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Abstract— In our present study an attempt is carried out to 

design a water treatment plant for Chikkamagaluru town 

Water available on the surface of earth as various sources 

contains lots of impurities in it which has to be brought to the 

permissible standards prior to its distribution, the objective is 

attained by subjecting water to various treatments in water 

treatment plant. After performing water quality analysis 

collected from Yagachi reservoir and using population data 

of chikkamagaluru town the various water treatment units 

like Reservoir Intake, Cascade Aerator, Circular 

Sedimentation Tank, Clariflocculator and Rapid Sand Filter, 

Disinfection unit have been designed. 
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I. INTRODUCTION 

Water is one of the essential requirements for life on our 

planet. All living beings need water for their survival. 

Absolute pure water is never found in nature, but invariably 

contains certain suspended, colloidal and dissolved 

impurities (organic and inorganic in nature, generally called 

solids) in varying degree of concentration depending on the 

source.  

 Under normal conditions, the domestic consumption 

of water in India is about 135 LPCD. But due to the high 

population of India, which is likely to be 133.92 crores as on 

2017, with an estimated 40% of urban population, the 

intended supply of water could not be met. So identification 

of sources of water supply, their conservation and optimum 

utilization is of paramount importance. The water supplied 

should be ‘potable’ and ‘wholesome’. Hence, treatment of 

water to mitigate and or absolute removal of these impurities 

become indispensable. Untreated or improperly treated water 

becomes unfit for intended use proves to be detrimental for 

life.  

 Water treatment is any process that improves 

the quality of water to make it more acceptable for a specific 

end-use.  

 The end use may be drinking, industrial water 

supply, irrigation, river flow maintenance, water recreation or 

many other uses, including being safely returned to the 

environment. Water treatment removes contaminants and 

undesirable components, or reduces their concentration so 

that the water becomes fit for its desired end-use. 

 The designed water treatment plant has Yagachi 

dam as the basic source of water which is at a distance of 27.9 

km from Chikkamagaluru town. Yagachi reservoir has been 

built with a capacity of 3.603tmc. The type of treatment to be 

given depends on the given quality of water available and the 

quality of water to be served. However such an extensive 

survey being not possible in the designed water treatment 

plant. It is assumed that all kinds of treatment processes are 

necessary.  

II. METHODOLOGY 

 

III. WATER QUALITY ANALYSIS 

To ascertain the treatment required for the water in a region, 

proper testing of the water samples collected from the area 

should be conducted. This is to ensure the safety of public 

health and utility. It therefore becomes imperative upon the 

planners and designers of the public water supply schemes, to 

thoroughly check, analyse and treat the raw water available. 

The water present in the intake is of low quality. Therefore 

water is tested to get details about their chemical properties. 

Drinking water should satisfy the specified limits 

recommended by IS code 

TESTS RESULTS 

PERMISSIBLE LIMITS 

as per 

WHO Standards 

Dissolved 

oxygen 

10.34 

mg/L 
5 mg/L 

Acidity Nil ------ 

Alkalinity 82 mg/L 200-600 mg/L 

pH 7.6 6.5-8.5 

Nitrate 0.2 mg/L 45 mg/L 

Iron 0.29 mg/L 0.3-1 mg/L 

Turbidity Nil 1-5NTU 

Total Hardness 262 mg/L 150-300 mg/L 

Chlorides 
18.49 

mg/L 
250-1000 mg/L 

Sulphates 14 mg/L 250-400 

BOD Nil 30 mg/L 

E-Coli Nil 0/ 100ml 

https://en.wikipedia.org/wiki/Water_quality
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Drinking_water
https://en.wikipedia.org/wiki/Irrigation
https://en.wikipedia.org/wiki/Contaminant
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A. Location of Water Source:  Yagachi Reservoir 

1) Water Quantity Estimation 

Water treatment plant is designed for a period of 30 years. 

At design period of 30 years the forecast population of the 

Chikkamagaluru city  is 156904. 

2) Calculation of Water Demand 

Average daily demand =156904×135 

                                     =21.182×106 Litres 

 ∴ Maximum daily demand = 21.182×106 × 𝟏.5 

                                             = 31.77× 𝟏06 Litres 

                                             = 31.77 MLD 

                                                   Q=31770 m3/ day 

B. Design of Reservoir Intake 

1) Reservoir Intake  

a) Data  

RL of river bed = 945.723m 

RL of normal water level = 959.6m 

RL of low water level = 954.00m 

RL of high flood level = 964.60m 

Population to be served = 1,56, 904 

Average water demand = 31.77MLD     

Population = 1,56, 904 

PCD = 31.77MLD 

LWL = 954.00m 

NWL = 659.6m 

HFL = 964.60m 

RL of river bed = 945.723m 

MDD = 31.77MLD 

Assuming that pumping takes place only for 16 hours a day,  

the discharge to be pumped, 

                      = 0.55m3/s 

b) Design 

 Let us provide an oblong shaped inlet well or intake well, 

with openings provided at 3 levels. 

 One layer of opening shall be kept below RL 954.00m. 

Other layer of opening may be kept below the normal 

river water level of RL 959.6m and the last layer of 

opening may be kept below RL 964.6(HFL). These 

opening shall be filled with bar screens made up of 

20mm diameter steel bars of say 50mm opening (clear 

opening). 

 Let the velocity through the screen be limited to 0.16m/s 

(limit from 0.15- 0.2m/s) 

Area of opening at each level,                             

                                               = 3.44m2 

Let us provide 1m height of screen openings, 

 Length of opening = 
𝟑.𝟒𝟒

𝟏
 

                   = 3.44m 

Number of openings =
𝐥𝐞𝐧𝐠𝐭𝐡 𝐨𝐟 𝐨𝐩𝐞𝐧𝐢𝐧𝐠

𝐬𝐩𝐚𝐜𝐢𝐧𝐠 𝐛𝐞𝐭𝐰𝐞𝐞𝐧 𝐛𝐚𝐫𝐬
 

                                   = 
𝟑.𝟒𝟒

𝟎.𝟎𝟓
 

                                   = 68.8 

                                   ≈ 69 

Number of bars = Number of openings -1 

                          = 69 – 1 

                          = 68 

Length occupied by 20mm dia bars = 
𝟐𝟎

𝟏𝟎𝟎𝟎
× 𝟔𝟖 

                                                         = 1.36m 

Total length of the screen = length of opening + length 

occupied by bars 

                                          = 3.44 +1.36 

                                          = 4.8m                                                                

                                                = 23.877 

                                                ≈ 24m 

Design a raising main or gravity pipe connecting the intake 

and jack well  

d = 0.76 

  𝑽𝒂𝒄𝒕 = 1.2m/s 

S = 
𝟏

𝟑𝟎𝟎
 

C. Design of Water Treatment Plant 

1) Cascade Aerator 

Design (Assuming the area required as 3.1m2/MLD) 

Flow or discharge entering the aerator = 31.77MLD 

Area required for treating 31.77MLD of water =98.5m2 

Design of raising main or inlet pipe 

d≈ 𝟎. 𝟕𝒎 

Dia of first cascade= 3.8m 

Dia of second cascade= 6.6m 

Dia of third cascade    =9.4m 

Dia of fourth cascade   =12.2m 

Capacity of the launder=22.08 m3 

Width of launder= 0.74m 

2) Circular Sedimentation Tank 

a) DATA 

 Required outflow from the tank = 1323.75 m3/h 

 Water used in de-sludging  = 2% 

 Minimum size of particles to be removed = 0.8mm 

 Specific gravity of the particles = 1.002 

 Expected removal efficiency of particulars = 75% 

 Assume performance of settling tank = Very good 

 Kinematic viscosity of water @ 20oC = 1.01×10-6 

m2/sec 

b) DESIGN 

 Required outflow rate = 1323.75 m3/h 

 Water used in de-sludging = 2% 

Average design flow ≈ 𝟏𝟑𝟓𝟏 m3/h 

c) Design of influent pipe 

Assuming the velocity as 1m/sec  

Provide influent pipe of 600mm 

d) Computation of settling velocity of minimized floc 

Assuming Stoke’s law 

Vs =   
𝒈

𝟏𝟖
[Sg−1] 

𝒅𝟐

𝝑
  

Vs = 6.907×10-4 m/sec 

Re= 
𝐕𝐬×𝐝

𝝑
 

Re=0.55< 1 

e) Determination of SOR 

∴ SOR=Vs= 59.7 m/day 
𝑸

𝑨
 = 39.43 m/D 

f) Determination of dimensions of tank 

Surface area of tank =822.32m2 

D=32.35m 

Since D is very large, we will provide two sedimentation tank 

of dia 22.88m 

Providing a detention time, to=2.5 hr 

∴ Depth of tank =4.11m 
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g) Design of peripheral effluent launder 

For a peripheral effluent launder half the flow is assumed to 

go about each side of the basin. 

Total length of launder = 71.88m 

Q = Discharge from each side = 0.091 m3/sec 

Provide 90o V-notches fixed to the inner side of the launder 

all along its perimeter. 

∴ Let us keep width of launder = 0.3m 

Then critical depth ‘h’ at the other end of the launder. 

h = 0.211m  

Depth of water at other end neglecting the friction losses, 

taking n =1 

H = 0.365m 

Assuming head loss of 0.1m providing a free board of 0.1m 

depth of launder below the bottom of wire discharging into it 

is = 0.365+0.1+0.1 = 0.565m 

If the weir has 50mm deep V-notches, the resulting depth of 

launder  

= 0.784+0.05 

= 0.615m 

Provide effluent launder of width equal to 300mm and depth 

650mm 

h) Check for weir loading 

Weir loading = 

𝟏𝟑𝟐𝟑.𝟕𝟓

𝟐
×𝟐𝟒

𝟕𝟏.𝟖𝟕
 

                      = 221.02 m2/sec/m < 300 m2/D/m 

Weir length =  𝜋𝐷           

                    =  𝜋 × 22.88 

                    =  71.87m 

3) Clariflocculator 

a) Design Criteria 

Depth of tank =3 - 4.5m 

Detention period = 10 - 40mins (normally 30mins) 

b) Clarifier 

Detention time = 2- 4H  

Overflow rate = 1-1.2m/H or 1 -1.2 m3/H/m2 

= 1351m3/H 

c) Design of Influent pipe 

V = 1m/s 

d ≈ 0.7m 

d) Design of Flocculator  

Dimensionless parameter (Gt or GT ) 

            = 48×103 

Volume of flocculator   = 450.33m3 

  Provide a water depth of 3.5m. 

∴ Surface area of flocculator  = 128.66m2 

                              D ≈ 13m 

e) Dimension of the paddles 

Total power input to the flocculator. 

        P = G2×µ×V.G =  [𝑷/𝝁𝒗]1/2 

        P = (40)2×0.89×10-3×450. 

        P = 641.27watt                                                      

f) Design of Clarifier 

   Assume SOR as 40m3/D/m2 

∴ Surface area of clarifier  = 811m2 

        Let  Dcf be the diameter of the clarifier 

                                       Dcf = 34.66m 

Since diameter is large we will provide 2 units. 

  D = 26m 

  Length of weir  = 81.68m 

   Weir loading  = 198.48m3/Dm  

4) Rapid Sand Filter 

Water required per day = 31.77×106 L/D.  

∴  Total filtered water required per day = 4% of MLD + 

31.77MLD 

                                                                 = 33.04 

                                                                 ≈  33MLD 

∴ Total filtered water required per hour  = 1.4ML/H 

Assuming rate of filtration to be 5000L/H/m2 

                    Area = 280m2  

Providing 6 beds and assuming length to breadth ratio as 

1.5:1. 

1 bed stand by, 

Area of each bed = 56m2 

  B ≈ 6m. 

L×B =9m×6m 

a) Design of under drainage system 

Dia of manifold pipe = 0.742 

Assuming the spacing b/w the laterals as 15cm, 

∴ Number of laterals = 60 

∴ Number of laterals on both side  = 120 

  Length of laterals ≈ 2.63 m 

Adopting 13mm diameter perforations in laterals. 

Number of perforation each laterals =  6.78 

b) Design of wash water trough  

y=0.39m 

5) Disinfection Unit 

Design criteria 

Chlorine Dose = 0.12mg/L 

Residual Chlorine = 0.44mg/L 

Contact Period = 20 to 30 min 

DESIGN  

Rate of Chlorine required to disinfect water be 2ppm 

Chlorine required per day = 31.77×10-6 ×0.12×10-6 

                                                                = 3.81kg 

 

IV. CONCLUSIONS 

Chikkamagaluru town had population of 1,18,496 as per 2011 

census, which would approximately  go on to 1,52,796 by 

2049. Hence our complete project run keeping this population 

data in context. 

 This project primarily includes 6 design units, 

namely reservoir intake, cascade aerator, sedimentation tank, 

clariflocculator, rapid sand filter, chlorination unit 

respectively. The reservoir intake is designed for discharge of 

0.55m3/sec, intake well of 20mm diameter with 50mm 

opening is provided. Cascade aerator is designed for 

discharge of 0.368m3/sec, area required for treating 

31.77MLD of water is 98.5m2. Sedimentation tank is 

provided for outflow rate of 1323.75m3/h, water used in de-

sludging is 2% for design flow of 1351m3/h, clariflocculator 

is designed for a flow rate of 1351m3/h and 2% of water was 

given for desludging, and also in this unit influent pipe is 

designed for diameter of 0.7mm, flocculator for diameter of 

13m, total depth of the paddles is 6.475m, clarifier is designed 

for diameter of 26m and area of 405.5m2. The 5th unit 

designed is rapid sand filter in which total filtered water 

required per day is 33MLD with area of 280m2 and breadth 

and depth of the unit is 6m and 9m respectively and finally 

chlorination unit is designed. 
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