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Review primary clarifier operations and 
their typical performance ranges.

Chemically Enhance Primary Treatment 
discussion

Practice CEPT Grade 4&5 essay question 

Practice CEPT Grade 4&5 math problems.



Solids

Primarily: Physical process

Secondarily: Biological process

Sometimes: Physical/Chemical 
process 

Biochemical 
Oxygen Demand

Primarily: Biological  process

Secondarily: Physical process

Sometimes: Chemical process 

Pathogens 

Primarily: Chemical process 

Secondarily: Physical  process

Sometimes: Biological process

A Clarifier is a physical process that primarily removes solids, 
and partially removes BOD by settling and floating. 



Total 
Solids

Dissolved Solids

Total Suspended 
Solids

50 – 70%

Floatable Solids (scum)
Fats, Oils, Grease (FOG), plastics, 

detritus, 

Settable Solids
90-95%Biochemical 

Oxygen Demand

25-35%





Removal Efficiencies:
Expected performance of a 

conventional primary 
clarifier. 

• TSS removal rate is about 50-70% 
• BOD removal rate is about 25-35%
• Settled Solids removal rate is 90-95%.
• Detention time needs to be at least 1-

2 hours 
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Measured as the amount of influent flow being applied to the available 
surface area of your clarifier, also known as Surface Loading rate. 
Typical SORs are seen in between

Hydraulically overloading or exceeding the SOR causes solids to be 
washed out in the effluent and incomplete treatment. 

800-1200 gal/day – ft2.



A SOR too high can be avoided by either reducing the flow, or putting 
more clarifiers in service thereby increasing the area of the clarifier. 

SOR affects Detention Time-A properly operated clarifier needs a long 
enough detention time to allow for separation and settling, yet if a 
Det. Time is too long septic conditions may occur.



Calculated by: dividing the influent flow rate by the surface area. 

SOR = Influent flow
Surface Area

Surface Overflow Rate

Influent flow gallons / day

Answer units = 𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠
𝐃𝐃𝐠𝐠𝐃𝐃− 𝐟𝐟𝐟𝐟𝐟𝐟



Weir Overflow Rate
WOR is very similar to SOR except instead of dividing by the 
surface area you divide by the feet of weir length. It is important 
in detecting high velocities near the weir, which adversely affect 
the efficiency of the sedimentation process. When excessively 
high velocities occur the settling solids are pulled over the weirs 
and into the effluent troughs.  

WOR = Influent flow
total weir length

Answer units = 𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠
𝐃𝐃𝐠𝐠𝐃𝐃− 𝐟𝐟𝐟𝐟



Typically primary sludge has a concentration of 3-7%TS. Sludge may be 
retained in a clarifier only long enough to thicken when pumped to an 
anaerobic digester. Mechanical failures and/or pumping inefficiency can 
cause Gasification(gas released, solids loss in effluent). 

Yet pumping too often will results in thin sludge and possible overloading 
on downstream sludge treatment processes. The sludge withdrawal rate 
should also be slow enough to prevent the pumping of water through a 
hole in the sludge layer. This effect is often referred to as coning.





The governing principle behind CEPT is the 
enhancement of the primary settling process 
through the addition of metal salts and 
sometimes small doses of anionic polymer. 



These additions cause the particulate matter 
in the wastewater to coagulate and flocculate, 
thus creating larger particles, which in turn 
settle at a much faster rate. 

WHY?



Temperature - differences between the clarifier and influent can 
cause density currents and subsequent short circuiting to form. 
A well design inlet & outlet can reduce affects. A poor design, a 
failed structure or plugged weir can intensify affects by causing 
short circuiting and/or turbulent flow. 
Design & maintenance control

Flow- force of the water entering and leaving. Measured in surface 
overflow rate (SOR) is theoretically the upflow force that settling 
solids need to overcome or else get carried away in the effluent. 
Operator control via hydraulic loading

Stokes Law – as a particle settles it experiences forces exerted as 
result of downward gravity, upward buoyancy, and upward 
resistance/drag and particle size- CEPT control



An expression for frictional force – also 
called drag force – exerted 
on spherical objects in a viscous fluid.

Helps us to understand the settling velocity 
of a sludge particle is proportional to its size 
(the square of the diameter). So larger denser 
particles will settle faster.

Adding to the effect of Stokes Law, is the fact 
that when these larger particles settle, they 
also carry with them the smaller particles 
they collide with on the way to the bottom of 
the clarifier.

https://en.wikipedia.org/wiki/Drag_force
https://en.wikipedia.org/wiki/Sphere
https://en.wikipedia.org/wiki/Viscosity
https://en.wikipedia.org/wiki/Fluid


2 hrs.



% Removal Conventional CEPT
Total Suspended Solids (TSS) 50 – 70 % 75 – 85 %
Biochemical Oxygen Demand (BOD) 25 – 35 % Up to 57 %
Phosphorus (P) 30 % 55 – 85 %
Nitrogen (N) 30 % 30 %
Settable Solids 90 -95 %





Sludge particles are typically negatively charged and repel against 
each other, making settling and compaction inefficient.



is the process of destabilizing the 
sludge particles by neutralizing 
their charge. Once neutralized the 
particles no longer repel each other 
and can be flocculated.



These destabilized (coagulated) particles are able to settle and 
compact better, and as they settle, they bump into each other creating 
weak links which help in forming larger particles called “microflocs”. 





is the process of bringing together those coagulated particles to 
form even larger agglomeration, or “macroflocs”, a heavier particle 
more readily settable.



Flocculation is accomplished by forming stronger chemical chains to 
create bridging between the destabilized particles. Allowing for 
greater adsorption and larger particle creation. 

One way is by using a polymer. In CEPT when a cationic metal salt is 
used to coagulate, an anionic polymer is used to flocculate.



Cationic –positive charge. These polymers work by neutralizing the electrical charge on 
the sludge particles (coagulation) and forming long chains that bring those solids 
together to form larger heavier particles (flocculation). Typically used for thickening 
and dewatering.

Polymers



Polymers
Non-ionic - no electrical charge.

Anionic - negative charge. Often used
for flocculation in conjunction with
Ferric in a CEPT process.

Polymer Types:

Dry – Powder chemical that must be batched or mixed into liquid form. Over 94% - 96% 
active before batching.

Emulsion – Liquid polymer, 25-50% active. Polymer suspended in oils. Requires flash 
mixing system to “restring” the polymer.

Mannich – Liquid polymer, less than 10% active. May have high pH. High molecular 
weight. Contains formaldehyde. 



FERRIC CHLORIDE (FeCl3) an iron salt, is added to form ferric hydroxide precipitates.  
This is a gelatinous material that neutralizes the sludge charge, captures and settles 
particles with it. 

Operational Considerations
• Typically least expensive option, more hazardous and corrosive
• Alkalinity is consumed  0.93 mg/L CaCO3 per 1 mg/l of FeCl3
• pH will decrease, downstream process may be affected and so pH adjusting 

chemicals may be needed.
• Storage in cold climates – will crystalized at 320F, may need heat tracing in tank and 

pumping equipment. 
• Ferric Chloride will reduce to Ferrous Chloride adding to struvite and H2S control in 

an anaerobic digester, but too much iron could form vivianite and plug piping. 



ALUMINUM SULFATE (Alum): is used to form insoluable aluminum hydroxide precipitates.  
This is a gelatinous material that neutralizes the sludge charge, captures and settles 
particles with it.

Operational Considerations
• Typically more expensive option than Ferric
• Alkalinity is consumed  0.55 mg/L CaCO3 per 1 mg/l of alum, so pH will decrease, downstream 

process may be affected and so pH adjusting chemicals may be needed
• Has narrow pH range to be effective (typically 5-6)
• Storage in cold climates – will crystalized at 320F and freeze at 180F, may need heat tracing in 

tank and pumping equipment.

POLY ALUMINUM CHLORIDE (PAC) an inorganic polymeric substance that can be used instead 
of alum or ferric. 

Operational Considerations
• Typically most expensive option, 
• Less hazardous and corrosive option
• Can acts as both coagulant and flocculant
• Works in a wide pH range
• Can also be used to improve filamentous bulking issues in secondary clarifiers



Rapid mixing is required for coagulation so 
colloidal particles can come in contact with 
coagulant. Whereas slow mixing is required for 
flocculation so as not to shear apart polymer 
bridges and floc formations.



• Increases sludge production from greater TSS capture in clarifier, portion is 
chemical precipitate, and even captures dissolved solids. 

• Increased settled solids sent to digesting units provide more volatile mass 
for gas production.

• Ferric in the sludge is reduced to Ferrous Chloride (Fe2) which aids in the 
reduction of Sulfides and Struvite formations.

• Decreased TSS and BOD in the primary effluent lessen the loading on 
downstream processes, resulting in decreased aeration demands.

• Dissolved heavy metals removal also increases, meeting effluent discharge 
requirements. 

• Increased removal capabilities can reduce capital costs in downstream 
processes



• Increase costs for chemicals, safety equipment & construction of 
CEPT facilities if retrofitting. 

• Reliance on chemicals, safety to employees, 

• Too much phosphorous removal could lead to nutrient deficiencies 
in downstream activated sludge process

• pH decrease and alkalinity depletion.

• Vivianite formation in sludge piping as 
iron reacts with phosphorous

• Heavy metal concentrations in sludge may lead to biosolids 
management issues

• Overdosing of coagulate could lead to downstream inefficiencies:
• iron absorbs UV light in disinfection, 
• increase water hardness accelerates UV lamp fouling
• Effluent Discharge limit violations



Describe how a Chemical Enhanced Primary 
Treatment (CEPT) program works, any 

advantages and disadvantages to using a CEPT 
system, and two operational considerations for 

running a CEPT program. 

ESSAY PRACTICE



Chemically Enhanced Primary Treatment consists of using 
chemicals such as Ferric Chloride and Polymer (prior to 
primary settling) to increase coagulation and improve 
flocculation, resulting in greater solids removal efficiency in 
the primary clarifiers. 



One advantage to CEPT is that it significantly increases BOD and TSS 
removal in the primary clarifier. This reduces loading downstream which 
can reduce aeration demands in an activated sludge process, and also 
increases solids loading to the digester which can increase gas production. 

With the use of Ferric Chloride in the CEPT system, the solids sent to the 
digester containing this chemical is also a benefit. The Ferric Chloride is 
reduced in the digester to Ferrous Chloride, which reduces the H2S 
concentrations in the digester gas as well as reducing the formation of 
Struvite in the digester.

Also remove phosphorous which can help meet more stringent discharge 
limits.  



Disadvantages include the cost and storage of chemicals
associated with CEPT. 

Ferric Chloride and Aluminum Chloride have properties which 
can decrease pH and alkalinity in the water.

Excess iron may affect downstream processes such as iron 
absorbing UV light and/or regulatory compliance issues with 
effluent limits or heavy metals in biosolids. 



1. Some operational considerations regarding CEPT 
include proper chemical dosing of flocculants, 

2. proper mixing rates to achieve good flocculation, and 

3. the monitoring of pH and alkalinity in case the chemical 
addition lowers either. 

4. The addition of chlorine upstream of the CEPT system 
can be beneficial to help reduce coagulant demands.









Benjamin Carver
bcarver@californiawastewatertraining.com

707-418-8992 
www.californaiwastewatertraining.com

For more info about exam review classes please 
visit our website. 
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