
CHAPTER 10:  ACTIVATED SLUDGE

PROCESS DESCRIPTION
Activated sludge is a suspended growth secondary treatment
process that primarily removes dissolved organic solids as
well as settleable and non-settleable suspended solids.  The
activated sludge itself consists of a concentration of
microorganisms and sludge particles that are naturally found
in raw or settled wastewater.  These organisms are cultivated
in aeration tanks, where they are provided with dissolved
oxygen and food from the wastewater.  The term “activated”
comes from the fact that the particles are teeming with
bacteria, fungi, and protozoa.

Like in most other wastewater treatment plants, when
wastewater enters an activated sludge treatment facility
the preliminary treatment processes remove the coarse or
heavy inorganic solids (grit) and other debris, such as rags,
and boards.  Primary clarifiers (if they are provided) remove
much of the floatable and settleable organic material.  The
activated sludge process can treat either primary clarified
wastewater or raw wastewater directly from the preliminary
treatment processes.  As the wastewater enters the aeration
basin, the activated sludge microbes consume the solids in
the wastewater.  After the aeration basin, the wastewater
solids and microorganisms are separated from the water
through gravity settling which occurs in a secondary
clarifier.  The settled solids and microorganisms are
pumped back to the front of the aeration basin, while the
clarified water flows on to the next component.

OPERATION OF THE ACTIVATED SLUDGE

PROCESS

PROVIDING CONTROLLABLE INFLUENT FEEDING
The feeding of wastewater to activated sludge systems must
be controlled in a manner that ensures even loading to all
of the aeration basins in operation.  Well-designed flow
splitter boxes should be incorporated into the front of the
aeration basin and they should be checked periodically to
ensure that the flow distribution is split as intended.  In
some situations, it is desirable to feed wastewater
throughout various points in the aeration basin.  This is
known as step feeding.  Step feeding is one method of

Figure 10.1 - Plant Layout

Figure 10.2 - Convention Step Feed Aeration
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relieving the high oxygen demand that can occur where
the influent flow and RAS enter the aeration basin.
However, a downside to step feeding is that some of the
dissolved solids in the influent may pass through the
aeration basin too rapidly, and show up in the effluent as
BOD.

MAINTAINING PROPER DISSOLVED OXYGEN AND

MIXING LEVELS
Activated sludge microorganisms need oxygen as they
oxidize wastes to obtain energy for growth.  Insufficient
oxygen will slow down or kill off aerobic organisms, make
facultative organisms work less efficiently and ultimately
lead to the production of the foul-smelling by-products of
anaerobic decomposition.  As the mass of organisms in an
aeration tank increase in number, the amount of oxygen
needed to support them also increases.  High concentrations
of BOD in the influent or a higher influent flow will
increase the activity of the organisms and thus increase
the demand for oxygen.  Sufficient oxygen must always
be maintained in the aeration tank to ensure complete waste
stabilization.

This means that the level of oxygen in the aeration tank is
also one of the critical controls available to the operator.
A minimum dissolved oxygen (D.O.) level of 1.0 mg/L is
recommended in the aeration tank for most basic types of
activated sludge processes.  Maintaining > 1.0 mg/L of
D.O. contributes to establishing a favorable environment
for the organisms, which produces the desired type of
organism and the desired level of activity.  If the D.O. in
the aeration tank is allowed to drop too low for long periods,
undesirable organisms, such as filamentous type bacteria
may develop and overtake the process.  Conversely, D.O.
levels that are allowed to climb too high can cause problems
such as floc particles being floated to the surface of the
secondary clarifiers.  This problem is particularly common
during cold weather.  For these reasons it is important that
the proper dissolved oxygen levels be maintained in the
aeration basin.  This requires routine monitoring by the
system operator using a D.O. meter.

CONTROLLING THE RAS PUMPING RATE
The amount of time that solids spend on the bottom of the
secondary clarifier is a function of the RAS pumping rate.
The settled microorganisms and solids are in a deteriorating
condition as long as they remain in the secondary clarifier.
If sludge is allowed to remain in a secondary clarifier too
long it will begin to float to the surface of the clarifier due
to nitrogen gas released during the biological process of
de-nitrification (rising sludge).  Monitoring and controlling
the depth of the sludge blanket in the secondary clarifier
and the concentration of solids in the RAS are important
for the proper operation and control of the activated sludge

system.  A sludge settleability test, known as a settleometer,
can be used to show the rate of sludge settling and
compaction.  This information is used to determine proper
RAS pumping rates.  Typically, RAS pumping rates of
between 25% and 150% of the influent flow are commonly
used.

MAINTAINING THE PROPER MIXED LIQUOR

CONCENTRATION
The activated sludge process is a physical/ biological
wastewater treatment process that uses microorganisms to
separate wastes from water and to facilitate their
decomposition.  When the microorganisms in activated
sludge come into contact with wastewater, they feed and
grow on the waste solids in the wastewater.  This mixture
of wastewater and microorganisms is known as mixed
liquor.  As the mixed liquor flows into a secondary clarifier,
the organism’s activity slows and they begin to clump
together in a process known as bio-flocculation i.e. the
ability of one floc particle to stick to another.  Because the
velocity of the water in the secondary clarifier is very low,
the flocculated clumps of organism settle to the bottom of
the clarifier (as sludge), while the clarified water flows
over a weir.  The settled organisms are constantly pumped
back to the front of the aeration basin to treat more waste.
This is called return activated sludge, or RAS, pumping.

The clarified effluent is typically disinfected and then
discharged from the facility. As the organisms in the
aeration basin capture and treat wastes they grow and
reproduce and more and more organisms are created. To
function efficiently, the mass of organisms (solids
concentration) needs a steady balance of food (wastewater
solids).  If too many organisms are allowed to grow in the
aeration basin, there will not be enough food for all of them.
If not enough organisms are present in the basin, they will
not be able to consume the available food and too much
will be lost to the effluent in the form of BOD and TSS.

This balance between the available food (F) and the mass
(M) of microorganisms is described as the F:M ratio of the
system.  The job of an activated sludge wastewater
treatment plant operator is to maintain the correct mass of
microorganisms for the given food supply.  Because the
food supply does not typically change very much (that is,
the amount of wastewater solids usually stays the same
from day to day), operators must adjust the mass of
organisms that are allowed to accumulate in the aeration
basin.  This adjustment is made by removing or wasting
organisms out of the system.  Sludge that is intentionally
removed from the activated sludge process is referred to
as waste activated sludge, or simply as WAS.
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Activated sludge provides treatment through the oxidation
and separation of soluble organics and finely divided
suspended materials that were not removed by previous
treatment.  Aerobic organisms accomplish the process in a
matter of hours as wastewater flows through the aeration
tank and secondary clarifier.  The organisms stabilize
soluble organic material through partial oxidation resulting
in energy for the organisms and by-products, such as carbon
dioxide, water, sulfate and nitrate compounds.  Finely
divided suspended solids such as colloids are trapped during
bio-flocculation and thus removed during clarification.

Conversions of dissolved and suspended material into
settleable solids as well as oxidation of organic substances
(digestion) are the main objectives of the activated sludge
process.  High rate activated sludge systems tend to treat
waste through conversion of the dissolved and settleable
solids while low-rate processes rely more upon oxidation
of these solids into gasses and other compounds.  Oxidation
is carried out by chemical processes, such as direct
oxidation from the dissolved oxygen in the aeration basin,
as well as through biological processes.

Microorganism capture much of the dissolved organic
solids in the mixed liquor rapidly (minutes), however, most
organisms will require a long time to metabolize the food
(hours).  The concentration of organisms increases with
the waste load and the time spent in the aeration tank.  To
maintain favorable conditions, the operator will remove
the excess organisms (waste sludge) to maintain the
required number of workers for effective treatment of the
waste.  The mass of organisms that the operator maintains
is a function of the mixed liquor suspended solids (MLSS)
concentration in the aeration basin.  By lowering the MLSS
concentration (increased wasting), the operator can reduce
the mass of organisms in the system.  This effectively raises
the F:M ratio of the system.  By raising the MLSS
concentration (reduced wasting), the operator can increase
the number of organisms in the system available to provide
treatment.  This has the effect of lowering the F:M ratio.
Again, controlling the rate of sludge wasting from the
treatment process is one of the important control factors in
the activated sludge system.

Review of Key Activated Sludge Operator Controls:
Providing Controllable Influent Feeding
Maintaining Proper Dissolved Oxygen and Mixing
Levels
Controlling the RAS Pumping Rate
Maintaining the Proper Mixed Liquor
Concentration (controlling the F:M ratio of the
system)

The successful operation of an activated sludge process
requires a skilled operator that is aware of the many process
control factors influencing the treatment and constantly
checking these factors.  To keep the microorganisms
working properly in the activated sludge process the
operator must maintain a suitable environment.  Toxic
substance can kill the organisms in an activated sludge
system if allowed to enter the system.  Uneven flows can
starve or overfeed the microorganism population and the
failure to supply enough oxygen may create an unfavorable
environment, decreasing the organism activity or even
leading to death of the organisms.

TYPES OF ACTIVATED SLUDGE TREATMENT

PROCESSES
The activated sludge treatment process can be operated in
a variety of different modes.  Each of the variations utilizes
the basic process of suspended growth in an aeration tank,
but new methods of operation are routinely being added to
the industry.  The three basin modes of operation for the
activated sludge process are:

Convention Activated Sludge
Extended Aeration Activated Sludge, and
Contact Stabilization Activated Sludge

The primary difference between these three modes of
operation has to do with the length of time that the
microorganisms reside in the treatment system.  This
concept is expressed as the system’s solids retention time,
or SRT.  A system’s SRT is calculated as the pounds of
MLSS in the system divided by the pounds of suspended
solids that enter the system everyday.  For example; a
system that maintains 1000 lbs. under aeration and receives
100 lbs./day of solids is operating at a SRT of 10 days.

Not surprisingly, there is a relationship between the SRT
and the F:M ratio, although they are not exactly the same
thing because the F:M ratio actually enumerates the mass
of living microorganisms divided by the edible solids
(BOD) that enter the system everyday.  Systems that operate
at a SRT of around 3.5 to 10.0 days are considered
conventional activated sludge.  Extended aeration systems
generally operate at SRTs of greater than 10 days.  Contact
Stabilization systems separate the aeration basin into two
parts.  In the first part, known as the contact basin,
microorganisms capture the dissolved and suspended waste
solids.  In the second zone, which is called the stabilization
basin, the microorganisms complete the job of metabolizing
the captured food.  Contact Stabilization systems typically
operated at SRTs below 3.5 days.  Because of this, this
process is typically used in industrial applications or
severely overloaded municipal treatment plants that do not
have enough available aeration basin volume.
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CONVENTIONAL ACTIVATED SLUDGE
Conventional activated sludge plants are the most common
type in use today.  These systems are usually equipped with
primary clarification prior to the aeration basin.  This
method of operation produces a high quality effluent and
is able to absorb small shock loads without lowering the
effluent quality.

The following ranges describe the typical operating
parameters for conventional activated sludge systems:

Detention time in aeration basin = 4-8 hrs.
MLSS in aeration basin = 1000-4000 mg/L
System SRT = 3.5 – 10.0 days
System F:M Ratio = 0.25 – 0.5 : 1
RAS pumping rate = 15-75% (of plant influent
flow)

EXTENDED AERATION ACTIVATED SLUDGE
The extended aeration mode of operation is often used in
smaller package-type plants and complete oxidation
systems.  Extended aeration is typically a very stable
activated sludge processes, due to the light loading (low
F:M) that these system’s operate under.  In extended
aeration, the low F:M ratios are made possible by the use
of larger aeration basins and sludge ages that are commonly
greater than 10 days.  Although the process is stable and
easy to operate, it is common for extended aeration systems
to discharge higher effluent suspended solids than found
under conventional loadings.

Extended aeration processes generally operate within the
following ranges:

Detention time in aeration basin = 12-24 hrs.
MLSS in aeration basin =  2000-5000 mg/L
System SRT = > 10 days
System F:M Ratio = 0.05 – 0.15 : 1
RAS pumping rate = 50-150% (of plant influent
flow)

CONTACT STABILIZATION
Contact Stabilization is a variation of the conventional
activated sludge process that attempts to speed up the
capture of the wastewater solids and then rapidly separate
the solids from the liquid in a secondary clarifier.  The
solids stabilization then occurs in a separate tank.  The
process is best applied where other activated sludge modes
would fail due to the short SRTs and detention times.

Contact Stabilization requires a different configuration than
the other modes of operation.  A small initial aeration basin,
known as the contact basin, is where the influent and the
microorganisms first come into contact.  In this basin, the
microbes rapidly capture as much dissolved organic matter
and suspended particles as possible.  They are then sent to
a secondary clarifier to be separated from the liquid.  RAS
is pumped from the secondary clarifier to a separate
stabilization basin, where the microbes are given enough
time and oxygen to metabolize much of the waste solids.
The flow from the stabilization tank enters the contact tank,
thus supplying hungry microbes right at the point where
the influent enters the system.

The operating parameters for Contact Stabilization process
are as follows:

Detention time in the contact tank = 0.3-3 hrs.
Detention time in the stabilization tank =  4-8 hrs.
MLSS in the contact tank = 1000-3000 mg/L
MLSS in the stabilization tank = 2-6 times the
concentration in the contact tank
System SRT = < 3.5 days
System F:M = 0.5 - > 1.0 : 1

Figure 10.3 - Conventional Aeration

Figure 10.4 - Extended Aeration Figure 10.5 - Contact Stabilization
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RAS pumping rate = 25 – 100% (of the influent
flow)

ACTIVATED SLUDGE PROCESS VARIANTS
Numerous types of activated sludge plants have been built
using various flow arrangements, tank configurations, and
oxygen application equipment.  However, all of these
variations are essentially modifications of the basic concept
of conventional activated sludge.  On variation of the
activated sludge process that has become very popular
recently is known as the sequential batch reactor, or SBR.
An SBR essentially combines the aeration basin and the
secondary clarifier of a traditional activated sludge system
into a single basin.  While the system is in aeration mode,
air is supplied by the aeration system and influent enters
the basin.

Because SBRs operate as a batch process, the level of the
basin starts out low and the basin fills over several hours
as influent enters.  When the filling/ aeration phase is
complete, the aeration system shuts off and the basin begins
to function as a secondary clarifier.  Suspended solids and
microorganisms settle to the bottom of the tank and clarified
water is left near the surface.  Next, a decanting mechanism
activates and decants or drains the clarified water from the
surface of the basin.  This is the period when a SBR system
discharges effluent.  When the decant is completed, the
system begins the cycle of aeration and filling again.  The
operation of SBRs is discussed in greater detail in Chapter
13: Nitrogen Removal

MECHANICAL COMPONENTS OF ACTIVATED

SLUDGE SYSTEMS

AERATION SYSTEMS
Aeration serves the dual purpose of providing dissolved
oxygen and mixing of the mixed liquor and wastewater in
the aeration tank.  Two methods are commonly used to
disperse oxygen from the air to the microorganisms; Surface
Aeration and Diffused Aeration.  Both methods are
mechanical processes with the major difference being
whether the driven unit is located at or in the aeration basin
or at a remote location.

Surface Aerators
Surface aerators use a motor-driven rotating impeller or a
brush rotor as shown below.   Both devices splash the mixed
liquor into the atmosphere above the aeration tank.  Oxygen
transfer to the mixed liquor is achieved by this method of
aeration as the mixed liquor passes through the atmosphere.
Surface aerators either float or are mounted on supports in
or above an aeration basin.

A surface aerator’s oxygen transfer efficiency is stated in
terms of oxygen transferred per motor horsepower per hour.
Typical oxygen transfer efficiencies are about two to three
pounds of oxygen per hour per motor horsepower (1.2 to
1.8 kg/hr/kW).  The oxygen transfer efficiency increases
as the submergence of the aerator is increased.  However,
power costs also increase because more power is required
to move the aerator impeller or agitator through the mixed
liquor due to greater submergence and increased load on
the drive motor.  Surface aerators installed in the aeration
tank tend to be lower in installation and maintenance costs.
In general, surface aerators are a versatile method of
providing aeration, but are less efficient than other forms
of aeration in terms of mixing and oxygen transfer per unit
of applied power.

Figure 10.6 - Bridge Mounted Surface Aerators
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The aspirating aerator is another type of motor-driven
mechanical aerator.  Aspirating aerators utilize a propeller
to provide mixing and an outside source of air is supplied
to the aerator, usually from a blower.  Aspirating aerators
are more efficient and use less horsepower than standard
surface aerators because the extra air supply creates
turbulence in the immediate area of the rising air bubbles.

Diffused Aeration Systems
Diffused aeration systems are the most common type of
aeration system used in the activated sludge process.  A
diffuser breaks up the air stream from the blowers into fine
bubbles in the mixed liquor.  The smaller the bubbles, the
greater the oxygen transfer, due to the greater surface area
of rising air bubbles surrounded by water.  Unfortunately,
fine bubbles will tend to regroup into larger bubbles while
rising unless broken up by suitable mixing energy and
turbulence.

The aeration tank distribution system consists of numerous
diffusers attached to the bottom of air Headers.  These
diffusers are typically located near the bottom of the
aeration tank.  Diffusers located in this position maximize
the contact time of the air bubbles with the mixed liquor.
In addition, this location encourages mixing and
discourages deposits on the tank bottom.  Diffused aeration
is a versatile method of aeration that is also used in aerated
grit chambers, pre-aeration chambers, aerated flow
channels, and RAS wetwells.

AERATION BLOWERS
Mechanical blowers supply the aeration for diffused
aeration systems.  Blowers are typically either the positive
displacement (rotary) or centrifugal (turbine) type and
provide air to the various plant processes through a pipe or
conduit header system.  Usually positive displacement
blowers operate at low revolutions per minute (RPM’s) and
produce less than 20,000 cubic feet per minute (CFM) of
air at around 5 – 10 pounds per square inch (PSI).
Centrifugal blowers operate at high RPM’s and range from
20,000 to 150,000 CFM delivered at 5 – 15 PSI.

Positive Displacement Blowers
Positive displacement blowers consist of a set of apposing
lobes that mesh closely past each other, driven by a electric
motor.  This type of blower provides a constant output of
air per revolution for a specific set of lobes.  Changing the
speed that the unit operates at varies blower output, (the
higher the blower RPM’s, the greater the air output).  Small
positive displacement blowers, ranging from 100 to 1,000
CFM, are usually installed to be operated at a fixed volume
output.  These smaller units are directly driven by electric
motors through a direct coupling or through sheaves and
belts.  If a change in air volume output is required, it is
accomplished by changing the motor to one with a higher
or lower operating RPM or by changing sheaves to increase
or decrease the blower lobe rotation.  This type of smaller

Figure 10.8 - Positive Displacement Blower

Figure 10.7 - Brush Rotor
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units is commonly used with package plants, pond aeration,
small aerobic digesters, gas mixing in anaerobic digesters
and gas storage compressors.

Large positive displacement blowers (2,000 to 20,000
CFM) are sometimes driven by internal combustion engines
or variable-speed electric motors in order to change blower
volume outputs as required for the aeration system.  Inlet
and outlet piping is connected to the blower through flexible
couplings to keep vibrations to a minimum and to allow
for heat expansion.  When air is compressed, heat is
generated, thus increasing the discharge temperature as
much as 100o F or more.   A check valve follows next which
prevents the blower from operating in reverse should other
blowers in the same system be operating while this blower
is off.

The discharge line from the blower is equipped with an air
relief valve, which protects the blower from excessive
backpressure and overload.  Air relief valves are adjusted
by weights or springs to open when air pressure exceeds a
point above normal operating, around 6.0 to 10.0 psi.  An
air discharge silencer is also installed to provide noise
reduction.  Ear protective devices should be worn when
working near noisy blowers.

The impellors are machined on all exterior surfaces for
operating at close tolerances.  They are also statically and
dynamically balanced.  Impeller shafts are made of
machined steel and are securely fastened to the impellers.
Timing gears accurately position the impellers.  For large
positive displacement blowers, a lube oil pump, driven from
one of the impeller shafts, maintains lubrication to the gears
and bearings.

 An oil pressure gage monitors the system oil pressure.  An
oil filter is located in the oil sump to ensure that the oil is
free from foreign materials.  The proper oil level must be
maintained in the gear housing so that gears and bearings
will receive splash lubrication in case of lube oil pump
failure.

Air vents are located between the seals and the impeller
chamber to relieve excessive pressure on the seals. Years
of experience has come to indicate that the life of positive
displacement blowers can be greatly extended by operating
them on synthetic oil, rather than petroleum based oil.
Synthetic oil does a better job of resisting viscosity
breakdown at the high operating temperatures that these
blowers run under.  The higher cost of synthetic oils is
easily recovered through extended blower life.

Turbine Blowers
A Turbine blower consists of a motor connected to a set of
turbine blades on a steel shaft.  Air output of the blower is
controlled by a throttling butterfly type valve, which is
located on the intake side of the blower, or by regulating
the RPM at which the blower operates.  The throttling valve
or blower RPM may be controlled manually by operating
personnel or by plant instrumentation based on either
dissolved oxygen levels in the aeration tanks or the plant
influent flows.

The blower itself consists of a set of turbine blades, shaft
and bearings, the blower housing, a blower to drive unit
coupling and an electric motor or internal combustion
engine to drive the unit.  Air enters the blower housing
through an inlet pipe and is picked up by the whirling
turbine blades where it is compressed slightly and then
discharged out the outlet manifold piping.  Air discharge
lines are connected to the blower through flexible couplings
in order to keep vibration to a minimum and to allow for
heat expansion.  The air discharge line is usually equipped
with a manually or mechanically operated butterfly valve.
Air bypass and discharge valves are usually electrically or
pneumatically operated.  To dampen overall vibrations,
turbine blowers are often mounted on an isolation pad that
incorporates shock-dampening materials.

The turbine shaft is supported on shaft bearing stands,
which contains a thrust bearing (outboard) and journal
(inboard) bearing.  Turbine blower bearings are lubricated
through a variety of methods, which include grease cups,
oil reservoirs and oil pumps.  Due to the very high speeds
at which these blowers operate and the resultant high
lubricant temperatures, bearing over-temperature sensors
are often installed that will shut the blower off if the bearing
temperature rises above a preset-point.

Air Flow Meter
Air-metering devices should be located in a straight section
of the blower discharge manifold.  The device consists of
an orifice plate inserted between two specially made pipe
flanges.  The orifice plate is made of stainless steel with a
precision hole cut through the center.  The diameter of the
hole will vary according to the flow rates to be measured.
The plate is made of 1/8-inch thick material and is slightly
larger than the inside diameter of the pipe.  A rectangular
handle is attached to the plate.  The plate is installed
between the flanges, blocking the pipeline except for the
hole in the center of the plate.  One side is beveled, leaving
a sharp edge on the opposite side.  The handle of the orifice
plate will have numbers stamped into it giving the orifice
size.  These numbers on the handle are stamped on the
same side as the sharp edge of the orifice opening.  When
viewing the plate to read the numbers, the blower should
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be behind you.  THE SHARP EDGE OF THE ORIFICE
PLATE AND THE NUMBERS MUST BE ON THE SIDE
TOWARD THE BLOWER FOR THE METER TO
OPERATE PROPERLY.  On top of each pipe flange holding
the orifice plate will be a tapped hole.  Tubing connected
to the hole leads to the instrument that indicates the rate of
airflow.  There may be more than one orifice plate and
metering device in the distribution system to monitor the
air to the various plant processes.

Condensate traps are located at each meter and at the lowest
points of the distribution header.  These condensate traps
allow moisture to be collected and removed from the
system.

Air Headers
Air headers are located in or along the aeration tank and
are connected to the air distribution system from which
they supply air to the diffusers.  The two most common
types of air headers are the swing header and the fixed
header.  The swing header is a pipe with a distribution
system connector fitting, a valve, a double pivot upper
swing joint, upper and lower riser pipes, pivot elbow,
leveling tee, and horizontal air headers.  An air blow off
leg, as an extension to the lower tee connection, is fabricated
with multiple alignment flanges, gaskets, and jack screws
for leveling of the header.  The swing joint and pivot elbow
allow the header to be raised from the aeration basin with
a hoist so the header or diffusers may be serviced.

The fixed header is a pipe with a distribution system
connector fitting, a valve, a union, a riser pipe, horizontal
air headers, and header support “feet”.  These headers are
generally not provided with adjustable leveling devices,
but rely on the fixed leveling afforded by the feet attached

Figure 10.9 - Air Metering Device

Figure 10.10 - Swing Header

Figure 10.11 - Fixed Header
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to the bottom of the horizontal air headers.  The fixed header
is commonly found in package plants, channel aeration,
and grit chamber aeration.

Butterfly type header valves are used to adjust the airflow
to the header assembly and to block the airflow to the
assembly when servicing the header or diffusers.  Headers
are designed for a maximum airflow in cubic feet per minute
at a total maximum head loss measured in inches of water.

Diffusers
Three types of diffusers are commonly in use today, Fine
bubble diffusers, medium bubble diffusers and coarse
bubble diffusers.  Plate and tube diffusers and dome type
diffusers are classified as fine bubble diffusers.  Medium
bubble diffusers are commonly porous nylon or Dacron
socks, or fiberglass or saran-wrapped tubes.  Fine bubble
diffusers can be easily clogged because of the very fine
holes that are required to produce small air bubbles.  They
may clog either from the inside (caused by dirty air), or
from the outside due to biological growths.  These diffusers
typically have an oxygen transfer efficiency of around 6-
15%.

Coarse bubble diffusers are generally made of plastic and
are of various shapes and sizes.  These types of diffusers
have lower oxygen transfer efficiencies (about 4-8 percent)
and are lower in cost.  Although course bubble diffusers
are relatively maintenance free, if the plant entrance works

does not do a good job of removing rags from the influent
flow, the diffusers may become clogged with attached rags.
This is not a failing of the diffuser type, but rather a failing
of the entrance works.

In most applications, numerous diffusers are mounted to a
horizontal air header.  The required mixing and oxygen
transfer of a specific aeration tank determines the number
of diffusers mounted to the air header.

Air Filters
Air filters remove dust and dirt from air before it is drawn
into an aeration blower.  Clean air is essential for the
protection of:

1. Blowers
a. Large objects entering the turbines or lobes may

cause severe damage.
b. Deposits on the turbines or lobes reduce

clearances and cause excessive wear and
vibration problems.

2. Process Systems
a. Clean air is required to protect downstream

equipment, such as the diffusers.
b. Clean air prevents fouling of airflow measuring

equipment, process piping and flow control
valves.

The filters may be constructed of a fiber mesh or metal
mesh material that is sandwiched between a screen material
and encased in a frame.  The filter frames are then installed
in a filter chamber.  Other types of filters include bag, oil
coated, traveling screens, and electrostatic precipitators.
Process air is usually drawn directly from the atmosphere.
Some treatment plants have pretreatment and primary
treatment process tanks covered for odor control.  In some
plants of this type, the odorous air is drawn from under
these covered tanks and used as process air.

SAFETY
Safety Considerations for Aeration Tanks and Clarifiers
Whenever you must work around aeration tanks and
clarifiers, use safe procedures and exercise extreme caution
at all times.

1. Wear safety shoes with steel toes, shanks, and soles
that retard slipping.  Cork-inserted composition soles
provide the best traction for all around use.

2. Wear a coast Guard Approved life jacket when
working around aeration tanks where there are no
guardrails to protect you.  Because of the volume in
the aeration tank that is occupied by air bubbles, a
person without a floatation device is not buoyant
enough to float or swim in an aeration basin.  Even
with a life preserver, you may become drawn below

Figure 10.12 - Medium Bubble Diffuser



10-10

the surface by the current.  Because of this, the air
supply must be turned off immediately if someone
falls in.

3. Slippery algal growths should be scrubbed and
washed away whenever they appear on walkways.

4. Keep the area clear of spilled oil or grease.
5. Do not leave tools, equipment, and materials where

they could create a safety hazard.
6. Adequate lighting should be permanently installed

for night work, especially for use during emergencies.
7. Ice conditions in winter may require spiked shoes

and icy areas should be sanded if ice cannot be
thawed away with wash water.

8. Remove only sections of guardrails necessary for the
immediate job.  Removed sections should be properly
stored out of the way an secured against falling.  The
area should be properly roped off or barricaded to
prevent the entry and possible injury of personnel.

SURFACE AERATOR SAFETY CONSIDERATIONS
If maintenance or repair is required on the aerator, the
aerator must be shut down and the MAIN POWER
BREAKER MUST BE OPENED (SHUT OFF), LOCKED
OUT, AND PROPERLY TAGGED.  The lockout should
be accomplished with a padlock and you should keep the
key in your pocket.  Tag the breaker with a lockout tag and
note the date the aerator was locked out, the reason for the
lockout, and the name of the person who locked out the
aerator.

If an electrical problem exists with the aerator, Only
Qualified Electricians should be allowed to troubleshoot
and repair the problem.  Serous damage has occurred to
equipment and to unqualified people who were just trying
to fix it.

Surface aerators are located directly over the aeration basin
and caution is required when working in that area.  If the
basin is empty, a 15 to 40 foot fall could be fatal.  The
worker should be protected by a fall arrest system that will
safely suspend the worker in case of a fall.  Requirements
for fall arrest systems can be found in the section on safety.
When the basin is full of water you could drown if you fell
into the water.  Whenever any work must be done on a
surface aerator in a basin, the work should be done by two
persons wearing approved flotation devices or fall arrest
systems depending on the status (full or empty) of the basin.

MECHANICAL BLOWER SAFETY CONSIDERATIONS
When cleaning the air filters, shut down and secure the
blower system you will be working on, even if it means
shutting down the entire blower system.  A 30-60 minute
shutdown will not adversely affect the activated sludge
process.  Don’t take chances by trying to operate the blower

system while cleaning the filters if you can’t bypass the
filters being cleaned.  If the blowers are operating while
trying to remove or install filters, foreign material can be
drawn into the filter chamber and ultimately into the blower
unit where extensive damage to the blower will result.

Wear gloves when removing and installing filters to protect
your hands from cuts.  Safety goggles should be worn when
cleaning the filters to keep foreign matter out of your eyes.
An approved dust and mist respirator should be used to
prevent ingestion and or inhalation of filter dust.  Persons
should not be assigned to tasks requiring use of respirators
unless it has been determined that they are physically able
to perform the work and use the equipment.  Check with
your local safety regulatory agency for specific physical
and training requirements.

Before starting any blower, be sure all inlet and discharge
valves are open throughout the system.  Remove all foreign
matter that might enter the blower.  All personnel must be
clear of the blower before starting.  Always wear
appropriate hearing protection when working near an
operating blower.  Hearing protectors must attenuate
(reduce) your noise exposure at least to an eight-hour time
average not to exceed 90 decibels.  When a blower must
be shut down for maintenance or repair be sure the main
power breaker is Opened (Shut Off), Locked Out, and
Properly Tagged.  If an electrical problem exists with the
blower drive motor, only Qualified and Authorized
Electricians should be allowed to troubleshoot and repair
the problem.

AIR DISTRIBUTION SYSTEM SAFETY CONSIDERATIONS
The aeration tank areas where the distribution piping is
located are hazardous and caution is required when working
on distribution systems.  If the aeration tank or channel is
empty a 10-20 foot fall could be fatal.  The worker should
be protected by a fall arrest system that will safely suspend
the worker incase of a fall.  When the aeration tank or
channel is full of water you could drown if you fell into
the water.  When working on air distribution system piping
near an aeration tank or channel, have at least two operators
present and have everyone wear approved flotation devices
or fall arrest systems depending on the status (full or empty)
of the basin.

Air headers are located in areas with hazards similar to
those encountered when working on the air distribution
system exercise care to avoid falling into empty tanks or
tanks full of wastewater.
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Caution should be used when operating an electric or
manual hoist.

1. Never lift or lower a header pipe until you are sure
the hoist is firmly and properly anchored and that
its capacity is sufficient.  If it is not, the hoist may
jackknife into the tank when lifting or lowering
starts and you could be knocked into the tank.

2. Never lift or lower a header pipe until the double
pivot upper swing joint locking pin is removed.
Lifting or lowering the header with the locking pin
in place will cause the pivot to crack.

3. Make sure that the hoist support foot transmits the
load to the concrete tank structure and not to the
removable decking.  This decking is designed to
support only a few hundred pounds of weight.

4. Use the double pivot upper swing joint locking pin
to secure the header assembly above the walkway.
Failure to do this will result in the header assembly
lowering itself into the tank if the hoist hydraulic
system fails.

ACTIVATED SLUDGE PROCESS CONTROL

The activated sludge wastewater treatment process is
capable of producing an excellent effluent quality when
properly designed, constructed and operated.  BOD and
TSS removal rates in excess of 99% are not unusual.  There
are three areas of major concern for the operator of an
activated sludge plant.

1. The characteristics of the influent that is going to
the aeration basin.

2. The environment in the aeration basin that must
be maintained to ensure good treatment.

3. The operating conditions within the secondary
clarifier, which affects how well solids separation
will occur.

As you may suspect, all three of these areas are closely
related and influence each other.

INFLUENT CHARACTERISTICS
Organic and Hydraulic Loading
In most municipal activated sludge wastewater treatment
facilities, the influent flow and BOD/TSS concentration
does not vary by more than 10% from day to day.  This
results in a relatively stable (and predictable) loading being
applied to the aeration basin.  However, for some facilities,
the flow or the BOD/TSS concentration (or both) varies
greatly.  One example of where this might occur is a small
package treatment plant that treats the discharge from a
school.  In this situation, the influent flow only occurs from
8:00 AM until 4:00 PM and stops entirely on weekends
(and for three months during the summer).  In another

example, a municipality may have a tremendous loading
increase (both flow and BOD/TSS) for several days a week
while a local industry, such as a food processing plant, is
in operation.  Because a large part of the operator’s job is
to maintain the correct mass of microorganisms to meet
the incoming food, operating in a situation where the
influent loading is constantly changing greatly complicates
matters. Therefore, all changes to the influent loading must
be understood and considered by the operator of an
activated sludge system.  This requires accurate influent
flow measurements and at least periodic influent BOD and
TSS sampling and analysis.

The Effect of Toxic Substances
Toxins pose another consideration for the operator of an
activated sludge plant.  If the influent that is being fed to
the organisms in the aeration basin cannot be metabolized
or if it is toxic, the organisms will die off and the process
will fail.  An example of this situation is when recreational
vehicles (RVs) are allowed to discharge large amounts of
holding tank waste to a treatment plant.  Chemicals, such
as formaldehyde, are often used to stabilize RV holding
tanks.  Formaldehyde is highly toxic to activated sludge
microbes, so even a single RV’s discharge can kill-off a
small package plant.  Please be aware that microbe friendly,
biodegradable alternatives are available as a replacement
for formaldehyde based products.

AERATION BASIN ENVIRONMENT
Food and Dissolved Oxygen
The aeration basin environment itself can best be described
as a zoo of microorganism, each competing for oxygen,
food and the ability to reproduce.  It is the job of the
activated sludge system operator to provide this zoo of
organisms with the correct amount of oxygen, mixing and
food.  The food is of course supplied in the form of
dissolved and suspended solids in the wastewater itself.

 The level of oxygen in the aeration basin can be controlled
(to an extent), although many older systems are simply run
all-out to provided as much aeration as possible, even
though it may not be enough.  A dissolved oxygen level of
>1.0 mg/L is desirable, but it is important to understand
that the required level of dissolved oxygen is actually
related to the F:M ratio that the system is operating under.
This is because the microorganisms in the basin primarily
consume the oxygen as they capture and metabolize the
dissolved and particulate waste solids.

If the BOD loading increases, the amount of dissolved
oxygen that is needed in order for the microbes to capture
and stabilize the waste will increase.  If the BOD loading
decreases, the oxygen demand for the system will go down.
This phenomenon can be observed every day in an aeration
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basin during peak loading (usually around 9:00 – 10:00
AM).  At this time, the oxygen demand in the aeration basin
will be at its highest, because a large amount of food is
entering the basin and the microbes are utilizing lots of
dissolved oxygen as they capture and begin to digest the
food.  In the middle of the night, when the loading is low,
the demand for dissolved oxygen will go down.  You can
actually see this effect when using a dissolved oxygen meter
to measure the D.O. levels in the aeration basin.  Some
system run at less than 1.0 mg/L of D.O. and yet operate
well because they are still operating within an acceptable
F:M range.  Some highly loaded systems need much more
than 1.0 mg/L of D.O. just to get by.  Remember that it is
easier to dissolve oxygen into cold water that into warm
water.  Therefore cold weather increases aeration system
performance, although the microorganism activity is
reduced.

Adequate Mixing
Thorough mixing of the contents of the aeration basin is
also very important.  No settling should occur in the basin
itself.  Solids settling can be evaluated using a stick or a
sludge blanket indicator by probing around the bottom of
the aeration basin.  Solids that settle to the bottom of the
basin will rapidly become septic and cause a variety of
problems, such as increased oxygen demand, lower aeration
basin detention times and excess growth of the types of
filamentous bacteria that are associated with septic
conditions.

However, excessive mixing also has a down side.  If the
turbulence in the aeration basin is too high, a phenomenon
known as floc shear will occur.  Floc shear is characterized
by floc particles that are broken up.  In the secondary
clarifier, this leads to increased effluent TSS concentrations.
Floc shear can be diagnosed using a microscope.  Under
magnification, the broken floc particles are evident.  If a
microscope is not available, look for signs of excessive
turbulence in the aeration basin whenever the effluent TSS
seems unusually high without another obvious cause.

Maintaining the Correct F:M
In order to achieve good treatment and a stable system, the
mass of microorganisms must be maintained at the correct
level needed to consume virtually all of the food that enters
the system each day.  One way to think about this situation
is to consider how you might go about feeding your pet
dog everyday.  If you have a dog that weighs 100 lbs., it
probably eats around 2 – 4 lbs. of dog food each day.  If we
describe your dog’s diet in terms of a Food to Mass ratio,
we would say that the F:M of your dog ranges from 0.02 –
0.04 to 1.00.  Activated sludge wastewater treatment plants
can be considered in the same fashion, except that they
can be operated at a much higher F:M than your dog.

Extended aeration activated sludge plants are operated at
an F:M ratio of 0.05 – 0.15 to 1.00.  In other words, if the
mass of microorganisms in the aeration basin weighs 100
lbs., it can eat between 5 and 15 lbs. per day.  Conventional
activated sludge treatment plants operate at even higher
F:M ratios.  Conventional systems run at an F:M of between
0.25 and 0.5 to 1.00.  This would be like a 100 lb. dog
eating between 25 and 50 lbs. of food each day.  Some
Contact Stabilization processes operate even higher, with
1.00 to 1.00 ratios and beyond.  This would be like a 100
lb. dog eating 100 lbs. of dog food everyday!

What is a strange concept to many people when considering
this analogy is that, it is not the amount of food that an
activated sludge wastewater operator is in control of, it is
the size of the dog.  By increasing or decreasing the overall
mass of MLSS, operators actually change the number of
microorganisms available to consume the daily load of
waste solids.  Although the amount of loading (food) varies
a little each day, overall, it stays close to the same.
However, operators effectively control the size of the dog
by increasing or decreasing the mass of microorganisms
(increasing or decreasing the daily WAS flow) in order to
meet the loading.

The key to stabilizing the activated sludge process lies in
doing a good job of maintaining the right mass of
microorganisms to fully consume the daily loading, all of
the time.  To accomplish this, the amount wasted from the
system each day needs to be close to the amount that enters
the system each day, with some allowance for solids that
are destroyed through digestion while in the aeration basin
or lost to the effluent.  Typically, this means that the number
of pounds of solids wasted from a system each day must
be around 50 – 70% of the total number of pounds of solids
that enter the system each day.  (Remember that the
difference between the influent loading and the required
WAS lbs./day is made up through digestion in the aeration
basin and solids lost to the effluent).

Determining a Treatment Plant’s F:M
To actually calculate the F:M ratio of a activated sludge
wastewater treatment plant, we need to know how much
food is entering the aeration basin each day and how many
pounds of microorganisms are in the aeration basin
available to eat the food.  The amount of food is determined
by calculating the BOD loading in terms of pounds per
day of influent entering the aeration basin.  The mass of
microorganisms is calculated based on the mass, in pounds,
of mixed liquor volatile suspended solids (MLVSS) in the
aeration basin.  The volatile suspended solids are used in
this calculation because it is assumed the all of the volatile
solids are comprised of living microorganisms and the non-
volatile solids are inert matter that does not contribute to
metabolizing the waste solids.
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Whenever the conditions within an activated
sludge treatment plant must be assessed, IT IS
THE F:M RATIO THAT MUST FIRST BE
DETERMINED in order to understand what mode of
operation the system is in and determine how well it is
functioning.  Only after the F:M is understood can the
other operating factors be assessed.

In the absence of the laboratory data that is necessary to
calculate the F:M, some keen observation can be used to
understand whether a system is running at a high F:M,
low F:M or just right.  For instance, if a clear, high quality
effluent is being produced and the aeration basin has a
small amount of crisp white foam on the surface and the
mixed liquor is a chocolate brown color, the F:M is close
to ideal and the system is running very well.  Operations
should continue in the same manner.

If the effluent quality is cloudy, large floc particles are
exiting over the secondary clarifier weirs (straggler floc),
the aeration basin has a lot of frothy white or gray foam
on it, the mixed liquor has a light brown or tan color and
the effluent BOD and TSS are elevated, the system is most
likely running at a high F:M, such as an overloaded plant
or a plant in start-up conditions.  In this case, the operator
should allow the system to build up a larger mass of MLSS
by reducing wasting.

If there is a thick, dark foam on the aeration basin surface,
the mixed liquor is dark brown or even a dark reddish
color, sludge is floating to the surface of the secondary
clarifier and very small floc particles that are about the
size of the head of a pin (pin floc) are observed in the
effluent, the system is operating at too low of a F:M.  In
this case, the operator should increase wasting.

SECONDARY CLARIFIER CONDITIONS
Clarifier Design Features
The design of the secondary clarifier(s) of an activated
sludge wastewater treatment plant can have a strong effect
on how the system will perform as a whole.  Desirable
features that should be included in activated sludge
secondary clarifiers include:

• Good inlet flow control structures that allow the
operator to carefully regulate the hydraulic loading
to the clarifier.

• Energy dissipating baffles at the mixed liquor inlet
area that quickly slow the mixed liquor and direct
it downward.  Some provision for gentle mixing
during entry into the clarifier is helpful at starting

bio-flocculation.  Some old and most new clarifier
designs incorporate these features.

• Short-circuiting should be eliminated.  Short-
circuiting occurs when a portion of the mixed
liquor that enters the clarifier is allowed to move
rapidly toward the weirs and out of the clarifier.
There are many causes of short-circuiting, such as
thermal density-currents and poor baffle design,
however, the most common cause is uneven weirs
that draw the clarifier supernatant over one area at
a much higher rate than other areas of the weir.

• Secondary clarifiers should be deep enough to
allow some process upsets without the loss of the
sludge blanket.  For most treatment plants, this
means a clarifier depth of greater than 12 feet.

• A detention time of between 2 and 4 hours should
be provided for the highest flow (peak flow) that
the clarifier will be subjected to.  This is a function
of the clarifier’s volume.

• A surface-loading rate of between 300 to 1,200
gallons per day per square foot.  This is a function
of the clarifier’s hydraulic loading and surface area.

• Effective sludge removal for the entire bottom of
the secondary clarifier.  This typically includes a
sludge scraper mechanism that sweeps the bottom
of the clarifier and moves settled sludge toward
the RAS pump inlet box.

• Accurate control of the RAS pumping rate.  This
is critical for ensuring that the sludge is removed
at the proper rate.  Some form of RAS pump control
and flow measurement should be provided.

• Drains should be provided for each clarifier so that
they can be taken down for service and inspection.

Although these features are all desirable, they are not
always included in every secondary clarifier.  This is in
part because the cost of construction must be considered
when clarifiers are designed and built.

RAS Flow Control
The sludge blanket depth in an activated sludge secondary
clarifier should be determined at least twice a day by
actually measuring the blanket at about the middle of the
clarifier bridge.  Several methods for measuring sludge
blanket levels are available, such as the core sampler and
the infrared detector.  The method used is less important
that ensuring that the measurements are performed in a
consistent manner.

This is an example of the F:M calculation for
an extended aeration activated sludge
wastewater treatment plant:

(FOOD) 160 lbs./day BOD into Aeration Basin    = 0.08 F:M
(MASS) 2000 lbs. MLVSS in Aeration Basin

Figure 10.13 - Calculating F:M



10-14

At first glance, determining the proper RAS flow rate would
appear to be simple.  In general, the RAS pumps should be
run just fast enough to maintain the smallest sludge blanket
in the clarifier possible.  However, it must be remembered
that the flow into the clarifier is changing all throughout
the day.  This means that the loading to the clarifier, and
thus the sludge accumulating in the clarifier is changing
all throughout the day.  The typical 24-hour cycle of peak
and low flows experienced by most treatment facilities will
generally cause the sludge blanket in a secondary clarifier
to accumulate throughout the day and drop throughout the
night.

To complicate matters, the “settleability” of the sludge is
not always the same.  Some sludges settle rapidly and
compact at the bottom of the clarifier, while others settle
slowly and compact only a little.  Simply increasing the
RAS pumping rate for a sludge that will not settle will not
bring the sludge blanket down (although this is the typical
response by operators), because all of the sludge that is
pumped out of the clarifier returns back to it.  In fact,
increasing the RAS pumping rate above the allowable range
often results in clarifier washout, because at some point,
the hydraulic loading rate of the clarifier is exceeded.

If a sludge settles well but is not removed from the
secondary clarifier fast enough, biological activity will
continue in the sludge, resulting in the formation of nitrogen
gas bubbles.  These nitrogen gas bubbles will cause particles
and even clumps of sludge to float to the surface of the
secondary clarifier (this process is known as
denitrification).  Whenever this type of  “rising sludge” is
observed in an activated sludge secondary clarifier, it is a
sign that RAS pumping rate should be increased.   At this
point, it should be clear that there is no magic setting for
the RAS pumping rate, but rather a series of checks and
observations that operators must continually make to ensure
that the pumping rate is correct for the given conditions.

Settleometer Test
To better understand how sludge will settle in the secondary
clarifier, operators use a test known as the settleometer.
The settleometer test is a method of simulating the settling
of activated sludge in a secondary clarifier.  The test is
performed on a sample of mixed liquor taken from the end
of the aeration basin, right before it enters the secondary
clarifier.  The sample, which is usually 1 – 2 liters, is placed
into a special settleometer container, which is essentially a
large, clear graduated beaker, marked off in ml/L and
percent by volume.  The test is conducted by observing
and recording the settling of the sludge every five minutes
for the first half hour, then after 60 minutes and after 120
minutes.

The 30-minute reading is most useful to operators in
determining how well the sludge will settle.  A sludge that
settles to around 300 ml/L (or 30%) with a clear supernatant
at 30 minutes is considered ideal because it indicates that
the sludge will settle rapidly and compact well in the
secondary clarifier.  A sludge that settles slowly and does
not compact in the settleometer, or that leaves a cloudy
supernatant will perform similarly in the secondary clarifier.
In general, systems that are operating under low F:M ratios
and high SRTs will produce a sludge that settles and
compacts rapidly and leaves some pinfloc in the supernatant
and often small amounts of floating sludge.  Systems
operating under a high F:M and low SRTs will typically
settle and compact more slowly and leave large straggler
type floc and a slightly cloudy supernatant.  For systems
that are operating at the correct F:M ratio and SRT, the
mixed liquor will settle to around 300 ml/L in 30 minutes
and the supernatant will be clear.  If the sludge rises to the
top of the settleometer within 120 minutes, it is a sign that
the system is actively nitrifying (the sludge rises due to
denitrification).  In this case, attention should be given to
ensure the RAS pumping rate is high enough to prevent
rising sludge in the secondary clarifier.
Operators often graph the readings taken every five minutes
for the first 30 minutes of the settleometer.  Graphing this
information yields a characteristic type of curve.

Figure 10.14 - Settleability Curve
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Figure 10.15 - Settleable Solids
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ACTIVATED SLUDGE PROCESS CONTROL

STRATEGIES

All wastewater treatment systems must be operated based
upon some process control strategy.  Activated sludge plant
operators need some procedure to help them maintain
control over the four key areas of the process:

• Providing Controllable Influent Feeding
• Maintaining Proper Dissolved Oxygen and Mixing

Levels
• Controlling the RAS Pumping Rate
• Maintaining the Proper Mixed Liquor

Concentration (controlling the F:M ratio of the
system)

For some treatment plants, the operator knows the system
very well and understands when it is time to waste, when it
is time to change the RAS flow rate, balance the influent
load or increase the oxygen provided to the aeration basin.
In effect, the operator controls the process through
observation, experience and skill.  This “seat of the pants”
approach is employed successfully by operators all around
New Mexico, and does not mean that the system is run
poorly or that the operator is not performing his or her job.
It does however have one major drawback; when problems
do occur (and they will), the operator does not have many
options for analyzing what has gone wrong.  The ability to
predict problems before they occur is also limited by this
approach.

Over the 100 plus years that the activated sludge process
has been used to treat wastewater, numerous process control
strategies have been developed to help operators understand
what is happening in the process and make corrections to
the system in order to keep it balanced.  Some small
treatment plants simply use the settleometer as a guide to
when they should waste solids from the system.  This works
in small plants, provided the operator understands that
changes to the settleability of the sludge can occur that are
not related to the concentration of MLSS in the system.
Large activated sludge treatment systems use a variety of
process control approaches.

This section will discuss approaches such as the MLSS
and MLVSS concentration, the sludge volume index (SVI),
the mean cell residence time (MCRT), as well as the use of
the light microscope in the control of the activated sludge
process.

IMPORTANT OBSERVATIONS OF THE PROCESS
It is easy to get caught up in the more sophisticated
approaches to running the activated sludge process and
overlook the important basic observations that all operators
should be aware of.  Sight, sound, smell and even touch

are all invaluable tools for observing what is happening in
the process and often provides an obvious indication when
something is wrong.  Too many operators are intrigued by
a new D.O. meter or convinced that the process can be run
by calculations alone and forget the basics that must be
followed.  For example, if something smells septic in the
activated sludge process, something is wrong.  Activated
sludge is (for the most part) an aerobic process.  Overall,
the system should smell like healthy wet soil when it is
operating well.  Foul odors indicate a lack of dissolved
oxygen, which means trouble.

The color and odor of the mixed liquor can tell you much
about how the process is running.  If the mixed liquor has
a light tan or yellow color, the plant is probably in start-up.
This type of mixed liquor does not yet have the healthy
organic smell of ideal activated sludge.  If the mixed liquor
is very dark brown in appearance, it is a sign of old sludge
due to a high SRT.  This color is common in small package
plants that waste only by having a septic hauler remove
sludge from the system.  Because of the method of wasting,
solids are allowed to build up for a long period, which leads
to high SRTs prior to the arrival of the septic truck.  A
significant scum blanket over the aeration basin usually
accompanies dark brown mixed liquors.  The scum blanket
can be light brown to tan in color or even dark brown and
leathery.  The presence and characteristics of the scum
blanket give indications as to what is going on in the
process.

There are also many visual cues provided by the secondary
clarifier.  The sludge blanket in the clarifier should occupy
no more than 1/4 to 1/3 of the depth of the clarifier.  In
general, the less sludge in the secondary clarifier, the better.
If chunks of brown sludge are observed floating on the
surface of the secondary clarifier (rising sludge), it is a
strong indication that the RAS pumping rate should be
increased to prevent denitrification from occurring.  Large,
jagged floc particles (1/8 – ¼ inch in diameter) exiting
over the weirs of a secondary clarifier are a possible
indication of too young of a sludge age (low SRT).  Small,
floc particles the size of the head of a pin exiting in the
effluent is usually a sign of a sludge that is too old (high
SRT).  This is often accompanied by inert matter that forms
a film on the surface of the clarifier.  This film looks very
much as if someone had scattered ashes upon the clarifier.
For this reason, this phenomenon is known as “ashing”.

It is critical that operators make the observations of sight,
sound and smell to understand what is happening in the
activated sludge process.  It is also important that operators
can make sense of these basic process control observations
before moving on to the more complicated process control
strategies.
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MLSS and MLVSS Concentration
As stated before, one of the key jobs of the activated sludge
wastewater treatment plant operator is to maintain the
proper F:M ratio in the system.  However, activated sludge
plants are not operated on a day to day basis based on the
F:M ratio.  A system’s F:M ratio is really just a way of
assessing the treatment process, not a way of controlling
it.  Part of the reason for this is that the information
concerning the influent BOD loading used to calculate the
F:M ratio is already 5 days old when an operator receives
it because the BOD test takes 5 days to conduct.  Decisions
about changes to the wasting rate of a system must often
be made on a daily basis and the information included in
the F:M ratio is already at least 5 days old before it can be
applied.

Instead of the F:M ratio, operators often make judgments
about the waste rate based on the concentration of the mixed
liquor in the aeration basin.  This is measured using the
total suspended solids (TSS) test on a sample of mixed
liquor drawn from the end of the aeration basin, just before
entering the secondary clarifier.  When the TSS test is used
to measure the concentration of mixed liquor, the result is
reported as the mixed liquor suspended solids, or MLSS.

 If the volatile fraction is also measured, it is reported as
the mixed liquor volatile suspended solids concentration,
or MLVSS.  Most activated sludge processes operate at a
MLSS concentration of between 1,000 and 5,000 mg/L.
Often, it will be discovered that a particular wastewater
plant operates very well at say 2,500 mg/L and so the
operator will increase or decrease wasting in order to
maintain a MLSS concentration of 2,500 mg/L.  In effect,
what the operator is doing is maintaining the same overall
mass of microorganisms by holding the concentration
constant (because the volume of the aeration basin does
not change).  This has the effect of maintaining the correct
F:M ratio.

The percentage of MLSS that is volatile will vary
depending upon the rate that solids are digested within an
aeration basin.  Typically, activated sludge systems operate
with a MLVSS concentration that is about 70% of the total
MLSS.  For systems that operate at high F:M conditions,
the percentage is more like 80%.  For systems operating
under low F:M conditions, the volatile percentage can be
as low as 60%.  Remember that the MLVSS represents the
living fraction of the mixed liquor solids.  The rest of the
MLSS is just inert matter that is trapped in the system, but
not providing any treatment to the incoming wastes.
Systems operating under high F:M conditions do not have
as much time to digest the incoming wastes as effectively
as systems that operate under low F:M conditions.  This is
why the percentage of the MLSS that is volatile is higher
for high F:M systems.

Although the activated sludge process can be operated
based upon the MLSS and MLVSS concentrations alone,
it is not always a good idea to do so.  This is because this
approach does not take into account all of the solids that
are entering and exiting the system on a daily basis.  The
reason is that the influent hydraulic and organic loading to
the system does actually vary from day to day.  On a given
day, 1,800 lbs. of solids may enter a typical 1.0 MGD
treatment plant but that amount may go up to 2,200 lbs./
day during a holiday weekend when more people are in
town.  This results in uneven loading to the treatment
system and the operator always attempting to adjust the
MLSS/MLVSS concentration after the fact.  Unforeseen
process upsets can result when using this approach.

Sludge Volume Index (SVI)
The settleometer test yields a great deal of information
about how well sludge will settle and compact, but it does
not reveal the MLSS concentration.  It would seem obvious
that if the MLSS concentration increases, the settling rate
would slow down.  (That is; thicker mixed liquor should
settle more slowly).  To some extent, this holds true, but it
is not always the case.  The reason has to do with the fact
that the type of microorganisms in the mixed liquor has
more to do with how the sludge will settle and compact
than the concentration does.

When an activated sludge process is operating well, it will
primarily contain a mixture of simple round and rod shaped
bacteria, an assortment of higher life forms known as
protozoa, and a few long, hair-like filamentous bacteria
that add strength to the bio-flocculated structure (known
as floc).  If the right conditions cannot be maintained in
the system, this balance of microorganisms in the floc will
change.  For systems operating at very high F:M ratios
and low SRTs, the organisms do not remain in the system
long enough for the slower growing protozoa to appear.

For this reason, this condition is referred to as “young
sludge”.  The settling characteristics of young sludge are
slow, and a cloudy supernatant, laden with large straggler
floc particles is left behind.

If the system is operating at a very low F:M ratio and a
high SRT, larger, slow growing organisms such as rotifers
and sludge worms will begin to appear.  This condition is
often referred to as “old sludge”.  Old sludge tends to settle
very rapidly but leaves pin floc in the supernatant and a
surface material known as “ashing”.  Ashing appears just
as though ashes were scattered on the surface of a
settleometer test or secondary clarifier.
One of the most common problems that arise in the
activated sludge process is the proliferation of excessive
amounts of filamentous type bacteria.  The problem has
many causes, including septic conditions, low D.O.
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conditions and operating the system at the wrong F:M ratio.
The growth of excessive numbers of filamentous bacteria
results in a floc that cannot separate from liquid due to the
hair-like projections of the filaments.

This condition is know as “sludge bulking”, and it can lead
to the total loss of the solids inventory in the treatment
system as the sludge is washed out of the secondary clarifier.
(This problem is discussed in detail further in this text).

The MLSS test provides information about the
concentration of solids in the aeration basin, but does not
give insight into the settling characteristics of the sludge.
The settleometer test gives insight into the settling
characteristics of a particular sludge, but does not take into
account the MLSS concentration.

In order to analyze the settling characteristics at a given
MLSS concentration, operators calculate a value known
as the sludge volume index, or SVI.  The SVI of mixed
liquor is determined by knowing both the sludge’s settling
characteristics and its MLSS concentration.

The SVI is an index of how well a sludge will settle at a
given MLSS concentration.  This means that it does not
matter if the mixed liquor is at 1,500 mg/L or at 3,500 mg/
L when the settleometer test is performed, the setting
characteristics can be quantified.  (See calculations on
the following page.)

The SVI is most useful at identifying filamentous organism
outbreaks, allowing operators to respond before the system
is out of control.  For most activated sludge treatment plants,
a SVI range of 80 – 120 signals good treatment.  SVI values
of <80 indicate older, fast settling sludge and the need to
waste solids, however, some SBR systems operate
constantly in this range.  SVI values over 150 almost always
indicate a serious filamentous bacteria outbreak that must
be dealt with before the entire solids inventor is lost from
the system.

Understand that these ranges give a good indication of
where most plants operate well and when most plants will
get into trouble, but they are not hard and fast rules.  This
is because different systems have different secondary
clarifiers.  Shallow, poorly baffled secondary clarifiers do
not respond well to bulking conditions, whereas deep, well-
baffled clarifiers can handle SVI values at or above 150
before loosing the sludge blanket to washout.  If the
equipment is available to measure the settleability and the
MLSS concentration of a mixed liquor, the SVI value offers
operators a powerful tool for assessing the condition of
the biological process.  When used by a conscientious
operator that knows the history of their system, changes in

the system’s SVI value can even be used to predict
filamentous bacteria induced sludge bulking problems and
then measures can be taken to stop them early.

Mean Cell Residence Time (MCRT)
Because of the time delay involved in generating the data
used to determine the F:M ratio, it is not used to control
the secondary treatment process, however, a similar
approach, based on other information that can be collected
in a timely manner, can be used.  The mean cell residence
time (MCRT) approach to balancing the solids in the
activated sludge treatment system offers a simple and
effective way to operate the activated sludge process ahead
of the curve.  What the MCRT approach attempts to do is
account for all of the solids that are in the system as well
as all of the solids that exit the system everyday.  A system’s
MCRT is a representation of the average time (in days)
that a bacterial cell will remain in the system before being
removed as WAS or leaving in the effluent.  The calculation
is made by dividing the total pounds of MLSS in the
aeration basin by the total pounds wasted each day and the
total pounds that exit the in the effluent each day.  (See
calculations on the following page.)

A system’s MCRT is very similar to its SRT, except that
the MCRT looks at what is leaving the system each day
and the SRT looks at what is coming into the system each
day.  Typically, conventional activated sludge systems run
at MCRTs of < 15 days, whereas extended aeration systems
run at MCRTs of  > 15 days.  Contact Stabilization systems,
due to their high loadings and high wasting rates tend to
run at MCRTs of < 5 days.

In order to use the MCRT approach, daily information about
a system’s MLSS concentration, WAS concentration, WAS
flow, effluent TSS concentration and effluent flow are
needed.  Not all treatment plants can generate this amount
of process control data everyday.  If these pieces of
information are available, the actual number of pounds of
WAS that must be removed from the system in order to
maintain the same solids balance (same MCRT) can be
calculated.  (See following page for an example of this
approach to process control.)

It is important to understand that the minutes of WAS
pumping that are required each day to maintain the desired
MCRT will change from day to day, but that does not mean
that the operator should change the pump setting everyday
to try to adjust the system.  This type of over management
of the wasting rate tends to destabilize the activated sludge
process. To compensate for this, the MCRT approach to
process control should be used based upon a seven-day
running average.  In other words, seven days worth of WAS
pump adjustments are averaged, and that average is what
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Figure 10.17 - Calculating MCRT

the pump is actually set to run each day.  The following
example explains:

Day WAS pumping each day
(calculated)

Monday, August 10th 114 minutes
Tuesday, August 11th 118 minutes
Wednesday, August 12th 113 minutes
Thursday, August 13th 115 minutes
Friday, August 14th 107 minutes
Saturday, August 15th 116 minutes
Sunday, August 16th 111 minutes

Average 113 minutes actual WAS pumping on
Sunday, August 16th

The next day:
Day WAS pumping each day

(calculated)
Tuesday, August 11th 118 minutes
Wednesday, August 12th 113 minutes
Thursday, August 13th 115 minutes
Friday, August 14th 107 minutes
Saturday, August 15th 116 minutes
Sunday, August 16th 111 minutes
Monday, August 17th 105 minutes

Average 112 minutes actual WAS pumping
on Monday, August 17th

Using a seven-day running average prevents large changes
to the wasting rate at any one time.  It is very important
that large changes are not made if the system is to operate
as a stable process.  Even if the seven-day running average

Figure 10.16 - Calculating SVI

Figure 10.16 - Calculating WAS Based on MCRT and MLSS
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is not used, a good rule of thumb to follow is “never change
the waste rate by more than 10% a week”.

The MCRT approach offers a valuable method of balancing
the solids in an activated sludge system.  It is particularly
suited to plants that treat 1.0 MGD and more, because these
treatment facilities have the necessary in-house laboratory
capability to generate the needed data.  It must be applied
to a treatment plant in a consistent manner and is only as
good as the laboratory sampling and analysis.  Any error
introduced through non-representative sampling or
inaccurate flow measurements will be magnified as errors
in the MCRT calculation.  It takes skilled operators to apply
effectively, but treatment systems that use the MCRT
approach have fewer upsets and can recognize problems
well ahead of time and address them compared to systems
that are run by “the seat of the pants”.

LIGHT MICROSCOPE
When the public or a beginning operator considers the
mixed liquor in the aeration basin, their impression is that
muddy water is being aerated and mixed in a large tank.  It
is often very hard for non-operators to understand that the
mixed liquor represents a mass of living organisms!  This
is the reason that so many people react as they do when
viewing mixed liquor under a light microscope for the first
time.  It is not at all unusual for people to respond with
surprise and excitement upon seeing activated sludge
“bugs” (living organisms).  Beyond the novelty of the light
microscope lies one of the most powerful tools for assessing
the activated sludge process that is available to operators.
The ability to directly view the type and activity of the
microorganisms involved in the process offers unparalleled
insight into what is happening.  As a further endorsement,
the use of the light microscope is actually quite simple.

A modern light microscope is an instrument consisting of
a light source, a stage where the object to be viewed is
placed, an objective lens where light from the object is
first magnified and an eyepiece, where the magnified image
is again enlarged and viewed.  Some provision for focusing
the image, moving the viewed object around and controlling
the light source is generally also provided.  For activated
sludge work, a microscope with objective lenses that will
magnify to 4, 10, 40 and 100 power (X) are generally
recommended.  Most eyepieces provide an additional
magnification of 10X, resulting in overall magnifications
of 40, 100, 400 and 1000 times the original size of the
object being viewed.  (See graphic on the preceding page.)

Samples of mixed liquor are best obtained from the settled
sludge in a fresh settleometer test, or from a sample taken
directly from the exit point of the aeration basin.  For
viewing live organisms, the sample should be as fresh as

Figure 10.19 - Schematic of a Compound
Light Microscope with Built-it Light Source

possible.  To prepare a sample to be viewed with a
microscope, place a drop of the sample on a clean glass
slide and cover it with a small, thin piece of glass, known
as a cover slip.  The cover slip prevents the sample from
dying out too fast and prevents the lenses from accidentally
contacting the wet sample.  The light source should be
adjusted in order to obtain the maximum contrast between
light and dark.  Too much light washes out the object, too
little does not allow enough contrast to see details.  Slides
should be viewed first using the low power 4X objective
lens.

Once an organism of interest is located, the higher power
objectives can be used to discern greater detail.  Be aware
that the highest power objective lens, (100X), is used in
conjunction with optical oil that is placed between the lens
and the cover slip in order to allow a full field of view.
(This practice is known as “oil immersion”).  This 1000X
magnification is generally only used when attempting to
identify specific aspects of microorganisms, such as cell
separations (septa) in filamentous bacteria.

For routine viewing of living mixed liquor, the 10X and
40X lenses will be most useful.  Begin by slowly moving
back and forth across the slide until the entire contents of
the slide has been viewed.  This is easily accomplished
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when using the lower power lenses, which have a wide
field of view.  Most of what you will see in activated sludge
appears as brown and tan clumps of particles.  These
particles are masses of round and rod shaped bacteria, which
are referred to as floc particles. The first thing that should
be assessed is the floc structure.  Are the floc particles
large, solid, and light brown with clear supernatant
between?  This is a sign of a healthy and good settling
sludge.  If the particles are small and very dense and the
supernatant has a lot of debris in it, it is a sign of an
unhealthy sludge that will leave a cloudy supernatant.  This
is typical of mixed liquor from systems that have
excessively high solids (low F:M) or that are operating with
excessive dissolved oxygen.  If the floc particles are not
very dense, light in color and appear weak, the sludge will
most likely settle slowly and leave behind large, “straggler
floc”.  This is typical of systems that are in start-up or are
operating under too high of an F:M.

Look at the other life forms that are present.  You will no-
doubt see a mixture of higher life forms, such as; Amoebas,
free swimming and stalked Ciliates, Flagellates, Rotifers
and even sludge worms.  The mix of higher life forms can
tell you a great deal about how the system is operating.
For instance, activated sludge that is made up of loose floc
particles and a mixture of mostly amoebas, Flagellates, and
some free swimming Ciliates is indicative of a young sludge
(high F:M).  A mixture of dark, dense floc particles and
Rotifers, stalked Ciliates and sludge worms is typically
found in older sludge (low F:M).  Activated sludge that
has strong, medium sized floc particles and a mixture of
all of these organisms, (especially with large clusters of
stalked Ciliates and free swimming ciliates), is typical of
systems that are operating at an F:M that is well suited to
capturing and metabolizing the incoming waste.  Sludge
with these characteristics will settle and compact well and
leave a clear supernatant that has low BOD and TSS.

Every aspect of these higher life forms can give you
information about the health of the system.  The size,
number, activity level, type and diversity of the higher life
forms in activated sludge can all be used as key indicators.
The F:M that a system is operated at will directly influence
the types of bugs that predominate.  High F:M systems
that process waste at a high rate and waste it out before it
is fully digested will tend to cultivate fast growing, high
activity organisms (free swimming Ciliates, Flagellates,
Amoebas).  Low F:M systems that have long MCRTs do a
thorough job of digesting the captured waste and tend to
operate with slower growing, lower activity organisms
(Rotifers, sludge worms, Tartigrade).  Systems where the
F:M is correct for the waste load will be predominated by
a mixture of organisms that grow fast and a few that grow
slow.  The activity of the organisms in this type of system

will be high when first encountering the waste and then
will slow as the waste is metabolized.  All of this can be
seen through the lens of a microscope when used with care.

Next, take a careful look at the spaces between the floc
particles.  Are there any long, hair-like organisms projecting
out of the floc particles?  These are filamentous bacteria.
Believe it or not, filamentous bacteria of this type are some
of the oldest microbes on our planet and have survived
unchanged for millions of years.  This makes these types
of bacteria able to adapt to many different environments
and fill many niches where other life forms cannot survive.

When these filaments are present in the right amount in
mixed liquor, they form the “backbone” of the floc particles,
which adds strength and density to the floc.  However, when
these filamentous bacteria grow too numerous, they tend
to keep the floc particles from being able to come together.
This is the result of the shape of the filaments themselves,
which act like the fibers in fiberglass house insulation,
which maintains the “loft” that provides the insulation layer.
If enough filamentous bacteria are present, they can actually
prevent any settling and solids separation for occurring.
When this phenomenon occurs in mixed liquor, the sludge
is said to be “bulking”.

When viewing filamentous bulking using a light
microscope, the filaments will sometimes be seen inside
the floc particles themselves.  When this occurs, the floc
becomes expanded and cannot settle.  This is known as an
“open” floc structure.  In other instances, the filamentous
bacteria will extend from one floc particle to another.  This
is known as filamentous “inter-floc bridging”.   Bridging
of this type can result in the worst sludge bulking episodes.
If no action is taken, serious bulking can lead to solids
washout in the secondary clarifiers, resulting in permit
violation and environmental impacts.

Filamentous bacteria can also be responsible for foaming
problems.  Typically, activated sludge foaming problems
are related to the amount of fats, oils and grease that a
facility receives.  In general, WWTFs that receive large
amounts of fats, oils and grease experience foaming
problems at least once or twice per year.  Sometimes the
problem is continuous.  Plants that do not have adequate
pretreatment facilities (barscreen) also experience foaming
problems.  These foaming problems result from filamentous
bacteria that survive on the grease and oil that floats on the
surface of aeration basins.  Some types of filamentous
bacteria have evolved to become buoyant.  In this way,
they alone are in contact with the fats and grease that they
use as food.  When a large slug of grease enters the aeration
basin, these organisms quickly break down the grease,
which results in the formation of a foam layer.
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Figure 10.20 - Microorganisms vs Sludge Quality
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Figure 10.21 - Effect of Filamentous
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Beyond the numbers of filamentous bacteria and whether
they occur within the floc itself, in inter-floc bridging or in
foam, you can observe the type of filamentous bacteria that
you are dealing with using a microscope.  However,
identifying different types of filaments can be time
consuming and difficult.  Furthermore, a specialized type
of light microscope, known as a phase-contrast microscope
is used for this type of work.  When the type of filamentous
bacteria responsible for a bulking episode can be identified,
the cause of the over proliferation of the filaments can often
be understood.

Filamentous bacteria identification and the conditions that
lead to the growth of different types of filamentous bacteria
is discussed in great detail in the Manual on the Causes
and Control of Activated Sludge Bulking and Foaming, 3rd

edition., by David Jenkins, Michael G. Richard and Glen
T. Daigger.  As this manual explains, filamentous bacteria
are classified under a system that gives some of the bacteria
actual names and identifies others using numbers.  The
following table describes some filamentous organisms and
the conditions under which they grow:

ACTIVATED SLUDGE PROCESS PROBLEMS,
TROUBLESHOOTING AND CORRECTIVE MEASURES
Although the activated sludge process can produce an
amazingly high quality effluent when it is working well,
problems can and do arise.  The main problems that occur
in the activated sludge process include; solids separation
problems, foaming problems, shock loads, septicity and
die-off of the microorganisms.

Table 10.1 - Filamentous Bacteria Types

Solids Separation Problems
Probably one of the most vexing problems encountered by
operators of the activated sludge process is the problem
that arises when the solids will not separate (settle) from
the supernatant.  This problem has a variety of causes, but
the phenomenon are grouped into what is called “bulking”.
Strangely, the supernatant that does exist during episodes
of bulking is often very clear, but the solids will simply
not settle and compact enough, and solids washout results.

We have already discussed sludge bulking that can be
caused by filamentous type bacteria.  In this problem, it is
the shape of the filamentous bacteria themselves that
prevents the solids from settling and compacting. However,
other types of solids separation problems also occur.  When
an imbalance exists in the nutrients of the waste stream
entering an activated sludge system, many of the
microorganisms in the mixed liquor will form a large
amount of viscous, gelatinous slime.  This is the same
material that draws the organisms together during bio-
flocculation.  When formed in excessive amounts, the
gelatinous slime can cause a type of non-filamentous
bulking, known as “viscous bulking”.  This problem most
often occurs at treatment plants that treat industrial wastes,
which can be deficient in nutrients such as phosphorous
and nitrogen.

A different kind of bulking problem can be encountered
during the winter months, when cold-water temperatures
make it easy to supersaturate the aeration basin with
oxygen.  In this type of bulking, the super-saturation of
oxygen causes the mixed liquor to remain neutrally buoyant
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and settle very slowly.  This is often accompanied by chunks
of sludge rising to the surface of the secondary clarifier,
much like denitrification.  The problem is easily corrected
by reducing the aeration supply.

During episodes of sludge bulking (whatever the cause),
operators have a natural tendency to increase the RAS flow
in order to remove the rapidly building sludge blanket from
the secondary clarifier.  Unfortunately, this only compounds
the problem as the hydraulic loading on the clarifier
increases and the clarifier ultimately fails due to the high
hydraulic loads.  Always remember, any amount of RAS
that is pumped from the bottom of a clarifier quickly returns
to that clarifier as inflow.  Although increasing the RAS
flow to remove solids from the clarifier appears at first
logical, it is only treating a symptom of the bulking.
Whenever dealing with sludge bulking problems, it is
important to treat the problem, not the symptoms.  At the
onset of bulking, it would be wiser to lower the RAS
pumping rate, even though to many, this seems
counterintuitive.

Conditions such as; low pH, low D.O., septic influent or
recycle streams and nutrient imbalances have all been
demonstrated to encourage sludge bulking.  The most
common cause is through the overgrowth of filamentous
bacteria.  As discussed in the above section on the use of
the light microscope, filamentous bacteria are associated
with specific conditions that foster their growth.  By
knowing which filament is causing the problem, the
conditions that allowed their growth can be identified and
corrected.  For this reason, whenever bulking occurs, plant
records should be reviewed in an attempt to locate the cause
of the problem.  Identification of the cause will not remedy
the present bulking condition, but it will shed light upon
the underlying root of the problem, and measures can then
be taken to correct the problem and prevent the same
conditions from occurring again.

The old saying that “one ounce of prevention is worth a
pound of cure” is very true when it come to filamentous
bulking problems.  To prevent sludge bulking from
occurring, the following items should be carefully
controlled in an activated sludge plant:

1. Maintain the correct F:M ratio.  Carefully review
plant records to determine what F:M ratio produces
the best quality effluent and long term settling
stability.  Keep track of influent solids loadings
and maintain the desired level of solids in the
aeration basin through careful regulation of sludge
wasting rates.

2. Prevent low D.O. levels from developing in the
aeration basin.  The concentration of D.O. in the
aeration basin can be determined quickly and

accurately using a calibrated field D.O. meter.  This
check should be performed on activated sludge at
least once a week.  There is no reason for
persistently low D.O. concentrations to exist during
normal conditions, provided the aeration system
is adequate.  However, peak flows and slugs of
high-strength waste will cause the aeration basin
D.O. levels to sag.  Remember that the level of
D.O. that must be maintained in the system in order
to fully metabolize the waste load is a function of
the F:M (explained earlier in this text).  As a general
rule of thumb, try to maintain at least 1.0 mg/L.

3. Stop grease from entering the aeration basin.  This
is particularly important when dealing with
filaments such as Microthrix parvicella and
Nocardia.  Controlling grease discharges to sewers,
using tight mesh barscreens or fine screens and
employing primary clarifiers are the best methods
for reducing grease in the aeration basin.

4. Employ anoxic zones or an anoxic cycle in the
treatment train.  Anoxic zones create a location
where the soluble BOD in the influent is taken up
very rapidly by the desirable bacteria in the mixed
liquor.  Many filamentous type bacteria have a hard
time competing in this environment.  In effect, the
anoxic zone “selects” against their growth.  For
this reason, anoxic zones are sometimes called
“selectors”.  A side benefit is the controlled
denitrification that can be obtained in an anoxic
zone.  You can learn more about anoxic zones in
Chapter 13 - Nitrogen Removal

5. Take care not to recycle filaments back into the
process by digester supernating or filtrate
recycling.

Table 10.2, “Causes & Observed Effects of Activated
Sludge Separation Problems” summarizes the types of
solids separation, observed effects and possible remidies
for commonly encountered problems in activated sludge
systems.

RAS Chlorination
When filamentous bulking problems reach the extent that
large amounts of solids are washing out of the secondary
clarifier, it is time for drastic measures to be taken to regain
control of the situation.  One way of doing this is through
the introduction of a toxic substance, such as chlorine, into
the mixed liquor with the intent of killing the filamentous
bacteria.  Typically, chorine is applied to the RAS pumping
stream and so this method is known as “RAS Chlorination”.
Although it is difficult to control, RAS chlorination can be
used quite effectively as a means of reducing bulking caused
it is a method of last resort and should only be used when
other control methods have failed.
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Furthermore, it is very easy to make the situation far worse
if RAS chlorination is performed improperly.  Excessive
RAS chlorination can result in and total die-off of all of
the organisms in the aeration basin.  At the very least, the
population of nitrifying organisms (which are very sensitive
to environmental changes) will almost always be killed off.
This leads to an increase in the effluent ammonia
concentration following RAS chlorination.  It should
always be understood that RAS chlorination is a method
to be used as a short-term fix to the problem.  Eliminating
the conditions that cause excessive growth of filamentous
bacteria offers a much more effective way of controlling
bulking over the long-term.

The theory of applying chlorine to the RAS relies upon the
idea that because the filamentous bacteria stick out into
the bulk solution, they are more prone to be damaged by
the chlorine than the round and rod shaped bacteria that
form the floc particles themselves.  This is true if the
filament in question is causing inter-floc bridging type
bulking.  However, RAS chlorination can be significantly
less effective on filaments that occur in the floc itself and
create an open floc structure.

To be effective, RAS chlorination must be applied at the
proper dosing rate over a period of time that spans only a
couple of days or a week at the most.  In general, it is not a
technique that should be used over long periods.  If chlorine
is to be applied to the RAS, several important pieces of
information must be accurately known.  One of these is
the total number of pounds of MLVSS in the system.  This
is because the chlorine dose is based upon this number.

For RAS chlorination, chlorine is applied at a rate of 1 –
10 pounds of chlorine per 1000 pounds of MLVSS in the
system per day.  It is best to start at the low end of the
scale, apply the chlorine for 24 hours and observe the
effects.  The importance of spreading the chlorine
application out over the full 24 hours cannot be
overstressed.  The same result cannot be obtained by
applying 10 kilograms of chlorine over 3 – 4 hours as those
that can be obtained by applying 10 kilograms of chlorine
over 24 hours.  Also of great importance is the need to mix
the chlorine rapidly and thoroughly throughout the RAS
flow stream.  In order to be effective, the chorine must
contact as many of the filamentous bacteria as possible.
This is best accomplished by injecting the chlorine into
the RAS line ahead of an elbow or pump, where the natural
turbulence will mix the solution into the RAS.  Solutions
made up of chlorine gas are much more effective that
solutions of bleach or HTH.  The reason for this is not
entirely clear, but experience has proven it true.

As RAS chlorination is begun, it is important to carefully
observe the effect that the chlorine is having on the mixed
liquor.  There are three main items to look for:

• When viewed under a microscope, the filamentous
bacteria should be seen to “break” as well as curl
back upon themselves.  This is caused by the direct
action of the chlorine damaging individual cells.
When the chlorine dose is correct, the effect will
be widespread.  The higher life forms (Ciliates,
Rotifers, Flagellates) should be observed to still
be alive and active.

• The SVI should begin to drop.  The change should
be evident within the first day if the chlorine dose
is correct.

• The sludge blanket in the clarifier should begin to
compact better.  Within several days, the RAS and
WAS concentrations should begin to increase as
evidence of the improved compaction.  The level
of the sludge blanket should begin to drop and
solids washout should stop.

As mentioned earlier, even when performed correctly, RAS
chlorination results in a degraded effluent quality.  The
Heterotrophic bacteria that are responsible for BOD
removal are also killed off to some extent and the nitrifying
bacteria suffer badly.  However, if the dose is correct, these
organisms will rebound within a matter of weeks and the
system will slowly return to normal operation.

If the chlorine is over applied, the result will be a complete
kill-off of the mixed liquor.  The aeration basin will turn a
pale tan color or even white/gray.  The effluent will
resemble raw wastewater and discharge permit violations
will occur.  At this point, the approach has failed and the
system will need to be reseeded with living mixed liquor.
RAS chlorination offers a method of dealing with filaments,
but it can be a very heavy handed sword if not used with
caution.  RAS chlorination is not recommended for
continuous use.

Foaming Problems
Operators of activated sludge systems may encounter a
variety of foam and scum problems.  Non-degradable
detergents, grease, oil and other unknown substances can
all create foam and scum.  Most types of foams that are
caused by detergents can be controlled by simply hosing
them down regularly. Other foams can be extraordinarily
persistent and even seem to have a life of their own.  For
the worst of the foams, this description is very appropriate,
because filamentous bacteria that feed upon grease and oil
cause the foams.

Surprisingly, some filamentous bacteria, such as Nocardia,
can be responsible for severe foam problems but do not
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typically cause sludge bulking problems.  Other organisms,
such as Microthrix parvicella cause severe foaming and
bulking problems, at the same time.  Because of this fact
and the fact that it does not respond well to the selector
effect, Microthrix parvicella is perhaps the most difficult
filamentous bacteria to combat.

Generally, the persistent foams are the result of filamentous
bacteria metabolizing grease and oil.  These filaments have
adapted to be buoyant, which allows them to exist and grow
at the surface of the aeration basin, where the grease and
oil can be found.  In an aeration basin, there is very little
competition for this food source, so these filaments can
grow unchecked.  As the number of filaments increases,
the foam grows.  Over time, MLSS solids will become
trapped within the foam, adding to its size.

The only effective long-term solution is to interrupt the
food supply by stopping the grease and oil from entering
the aeration basin in the first place.  The most effective
means for accomplishing this is to enforce sewer use
ordinances that ban the discharge of oil and grease into the
sanitary sewer.  If this cannot be accomplished, a tight mesh
barscreen or even a fine screen can be employed to remove
the oil and grease at the plant headworks.  Properly designed
and operated primary clarifiers can also do a good job of
removing grease before it can enter the aeration basin.

Floating sludge and floating scum can also create foam.
Much of the time, these unstable foams can be kept in check
using water sprays.  The higher the MLSS concentration,
the more susceptible an aeration basin is to foaming.
Furthermore, the aeration rate directly affects the height
of the foam that will result.  Often, a brown foam layer
over an aeration basin is simply a sign that the system is
carrying excessive solids.  Increasing the wasting rate until
the MLSS concentration is brought down to the appropriate
level can cure this problem.

Operators have attempted many methods to combat the
various foams that occur on aeration basins.  Chlorine
surface sprays, steam boxes and hydrogen peroxide
injection have all been used to reduce foam, although there
effectiveness is often questionable.  RAS chlorination is
NOT effective against foam.

Aerobic, anoxic, and anaerobic selectors have been used
to prevent the growth of filamentous foam microorganisms
by creating an environment in which they are at a
competitive disadvantage to non foam forming organisms.
These are usually employed at the head of the aeration
basin.  As more information is gained about these
techniques, they will be employed on a wider basis.

Remember that not all foam is a bad thing.  A small amount
of crisp white foam on the surface of a aeration basin is a
sign of a system that is operating at the ideal F:M ratio.
Systems displaying this type of crisp white foam produce
a excellent settling sludge and leave a very low effluent
BOD and TSS.

CHANGES IN INFLUENT FLOWS AND CHARACTERISTICS
Although it is typical for large municipal wastewater
treatment plants to receive very stable hydraulic and organic
loadings, other systems are faced with plant loadings that
change on a day-to-day basis.  Of all of the secondary
treatment systems, activated sludge is particularly ill suited
to deal with this problem.  One of the reasons that this is
true is that filamentous bacteria are always potentially ready
to exploit changes in the system.  Filamentous bacteria are
very strong competitors and are usually able to exploit
changing conditions, whereas all of the “good guy” type
microbes suffer.  For this reason, it is important that
operators understand the changes that can occur to the
influent characteristics and flow rate that can affect their
plant.  The following details the common problems
encountered in this regard.

Variable Hydraulic and Organic Loadings
Some systems do not receive the same waste load everyday.
A good example of this is a small package plant that serves
a school.  The hydraulic and organic loading in this situation
is highly variable.  On the weekends and during the
summertime, there may be little or no flow to the treatment
plant.  However, just as the F:M ratio can be described in
terms of the feeding rate for you pet dog, the problem of
variable loading can be explained in these terms as well.
Would your dog be happy to receive no food over the
weekend or all through the summer?  Probably not!  The
organisms in a activated sludge wastewater treatment
facility are not different.  In this situation, it may become
necessary to “feed” the plant a substitute food source for
the times when there is no influent flow.  Coincidentally,
many small treatment plant operators actually use
commercially purchased dog food as a way of
supplementing the loading to their systems’.  Rabbit food
offers an even better alternative, because it does not contain
the fats that are present in high amounts in dog food.

Because the hydraulic loadings may be received in short
bursts as apposed to being spread evenly throughout the
day, flow equalization is often necessary.  This is not always
taken into account by the system’s design engineer, and so
the operator is left to make due.

Recycled Solids
Several recycle flow streams occur in treatment plants that
must be accounted for if the loading to the system is to be
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accurately understood.  Liquid from digesters, thickeners
and dewatering processes are generally routed back to the
head of the treatment plant.  Depending on the source, these
recycle streams can have very high TSS and BOD content
and may have extreme levels of ammonia or nitrate.  The
liquid that is decanted out of anaerobic digesters can often
have a BOD in excess of 1,000 mg/L and ammonia
concentrations over 100 mg/L.  When this waste is
reintroduced into the treatment system, it adds a substantial
load that must be considered.

The liquid that results from aerobic digester supernating
can often be heavily laden with filamentous bacteria.
Supernating under these conditions can actually result in
the creation of a filamentous bacteria induced sludge
bulking problem.  Chlorination of the supernatant prior to
feeding it back into the plant can be used to control this
problem.  The liquid stream from centrifuges and belt
presses can be very high in TSS and BOD if the thickening/
dewatering process is not functioning properly.  All of this
must be considered by the operator when assessing the
system’s loading.

Storm Events
Many treatment facilities in New Mexico experience
increased influent flows during storm events due to the
inflow of storm water from streets and low lying areas.
Storm flows often sweep excessive dirt and silt into the
plant.  This can result in a rapid increase in the MLSS
concentration in the aeration basin, but the concentration
of the MLVSS will remain the same.  Although the dirt
and silt contributes to the total amount of MLSS, it is
generally all inert matter that does not help to metabolize
the organic waste load.  This problem is often accompanied
with high TSS in the effluent, but no elevation in the effluent
BOD.  Solids increase drastically but the percent of volatile
solids may drop to 50%.  Although this inert matter must
be wasted out of the system, it must be performed in a
controlled manner to prevent too drastic of a decrease in
the microorganism population.

Temperature Changes
Temperature changes affect activated sludge systems in a
variety of ways.  The activity of microorganisms slows with
colder temperatures.  Because of this, operators often have
to adjust to cold conditions by increasing the overall mass
of microorganisms in the aeration basin just to accomplish
the same level of treatment.  Filamentous bacteria tend to
take advantage of temperature changes that change the
growth rate of other organisms.  At the onset of winter,
filamentous bacteria are less affected by the cooling
temperatures and therefore experience less of a growth
reduction that other organisms.  At the onset of summer,
they are prone to experience a growth spurt much sooner
than the other organisms.  For this reason, many plants

experience filamentous bacteria related problems during
seasonal temperature changes in the spring and fall.

The ability to dissolve oxygen is also affected by
temperature.  Water will dissolve more oxygen when it is
cold than when it is warm.  This means that the aeration
system will be working its hardest during the hot summer
months.  During the cold months of the winter, it may be
necessary to reduce the amount of aeration.  (This is also a
good way to save energy).

Toxic Discharges
All plant operators should be alert for the possibility of
toxic dumps, accidental spills (particularly the midnight
variety), storms, or other collection system activity that
may change the influent flow or waste characteristics.
Toxic discharges can be introduced into the sewer
intentionally and unintentionally.  The variety of potential
toxic substances is enormous.  Operators have only a little
control over toxins once they enter the treatment plant.
Occasionally, there will be a spare basin available where
the toxic influent can be directed in order to prevent the
total die-off of the plant (provided the spill is identified
early).  If the organisms are killed off, preparations should
be made as soon as possible to re-seed the aeration basin
with healthy organisms from another plant.  Be sure that
the toxic substance has been completely removed or
neutralized before re-seeding.  Some toxic discharges occur
out of the blue, while others happen on a regular basis.

Operators can work with their industrial discharges to
prevent large toxic discharges from damaging the plant.
Often, industrial dischargers can be convinced to release
strong or toxic wastes at a low discharge rate rather than
all at once.  Certain industries such as canneries create
seasonal problems, which the operator should prepare for
in advance.  Septage is one category of waste that many
treatment facilities struggle from.  Septic tanks are common
throughout New Mexico, but dedicated septage receiving
stations are not.  This means that septage tank sludge is
often dumped into wastewater facilities for treatment.
Depending on the facility size and condition, septic waste
can cause great harm to activated sludge systems.  Of
particular concern is that septic discharges encourage the
growth of filamentous bacteria, such as type 021N, that
are responsible for serious filamentous bulking problems.

Changes in Sampling Program
Data on system performance can be greatly affected by
changes in a sampling program.  If improper sampling
locations or laboratory procedures are used, lab results
could vary considerably.  When the lab data varies widely
from one day to the next, check sampling location, time,
and lab procedures for errors.  Remember that when
considering a major process change first review the plant
data.  Make only one major change at a time.  If two changes
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are made concurrently, it is impossible to determine which
change was responsible for which outcome.  Allow one
week for a plant to stabilize after a process change.  An
experienced operator who knows the plant may be able to
determine if the proper changes have been made after
several days, but some plants require up to one month to
stabilize after a change.  A good rule of thumb to follow is
not to change any process parameter more than ten percent
per week.

RESPONDING TO PLANT CHANGES
One of the most useful tools that will help when it is time
to respond to changing conditions within the treatment plant
is a complete and accurate record of the operating history
of the plant.  Most plants go through seasonal variations.
Once the proper response has been figured out, it can be
applied successfully each year.

Usually each plant will have some mixed liquor suspended
solids concentration where the plant will function best at
particular times of the year.  As the plant grows older, the
loading typically increases and operators will have to
respond to this.  As the years go by, most operators learn
the likes and dislikes of their plant very well.
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PRACTICE PROBLEM SET
The diagram on the following page represents and extended
aeration activated sludge plant operating in New Mexico.
Using the data given, attempt to answer the following
questions:

1) This treatment plant is running at:
A. A high F:M
B. A low F:M
C. A correct F:M

2) What could an operator do to improve the treatment
process?
A. Raise the MLSS concentration
B. Lower the MLSS concentration
C. Take one aeration basin off line
D. Take one clarifier off line

3) Is anything else wrong with the secondary treatment
process?
A. RAS flow too high
B. Wasting too much
C. SVI too high (bulking)

4) What is the cause of the Fecal Coliform violation?
A. Chlorine dose is too low
B. Sulfur dioxide dose is too low
C. Dechlorination contact time too low
D. Dirty chlorine contact chamber

5) How well is the gravity sludge thickener working?
A. Good, for a gravity thickener
B.       Adequately
C.        Poorly

6) What impact will this have on the sludge composting
operation?
A. None
B. Increase compost time
C. Decrease compost time
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