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CHAPTER 6:  SEDIMENTATION

PURPOSE OF SEDIMENTATION AND FLOTATION

Raw or untreated wastewater contains materials which will
either settle to the bottom or float to the water surface
readily when the wastewater velocity is allowed to become
very slow.  Collection systems are designed to keep the
raw wastewater flowing rapidly to prevent solids from
settling out in the collection system lines.  Grit channels
are designed to allow the wastewater to flow at a slightly
slower rate than in the collection system so that heavy,
inorganic grit will settle to the bottom where it can be
removed.  Settling tanks decrease the wastewater velocity
far below the velocity in a grit channel.

In most municipal wastewater treatment plants, the
treatment unit which immediately follows the grit channel
is the sedimentation and flotation unit.  This unit may be
called a settling tank, sedimentation tank, or clarifier.  The
most common name is primary clarifier, since it helps to
clarify or clear up the wastewater.

A typical plant may have clarifiers located at two different
points.  The one which immediately follows the bar screen,
comminutor or grit channel is called the Primary Clarifier,

merely because it is the first clarifier in the plant.  The
other, which follows other types of treatment units, is called
the Secondary Clarifier or the Final Clarifier.  The two
types of clarifiers operate almost exactly the same way.
The reason for having a secondary clarifier is that other
types of treatment following the primary clarifier convert
more solids to the settleable form, and they have to be
removed from the treated wastewater.  Because of the need
to remove these additional solids, the secondary clarifier
is considered part of these other types of processes.

The main difference between primary and secondary
clarifiers is in the density of the sludge handled.  Primary
sludges are usually denser than secondary sludges.  Effluent
from a secondary clarifier is normally clearer than primary
effluent

Solids which settle to the bottom of a clarifier are usually
scraped to one end (in rectangular Clarifiers) or to the
middle (in Circular Clarifiers) into a sump.  From the sump
the solids are pumped to the sludge handling or sludge
disposal system.  Sludge handling or sludge disposal system
vary from plant to plant and can include sludge digestion,
vacuum filtration, incineration, land disposal, lagoons and
burial.

Figure 6.1 - Typcial Plant Schematic

Reprinted, with permission, from
Operation of Wastewater Treatment

Plants, Vol. I, 4th ed., Office of Water
Programs, California State University,

Sacramento Foundation
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Figure 6.3 - Typical Clarifier

Figure 6.2 - Rectangular Sedimatation Basin
Reprinted, with permission, from Operation of Wastewater Treatment Plants, Vol. I, 4th ed., Office of

Water Programs, California State University, Sacramento Foundation

Reprinted, with permission, from Operation of Wastewater Treatment Plants, Vol. I, 4th ed., Office of
Water Programs, California State University, Sacramento Foundation
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CALCULATION OF CLARIFIER EFFICIENCY
To calculate the efficiency of any wastewater treatment
process, you need to collect samples of the influent and
the effluent of the process, preferably composite samples
for a 24- hour period.  Next, measure the particular water
quality indicators (for example, BOD, suspended solids)
you are interested in and calculate the treatment efficiency.
Calculations of treatment efficiency are for process control
purposes.  Your main concern must be the quality of the
plant effluent, regardless of percent of wastes removed.
Example:
The influent BOD to a primary clarifier is 200 mg/l, and
the effluent BOD is 140 mg/l.  What is the efficiency of the
primary clarifier in removing BOD?

Known Unknown
Influent BOD, 200mg/l Efficiency, %
Effluent BOD, 140 mg/l

Calculate the BOD removal efficiency:
Efficiency % =   (In - Out) (100%)
                                   In

=   (200mg/l - 140 mg/l) (100%)
                                          200 mg/l

=   (60 mg/l) (100%)
                             200 mg/l

=  (.30)(100%)
=  30% BOD removal

The same formula is used to calculate clarifier removal
efficiency for all the following  water quality indicators.

Table 6.1

Reprinted, with permission, from Operation of Wastewater Treatment Plants, Vol. I, 4th ed., Office of
Water Programs, California State University, Sacramento Foundation
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TYPICAL CLARIFIER EFFICIENCIES
The following is a list of some typical percentages for
primary clarifier efficiencies:
Water Quality Indicator Expected Removal Efficiency
Settleable Solids 95%  to  99%
Suspended Solids 40%  to  60%
Total Solids 10%  to  15%
Biochemical Oxygen
   Demand (BOD) 20%  to  50%
Bacteria 25%  to  75%

pH generally will not be affected significantly by a clarifier.
You can expect wastewater to have a pH of about 6.5 to 8.0
depending on the region, water supply and wastes
discharged into the collection system.

Clarifier efficiencies are affected by many factors,
including:

1. Types of solids in the wastewater, especially if there
is a significant amount of industrial waste.

2. Age (time in collection system) of wastewater when
it reaches the plant.  Older wastewater becomes
stale or septic; solids do not settle properly because
gas bubbles cling on the particles and tend to hold
them in suspension.

3. Rate of wastewater flow as compared to design
flow.  This is called the “hydraulic loading.”

4. Mechanical conditions and cleanliness of clarifier.
5. Proper sludge withdrawal.  If sludge is allowed to

remain n the tank it tends to gasify and the entire
sludge blanket (depth) may rise to the water surface
in the clarifier.

6. Suspended solids, which are returned to the primary
clarifier from other treatment processes, may not
settle completely.  Sources of these solids include
waste activated sludge, digester supernatant and
sludge dewatering facilities (centrate from
centrifuges and filtrate from filters).

SLUDGE AND SCUM PUMPING
The particles which settle to the floor of the clarifier are
called “sludge.”  The accumulated sludge should be
removed frequently.   This is accomplished by mechanical
cleaning devices and pumps in most tanks.  Mechanically
cleaned tanks need not be shut down for cleaning.  Septic
conditions may develop rapidly in primary clarifiers if
sludge is not removed at regular intervals.  The proper
interval is dependent on many conditions and may vary
from thirty minutes to eight hours, and as much as twenty-
four hours in a few instances.  Experience will dictate the
proper frequency of removal.  Sludge septicity can be
recognized when sludge gasification causes large clumps
of sludge to float on the water surface.  Septic sludge is
generally very odorous and acidic (has a low pH).

Table 6.2

Reprinted, with permission, from Operation of Wastewater Treatment Plants, Vol. I, 4th ed., Office of
Water Programs, California State University, Sacramento Foundation
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As thick a sludge as possible should be pumped from the
clarifier sump with the least amount of water.  The amount
of sludge solids in the water affects the volume of sludge
pumped and the digester operation.  A good thick primary
sludge will contain from 4.0 to 8.0 percent dry solids as
indicated by the Total Solids Test in the laboratory.
Conditions which may affect sludge concentration are the
specific gravity, size and shape of the particles, temperature
of wastewater, and turbulence in the tank.

Withdrawal (pumping) rates should be slow in order to
prevent pulling too much water with the sludge.  While the
sludge is being pumped, take samples frequently and
examine them visually for excess water.  If the samples
show a “thin” sludge, it is time to stop pumping.

PRIMARY CLARIFIERS

The most important function of the primary clarifier is
to remove as much settleable and floatable material as
possible.  Removal of organic settleable solids is very
important because they cause a high demand for oxygen
(BOD) in receiving waters or subsequent biological
treatment units in the treatment plant.

While many factors influence the design of clarifiers,
settling characteristics of suspended particles in water are
probably the most important consideration.  Other factors
which will influence settling characteristics in a particular
clarifier are temperature, short circuits, detention time, weir
overflow rate, surface loading rate, and solids loading.
These factors are discussed in the following paragraphs.

TEMPERATURE
Water expands as temperature increases (above 4º C) or
contacts as temperature decreases (down to 4º C).  Below
4º C the opposite is true.  In general, as water temperature
increases, the settling rate of particles increases; as
temperature decreases, so does the settling rate.  Molecules
of water react to temperature changes.  They are closer
together when liquid temperature is lower; thus, Density
increases and water becomes heavier per given volume
because there is more of it in the same space.  As water
becomes denser, the density difference between water and
solids particles becomes less; therefore the particles settle
more slowly.

SHORT CIRCUITS
As wastewater enters the settling tank, it should be evenly
dispersed across the entire cross section of the tank and
should flow at the same velocity in all areas toward the
discharge end.  When the velocity is greater in some sections
than in others, serious short-circuiting may occur.  The high
velocity area may decrease the detention time in that area,
and particles may be held in suspension and pass through

the discharge end of the tank because they do not have
time to settle out.  On the other hand, if velocity is too low,
undesirable septic conditions may occur.  Short-circuiting
may easily begin at the inlet end of the sedimentation tank.
This is usually prevented by the use of weir plates, baffles,
port openings, and by proper design of the inlet channel.

DETENTION TIME
Wastewater should remain in the clarifier long enough to
allow sufficient settling time for solid particles.  If the tank
is too small for the quantity of flow and the settling rate of
the particles, too many particles will be carried out the
effluent of the clarifier.  The relationship of detention time
to settling rate of the particles is important.  Most engineers
design settling tanks for about 2.0 to 3.0 hours of detention
time.  This is, of course, flexible and dependent on many
circumstances.  Detention time can be calculated by use of
two known factors:

1. Flow in gallons per day
2. Tank dimensions or volume

WEIR OVERFLOW RATE
Wastewater leaves the clarifier by flowing over weirs and
into effluent troughs (launders) or some type of weir
arrangement.  The number of lineal feet of weir in relation
to the flow is important to prevent short circuits or high
velocity near the weir or launder which might pull settling
solids into the effluent.  The weir overflow rate is the
number of gallons of wastewater that flow over one lineal
foot of weir per day.  Most designers recommend about
10,000 to 20,000 gallons per day per lineal foot of weir.
Secondary clarifiers and high effluent quality requirements
generally need lower weir overflow rates than would be
acceptable for primary clarifiers.

SURFACE SETTLING RATE OR SURFACE LOADING RATE
This rate is expressed in terms of gallons per day per square
foot (GPD/sq ft) of tank surface area.  Some designers and
operators have indicated that the surface loading rate has a
direct relationship to the settleable solids removal efficiency
in the settling tank.  The suggested loading rate varies from
300 to 1,200 GPD/sq ft, depending on the nature of the
solids and the treatment requirements.  Low loading rates
are frequently used in small plants in cold climates.  In
warm regions, low rates may cause excessive detention
which could lead to septicity.  The calculation for surface
loading rate requires two known factors:

1. flow in GPD/sq ft, and
2. Square feet of liquid surface area

SOLIDS LOADING
The term “solids loading” is used to indicate the amount
of solids that can be removed daily by a clarifier for each
square foot of clarifier liquid surface area.  If the solids
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loading increases above design values, you can expect an
increase in effluent solids.  This concept can be applied to
secondary clarifiers and gravity or flotation sludge
thickeners.  Loading rates are expressed in pounds per day
per square foot (lbs/day/sq ft) and depend on the nature of
the solids and treatment requirements.  To calculate the
solids loading requires three known factors:

1. Flow in MGD
2. Suspended Solids concentration in mg/l.
3. Liquid surface area in square feet.

FOR ADDITIONAL INFORMATION IN CALCULATING SOLIDS

LOADING, WEIR OVERFLOWS, SURFACE LOADING RATE IT IS

RECOMMENDED YOU READ THE CHAPTER ON SEDIMENTATION

IN THE SACRAMENTO MANUAL ON OPERATION OF WASTEWATER

TREATMENT PLANTS.

TRICKLING FILTER CLARIFIERS
A secondary clarifier is used after a trickling filter to settle
out sloughings from the filter media.  Filter sloughings are
a product of biological action in the filter; the material is
generally quite high in BOD and will lower the effluent
quality unless it is removed.  A detailed description of
trickling filters will be found in the chapter on Fixed Film
Secondary Treatment.

Secondary tanks following trickling filters may be either
circular or rectangular and have sludge collector
mechanisms similar to primary clarifiers.  Clarifier detention
times are about the same as for primary clarifiers, but the
surface loading and weir overflow rates are generally lower
due to the less dense characteristics of secondary sludges.
The following are ranges of loading rates for secondary
clarifiers used after biological filters:

Detention time - 2.0 to 3.0 hours
Surface loading - 800 to 1,200 GPD/sq ft
Weir overflows - 5,000 to 15,000 GPD/lineal ft

ACTIVATED SLUDGE CLARIFIERS
Secondary clarifier tanks which follow the activated sludge
process are designed to handle large volumes of sludge.
They are more conservative in design because the sludge
tends to be less dense.  The following are ranges of loading
rates for secondary clarifiers used after aeration tanks in
the activated sludge process:

Detention time - 2.0 to 3.0 hours
Surface loading - 800 to 1,200 GPD/sq ft
Weir overflow - 5,000 to 15,000 GPD/lineal ft
Solids loading - 24 to 30 lbs/day/sq ft

Their purpose is identical, except that the particles to be
settled are received from the aeration tank rather than the
trickling filter.  Most secondary sedimentation tanks used
with the activated sludge process are equipped with

mechanisms capable of quickly removing the sludge due
to the importance of rapidly returning sludge to the aeration
tank.  The sludge volume in the secondary tank will be
greater from the activated sludge process than from the
trickling filter process.

Sludge removal mechanisms in secondary tanks have tended
to differ from most primary clarifier mechanisms, especially
those in circular clarifiers,  These secondary circular
clarifiers are designed for continuous sludge removal by
Hydrostatic systems, with the activated sludge being
pumped back to the aeration tanks by large-capacity pumps.
These pumps usually are of the centrifugal type with
variable-speed controls or are of the large air-lift type.

Of all the different types of clarifiers that an operator must
regulate, secondary clarifiers in the activated sludge process
are the most critical and require the most attention from
the operator.  To help the operator regulate clarifier
operation aids have been developed which consist of
instrumentation capable of monitoring:

1. Levels of sludge blanket in clarifier
2. Concentration of suspended solids in clarifier

effluent
3. Control and pacing of return sludge flows
4. Level of turbidity in clarifier effluent
5. Concentration of dissolved oxygen (DO) in clarifier

effluent
6. Level of pH

Laboratory tests should be conducted to measure all of the
above items and to provide a check on the accuracy of the
instrumentation.  Other tests that should be conducted on
the clarifier effluent include biochemical oxygen demand
(BOD) and ammonia nitrogen (NH3-N) measurements.

MAINTENANCE
1. Drive mechanisms contain lubrication points,

locations for changing oil in gear boxes (cases),
and turntables must be accessible and maintained.

2. Weirs, launders and control boxes must be
accessible for cleaning, painting and other
maintenance activities.

3. Sludge pumps must be conveniently located and
capable of back flushing pipelines or pumping
down clarifiers.

4. Provisions should be made for connections and/or
locations for portable pumps to dewater clarifiers if
clarifiers are not connected to plant drainage systems.

5. Influent and effluent pipelines, conduits or channels
must be installed so that each end can be isolated
and dewatered by gravity drain or portable pump.
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6. Sludge and scum lines to pump suctions must be
kept as short as possible and free of fittings (90-
degree bends and reducers).

7. Cleanouts are required on sludge and scum lines
to provide access for cleaning equipment such as
sewer rods and high velocity cleaners.  Cleanouts
should be installed in the lines at locations that
allow the lines to be worked on while the clarifier
remains in service, instead of having to dewater
the clarifier to clear a stoppage or clean a line.

8. Auxiliary service lines (water, air, electrical,
instrumentation, sample and chemical feed) should
be studied.  These lines should have isolation valves
(to valve off portions of lines) at appropriate
locations and should be accessible for repairs when
necessary.  Conduits for instrumentation, electrical
wiring and cables should be equipped with pull
boxes that are watertight.  Sample lines should have
cleanouts and valving to allow for periodic flushing
of the lines.  Air lines must be equipped with
condensate drains at all low points, including the
ends of the line.

9. Covered clarifiers should contain lightweight
openings to provide easy access to scum channels,
skimmers, launders and drive mechanism units.

SAFETY
1. Clarifiers must be equipped with adequate access

by stairs, ladders, ramps, catwalks and bridges with
railings that meet all state and OSHA requirements.

2. Catwalks and bridges must have floor plates or
grates firmly secured and equipped with toeboards
and nonskid surfaces.

3. Adequate lighting must be provided on the clarifier.
4. Launders, channels and effluent pipelines that carry

flow from the clarifier to another conduit, channel
or structure must have safety grates over the
entrance to prevent accidental entry into the system
caused by slipping of falling.

5. In a circular clarifier, turntables, adjustable inlet
deflection baffles and return sludge control valves
must have safe access without requiring the
operator to leave a bridge or catwalk

6. Adequate guards must be placed over chain drives,
belts and other moving parts.

7. Safety hooks, poles, and/or floats should be
stationed at strategic locations near every basin to
rescue anyone who falls into a basin

8 Do not allow any pipes or conduits to cross on top
of catwalks or bridges.

9 Adequate offset of drive units, motors, and other
equipment must be provided to allow unobstructed
access to all areas.

COMBINED SEDIMENTATION-DIGESTION UNIT
PURPOSE OF UNIT
A combined sedimentation-digestion unit consists of a small
clarifier constructed over a sludge digester.  Treatment units
of this type have been designed and constructed to serve
small populations such as schools, campgrounds and
subdivisions.  Usually they are installed instead of Imhoff
tanks or septic tank systems.  Wastewater treatment
efficiencies are similar to primary clarifiers with
approximately 65 % of the suspended solids and 35 percent
of the biochemical oxygen demand removed from the
influent.

HOW THE UNIT WORKS
The combined sedimentation-digestion unit is considered
a package treatment plant.  Plant influent usually passes
through some type of flowmeter to record flows.  A bar
screen is often the first treatment unit of the package.  Coarse
solids are caught by the bar screen and removed manually
on a daily basis or more often if necessary.  Wastewater
enters the clarifier near the surface in the center and the
circular influent well directs the flow and solids toward the
bottom of the clarifier.  Settled wastewater slowly flows
through the clarifier and leaves over the effluent weir around
the outside of the clarifier.  The effluent leaves the unit by
the effluent trough (launder) and usually receives additional
treatment in a secondary package plant such as an activated
sludge treatment unit.

Solids settling to the bottom of the clarifier (tray) are scraped
to the center of the unit.  A slot in the center of the tray
allows the solids to flow into the digestion compartment.
Below the slot is a sludge seal or boot which prevents gall
from digestion and digested sludge from floating up into
the clarifier.  In the digester, sludge undergoes aerobic
decomposition (see sludge digestion).  Digested sludge is
removed from the bottom of the digester by pumping or by
gravity flow to drying beds.

IMHOFF TANKS
PURPOSE OF THE UNIT
The Imhoff tank combines sedimentation and sludge
digestion in the same unit.  There is a top compartment
where sedimentation occurs and a bottom compartment for
digestion of settled particles (sludge).  The two
compartments are separated by a floor with a slot designed
to allow settling particles to pass through to the digestion
compartment.

HOW IT WORKS
Wastewater flows slowly through the upper tank as in any
other standard rectangular or circular sedimentation unit.
The settling solids pass through the slot to the bottom sludge
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Figure 6.4 - Sedimentation Digestion Unit
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digestion tank.  Anaerobic digestion of solids is the same as
in a separate digester.  Gas bubbles are formed in the
digestion area by bacteria.  As the gas bubbles rise to the
surface, they carry solid particles with them.  The slot is
designed to prevent solids from passing back into the upper
sedimentation area as a result of gasification.  Solids would
flow from the unit with the effluent if they were permitted
to pass back into the upper sedimentation area.

The same calculations previously used for clarifiers can be
used to determine loading rates for the settling area of the
Imhoff tank.  Some typical value for design and operation
of Imhoff tanks are:

Settling Area
Wastewater detention time - 1.0 to 4.0 hours
Surface settling rate - 600 to 1,200 GPD/sq ft
Weir overflow rate - 10,000 to

20,000 GPD/ sq ft
Suspended solids removal - 45% to 65%
BOD removal - 25% to 35%

Digestion Area
Digestion capacity - 1.0 to 3.0 cu ft/person
Sludge storage time - 3 to 12 months

OPERATIONAL SUGGESTIONS
1. In general, there is no mechanical sludge scraping

device for removing settled solids from the floor
of the settling areas. Solids may accumulate before
passing through the slot to the digestion area.  It
may be necessary to push the accumulation through
the slot with a squeegee or similar device attached

to a long pole.  Dragging a chain on the floor and
allowing it to pass through the slot is another method
for removing the sludge accumulation.

2. Scum from the sedimentation area is usually
collected with hand tools and placed in a separate
container for disposal.  Scum also will be
transferred to the gas venting area where it will
work down into the digestion compartment.  Scum
in the gas vents should be kept soft and broken up
by soaking it periodically with water.

References
Office of Water Programs, California State University,
Sacramento, Operation of Wastewater Treatment Plants, Volume
1, 4th ed., Chapter 5.

Figure 6.5 - Imhoff Tank
Reprinted, with permission, from Operation of Wastewater Treatment Plants, Vol. I, 4th ed., Office of

Water Programs, California State University, Sacramento Foundation
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