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Coagulation, Flocculation and Mixing 

Jar Test  

Chemicals (coagulant) is added to raw water sample for mixing in the laboratory to simulate 

treatment-plant mixing conditions. Jar tests may provide overall process effectiveness, Six 

beakers are filled with the raw water, and then each is mixed and flocculated uniformly by 

identical paddle stirrers. A typical test is conducted by varying the coagulant dose to get the 

optimal dose. 
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Example 1: set of data below of jars tests were conducted on a raw water containing turbidity  

of 15 NTU. The turbidity was measured after the mixture was allowed to settle for 30 minutes. 

The objective is to find the optimal coagulant dose. 

 

Solution: The results of the jar tests are plotted in Figure and the optimal alum dose was 

estimated to be about 12 mg/L. 

 



  
                         

4                                                                                        
 

 

 

Mixing for Coagulation and Flocculation 

Mixing to bring the particles into contact with one another 

Coagulation is performed in a rapid-mix unit 

Flocculation is performed in a slow-mix unit 

Velocity Gradient (G):  a measure of the extent of shearing and mixing within a tank G can be 

visualized as being the measure of the relative velocity of 2 particles at a given distance apart he 

velocity gradient ( G ) that is dv/dy 

eg., two particles moving 1 m/s relative to each other and at a distance 

0.1 m apart will have a G of 1/0.1 = 10 s-1 

The velocity gradient is a function of the power input into a unit volume of water. The 

gradient can be estimated as 

 

where        G  = velocity gradient (s-1) 
  P = power input (watts = Nm/s) 
  V = volume of mixing basin (m3) 

   = viscosity (Ns/m2) 
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Rapid Mixing 

To provide rapid and complete mixing of chemicals at the head of a plant 
 
Rapid Mixing Properties: 

- need to rapidly disperse the coagulant 
- detention time usually 1 min but can be as high as 2 minutes 
- high turbulence is required  
- G range (600 -1000) s-1, T range (1-2) min, GT = G x T 

Types of Rapid Mixing: 
- Mechanical devices in a dedicated basin 
- In-line blenders 
- Hydraulic methods 
- Air mixing 
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Example 2:  A rapid mixing tank is 1 m x 1m x 1.2m. The power input is 746 W (1 hp). Find the G 

value at a temperature of 15 C. 

Solution:  

At 15 C ,  = 0.00113 N . s/m2 

 

           

 

Example 3: The design flow for a water treatment plant (WTP) is 1 MGD (3.8x103 m3/d). The rapid 

mixing tank will have a mechanical mixer and the average alum dosage will be 30 mg/L. The 

theoretical mean hydraulic detention time of the tank will be 1 minute. Determine the following: 

a. The quantity of alum needed on a daily basis in kg/d 

b. The dimensions of the tank in meters for a tank with equal length, width, and depth 

c. The power input required for a G of 900 sec-1 for a water temperature of 10 oC–  express 

the answer in kW 
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Solution:  

a. the quantity of alum needed on a daily basis in kg/d 

 
 

b. the dimensions of the tank in meters for a tank with equal length, width, and depth 
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c. The power input required for a G of 900 sec-1 for a water temperature of 10 oC–  express 

the answer in kW 
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Slow Mixing (Flocculation) 

To Provides slow mixing to allow “destabilized” particles and precipitates to grow in size 

Rapid Mixing Properties:  
- Too much mixing can cause floc break-up 
- Detention time of 20 to 50 minutes, typical 30 minutes 
- The flocculation basin should be divided into at least three compartments. 
- Flow through velocities be not less than 0.15 m/s nor greater than 0.45 m/s. 
- Water depths in the basin range from 3 to 5 m. 
- G range (20 -80) s-1. 

 

 
                                          Vertical-shaft turbine flocculation system 
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Horizontal paddle wheel flocculation system 
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Views of paddle flocculators 
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Example 3: Flocculation tanks are to be designed for a total flow rate of 49,200 m3/d.  The 

following conditions apply to the design: water temperature of 10 oC. Total mean detention time 

of 45 min, basin depth of 3.5 m, 3 parallel trains of flocculators (each train receives one third of 

the total flow), 3 flocculation stages of the same dimensions for each train (so a total of 9 

flocculators), the first stage G is 50 sec-1, the second stage G is 35 sec-1, and the third stage G is 

20 sec-1. Determine: 

a. The dimensions of the tank for each stage as well as the overall dimensions, in meters 
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The depth must be 3.5 m, then the product of the length and width must be: 

 

 

Note: Any combination of length x width that gives the above square meter areas is OK, as long 

as the L/W ratio doesn’t become too great (i.e, it should be below 11). 

For example, if you assume each floc tank is square, then the dimensions are just the square root 

of above: 

 Each individual tank is 7m x 7 m x 3.5 m depth 

 Overall size is 21m x 21m x 3.5 m depth 
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b. The average G times detention time product the “Gt” for the overall process. 

 

Overall G is just the average for all of the flocculator tank volume 

 

 
 

c. The power required for each stage, in kW  

 

 
 

Which results in the following:  

 


