 u

$KQOCUU�KP��$KQOCUU�ITQYVJ���$KQOCUU�QWV
(QQF�KP�Ō�(QQF�EQPUWOGF���(QQF�QWV

Q X
VX

Q Y S S
VX

kw u
d= − −0 0( )

Design Parameters
1. Hydraulic retention time (T) or Aeration time or detention 

time

θ = Volume of tank (v)
         Rate of flow in the
tank excludding recirculation (Q0)

2. Volumetric BOD loading 

 Mass of BOD applied
Volume of aeration tank

���5RGEKſE�UWDUVTCVG�WVKNK\CVKQP�TCVG�
7�

   U Q S S
VX

= −0 0( )

4. F/M ratio = Q S
VX
0 0  Food added

Bacteria in system
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5. Sludge age (Tc)

θc = Mass of MLSS in the aeration tank
Mass of MLSS leaving thhe system per day

1
θc

dUY k= −

VX
YQ S S

k
c

d c

= −
+

0 0

1
( )θ

θ

6. Sludge Volume Index (SVI)
Ŗ�58+�TGRTGUGPVU�VJG�FGITGG�QH�EQPEGPVTCVKQP�QH�UNWFIG�KP�VJG�U[UVGO
Ŗ�+V�WPKV�KU�ml/gm

Q
Q

X
X X

R

u�
=

− ��YJGTG�X�KU�/.55�KP�VCPM�
OI�+�

X
SVIu  106

4GEKTEWNCVKQP�4CVKQ���
Q
Q

X

SVI
X

R

0
610

=
−

SVI V
X

V
X

ob

ob

ob

ob
  (ml/mg)

(l/mg)
ml/mg

YJGP���NKVTG�UCORNG�QH�OKZGF�NKSWQT�KU�CNNQYGF�VQ�UGVVNG�HQT����OKPWVGU�
CPF�VJG�UGVVNGF�UNWFIG�XQNWOG�
8QD��KP�ON��%QPEGPVTCVKQP�QH�UWURGPFGF�
UQNKFU�KP�VJG�OKZGF�NKSWQT�KP�OI�N�DG�Xob�
Design of Aeration Tank

Process
type

Flow
regime

MLLS
mg/l

MLVSS

MLSS

F/M H . B . T . 
(hr.)

Tc
days

Qr/Q K kg O
required

kg of BOD
removed

2

Conve-
ntional

plug flow 1 5 0 0 -
3000

0.8 0.3 – 0.4 4   6 5   8 0.25  0.5 85  92% 0.8  1.0

Complely
mix

Complely 
mix

3 0 0 0 -
4000

0.8 0.3  0.6 4   5 5   8 0.25  0.8 85  92% 0.8  1.0

Extended
Aeration

Complely 
mix

3 0 0 0 -
5000

0.8 0.1  0.18 12   24 10  15 0.5  1.0 95  98% 1.0  12

Excess Sludge Wasting
Ŗ�&QPG�VQ�OCKPVCKP�UVGCF[�NGXGN�QH�/.55�KP�VJG�VCPM�CPF�VQ�OCKPVCKP�

UNWFIG�CIG�
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0KVTKſECVKQP
Ŗ�6JKU�RTQDNGO�ECP�DG�QXGTEQOG�D[�KPETGCUKPI�VJG�UNWFIG�YCUVKPI�

TCVG�
Ŗ�0KVTKſECVKQP� ECP� NGCF� VQ� UWDUGSWGPV� FGPKVTKſECVKQP� 
02n�� KP�

UGEQPFCT[�VCPM�ECWUKPI�UNWFIG�TKUKPI�RTQDNGO�ECNNGF�DNCPMGV�TKUKPI�
Sludge Bulking
Ŗ�5NWFIG�YKVJ�RQQT�UGVVNKPI�EJCTCEVGTKUVKEU

Contact Stabilization (Biosorption Process)
Contact

basin
2° –

ST
Effluent

Sludge wasting

Reactor

O
2

Completely Mix Process
Ŗ�5GYCIG�KU�OCKPVCKPGF�KP�NQI�ITQYVJ�RJCUG�D[�MGGRKPI�JKIJ�(�/�TCVKQ

Extended Aeration
Ŗ�(�/�TCVKQ�KU�MGRV�NQYGT�CPF�FGVGPVKQP�VKOG�KU�MGRV�OQTG�

Oxidation Ditch
Ŗ�#P�QZKFCVKQP�FKVEJ�KU�DCUKECNN[�CP�GZVGPFGF�CGTCVKQP�U[UVGO�QH�C�

OQFKſGF�CEVKXCVGF�UNWFIG�RTQEGUU��
Secondary Sedimentation Tank

Inlet Chamber

Inlet

SludgeActivated sludge to

Aeration Tank

Outlet

Activated sludge to

Digestion Tank

Outlet chamber

Secondary sedimentation tank

Ŗ�+V�KU�FGUKIPGF�QP�VJG�DCUKU�QH�

C��5QNKF�NQCFKPI�TCVG

D��Over flow rate
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1XGTƀQY�TCVG�
(m3/m2/day)

Solid loading 
rate (kg/m2/day)

Depth
(m)

Detention 
time (hr)

Avg. Peak Avg. Peak
�u�56�HQT�6( ����� ����� ������ ��� ������� �����

�u�56�HQT�#52�
GZENWFKPI�
GZVGPFGF�
CGTCVKQP

����� ����� ������ ��� ������� �����

�u�56�HQT�
GZVGPFGF�
CGTCVKQP

���� ����� ������ ��� ������� �����

� #TGC�
#XI�����
Q0

Over flow rate (from overflow rate criteria)

� #TGC���
( )Q Q XR0 �

Solid loading rate
��:���/.55�QH�CGTCVKQP�VCPM�

Sludge Thickener
Ŗ�6Q�TGFWEG�VJG�XQNWOG�VQ�DG�JCPFNGF� KP�UNWFIG�FKIGUVQT��UNWFIG�

VJKEMPGT�KU�RTQXKFGF�
Ŗ�6JTGG�V[RGU�QH�VJKEMGPKPI�
�������)TCXKV[�VJKEMGPKPI
�������Air floating
�������%GPVTKHWICVKQP
Ŗ�&GUKIPGF�HQT�UWTHCEG�NQCFKPI��TCVG�QH����Ō����O3�O2�FC[��6JG�UQNKF�

NQCFKPI�KU����Ō����MI�O2�FC[�
Ŗ�&GRVJ�KU�PQTOCNN[���VQ���O�
Ŗ�&GVGPVKQP�RGTKQF�KU���JTU�

Sludge Digestion
Ŗ�6JG�UNWFIG�FKIGUVKQP�UGTXGU�DQVJ�VQ�TGFWEG�VJG�XQNWOG�QH�VJKEMGPGF�

UNWFIG� UVKNN� HWTVJGT� CPF� VQ� TGPFGT� VJG� TGOCKPKPI� UQNKFU� KPGTV� CPF�
TGNCVKXGN[�RCVJQIGP�HTGG�
Aerobic Digestion

Ŗ�#FQRVGF�QPN[�HQT�DKQNQIKECN�UNWFIG�
�u�UNWFIG��VJCV�FQGU�PQV�EQPVCKP�
RTKOCT[�UNWFIG�

Ŗ�#P�GZVGPUKQP�QH�GZVGPFGF�CGTCVKQP�RTQEGUU�
Ŗ�2TQEGUU�KU�GPGTI[�EQPUWORVKQP
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Anaerobic Digestion

Ŗ�6JG�QTICPKUOU�CTG�DTQCFN[�ENCUUKſGF�CU
• Acid formers: 6JG[� EQPUKUV� QH� 
HCEWNVCVKXG�� CPF� 
CPCGTQDKE��

DCEVGTKC� CPF� QTICPKUOU�YJKEJ� UQNWDNK\G� VJG� QTICPKE� CEKFU� VJTQWIJ�
J[FTQN[UKU�

• Methane former: 6JG[�CTG�UVTKEVN[�
CPCGTQDKE��CPF�EQPXGTV�CEKFU�
CPF�CNEQJQN�CNQPI�YKVJ�J[FTQIGP�CPF�ECTDQP�FKQZKFG�VQ�OGVJCPG�

Note: 8
����Ō�R����81
����Ō�21)
8���8QNWOG�QH�UNWFIGU�CV�OQKUVWTG�EQPVGPV�2
V1���8QNWOG�QH�UNWFIG�CV�OQKUVWTG�EQPVGPV�21

Ŗ�9JGP�UNWFIG�KU�FKIGUVGF�CPCGTQDKECNN[�VJG�XQNWOG�QH�QTKIKPCN�UNWFIG�

KU�TGFWEGF�VQ�CRQZ�� 1
3
�QH�VJG�QTKIKPCN�XCNWG�

Stages in Sludge Digestion Process

C��*[FTQN[UKU

D��(GTOGPVCVKQP�
#EKFQIGPGUKU�

E��/GVJCPG�HQTOCVKQP�
/GVJCPQIGPGUKU�

Factors Affecting Sludge Digestion and their Control
(a) Temperature

Thermophilic
range

digestion
by thermophilic

bacteria

Mesophilic
range

digestion
by mesophilic

bacteria
Period of
digestion

(days)

[30

[15

20°C 29°C 40°C 45°C 60°C

(b) pH
Ŗ�R*�FGETGCUGU�FWG�VQ�QXGTFQUKPI�QH�TCY�UGYCIG��QXGT�YKVJFTCYCN�

QH�FKIGUVGF�UNWFIG�CPF�UWFFGP�CFOKUUKQP�QH�KPFWUVTKCN�YCUVG�
(c) Seeding with Digested Sludge
*GNRU�KP�CEJKGXKPI�SWKEM�DCNCPEG�EQPFKVKQP�
(d) Mixing and Steering of Raw Sludge
(e) Nuisance Organisms
4GOGF[�KU�VQ�CFF�VQ�RTGEKRKVCVG�KTQP�UWNRJKFG�
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Reactor for Anaerobic Digestion

High rate digestors
Only in emergang

not

genealy

out

gas

Gas

outlet Gas

outlet Gas

Supernatant Superatant

Digested sludge

Mixed

liquor

Sludge

inlet

Zone of mixing

and actively

digesting sludge

Sludge outlet

10 days

Design (Standard Rate Digestor)
Ŗ�&KCOGVGT���Ō����O
Ŗ�&GRVJ�QH�VCPM���Ō���O
Ŗ�.QYGT�UNQRG�������VQ������
Ŗ�8QNWOG�QH�FKIGUVQT
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V V V V t= − −⎡
⎣⎢

⎤
⎦⎥1 1 2

2
3

( )

8���8QNWOG�QH�FKIGUVQT
V1���8QNWOG�QH�TCY�UNWFIG
V2���8QNWOG�QH�FKIGUVGF�UNWFI��+V�OC[�DG�VCMGP�GSWCN�VQ�XQNWOG�QH�

FKIGUVGF�UNWFIG�
V���FKIGUVKQP�RGTKQF
Ŗ�&KIGUVKQP�RGTKQF������FC[U

Design Parameters for Oxidation Pond
Ŗ�&GRV���Ō�����O
Ŗ�&GVGPVKQP�VKOG����Ō����FC[U
Ŗ�2CVJQIGPKE�DCEVGTKC��������
Ŗ�$1&�TGOQXGF������Ō����
Ŗ�5NWFIG�CEEWOWNCVKQP�KU���Ō���EO�[GCT
Ŗ�/KPKOWO�FGRVJ�QH�YCVGT�����O

Septic Tank
• &GUKIPGF�CU�QTFKPCT[�UGVVNKPI�VCPM�

Septic Tank

Design Parameters of Septic Tank
Ŗ�(NQY�QH�UGYCIG����Ō����NREF�
Ŗ�4CVG�QH�CEEWOWNCVKQP������NRE�RGT�[GCT
Ŗ�&GVGPVKQP�VKOG����Ō����JTU�
Ŗ�.GPIVJ�YKFVJ�TCVKQ�����VQ��
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Ŗ�&GRVJ�����Ō�����O
%NGCPKPI�RGTKQF���OQPVJ���[GCT
Ŗ�8QNWOG�QH�UGRVKE�VCPM���
Sewage flow�ª�&GVGPVKQP�VKOG���
5NWFIG
� � � �����������CEEWOWNCVKQP�TCVG�ª�ENGCPKPI�RGTKQF��
Ŗ�2GTEQNCVKQP� TCVG� KU� FGſPGF�CU� VJG� VKOG� KP�OKPWVG� TGSWKTGF� HQT�

UGGRCIG�QH�YCVGT�VJTQWIJ�ITQWPF�D[�����EO��
Dispersion Trench

#DUQTRVKQP�CTGC�TGSWKTGF���
Q

t
l

0 ( /day)
204 /m day2

l
⎛
⎝⎜

⎞
⎠⎟

/

Imhoff Tanks
Sludge Removal

Gas Removal

Gas Chamber

Liquid Removal

Sedimentation
Chamber

Slot

Neutral zone

Digestion
chamber

Slot

Digested sludge

Raw sewage

High Rate Anaerobic Systems

C��#PCGTQDKE�%QPVCEV�
#%��RTQEGUU

D��#PCGTQDKE�ſNVGTU�
#(�

E��#PCGTQDKE�ſZGF�ſNOU�
#((��TGCEVQTU

F��7RƀQY�#PCGTQDKE�5NWFIG�$NCPMGV�
7#5$��TGCEVQT



9Solid Waste Management

Type of solid waste

K��/WPKEKRCN�YCUVGU

KK��+PFWUVTKCN�YCUVGU

KKK��*C\CTFQWU�YCUVGU

Disposal of Solid Waste
%QOOQPN[�GORNQ[GF�OGVJQFU�HQT�UQNKF�YCUVG�FKURQUCN��RTCEVKUGF�CNN�

QXGT�VJG�YQTNF�CTG�
1. Disposal of Refuse by Open Dumping

Ŗ�0QV�CP�GEQ�HTKGPFN[�OGVJQF
Ŗ�/GVJQF�KU�JKIJN[�WPCEEGRVCDNG

2. Disposal of Refuse by Sanitary Land Filling
+PENWFG��
���UKVG�UGNGEVKQP��
���NCPFſNNKPI�OGVJQFU�CPF�QRGTCVKQPU��


���QEEWTTGPEG�QH�ICUGU�CPF�NGCEJCVG�KP�NCPFſNNU��CPF�
���OQXGOGPV�CPF�
EQPVTQN�QH�NCPFſNN�ICUGU�CPF�NGCEJCVG�
���.GCEJCVG�KP�.CPFſNNU

Ŗ�.GCEJCVG�OC[�DG�FGſPGF�CU�NKSWKF�VJCV�JCU�RGTEQNCVGF�VJTQWIJ�
UQNKF�YCUVG�CPF�JCU�GZVTCEVGF�FKUUQNXGF�QT�UWURGPFGF�OCVGTKCNU�HTQO�KV��
���.CPFſNNKPI�/GVJQF�CV�5CPKVCT[�.CPFſNN�5KVGU

• #TGC�OGVJQF�
• 6TGPEJ�OGVJQF�

5. Depression Method
6. Disposal of Refuse by Composting

Ŗ�+H�VJG�QTICPKE�OCVGTKCN�GZENWFKPI�RNCUVKEU��NGCVJGT�CPF�TWDDGT�CTG�
UGRCTCVGF� HTQO�VJG�UQNKF�YCUVGU�CPF�CTG�UWDLGEVGF�VQ�FGEQORQUKVKQP��
GKVJGT�CGTQDKECNN[�QT�CPCGTQDKECNN[��VJG�TGOCKPKPI�GPF�RTQFWEV�KU�ECNNGF�
EQORQUV�CPF�JWOWU��6JG�GPVKTG�RTQEGUU�KPXQNXKPI�DQVJ�VJG�UGRCTCVKQP�CPF�
DCEVGTKCN�EQPXGTUKQP�QH�VJG�QTICPKE�UQNKF�YCUVGU�KU�MPQYP�KU�composting�
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Carbon-Nitrogen ratio

Ŗ�$CEVGTKC�WUG�PKVTQIGP�HQT�DWKNFKPI�VJGKT�EGNN�UVTWEVWTGU�
CU�RTQVGKPU��
CPF�ECTDQP�HQT�HQQF�
CU�GPGTI[��

Ŗ�%�0�KU�JKIJGT�VJCP�VJG�QRVKOWO��VJGP�PKVTQIGP�YKNN�DG�WUGF�WR�
CPF�ECTDQP�NGHV�QXGT��VJGTGD[�NGCXKPI�VJG�FKIGUVKQP�QH�QTICPKE�OCVVGT�
KPEQORNGVG�

Ŗ�%�0�TCVKQ�KU�NQYGT�VJCP�VJG�QRVKOWO��VJGP�VJG�ECTDQP�YKNN�UQQP�
IGV�GZJCWUVGF�CPF�HGTOGPVCVKQP�UVQR��NGCXKPI�PKVTQIGP�KP�VJG�FKIGUVQT�
YJKEJ�YKNN�EQODKPG�YKVJ�J[FTQIGP�VQ�HQTO�COOQPKC�
0*3��

Ŗ�1RVKOWO�%�0�TCVKQ�KU�������
Indore Method

Ŗ�/CPWCN� VWTPKPI� QH� RKNGF�WR�OCUU� HQT� KVU� FGEQORQUKVKQP�WPFGT�
Aerobic�EQPFKVKQPU�
Bangalore Method

Ŗ�6JKU�OGVJQF�KU�YKFGN[�CFQRVGF�D[�OWPKEKRCN�CWVJQTKVKGU�VJTQWIJQWV�
VJG�EQWPVT[��+VU�CP�Anaerobic�OGVJQF�
Disposal of Refuse by Pulverization

Ŗ�4GHWUG� KU� RWNXGTK\GF� KP� ITKPFKPI�OCEJKPGU�� UQ� CU� VQ� TGFWEG� KVU�
XQNWOG�

Ŗ�+V�KU�HWTVJGT�FKURQUGF�QH�D[�ſNNKPI�KP�VTGPEJGU��QT�FKIGUVGF�KP�QRGP�
YKPFTQYU�QT�ENQUGF�FKIGUVQTU�
Disposal of Refuse by Incineration and Thermal Pyrolysis
Incineration

Ŗ�/QUV�GHHGEVKXG�OGVJQFU�QH�TGFWEKPI�VJG�XQNWOG�CPF�YGKIJV�
Ŗ�'UVKOCVKQP�QH�QZ[IGP�TGSWKTGOGPV�CPF�JGCV�DCNCPEG�CTG�XGT[�XKVCN�

Pyrolysis
Ŗ%QODKPCVKQP�QH�VJGTOCN�ETCEMKPI�CPF�EQPFGPUCVKQP�TGCEVKQPU�KP�

CDUGPEG�QH�QZ[IGP�
Ŗ�#NUQ�MPQYP�CU�FGUVTWEVKXG�FKUVKNNCVKQP�

Note:2[TQN[UKU�KU�CP�GPFQVJGTOKE�RTQEGUU�Ō�TGSWKTKPI�EQPVKPWQWU�KPRWV�
QH�JGCV�GPGTI[��YJKNG�KPEKPGTCVKQP�KU�CP�GZQVJGTOKE�RTQEGUU�



10Air Pollution

#KT�RQNNWVCPVU�ECP�DG�ENCUUKſGF�CU�HQNNQYU�
���0CVWTCN�EQPVCOKPCPVU�
���#GTQUQNU�
RCTVKEWNCVGU�
���)CUGU�CPF�XCRQWTU

Natural Contaminants
(TQO�YGGFU��ITCUUGU�CPF�VTGGU�

Aerosols
Ŗ�#GTQUQNU� TGHGT� VQ� VJG� FKURGTUKQP� QH� UQNKF� QT� NKSWKF� RCTVKENGU� QH�

OKETQUEQRKE�UK\G�KP�ICUGQWU�OGFKC��UWEJ�CU�FWUV��UOQMG��QT�OKUV�
6JG�HQNNQYKPI�CTG�VJG�XCTKQWU�CGTQUQNU�
(i) Dust
(ii) Smoke
(iii) Mists
(iv) Fog
(v) Fumes

Gases
(i) Sulphur Dioxide
(ii) Hydrogen Sulphide and Mercaptans
(iii) Hydrogen Fluoride
(iv) Oxides of Nitrogen
(v) Carbon Monoxide
(vi) Aldehydes
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Primary and Secondary Air Pollutants

2TKOCT[�CKT�RQNNWVCPVU�CTG�VJQUG�GOKVVGF�FKTGEVN[�HTQO�KFGPVKſCDNG�
UQWTEGU�

Example :
���(KPGT�RCTVKENGU�
NGUU�VJCP�����z��KP�FKCOGVGT��
���%QCTUG�RCTVKENGU�
ITGCVGT�VJCP�����z�KP�FKCOGVGT��
���5WNRJWT�EQORQWPFU�
���1ZKFGU�QH�PKVTQIGP�
���%CTDQP�OQPQZKFG�
���*CNQIGP�EQORQWPFU�
���1TICPKE�EQORQWPFU�
���4CFKQCEVKXG�EQORQWPFU�
5GEQPFCT[�CKT�RQNNWVCPVU�CTG�RTQFWEGF�D[�VJG�KPVGTCEVKQP�COQPI�VYQ�

QT�OQTG�RTKOCT[�RQNNWVCPVU��QT�D[�TGCEVKQP�YKVJ�PQTOCN�CVOQURJGTKE�
EQPUVKVWVGPVU��YKVJ�QT�YKVJQWV�RJQVQCEVKXCVKQP�

Examples
���1\QPG
���(QTOCNFGJ[FG
���2#0�
RGTQZ[�CEGV[N�PKVTCVG�
���2JQVQEJGOKECN�UOQI
���(QTOCVKQP�QH�CEKF�OKUVU�
*2514)

5OQI���5OQMG��(QI

Note: /GTECRVCPU�CTG�QHVGP�CFFGF�VQ�PCVWTCN�QT�OCPWHCEVWTGF�ICU�
UWRRNKGU�UQ�VJCV�NGCMCIG�QH�ICU�YKNN�DG�PQVKEGF�

Photochemical Air Pollution
Nitrogen Dioxide Photochemical Reaction: 7NVTCXKQNGV�NGPIVJ�

GPGTI[�KU�CDUQTDGF�D[�012�
012��JX�o�012�
012

� o�01��1
1��12 o�13

13��01�o�012��12
Sulphur Dioxide Photochemical Reaction: 1\QPG� 
13��OC[�

DG� HQTOGF� KP� VJG�CVOQURJGTG�CU� C� D[�RTQFWEV� FWTKPI�RJQVQEJGOKECN�
QZKFCVKQP�QH�UWNRJWT�FKQZKFG�VQ�UWNRJWTKE�CEKF�
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Factors Affecting Photochemical Reactions

K��.KIJV�KPVGPUKV[

KK��*[FTQECTDQP�TGCEVKXKV[

KKK��4CVKQ�QH�J[FTQECTDQPU�VQ�PKVTKE�QZKFG

KX��2TGUGPEG�QH�NKIJV�CDUQTDGTU

X��/GVGQTQNQIKECN�XCTKCDNGU
Effects of Photochemical Smog
���'[G�KTTKVCVKQP
���8GIGVCVKQP�FCOCIG
���8KUKDKNKV[�TGFWEVKQP
���%TCEMKPI�QH�TWDDGT
���(CFKPI�QH�F[GU
Global Implications of Air Pollution

C��6TQRQURJGTG� ���VQ����MO� ������VQ�Ō���u%

D��5VTCVQURJGTG� ���VQ����MO� Ō����VQ�Ō���u%

E��/GUQRJGTG� ���VQ����MO� Ō����VQ�Ō���u%

F��6JGTOQURJGTG� ���VQ�����MO� Ō����VQ�����u%
Ŗ���RGTEGPV�CTIQP�
#T��������RGTEGPV�ECTDQP�FKQZKFG�
%12)
Ŗ� 6JG� NC[GT� QH� ITGCVGUV� KPVGTGUV� KP� RQNNWVKQP� EQPVTQN� KU� VJG�

troposphere
Acid Rain

Ŗ�#EKF�TCKP�
QT�CEKF�FGRQUKVKQP��TGUWNVU�YJGP�ICUGQWU�GOKUUKQPU�QH�
UWNHWT�QZKFGU�
51Z��CPF�PKVTQIGP�QZKFGU�
01Z��KPVGTCEV�YKVJ�YCVGT�XCRQT�
CPF�UWPNKIJV�CPF�CTG�EJGOKECNN[�EQPXGTVGF�VQ�UVTQPI�CEKFKE�EQORQWPFU�
(H2514�CPF�*013��

Ŗ�ŎENGCPŏ�TCKP�KU�UNKIJVN[�CEKFKE��+H�R*�QH�TCKP�KU�NGUU�VJCP������KV�KU�
ECNNGF�CEKF�TCKP�
Global Warming

Ŗ�6JG�ITGGP�JQWUG�ICUGU�CEV� NKMG�C�VJGTOCN�DNCPMGV�UWTTQWPFKPI�
VJG�GCTVJ�CU�FWG�VQ�VJG�RTGUGPEG�QH�ITGGP�JQWUG�ICUGU�VJG�JGCV�TGOCKPU�
YKVJKP�VJG�CVOQURJGTG�CPF�FQGU�PQV�GUECRG�QWV�QH�KV�

The major green house gases are

K��%CTDQP�FKQZKFG�
%12)

KK��/GVJCPG�
%*4)

KKK��0KVTQWU�QZKFG�
021�

KX��Chlorofloro carbon (CFC)
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Ozone Layer Depletion

Ŗ�1\QPG�NC[GT�KU�VGTOGF�CU�ozone umbrella
• 2TKOCT[�TGCUQP� HQT�Q\QPG� NC[GT�FGRNGVKQP� KU�%(%� 
Chlorofluoro

ECTDQP��QT�HTGQPU�
Ŗ�1\QPG�KU�FGUVTQ[GF�FWG�VQ�VJG�RJQVQN[VKE�TGCEVKQP�QH�%(%�CU�UJQYP�

DGNQY�

CF Cl3
UV⎯ →⎯⎯ �%N��QVJGT�UWDUVCPEGU

%N��13 ⎯ →⎯ �%N1��12

Control Devices for Particulates
(1) Gravitational Settling Chambers

(2) Centrifugal Gas Collectors
Cyclone Collectors
Ŗ�#�E[ENQPG�EQNNGEVQTU�EQPUKUVU�QH�C�E[NKPFTKECN�UJGNN��EQPKECN�DCUG��

FWUV�JQRRGT��CPF�CP�KPNGV�YJGTG�VJG�FWUV�NCFGP�ICU�GPVGTU�VCPIGPVKCNN[�
Dynamic Precipitators
(3) Wet Scrubbers (or Collectors)
(a) Spray Towers
(b) Wet Cyclone Scrubbers
(c) Venturi Scrubbers
(4) Electrostatic Precipitators
Ŗ�'ZVGPUKXGN[� WUGF� KP� VJGTOCN� RQYGT� RNCPVU�� RWNR� CPF� RCRGT�

KPFWUVTKGU��OKPKPI�CPF�OGVCNNWTIKECN�KPFWUVTKGU��KTQP�CPF�UVGGN�RNCPVU��
EJGOKECN�KPFWUVTKGU��GVE�
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Discharge

electrode (wire)

Clean

gas

out

Weights

Collection
plate

*KIJ�XQNVCIG�GNGEVTQUVCVKE�RTGEKRKVCVQTU

(5) Fabric Filters
Control Devices for Gaseous Pollutants
1. Adsorption Unit
(i) Fixed bed Adsorbers
(ii) Moving bed Adsorbers
(iii) Fluidized bed Adsorbers
2. Absorption Units
(i) Spray Towers
(ii) Plate or Tray Towers
(iii) Packed Towers
3. Condensation Units
4. Combustion (or Incineration) Units

Note: 5QQV�CPF�ECTDQP�OQPQZKFG�CTG�D[�RTQFWEVU�QH�EQODWUVKQP�CV�NQY�
QZKFCVKQP��YJKNG�ECTDQP�FKQZKFG�KU�C�D[�RTQFWEV�QH�EQODWUVKQP�KP�VJG�
RTGUGPEG�QH�UWHſEKGPV�QZ[IGP�

(i) Direct-flame Combustion.

KK��6JGTOCN�%QODWUVKQP�

KKK��%CVCN[VKE�%QODWUVKQP��
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Dispersion of Air Pollutants into the Atmosphere 
Lapse Rate : +P�VJG�VTQRQURJGTG��VJG�VGORGTCVWTG�QH�VJG�CODKGPV�


UWTTQWPFKPI�� CKT� PQTOCNN[� FGETGCUGU�YKVJ� KPETGCUG� KP� VJG� CNVKVWFG�

JGKIJV���6JKU�TCVG�QH�EJCPIG�QH�VGORGTCVWTG�KU�ECNNGF�NCRUG�TCVG�

(i) Environmental Lapse Rate/Ambient Lapse Rate (ELR): 
6JG�NCRUG�TCVG�KU�MPQYP�CU�VJG�RTGXCKNKPI�NCRUG�TCVG��QT�VJG�CODKGPV�

NCRUG�TCVG�QT�VJG�GPXKTQPOGPVCN�NCRUG�TCVG�
'.4��

0 5 10 15
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H
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(ii) Adiabatic lapse Rate: 4CVG�QH�FGETGCUG�QH�VGORGTCVWTG�YKVJ�
JGKIJV�KU�ECNNGF�CFKCDCVKE�NCRUG�TCVG�

Ŗ�&T[�CKT�GZRCPFKPI�CPF�EQQNNKPI�CFKCDCVKECNN[�EQQNU�CV�TCVG�QH����u%�
RGT�MO�CPF�KV�KU�ECNNGF�FT[�CFKCDCVKE�NCRUG�TCVG�

Ŗ�+P�UCVWTCVGF�
YGV��CKT��VJKU�TCVG�KU�ECNEWNCVGF�VQ�DG��u%�RGT�MO��
CPF�KU�MPQYP�CU�YGV�CFKCDCVKE�NCRUG�TCVG�
FWG�VQ�TGNGCUG�QH�NCVGPV�JGCV�
QT�EQPFGPUCVKQP�QH�YCVGT�XCRQWT�YKVJKP�UCVWTCVGF�RCTEGN�QH�TKUKPI�CKT���

(a) Super Adiabatic Lapse Rate
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(b) Sub-adiabatic Lapse Rate
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(c) Neutral: '.4�CPF�#.4�CTG�GZCEVN[�GSWCN�
Negative Lapse Rate and Inversion

H
t .

in
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e
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e
s

Normal

lapse rate

Isothermal

(no change in
temp, with ht).

Negative
lapse rate

Temp in °C

6JGTG�CTG�VYQ�V[RGU�QH�KPXGTUKQP�

K��4CFKCVKQP�KPXGTUKQP
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Plume Behaviour
Plume is defined by the path taken by continuous discharge of 

gaseous effluents emitted from a stack or chimney.
(i) Looping plume
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