
Advances in Natural and Applied Sciences, 8(13) October 2014, Pages: 30-38 

 

AENSI Journals 

Advances in Natural and Applied Sciences 

 
ISSN:1995-0772    EISSN: 1998-1090 

 

Journal home page: www.aensiweb.com/ANAS 

 

   

Corresponding Author: Dr. Mohammed Ali Rashid Hameed, Environmental Engineering Department, College of 

Engineering, Almustansiriya University, Baghdad, Iraq. 

                                       E-mail: mohammedalirashidhameed@gmail.com. Mobile +9647902759893 

Prediction of the Appropriate Lag Time Between Rapid Mixing Coagulation and 

Beginning of Flocculation Process 

 
1
Dr. Mohammed Ali Rashid Hameed, 

2
Rasha Azeez Joudah, 

3
Firas Saeed Abbas. 

 
1,2,3Environmental Engineering Department, College of Engineering, Almustansiriya University, Baghdad, Iraq. 
 

A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received 15 September  2014 

Received in revised form 15 October  

2014 

Accepted 31 October 2014 
Available online 3 November 2014 

 

Keywords: 
Coagulation, Alum dosage, 

lag time,  rapid mixing, 

flocculation. Sedimentation  

 In some plants, the flocculation process chamber is located so that there is a 

considerable period of quiescent flow between the application of the coagulant in the 

rapid mixing and the beginning of the flocculating period, lag time is defined as the 

period of time between an action and the response to that action. In this research, the 

lag time considered is the time elapsed between the completion of rapid mixing 
coagulation process and the beginning of flocculation process in raw water treatment 

intended to reduce suspended solids (turbidity), and predicting the appropriate lag time 

for drinking water treatment plants in Iraq that have designs with different distances 
between rapid mixing and flocculation tanks. Improved jar test apparatus were used to 

run simulating test runs to four different turbidity levels raw waters (50, 100, 250, 500 

NTU) that were made synthetically by adding a sufficient Tigris river clay to water 
samples and coagulated by adding optimum alum dosages (5, 10, 15, 20 mg/L) 

respectively, in rapid mixing condition, where flat four-paddle Stirrers were operated in 

four square jars driven at certain calculated revolutions per minute to provide a constant 
velocity gradient of 700 s-1, for coagulation period of 1min. (Gt=42000). Then 

flocculation process starts after different lag times (5, 10, 15, 20, 25, & 30 min). During 

flocculation process, two different velocity gradients were used of 20 s-1 and 40 s-1, 
ensured by calculated impeller revolutions of 41 & 65 rpm, respectively, at room 

temperature of 15 degree oC, and for detention time of 30 min. Finally samples were 

taken after 2 min. following termination of flocculation process and start of 
sedimentation process in the jars to test the remaining turbidity and indicating the 

efficient operation conditions for best turbidity removal cases. It was found that the 

magnitude of lag time between the completion of rapid mixing coagulation process and 

the beginning of flocculation process affects the formation, structure, and strength of 

flocs significantly and consequently the efficiency of flocs settling in clarification tank. 

The test results show that at G=20 s-1, the optimum lag time was 15 min., where the 
remaining turbidity decreased with increasing this time from 5, to 10 and 15 min, and 

then increased at times 20, 25, and 30 min., as well as, the lag time effect was more 

pronounced on high initial turbidity raw waters than on lower turbidity ones in giving 
better results of turbidity removal in the former. Finally the influence of increasing 

flocculation velocity gradient on lag time was investigated and proofed to have the 

same behavior mentioned above and optimum lag time remained at 15 min. when G=40 
s-1 , but more efficient turbidity removal  has been gotten in settling for the whole 

different raw waters initial turbidities used in these tests. 
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                                                                      INTRODUCTION 

 

All waters, especially surface waters, contain both dissolved and suspended particles. Coagulation and 

flocculation processes are used to separate the suspended solids portion from the water. The suspended particles 

vary considerably in source, composition charge, particle size, shape, and density. Correct application of 

coagulation and flocculation processes and selection of the coagulants depend upon understanding the 

interaction between these factors. The small particles are stabilized (kept in suspension) by the action of 

physical forces on the particles themselves. One of the forces playing a dominant role in stabilization results 

from the surface charge present on the particles. Most solids suspended in water possess a negative charge and, 

since they have the same type of surface charge, repel each other when they come close together. Therefore, 

they will remain in suspension rather than clump together and settle out of the water (MRWA, 2010).  
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Coagulation and flocculation provide the water treatment process by which finely divided suspended and 

colloidal matter in the water is made to agglomerate and form flocs. This enables their removal by 

sedimentation, dissolved air flotation or filtration. Colloidal particles (colloids) are midway in size1 between 

dissolved solids and suspended matter. Colloids are kept in suspension (stabilized) by electrostatic repulsion and 

hydration. Electrostatic repulsion occurs because colloids usually have a surface charge due to the presence of a 

double layer of ions around each particle. Thus, the colloid has an electric charge, mostly a negative one. 

Hydration is the reaction of particles at their surface with the surrounding water. The resulting particle-water 

agglomerates have a specific gravity, which differs little from that of water itself (Ives K. and Al-Azharia J.S., 

2000). The efficiency of coagulation-flocculation depends on many factors: the type and the amount of the 

coagulant, pH, compounds of the wastewater, mixing intensity, contact time for the reaction, age of the flocs, etc 

(Karches T., 2012). 

In the Jar testing procedure it is feasible to determine the effect of lag time between the rapid mixing 

coagulation and the beginning of flocculation process on formation, structure, and strength of flocs and resulting 

settling efficiency. In some plants, the flocculating chamber is located so that there is a considerable period of 

quiescent flow between the application of the coagulant in the rapid mixing and the beginning of the 

flocculating period (Hudson, H. E., 1976). 

Lag time is an inherent characteristic of the natural systems under study that may be generally defined as 

the amount of time between an action and the response to that action. In this case, we define lag time as the time 

elapsed between the rapid mixing and the beginning of flocculation to reduce turbidity and predict the 

appropriate lag time period in water treatment plant (NNPSMP, 2008). 

Project management, system, and effects measurement components can be important determinants of lag 

between treatment and response. Any or all of these may come into play in a watershed project. Apparent lag 

time in water quality response may also depend on the indicator evaluated or the impairment involved (Meals et 

al., 2010). 

Rapid mixing after coagulant dosing is an important design parameter. The coagulant must be uniformly 

mixed with the raw water. In case mixing is poor, local under- and overdosing occurs, resulting in poor 

performance of the process. The parameter expressing mixing intensity is called the velocity gradient or G-value 

(Masschelein W., 1992). 

 

  
Fig. 1: Components of lag time experienced in the rapid mixing -- beginning of flocculation projects. 

 

MATERIALS AND METHOD 

 

Modified square jars were used in the tests of this research, which are fabricated by cementing together 

sheets of acrylic plastic, with dimensions as shown in Figure-1. Each time, a raw water of 2 Liters volume and 

different turbidity have been added to the jar and the water level was at the graved level on the container wall, a 

sampling tap is inserted through the wall of the container at a distance of 10 cm below this water surface. 

Samples were withdrawn through this sampling taps after 2 min. following the termination of the flocculation 

period, this corresponds to a settling velocity of 5cm/min., this value is in the range of (2-8) cm/min which 

commonly used in most treatment plants applications. 

Samples are withdrawn through this sampling tap at 2 min following termination of the period of 

flocculation. This corresponds to settling velocity of 5cm/min. This value in the range (2-8) cm/min which is 

commonly used in most treatment plants. 

The square plastic jars have a number of advantages over the normal glass beakers or glass containers used 

in jar test work in that: 1- The plastic jars are less fragile, 2- rotational velocity stops quickly upon the 

termination of stirring, 3- no siphon or pipette is needed for sampling, and the sample is withdrawn without 

disturbing the settling water and, 4- the acrylic plastic walls are less heat–conductive than the glass walls of 

other jars. The plastic has lower thermo conductivity than glass, and the wall thickness in the plastic units is 

about fourfold that of glass beakers. Plastic units can therefore be used in the laboratory without a water bath. 

No material change in temperature of the water occurs during testing.  

Photo-1 shows the jar testing setup used in the recent work, and Figure-2 shows the dimensions of the jar 

container. The coagulation-flocculation tests were carried out following the standard method for coagulation-

flocculation, 2002. A standard jar test apparatus were used in the tests, and raw water samples have been 

prepared of four different initial turbidity levels (50, 100, 250, and 500 NTU) made synthetically by adding 
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sufficient clay to tap water. Before the intended main test runs initial secondary tests were conducted to find the 

optimum dosages of alum that was used as a coagulant agent in the rapid mixing for the above mentioned 

turbidities, and the optimum dosages were 5, 10, 15, 20 mg/L, respectively. Four-paddle Stirrer was operated in 

each jar container for mixing and four containers used in these tests, the stirrers are driven by electric motor to 

have a certain calculated revolutions per minute using equations 1 and 2 to give the required constant velocity 

gradient for coagulation process of 700 s
-1

 at detention time of 1 min. and velocity gradients of 20 s
-1

 and 40 s
-1

 

to flocculation process at detention time of 30 min. 

G= √P/µ V …….. equation (1) 

in which:  

G = average velocity gradient for mixing, s
-1

  

P = dissipated power in water, W  

μ = dynamic water viscosity, N·s/m
2
  

V = volume of mixing tank, m
3
  

 

P = Np  ρ  n
3  

D
5    

…… equation (2) 

in which: P = power input, W (kg/.m
2
/s

3
) 

ρ = density of water, kg/m
3
 

Np = power number for impeller, dimensionless (3.5 - 4) 

n = No. of revolutions per second of stirrer (rps) 

D = Diameter of impeller, m 

Many test runs were conducted and samples collected through a tap in jar container wall after 2 min. of 

termination of flocculation process and start of sedimentation process in the jar, following a series of processes 

including rapid mixing for 1 min., then lag time of different interval (5, 10, 15, 20, 25, & 30 min), and 

flocculation process for 30min. at two velocity gradient (20 s
-1

 and 40 s
-1

) (i.e, 41, and 65rpm respectively) at 

room temperature of 15
 o

C. Then the remaining turbidity of each sample was measured and the results are 

tabulated in table-1, and 2, as well as representative curves were drawn for them at the test conditions  specified 

and as shown in figures 3~12, the experiments were conducted at temperature of 15 
o
C.        

 

 
Fig. 2: Jar container dimensions 

 
 

Photo. 1: Jar test apparatus 
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                                                    ESULTS AND DISCUSSION 

 

The gotten experimental data from test runs under the conditions mentioned in previous clauses are 

tabulated in table-1 and 2, in which the remaining turbidities of samples were measured by Nephilometeric 

turbidity units reading device in the laboratory after 2 min. detention time in sedimentation phase followed 

termination of flocculation and coagulation processes for different raw waters initial turbidities under the 

specified conditions and different lag times between rapid mixing and start of flocculation process at two 

different values of flocculation velocity gradients (20 s
-1

 and 40 s
-1

). 

Some relation curves had been drawn between the lag times used versus the remaining turbidities results 

correspond to, in the test runs to get some conclusions and revealing the  relations laid in, these curves are 

shown in figures 3~12. The results show that the lag time between the completion of rapid mixing coagulation 

process and the beginning of flocculation process affects significantly upon turbidity removal efficiency for 

different initial turbidity raw waters (50~500 NTU). When the lag time was increased in the range from 5, to 10, 

and 15 min. the quality of flocs formation, structure, and strength improved   significantly in proportion with 

this time, but further increase beyond 15 min. to 20, 25, and 30 min. caused a proportional deterioration of 

settling remaining turbidity resulted from badly affected flocs formation and strength, therefore, the 15 min. lag 

time was the optimum for giving the best results of settling remaining turbidities for all raw water initial 

turbidities (50~500 NTU). 

The effect of lag time was more pronounced for high initial turbidity raw waters than for low ones. For 

example in table-2, when lag time was 5 min. and raw water initial turbidity is 50 NTU, at G=20 s
-1

, the settling 

remain turbidity was 36.3 NTU, for other  raw water initial turbidity of 500 NTU and under the same conditions 

the remaining turbidity was 190.6 NTU, but when the lag time was increased to 15 min., the remaining turbidity 

decreased to 20.2 NTU for the former water and to 38.2 NTU for the latter, it means a reduction percentage 

remaining turbidity of 44.31%, and 80%, respectively.        

Other investigation was to look for the role of flocculation velocity gradient variation on lag time effect and 

efficiency of turbidity removal. It was clear that the increase in velocity gradient from 20 to 40 s
-1

 improved 

turbidity removal but have not affected the optimum lag time for different initial turbidity raw waters in the 

range (50~500NTU), the same optimum time of 15 min. remained. The effect of velocity gradient on turbidity 

removal was more pronounced on high turbidity raw water than on low one, as can be seen from the results in 

tables 1, and 2, and figures 3~121), i.e., for initial raw water turbidity of 50 NTU, at flocculation G=20 s
-1

 and 

optimum lag time of 15 min., the remaining turbidity was 22.3 NTU, but when the velocity gradient increased to 

40 s
-1

, the remaining turbidity decreased to 20.2 NTU, it means an improvement by 9.4%, while for raw water 

turbidity of 500 NTU, at flocculation G=20 s
-1

 and optimum lag time of 15 min., the remaining turbidity was 

22.3 NTU, and when the velocity gradient increased to 40 s
-1

, the remaining turbidity decreased to 20.2 NTU, by 

40.2% improvement which much higher percentage than the former. 

 
Table 1: Test runs results of remaining turbidity at different raw water initial turbidities and lag time at G=20 s-1 

 
 

 

 
 

 

 
 

 

 
G = 20 s-1 

Lag time Influent turbidity (NTU) Remaining Turbidity (NTU) 

5 50 38.3 

 100 51.9 

 250 84.7 

 500 214.4 

10 50 32.4 

 100 44.7 

 250 55.1 

 500 195.4 

15 50 22.3 

 100 27.3 

 250 43 

 500 63.9 

20 50 35.5 

 100 28.9 

 250 48 

 500 98.9 

25 50 37.4 

 100 62.6 

 250 106.1 

 500 113.1 

30 50 40.7 

 100 62.9 

 250 129.2 

 500 195.4 
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Table 2: Test runs results of remaining turbidity at different raw water initial turbidities and lag time at G=40 s-1 

 

 
 

 

 
 

 

 
 

 

 
 

 

G = 40 s-1 

Lag time Influent turbidity (NTU) Remaining Turbidity (NTU) 

5 50 36.3 

 100 45.4 

 250 79.5 

 500 190.6 

10 50 30.6 

 100 39.8 

 250 41.4 

 500 104 

15 50 20.2 

 100 17.7 

 250 40.5 

 500 38.2 

20 50 33.6 

 100 19.2 

 250 38.6 

 500 79.4 

25 50 35.7 

 100 22.9 

 250 85.5 

 500 105.1 

30 50 40.7 

 100 59.9 

 250 111.4 

 500 120.9 

 

 
 

Fig. 3: Remaining turbidity versus lag time @ 50NTU 

 

 

 
 

Fig. 4: Remaining turbidity versus lag time @ 100NTU 
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Fig. 5: Remaining turbidity versus lag time @ 250NTU 

 

 
 

Fig. 6: Remaining turbidity versus lag time @ 500NTU 

 

 
 

Fig. 7: Remaining turbidity versus influent turbidity @ Lag time 5min 
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Fig. 8: Remaining with influent turbidity @ Lag time 10min 

 

 
 

Fig. 9: Remaining turbidity versus influent turbidity @ Lag time 15min 

 

 
 

Fig. 10: Remaining turbidity versus influent turbidity @ Lag time 20min 
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Fig. 11: Remaining turbidity versus influent turbidity @ Lag time 25min 

 

 
 

Fig. 12: Remaining turbidity versus influent turbidity @ Lag time 30min 

                                 

Conclusion And Recommendations: 

1- In some treatment plants, the flocculation process chamber is located so that there is a considerable 

period of quiescent flow between the application of coagulant in the rapid mixing and the beginning of the 

flocculating period; therefore a lag time effect on turbidity removal efficiency was investigated in this research. 

The results show that, the lag time affects the formation, structure, and strength of the flocs significantly and 

consequently the efficiency of flocs settling in clarification tank. The test results at G=20 s
-1

, indicated the 

optimum lag time to be 15 min., where the remaining turbidity decreased with increasing this time from 5, to 10 

and 15 min, but then increased at times 20, 25, and 30 min. 

2-  As well as, the lag time effect was more pronounced on high initial turbidity raw waters than on  lower 

turbidity ones in giving better turbidity removal. 

3- The influence of increasing flocculation velocity gradient on optimum lag time and its effect was 

investigated also, and proofed to have the same behavior mentioned above and optimum lag time remained at 15 

min. even when the velocity gradient was increased from G=20 s
-1

 to G=40 s
-1

, but better turbidity removal has 

been gotten in settling for the whole different initial turbidity raw waters used in this research. 

4- Further studies on the effect of lag time using another type of coagulation agent than alum may be done. 

5- Effect of lag time in higher range of initial turbidity of raw waters can also be studied. 
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