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 Average domestic water consumption in Indian 

city=135lpcd 

FIRE DEMAND 

Empirical formulas: 

(i) Kuichling’s Formula 

Q=3182P where, Q= Amount of water required  

in liters/minute.P= population in thousand. 

(ii) Freeman Formula  

Q = 1136 [
P

10
+ 10] 

PER CAPITAL DEMAND (q) 

𝑞

=
𝑇𝑜𝑡𝑎𝑙 𝑦𝑒𝑎𝑟𝑙𝑦 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑖𝑡𝑦 𝑖𝑛 𝑙𝑖𝑡𝑟𝑒

365 × 𝐷𝑒𝑠𝑖𝑔𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 

   

Assessment of Variation in Demand 

(i)  

  

(ii)  

  

(iii) 

  

(iv)    Maximum weekly demand = 1.48× Avg. 

weekly demand 

(v)   Maximum monthly demand=1.28× Avg. 

monthly 

POPULATION FORECASTING METHODS 

(i) Arithmetic increase- This method is based 

upon the assumption that population increases at 

a constant rate.                                                         

 

Where,  𝑃𝑛 = Prospective or forecasted 

population after n decades from the present (i.e., 

last known census) 

𝑃𝑜 = Population at present (i.e., last known 

census) 

n= Number of decades between now & future. 

𝑥̅ = Average (arithmetic mean) of population 

increases in the known decades 

(ii) Geometric Increase Method   In this method 

the per decade percentage increase or 

percentage growth rate is assumed to be 

constant. Also known as Uniform increase 

method 

 

 Where, r= Assumed growth rate (%) 

r can be calculated using 

  

Where, 𝑃2 = Final known population,𝑃1 = Initial 

known population, t= Number of decades 

(period) between 𝑃1 and 𝑃2  

r can also be calculated as 

   

(iii) Incremental Increase Method – The 

population for a future decade is worked out by 

adding the mean arithmetic increase to the last 

known population as in arithmetic increase 

method and to this is added the average of the 

incremental increasey̅. Method is best for any 

city, whether old or new 

 

Where, 𝑥̅ = Average increase of population of 

known decades 

  𝑦̅ = Average of incremental increase of the 

known decades. 

Maximum daily demand = 1.8 × Avg daily 

demand 

Maximum hourly demand = 1.5× maximum daily 

demand 

Maximum hourly demand or peak demand= 2.7 

× Avg daily demand 

Pn = P0 +  nx̅  

Pn = P0 (1 +
r

100
)

n

  

r =
t√P2

P1
 − 1  

r = t√r1r2 … . rt 

Pn = Po + nx ̅ +
n(n + 1)

2
 y̅ 
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(iv) Decreasing rate of growth method 

 Used where the rate of growth shows a 

downward trend (as the cities reach towards 

saturation, the rate of increase in population 

goes on reducing)  

CHARACTERISTIC OF WATER 

A) PHYSICAL CHARACTERISTICS 

a)Turbidity :- If a large amount of suspended 

matter such as clay, silt or other organic material 

are present in water it will appear to be muddy or 

turbid in appearance. 

 Amt of suspend matter. Unit-ppm or JTV or 

NTV 

Measurement (i) field – Turbidity Rod, 

 Lab (i) Jackson’s turbidity meter – candle test 

Longer the light path – lower the turbidity 10.8cm 

≈200JTV 

Can’t measure Turbidity less than 25JTV 

(ii) Nephelometer-  Light reflection test  

Can measure Turbidity less than 1ppm 

NTV (unit )= Nephelomete  Turbidity unit  

𝑷𝑳𝑫 (𝑷𝒆𝒓𝒎𝒊𝒔𝒔𝒊𝒃𝒍𝒆 𝒍𝒊𝒎𝒊𝒕 𝒇𝒐𝒓 𝒅𝒓𝒊𝒏𝒌𝒊𝒏𝒈 𝒘𝒂𝒕𝒆𝒓

= 𝟓 𝒕𝒐 𝟏𝟎 𝒍𝒊𝒎𝒊𝒕 

b) Colour :- Measured in “ Burgress scale” with 

Nessler tubes or colour scale”. 

More precise instrument is –Tintometer 

PLD on cobalt scale =20 

 c)  Taste & Odour :- Taste and odour may be 

caused by presence of dissolved gases such as 

H2S, CH4, CO2 etc. combined with organic matter 

Test A ml of odour sample +B ml of dilute sample   

A+B=200ml 

Threshold odour No. (TON) =
𝐴+𝐵

𝐴
=

200𝑚𝑙

𝐴
 

𝑷𝑳𝑫 = 𝟏, 𝒔𝒉𝒐𝒖𝒍𝒅 𝒏𝒆𝒗𝒆𝒓 𝒆𝒙𝒄𝒆𝒆𝒅 𝟑 

d) Temperature:- 

𝑷𝑳𝑫 = 𝟏𝟎𝟎𝒄 𝒔𝒉𝒐𝒖𝒍𝒅 𝒏𝒆𝒗𝒆𝒓 𝒆𝒙𝒄𝒆𝒆𝒅 𝟐𝟓𝟎𝒄 

B) CHEMICAL CHARACTERISTICS 

 

a) Total solid and suspended solids 

Total solid measured by evaporation,  the 

suspended solid can be found by filtering the 

water sample and weighing the residue left on 

the filter paper. The difference between total 

solid and suspended solid gives the dissolved 

solid 

Dissolved solid =Total solid –suspended solid 

𝑷𝑳𝑫 = 𝟓𝟎𝟎𝒑𝒑𝒎 

b) 𝒑𝑯 = −𝐥𝐨𝐠 [𝑯+] 

 

  

 

 

The lower value of it (acidic) may cause corrosion 

and the higher value of it (alkaline) may produce 

incrustation. 

Measurement is done by potentiometer  

or by colour indicator generally 2 indicator used 

are   

Methyl orange→(2.8-4.4)  , original colour is red , 

finally converted to yellow 

Phenolphthalein→(8.6-10.3 ), original colour is 

yellow , finally converted to red 

𝑷𝑳𝑫 = 𝟔. 𝟔 𝒕𝒐 𝟖. 𝟓 

 

c) Hardness :- If carbonate and bicarbonate of 

ca & mg present called temp . hardness, if 

POH =  − log10[O̅H] 

𝑃𝐻 + 𝑃𝑂𝐻 = 14  

[H+][O̅H] = 10−14 
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sulphate, carbonate and nitrate present 

called permanent hardness 

 Carbonate hardness→It is equal to total 

hardness or alkalinity whichever is less 

 Non carbonate →only present if Total 

hardness is more than Alkalinity. 

Ex. if  T.H=150ppm, Alk=50ppm then carbonate 

=50ppm & non carbonate =[150-50]=100ppm 

If hardness ≤ 75𝑝𝑝𝑚 = 𝑠𝑜𝑓𝑡𝑤𝑎𝑡𝑒𝑟 

Hardness between (75-200)=moderate water 

Hardness >200=Hard water 

CONSTITUENTS OF ALKALINITY 

Major sources → CO3
2, HCO3

−, OH− 

 (a)  

 

   

 Equivalent weight of CaCO3 =
40+12+3×16

2
= 50 

 

 

 

𝑷𝑳𝑫 (𝟕𝟓 − 𝟏𝟏𝟓)𝑷𝑷𝑴 

Measurement by titration using EDTA also called 

‘versanate’ solution. 

𝑇. 𝐻(𝑝𝑝𝑚)𝑎𝑠𝑐𝑎𝑐𝑜3 

[𝑐𝑎2+
∗

𝑐𝑜𝑚𝑏𝑖𝑛𝑖𝑛𝑔 𝑤𝑡 𝑜𝑓 𝑐𝑎𝑐𝑜3

𝑐𝑜𝑚𝑏𝑖𝑛𝑖𝑛𝑔 𝑤𝑡 𝑜𝑓 𝑐𝑎2+
 ] +   

[𝑚𝑔2+ ∗
𝑐𝑜𝑚𝑏𝑖𝑛𝑖𝑛𝑔 𝑤𝑡 𝑜𝑓𝑐𝑎𝑐𝑜3

𝑐𝑜𝑚𝑛𝑏𝑖𝑛𝑖𝑛𝑔 𝑤𝑡 𝑜𝑓 𝑚𝑔2+] 

Combining wt. of, ca, mg & 𝑐𝑎𝑐𝑜3are 20, 12, 50 

respectively. 

(d) Chloride content: - Large amount of chloride 

may enter from industries. Generally present in 

the form of Nacl 

𝑷𝑳𝑫 = 𝟐𝟓𝟎𝒑𝒑𝒎 

Test – Titration with silver nitrate using 

𝑘𝑚𝑜4indicator. 

(e) Nitrogen content: -  It gives the indication of 

presence of organic matter, may present in any 

form  

(a) Free Ammonia- Indicates the first stage of 

decomposition of organic matter or gives the 

indication of recent pollution 

 (b) Organic Nitrogen (Albuminoid)- Indicates 

quantity of nitrogen present in water before the 

decomposition of organic matter is started      

(c) Nitrites – Indicates the presence of partially 

decomposed organic matter 

(d) Nitrates- Indicates the presence of fully 

oxidized organic matter 

 Excess of nitrate may cause 

Mathemoglobinemia or blue baby disease 

 Free Ammonia & org. Nitrogen called 

‘Kjeldahl Nitrogen 

PLD Ammonia =0.15, org. Nitrogen =0.3 

Nitrite =zero, Nitrate = 45ppm 

(f) PLD of other chemicals 

(a) Mn= 0.05ppm  

(b) Fluoride=(1-1.5)ppm, <1 cause –tooth decay

  >1.5cause →spotting of teeth  

(c) Iron =0.3ppm 

(d) sulphate =250ppm 

(g) BOD (Bio chemical oxygen demand):- BOD of 

water during 5 days at 20oC is generally taken as 

the std. demand required. It’s a demand by 

Microorganism for the degradation of organic 

matter. 

 Test 

Equivalent weight =
Molecular weight

𝑣𝑎l𝑒𝑛𝑐𝑦
  

gram equivalent or number of equivalent =
ωt

equivalentωt
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BOD 5day at 200𝑐=[(𝐷. 𝑜)𝑖 − (𝐷. 𝑜)𝑓] ∗ 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 

factor    

 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 (𝐷. 𝑜)𝑖  𝑠ℎ𝑜𝑢𝑙𝑑 ≮

 1𝑝𝑝𝑚, (𝐷. 𝑜)𝑓 𝑠ℎ𝑜𝑢𝑙𝑑 𝑛𝑜𝑡 𝑚𝑜𝑟𝑒 𝑡ℎ𝑎𝑛7𝑝𝑝𝑚 

PLD  𝑩𝑶𝑫 = 𝑶 

Min. 𝐷𝑂 𝑓𝑜𝑟 𝑠𝑢𝑟𝑣𝑖𝑣𝑎𝑙 𝑜𝑓 𝑓𝑖𝑠ℎ = 4𝑝𝑝𝑚 

BOD 𝑌𝑡 = 𝐿0[1 − (10)−𝑘𝐷𝑡] 

Where KD=0.43K, Deoxygenation constant or BOD 

constant 

 K=speed of reaction in day 

𝐿0 =Ultimate D.0  

The rate at which BOD is satisfied at any time 

depends upon temp and also on the amount and 

nature of organic matter present in water at any 

time. It can be calculated using: 

𝐾𝐷(𝑇𝑂) = 𝐾𝐷(20𝑂)(1.047)𝑇−20  

h) C.O.D:-   Potassium dichromate (K2Cr2O7 )or 

Potassium permanganate (KMn04 ) which are 

oxidizing agents are used to destroy the organic 

matter. As the organic matter is of two types 

biologically degradable and  non-bio degradable. 

BACTERIAL CHARACTERISTICS  

Most bacteria are harmless, and under certain 

conditions beneficial to human beings, animals and 

crops. Such bacteria or micro-organisms are called 

non-pathogenic bacteria or non-pathogens. Certain 

other bacteria are dangerous for and may cause 

serious water borne diseases, such as cholera, 

typhoid, infectious hepatitis, etc. such harmful 

bacteria or organisms are known as pathogenic 

bacteria or pathogens. 

(i) Aerobic- Oxygen is required for Survival   (ii) 

Anaerobic- Don’t require oxygen for survival  (iii) 

Facultative- can survive with 𝑜2 or without 𝑜2  

→Test by counting of Coliforms (harmless 

Aerobic m.o) found residing in the intenstines of 

all warm blooded animals including human 

beings. 

→life of coliform is higher than pathogenic 

bacteria, hence if no coliform present water will 

be safe and free from pathogen 

PLD   𝟏𝒄𝒐𝒍𝒊𝒇𝒐𝒓𝒎 𝒑𝒆𝒓 𝟏𝟎𝟎𝒎𝒍 𝒐𝒇 𝒘𝒂𝒕𝒆𝒓 

→Determine using MPN (most probable number) 

test- By mixing different samples of water with 

lactose and incubating them with test tubes for 

48 hr. The presence of acid or co2 in the test tube 

will indicate the presence of coliform bacteria, 

then referring to std. statistical tables the MPN of 

b.coli per 100ml of water can be found 

→It can also be determined by membrane filter 

technique 

 Diseases caused by Bacteria  

a)Typhoid- caused by Salmonella Typhi  

(Bacteria, b)Cholera- caused by Vibrio –

cholera, c)Bacillary dysentery – caused by 

Shiga bacillus 

 

 Diseases caused by viral infection  

(i) Hepatitis (infectious jaundice) – caused 

by Hepatitis virus 

(ii) Poliomyelitis –caused by Polio virus 
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WATER TREATMENT 

Purpose of water treatment 

To remove color, turbidity, dissolved solid, 

suspended solid, objectionable taste and odour, 

excess hardness, salinity, toxic materials, various 

microorganism. 

Theory of Sedimentation 

It is the removal of suspended particles by 

gravitational settling. Sedimentation tanks 

designed to reduce velocity of flow so as to reduce 

turbulence sedimentation is based on Stokes law. 

There are two type of sedimentation  

1) Plain Sedimentation- Also called type 1 

sedimentation, based on discrete settling where no 

coagulants are added 

2) Coagulation Sedimentation- Also called type 2 

sedimentation, based on colloidal settling where 

chemicals are added to form flocs 

 Settling Velocity  using Stokes Law- The 

settling velocity of discrete particle having d 

diameter can be computed using Stoke law 

(a)       

     Valid for d < 0.1 mm.                    

Where      = Velocity of settlement of particle in 

m/s., d= Diameter of the particle in meter. G= 

Specific gravity of the particle                                                                                                                 

ν= kinematic viscosity of water in         

(b)   

 

  

                                                                                   

And           5 , 

                                        

                                                

  

(c)                      

                                                                                         

For  d< 0.1 mm.    

 Where, T= temperature of water in ° C ,                                                           

   is in mm/sec.  d is in mm. 

(d) 

 For  d > 0.1 mm 

e)     

                                                                                                                 

For  0.1 < d < 1 mm. 

Types of sedimentation tanks  

a) Quiescent Type (Fill and draw type) – 

Tank is filled with incoming water and 

allowed to rest, generally for 24hr. 6-8 hr 

required for removal of sludge. Tank is 

designed to treat maximum daily demand 

equals to 1.8 times of average daily 

demand. 

b) Continuous flow type- It is designed to 

achieve ideal condition of equal velocity at 

all points. Depending on type of flow these 

may be of following 3 types- horizontal, 

circular and vertical flow. 

Horizontal Flow (Rectangular Sedimentation 

Tank) 

Assumptions- Settling of particles is same as in 

case of Quiescent type of equal depth 

Flow is horizontal and steady and settling velocity 

is uniform 

Concentration of suspended particles is same at all 

height  

Particles are removed when they reach at bottom 

of the settling zone 

Important terms in calculations 

(a) Over flow rate- Defined as settling velocity of 

that particle if introduced at the top most point 

at inlet will reach bottom most point at outlet 

𝑉𝑆′ =
𝑔

18
  𝐺 − 1 

𝑑2

𝑣
   

Vs =  

4

3
gd  G − 1 

CD
  

1  

 

CD =   4 for 𝑅𝑒 > 1 4 

CD =
24

Re
 

CD =
 4

Re
+

3

 Re
+    34  

And if   5 ≤ Re  ≤ 1 ,    

Vs = 418  G − 1 d  
3T + 7 

1  
  

VS = 1 8 gd G − 1  

VS = 418  G − 1 d 
3T + 7 

1  
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Or                                                                                                          

   = 12000 to 18000 lit/m
2
/ day for plain 

sedimentation, and     = 24000 to 30,000 lit/m
2
/ 

day for sedimentation with coagulation. 

(b) Velocity of flow,  

(c) Time of horizontal flow,   

 

 

(d) Time of falling through height ‘H’   

 

(e) Detention time,   

 

 

 

 

(f) Percentage lighter particle- 

          

Where,    = % of lighter particles (with setting 

velocity    ′  is less than   ) which                                                                     

shall be removed in an ideal settling  basin.   

(g) Percentage of particle removed 

   =  1 − xs + ∑
   

  
  x 

Where xs is fraction of particles which have 

settling velocity less than vs. it means (1-xs) is 

fraction of those particles which have settling 

velocity more than vs 

(h) Detention time‘t’ for circular tank                                    

  

                              

Where d= dia of the tank,                                                      

H= Vertical depth of wall  

TYPE-2 SEDIMENTATION  

It is also called sedimentation with coagulation. 

Coagulation is added to neutralize the –ve charge 

on colloidal particles and allow them to coagulate. 

Coagulant forms the precipitate known as flock. 

Chemical used for Coagulation  

1) Alum                    

 Alum reacts with bicarbonates to form 

Al(OH)3 as a ppt. 

 Addition of Alum imparts permanent hardness 

because it converts bicarbonate into sulphate. 

 Addition of alum produces CO2 which form 

carbonic acid which decreases pH and hence 

corrosiveness is increased, hence in order to 

increase the pH alkali may be required such as 

lime Ca(OH)2 or Soda Na2CO3.  

     S 4 3 18   + 3 C   C 3   

   3C S 4 +  2       +  6 C        

       4 3   18   + 3        

3    4 +        3  + 18     

       4 3  18   + 3     3  

  3     4 +  2      3 + 3    

+15        

 

2) Copperas (          ) 

 Also called ferrous sulphate. Used with lime 

in order to increase the pH. 

 Effective pH range is more than 8.5. Since 

value is more than the PLD for pH hence 

rarely used for drinking water treatment 

   S 4 7   +   C       C S 4 +

        + 7       

 Copperas    +   Hydrated lime =                

Ferrous hydroxide 

   S 4 7   + C   C 3       C 3  +

 C C 3 +  7     

     C 3  + 2C              +

2C C 3 + 2     

        +   + 2    4      3  

 

 v r f ow r t , Vs =
Di  h rg 

 urf     r  
 

Vs =
Q

BL
  

Vf =
Q

B 
 

T =
L

Vf
=

L

Q BH
=

LBH

Q
   

T =
H

VS
=

LBH

Q
  

td =
L

Vf
=

H

VS
  

4 to 8 hr→  For plain sedimentation  

2 to 4 hr →  For sedimentation with coagulation 

  =
VS

VO
× 1    

t =
d     11𝑑 +   785   

Q
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3) Chlorinated Copperas:              and 

      ) 

 When chlorine is added with iron slats Ferric 

Sulphate and Ferric Chlorides is formed 

 Iron salts are more commonly used in treating 

sewage water, whereas alum is used treating 

the raw water 

 Imparts bad taste to water 

 Produces heavy flocks  

 6   S 4 7    +  3C   2    S 4 3 +

 2  C 3 +  42                                           

     S 4 3 +  3C       3C S 4 +

2      3   

 Ferric sulphate   +  Hydrated lime =                        

Ferric hydroxide ppt 

 2  C 3 + 3C       3C C  +  2      3   

 

4)  Sodium Aluminate  (          

 It reacts with permanent hardness present in 

water and gives ppt of Calcium aluminate. 

Since it removes permanent hardness hence it 

is often used treating boiler feed water 

 Method is costlier as compare to Alum 

treatment 

        4 +  C   C 3   C     4  +

   C 3 + C   +     

            

        4 +              4   +

2          

  

        4 + C S 4   C      4    +

    S 4 

 

MIXING BASIN 

Mixing is done by mechanical Mixer.  Raw water 

and coagulants are mixed vigorously. Intensity of 

mixing depends upon temporal mean velocity 

gradient (G).  G is a measure of relative velocity 

of two particles of fluid and distance between 

them. Unit of G is sec
-1

 . 

                                                                                                                            

 

Where,  G =Velocity gradient (per second)  

 P= Power dissipated in watts i.e., N-m/s

 V= Volume of tank in m
3
raw water to 

which P is applied in m
3 ,

μ = Dynamic viscosity 

(N-s/m
2
) 

G can also be calculated  

 = √
        

3

2  
 

Where CD is coefficient of drag;    is density of 

water;     Area of plates; Vr is relative velocity; 

V volume of tank 

FILTRATION 

Filtration removes fine particles, turbidity, 

colloidal matter, dissolved minerals and 

Microogranism. 

Types of Filters:- 

A. Slow Sand Filter 

 Generally designed rectangular having L/B 

ratio 1.5 to 3 

 Depth of filter is 2.5 to 3.5 m. 

 Plane area of filter is 100 to 2000 m
2
 

having its’ size of the order of 30m *60m 

   2 ≤  1   of sand ≤   4     

 Coefficient of uniformity 
   

   
= 3   5  

 Design period =10 years 

 Depth of sand is 90 to 110 cm 

 Below the sand gravel based of 30 to 75 

cm thick is used. 

 Frequency of cleaning is 1 to 3 months. 

 Rate of filtration =very slow 100 to 200 

lit/hr/m
2
. 

 Efficiency of bacteria removal = 98 to 

99% 

 It can be removed turbidity up to 50 ppm. 

 Cleaning of filter is done manually once in 

1-3 months in which top 1.5 cm to 3 cm 

layer is scrapped and washed manually. 

 It is designed for maximum daily demand G⬚ =  
 

μV
  

1  
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 The number of filter beds required depend 

on total filter area but usually 1 filter bed 

is provided at stand by 

 

B. Rapid Sand Filter 

 

 Number of Filter unit is computed using as    

a              

            where Q= Plant capacity in million  lit/day 

 
   

   
= 1 3    1 7  

 Water to be treated must be Coagulated 

and Sedimented 

 Sand layer depth is about 75 cm. 

 Below the sand gravel based of 60 to 90 

cm thick is used. 

  1  of sand is 0.35 to 0.55 mm. 

 Depth of tank = 2.5 m to 3.5 m. 

 Area = 10 to 80 m
2
 each unit. 

 Rate of washing is 15 to 90 cm rise/ 

minute. 

 Rate of filtration 3000 to 6000 lit/hr/ m
2
 

approx 30 times of slow sand filter. 

 Less efficient in removal of bacteria (80-

90%) 

C)  Pressure Filter 

Pressure filters are just like small rapid gravity 

filters placed in closed vassals, and through which 

water to be treated is passed under pressure. 

 Rate of filtration – 6,000 to 15, 000 

liter/hr/m
2
  

The pressure filter is less efficient than the rapid 

gravity filters, in removing bacteria and 

turbidities. 

                   

 

 

 

 

 

DISINFECTION OR STERILIZATION 

Disinfection means killing of pathogenic bacteria 

whereas sterilization means killing of pathogenic 

and nonpathogenic bacteria both.  

Methods of Disinfection 

Minor Methods 

a) Boiling- It is the best method which 

removes 100% bacteria and other 

microorganism. Since method is costly 

hence not suitable for mass public supply. 

b) Treatment with lime-   Lime increases 

the pH and when pH >11 then removes 

approx. 100% bacteria. Generally used for 

boiler feed after as it also removes 

hardness. Excess lime can be removed by 

carbonation of the water. 

c) Treatment with silver ions- Also called 

electro catadion process. Metallic silver 

ions have strong killing action.   

d) Treatment with Iodine and Bromine – It 

may be used for army trops and by private 

plants 

e) Treatment with UV light- Efficient 

method for sterilization. Rays are 

generated using Mercury vapor lamp. 

Method is costly and often adopted for 

treating surgical water, swimming pool 

water. 

f) Treatment with KMnO4-  This Pink in 

colour commonly used for open well in 

rural area. It can kill bacteria and can 

oxidise bad taste producing organic matter. 

If pink color disappears quickly then it 

indicates oxidation and presense of organic 

matter.  Dose- 1-2 ppm 

g) Ozone-   Reaction is as follows 

 3  

                       
→                2 3 

                          Arc voltage 

Powerfull oxidsing agent, it can be produced in a 

high voltage electrical field. Ozonised water is 

tasty and no residue is left and no color is 

produced. Method is very costly. 

𝑁 = 1 22√𝑄  
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 MAJOR METHODS 

 

CHLORINATION  

Chlorine in its various forms are almost used for 

disinfecting public water supply. As this method 

is very cheap, easy to handle and having residual 

disinfecting effects for long period. 

Forms of Chlorine – In the form of Liquid 

chlorine , Chloramine, Chlorine dioxide, 

hypochlorite  or bleaching powder. 

ii) Disinfecting Action of chlorine 

When chlorine is added to water, it forms 

Hypchlorous acid or hypochlorite ions. 

  

   +     
      5   
→              y o h orou    id  +     

      
   8
→              +            (Hypochlorite 

ion) 

      +           
    
→           

 NH3+HOCL is called combined chlorine  

 

  3 +       

          o o h oro   i   +          >

7 5  

      +                    Di −

 h oro  i     +        5    6 5  

       +          3 Tri h oro  i   +

          4 4 

 HOCL is most destructive form  for this 

reason pH value of water is kept between 

5-7 

 NCL3 has no disinfecting property 

 TYPE OF CHLORINATION 

(i) Plain chlorination  - No other treatment is 

given to water except chlorination. Dose 0.5mg/l.  

Removes bacteria, organic matter and colour                                                      

(ii) Pre-chlorination- Apply Chlorination before 

filtration. Normal dose 5-10mg/l 

(iii) Post-chlorination-  Apply Chlorine at the end.  

Dose should be such that around 0.1 to 0.2 mg/lit 

is left after a contact of 20 min. 

(iv) Double chlorination- Pre and Post 

Chlorination applied  

(iv) Break point chlorination- It gives an idea 

about extent of the chlorine added to water. 

Beyond the break point free residual appears.  The 

difference between applied chlorine and residual 

chlorine is called chlorine demand of water. 

(v) Super chlorination – When excess chlorine is 

added say 5-15mg/l . Generally used in some 

special cases ex. Epidemic 

(vi) Dechlorination-  Requied when super 

chlorination is done ( Generally to remove excess 

chlorine) Agents used are SO2 gas, activated 

carbon, Sodium Bisulphite(NaHSO3), Sodium 

Thiosulphate (Na2S2O3)                                                                                                                                                                                        

WATER SOFTENING 

 Methods of Removing of Temporary 

Hardness 

 

(i) Boiling 

C   C 3   +    t    C C 3 + C    +    

(ii) Addition of Lime 

  gC 3 +  C          g       + C C 3  

 

 g  C 3   + C      
   C   C 3  +   g       

      3  +          2C C 3  + 2    

 

 Method of Removing Permanents Hardness 

(i) Lime – soda process 

(a) C   C 3  +  C         2C   3   +

2    

(b)  (i)         3  +          

       3  +           
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 (ii)       3 +                +

     3  

(c)  gC  +  C          g       + C C   

(d)     4 +                     +

    4 

 (e)    +              3 +       

 (f)      +       3      3   + 2      

(g)     4 +       3      3 +      4 

 

 Lime removes entire carbonate hardness 

 Lime reacts with non-carbonate hardness of 

magnesium to convert non carbonate hardness 

of calcium 

 Non Carbonate hardness of Calcium is further 

removed by Soda Ash 

 Dry Sluge produced in mg/l= Ca 

removed+0.58 Mg removed+Lime added 

                   

(ii) Zeolite or Base Exchange or Cation- 

Exchange Process for Removing Hardness 

    +   
 g

{

  C 3  
S 4

C  

        {

  C 3   
S 4

C   
  +

      
 g

     

  
 g

      + 2  C         +      
 g

 C       

Used       Sodium      Regenerated   

zeolite    chloride         zeolite 

 

 This process is very effective and can produce 

zero hardness 

 No sludge is formed 

 Zeolite is a natural or synthetic cation o base 

exchange hydrated silicates of sodium and 

aluminum. Also called Green Sand. 

  

   

             

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                   FLOOD ROUTING & GROUND WATER HYDROLOGY         

 

  

Flood Routing- Determination of flood 

hydrograph at downstream end using upstream 

data is called flood routing 

Method 1) Hydrological (Lumped) Routing - a) 

Reservoir routing (ex. Level pool method), b) 

Channel Routing ( ex. Muskingum method) 

2) Hydraulic Routing- Distributed type,solved by 

Saint-Vaint Equation 

a) Level pool method- Based on continuity 

equation 

  

  
  ( )   ( ) , method based on principle 

that if Q =f (H) and S=f(H) then S=f(Q),where H 

is elevation. Max. Storage occur when 
  

  
   

thn I=Q. Eqn used 

1)
     

  
      (       )  (

   

  
   ) 

Curve used- 

 

 

 

Channel routing or River Routing by 

Muskingum method-  Use to model volume 

storage of flooding by combination of wedge 

and prism storage. S=f(Q,I) 

 

 

 

 

When I>Q, +ve wedge formed. Prism storage is 

denoted by Sp=KQ. Where K= time of travel of 

flood wave routing through channel, also called 

proportionality constant.  

Wedge storage Sw=KX(I-Q) hence total storage is 

denoted as S=K[XI+(1-X)Q], where X is weighting 

factor varies (       ) which depends 

upon shape of wedge. X=0 for rectangular 

storage and X=0.5 for full wedge. 

To determine Qj+1=C1Ij+1 +C2Ij+ C3Qj ,  

Where C1 
      

  (   )   
, C2=

      

  (   )   
, 

C3=
  (   )   

  (   )   
, check is C1+C2+C3=1 

 

Distributed flow routing (Depth and velocity 

both varies)  

Ex. St. Vt. Equation, Continuity eqn (
  

  
 

  

  
 

   ), Q is discharge, q is lateral discharge, A 

is channel cross sectional area. 

Momentum Eqn-
  

  
  

  

  
  (

  

  
      ) 

Ground water flow (Sub Surface flow) 

Terms- 1) Saturated zone- Subsurface zone in 

which all opening are filled with water. 

2)Vadose zone-Generally unsaturated and 

partially filled with air 

3) Capillary fringe- Lies just above saturated 

zone, also called transition zone. Water held by 

Capillary action 

4) Specific yield( Sy)- Volume of water drained 

from a rock to the total volume of rock. 

5) Specific Retension(Sr)- Volume of water 

retain to the total volume of rock. 

6) Porosity(ƞ)= Sy + Sr 
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Ex-  Ƞ% Sy% K(Hyd. 
Conductivity)m/day 

Clay 15-55 1-10 0.041 

Sand 35-40 10-30 32.8 

Gravel 30-40 15-30 2.5 

 

 Aquifer Aquitard Aquiclude Aquifuge 

Permeabil
-ity 

High Less Less Not 
present 

Porosity High Less High Not 
present 

ex Gravel Sandy 
Clay-
Seepage 

Clay Rock 

 

 

 

 

 

 

 

Confined Aquifer- Filled with pressurized water 

and separated from land surface by 

impermeable confining bed also called Artesian 

Aquifer 

Unconfined Aquifer- Exposed to land surface 

consist water table 

Darcy law- Q=KiA, K is permeability , I is hyd. 

Gradient, Q/A =KI=v (Apparent velocity, Actual 

vel. Is higher than v) 

Limitation- Valid for laminar flow, for Re. no <1 

only. Re=Vds/ᵥ, where ds is particle size 

representative d10 is 10% of aquifer material 

is of smaller than it. 

Transmissibility-( Discharge for unit width) as 

Q=Kia, T=KD (for unit gradient and unit width), 

D is height of fully saturated zone 

Compressibility of aquifers- For confined aquifer 

Compressibility of water (β)= 
   

  
    

Compressibility of Pore (α)=- 
   

  
    

Specific storage (S), dimension(L-1)=Ss/B where 

Ss is stortivity denoted as Ss=γ(ƞβ+α),  defined 

as volume of water released from unit volume 

of water column due to unit decrease in 

piezometer head. 

Groundwater equation of Motion 

a)Confined Groundwater flow 

       
  

  
 , where     

   

    
   

    
   

    

Where S is storage coefficient and T is 

Transmissibility. Above equation is valid for 

unsteady groundwater, Homogenous, Isotropic 

and Confined Aquifer. 

When flow is Steady equation reduced 

to      . 

b) Confined groundwater flow between 2 water 

body 

 

 

 

 

Equation of discharge  

  
(     )
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Equation of head  

   

    
   

      , valid of Steady flow 

 

Unconfined flow using Dupit’s assumption 

equation is      . 

Assumptions involved are 

1) The curvature of the free surface is very 

small so that the steamline can be 

assumed to be horizontal at all sections 

2) The hydraulic grade line is equal to the 

free surface slope and does not vary 

with depth 

Unconfined flow with recharge 

    

   
 

    

   
 

   

 
, where R is recharge in 

(m3/d)/m2 of area 

Without recharge head equation would be 

    

   
 

    

   
   

Unconfined groundwater flow between 2 

water body 

Equation of discharge  

  
(  

    
 )

 

 

 
 

Steady flow into a well for confined flow 

 

 

 

 

 

  
    (     )

  
  

  

                   , Where 

T=KB or   
   (     )

  
  

  

  at edge of zone of 

Influence S=0, r2=R, h2=H, hence   
     

  
 

  

 

 

Unconfined Flow 

 

 

 

 

 

 

  
  (  

    
 )

  
  

  

  at edge or at R,  

  
  (     

 )
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