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Suspended matter in raw water supplies is removed by various methods to 
provide a water suitable for domestic purposes and most industrial  
requirements.  

The suspended matter can consist of large solids, settable by gravity alone  
without any external aids, and nonsettleable material, often colloidal in  
nature. Removal is generally accomplished by coagulation, flocculation, and  
sedimentation. The combination of these three processes is referred to as  
conventional clarification. 

Coagulation is the process of destabilization by charge neutralization. Once  
neutralized, particles no longer repel each other and can be brought  
together. Coagulation is necessary for the removal of the colloidal-sized 
 suspended  
matter. 

Flocculation is the process of bringing together the destabilized, or  
"coagulated," particles to form a larger agglomeration, or "floc." 

Sedimentation refers to the physical removal from suspension, or settling,  
that occurs once the particles have been coagulated and flocculated.  

Sedimentation or subsidence alone, without prior coagulation, results in the  
removal of only relatively coarse suspended solids. 
 



STEPS OF CLARIFICATION 
Finely divided particles suspended in surface water repel each other  
because most of the surfaces are negatively charged. The following  
steps in clarification are necessary for particle agglomeration: 

• Coagulation. Coagulation can be accomplished through the addition 
of inorganic salts of aluminum or iron. These inorganic salts 
neutralize the charge on the particles causing raw water turbidity, 
and also hydrolyze to form insoluble precipitates, which entrap 
particles. Coagulation can also be effected by the addition of water-
soluble organic polymers with numerous ionized sites for particle 
charge neutralization.  

• Flocculation. Flocculation, the agglomeration of destabilized 
particles into large particles, can be enhanced by the addition of 
high-molecular-weight, water-soluble organic polymers. These 
polymers increase floc size by charged site binding and by molecular 
bridging. 
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Therefore, coagulation involves neutralizing charged particles to destabilize 
suspended solids. In most clarification processes, a flocculation step then 
follows. Flocculation starts when neutralized or entrapped particles begin to 
collide and fuse to form larger particles. This process can occur naturally or 
can be enhanced by the addition of polymeric flocculant aids. 

 

 
 



INORGANIC COAGULANTS 
Table 4-1 lists a number of common inorganic coagulants. Typical iron 
and aluminum coagulants are acid salts that lower the pH of the treated 
water by hydrolysis.  

Depending on initial raw water alkalinity and pH, an alkali such as lime 
or caustic must be added to counteract the pH depression of the primary 
coagulant. Iron and aluminum hydrolysis products play a significant role 
in the coagulation process, especially in cases where low-turbidity 
influent waters benefit from the presence of additional collision surface 
areas. 
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Variation in pH affects particle surface charge and floc precipitation during 
 coagulation. Iron and aluminum hydroxide flocs are best precipitated at Ph 
levels that minimize the coagulant solubility. However, the best clarification 
performance may not always coincide with the optimum pH for hydroxide  
floc formation. 
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 Also, the iron and aluminum hydroxide flocs increase volume requirements 

for the disposal of settled sludge. 

With aluminum sulfate, optimum coagulation efficiency and minimum floc 
solubility normally occur at pH 6.0 to 7.0. Iron coagulants can be used 
successfully over the much broader pH range of 5.0 to 11.0. If ferrous 
compounds are used, oxidation to ferric iron is needed for complete 
precipitation.  

This may require either chlorine addition or pH adjustment.  

The chemical reactions between the water's alkalinity (natural or 
supplemented) and aluminum or iron result in the formation of the 
hydroxide coagulant as in the following:  
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The chemical reactions between the water's alkalinity (natural or 
supplemented) and aluminum or iron result in the formation of the 
hydroxide coagulant as in the following:  



POLYELECTROLYTES 
The term polyelectrolytes refers to all water-soluble organic polymers  
used for clarification, whether they function as coagulants or  
flocculants. 

Water-soluble polymers may be classified as follows: 

•  anionic-ionize in water solution to form negatively charged sites 
along the polymer chain 

•  cationic-ionize in water solution to form positively charged sites 
along the polymer chain 

•  nonionic-ionize in water solution to form very slight negatively 
charged sites along the polymer chain 

Because suspensions are normally nonuniform, specific testing is  
necessary to find the coagulants and flocculants with the broadest range  
of performance. 
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COLOR REDUCTION 
Frequently, the objective of clarification is the re-duction of color.  
Swamps and wetlands introduce color into surface waters, particularly after 

heavy rainfalls.  
Color-causing materials can cause various problems, such as objectionable 

taste, increased microbiological content, fouling of anion exchange resins, 
and interference with coagulation and stabilization of silt, soluble iron, and 
manganese. 

Most organic color in surface waters is colloidal and negatively charged. 
Chemically, color-producing compounds are classified as humic and fulvic 
acids.  

Color can be removed by chlorination and coagulation with aluminum or iron 
salts or organic polyelectrolytes. Chlorine oxidizes color compounds, while 
the inorganic coagulants can physically remove many types of organic color 
by neutralization of surface charges.  
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 The use of chlorine to oxidize organic color bodies may be limited due to the 
production of chlorinated organic by-products. Additional color removal is 
achieved by chemical interaction with aluminum or iron hydrolysis products. 
Highly charged cationic organic polyelectrolytes can also be used to 
coagulate some types of color particles. 

 



CONVENTIONAL CLARIFICATION 
EQUIPMENT 

The coagulation/flocculation and sedimentation process requires three  
distinctunit processes: 

• high shear, rapid mix for coagulation 

• low shear, high retention time, moderate mixing for flocculation 

• liquid and solids separation 
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HORIZONTAL FLOW CLARIFIERS 
Originally, conventional clarification units consisted of large, rectangular, 

concrete basins divided into two or three sections. Each stage of the 
clarification process occurred in a single section of the basin. Water 
movement was horizontal with plug flow through these systems. 

Because the design is suited to large-capacity basins, horizontal flow units are 
still used in some large industrial plants and for clarifying municipal water. 
The retention time is normally long (up to 4-6 hr), and is chiefly devoted to 
settling. Rapid mix is typically designed for 3-5 min and slow mix for 15-30 
min. This design affords great flexibility in establishing proper chemical 
addition points. Also, such units are relatively insensitive to sudden 
changes in water throughput. 

The long retention also allows sufficient reaction time to make necessary 
adjustments in chemical and polymer feed if raw water conditions suddenly 
change. However, for all but very large treated water demands, horizontal 
units require high construction costs and more land space per unit of water 
capacity. 
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UPFLOW CLARIFIERS 
Compact and relatively economical, upflow clarifiers provide coagulation, 

flocculation, and sedimentation in a single (usually circular) steel or 
concrete tank. These clarifiers are termed "upflow" because the water 
flows up toward the effluent launders as the suspended solids settle. They 
are characterized by increased solids contact through internal sludge 
recirculation. This is a key feature in maintaining a high-clarity effluent and 
a major difference from horizontal clarifiers. 

Because retention time in an upflow unit is approximately 1-2 hr, upflow basins 
can be much smaller in size than horizontal basins of equal throughput 
capacity. A rise rate of 0.70-1.25 gpm/ft² (1.7-3 m/h)of surface area is 
normal for clarification. Combination softening-clarification units may 
operate at up to 1.5 gpm/ft² (3.5 m/h) of surface area due to particle size 
and densities of precipitated hardness. 

In order to achieve high throughput efficiency, upflow units are designed to 
maximize the linear overflow weir length while minimizing the opportunity 
for short-circuiting through the settling zone. In addition, the two mixing 
stages for coagulation and flocculation take place within the same 
clarification tank. 
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 Although upflow units may provide more efficient sedimentation 
than horizontal designs, many upflow clarifiers compromise on the rapid 
and slow mix sequences. Some types provide rapid, mechanical mixing and 
rely on flow turbulence for flocculation; others eliminate the rapid mix stage 
and provide only moderate turbulence for flocculation. However, in most 
cases, users can overcome rapid mix deficiencies by adding the primary 
coagulant further upstream of the clarifier. Figure 4-1 shows the rapid mix, 
slow mix, and settling zones of a typical upflow, solids-contact clarifier.  

 

 

 

 

 

 

 

 

 
 

Figure 4-1. 



SLUDGE BLANKET AND SOLIDS-
CONTACT CLARIFICATION 

 Most upflow designs are called either "sludge blanket" or "solids-contact" 
clarifiers. After coagulation and/or flocculation in the sludge blanket units, 
the incoming water passes through the suspended layer of previously 
formed floc. Figure 4-2 shows an upflow sludge blanket clarifier  

 

 

 

 

 

 

 
 

 

 
 

Figure 4-2. 
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 Because the centerwell in these units is often shaped like an 
inverted cone, the rise rate of the water decreases as it rises through the 
steadily enlarging cross section. When the rise rate decreases enough to 
equal the settling rate of the suspended floc exactly, a distinct sludge/liquid 
interface forms. 

 Sludge blanket efficiency depends on the filtering action as the 
freshly coagulated or flocculated water passes through the suspended floc. 
Higher sludge levels increase the filtration efficiency. In practice, the top 
sludge interface is carried at the highest safe level to prevent upsets that 
might result in large amounts of floc carryover into the overflow. Excessive 
sludge withdrawal or blowdown should also be avoided. The sludge blanket 
level is often highly sensitive to changes in throughput, coagulant addition, 
and changes in raw water chemistry and temperature. 

 "Solids-contact" refers to units in which large volumes of sludge 
are circulated internally. The term also describes the sludge blanket unit and 
simply means that prior to and during sedimentation the chemically treated 
water contacts previously coagulated solids. Solids-contact, slurry pool units 
do not rely on filtration as in sludge blanket designs. 

 

 

 

 

 

 

 

 

 

Figure 4-1. 



Main Menu 

Water Section 

Treat. Tech. 

Close 

 
 

 Solids-contact units often combine clarification and precipitation 
softening. Bringing the incoming raw water into contact with recirculated 
sludge improves the efficiency of the softening reactions and increases the 
size and density of the floc particles.  Figure 4-3 illustrates a typical solids-
contact unit. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4-3. 



IN-LINE CLARIFICATION 
In-line clarification is the process of removing raw water turbidity through the 

addition of coagulant just prior to filtration. In-line clarification is generally 
limited to raw waters with typical turbidities of less than 20 NTU, although 
upflow filters may tolerate higher loading. Polyelectrolytes and/or 
inorganic coagulants are used to improve filtration efficiency and run 
length. Polymers are favored because they do not create additional 
suspended solids loading, which can shorten filter run length. 

Filter design may be downflow or upflow, depending on raw water turbidity 
and particle size. The downflow dual-media unit generally consists of layers 
of various grades of anthracite and sand supported on a gravel bed. After 
backwashing, the larger anthracite particles separate to the top of the bed, 
while the more dense, smaller sand particles are at the bottom. The 
purpose is to allow bed penetration of the floc, which reduces the potential 
for excessive pressure drops due to blinding off the top portion of filter 
media. Thus, higher filtration rates are realized without a significant loss in 
effluent quality. Normal filtration rates are 5-6 gpm/ft² (12-15 m/h). 
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COAGULANT SELECTION AND 
FEEDING FOR IN-LINE 

CLARIFICATION 
The choice of a polymer coagulant and feed rate depends on equipment design 

and influent water turbidity. Initially, in-line clarification was used in the 
treatment of low-turbidity waters, but it is now being used on many types 
of surface waters. For most waters, the use of a polymeric cationic 
coagulant alone is satisfactory. However, the addition of a high-molecular-
weight, anionic polymer may improve filtration efficiency. 

Polymer feed rates are usually lower than those used in conventional 
clarification, given the same raw water characteristics. Complete charge 
neutralization and bridging are not necessary and should be avoided, 
because total coagulation or flocculation may promote excessive 
entrapment of suspended solids in the first portion of the filter media. This 
can cause blinding of the media, high pressure drops, and short operating 
runs.  
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COAGULANT TESTING 
Raw water analyses alone are not very useful in predicting coagulation 

conditions. Coagulation chemicals and appropriate feed rates must be 
selected according to operating experience with a given raw water or by 
simulation of the clarification step on a laboratory scale. 

Jar testing is the most effective way to simulate clarification chemistry and 
operation. A multiple-paddle, beaker arrangement (Figure 5-4) permits the 
comparison of various chemical combinations, all of which are subjected to 
identical hydraulic conditions.  

 

 

 

 

 

 

 
 

The effects of rapid and slow mix intensity and duration may also be observed. 
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In addition to determining the optimum chemical program, it is possible to 
establish the correct order of addition.  

The most critical measurements in the jar test are coagulant and/or 
flocculant dosages, pH, floc size and settling characteristics, floc-forming 
time, and finished water clarity.  

To simulate sludge circulation, sludge formed in one series of jar tests (or a 
sludge sample from an operating clarifier) may be added to the next jar 
test.  

Results of jar tests are only relative, and frequent adjustments are necessary 
in full-scale plant operation. Monitoring and control units, such as a 
streaming current detector, can be used for on-line feedback control. 

 

 

 



CHEMICAL ADDITIONS 
The most efficient method for adding coagulation chemicals varies 
according to the type of water and system used, and must be checked by 
 means of jar testing. However, there is a usual sequence:  

• chlorine 

• bentonite (for low-turbidity waters) 

• primary inorganic and/or polymer coagulant 

• pH-adjusting chemicals 

• coagulant aid 
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