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PREFACE TO THE FIRST EDITION
OF

ADVANCED WASTE TREATMENT

This operations manual is a continuation of the evolution of operator training manuals developed for the US En-
vironmental Protection Agency by California State University, Sacramento, and the California Water Pollution
Control Association. As the technology of wastewater treatment advances and he training needs of the operations
professi,m changes, we strive to keep our training programs current.

An analysis of the subject matter and the users of OPERATION OF WASTEWATER TREATMENT PLANTS, Vol-
ume III, revealed two distinct categories of operators using this manual to meet their training needs and to serve as
an operations, maintenance and troubleshooting reference. Operators of advanced wastewater treatment plants
(tertiary facilities) need a training program that covers biological treatment processes as well as physical-chemical
treatment processes. Operators of industrial wastewater treatment plants have similar needs, but with a different
emphasis. One could argue that both groups should be served by a single manual or that two separate manuals
could better serve the operations profession. If two separate manuals were to be prepared, how could the subject
matter be appropnately divided and/or duplicated in each training manual?

We have accepted this challenge and have prepared two new manuals, (1) ADVANCED WASTE TREATMENT
and (2) INDUSTRIAL WASTE TREATMENT. ADVANCED WASTE TREATMENT covers the topics of odor control,
activated sludge, solids handling and disposal, solids removal from secondary effluents, phosphorus removal, ni-
trogen removal, wastewater reclamation and instrumentation. INDUSTRIAL WASTE TREATMENT covers the
importance and responsibility of an industrial wastewater treatment plant operator. Other topics include the
activated sludge process, physical-chemical treatment, instrumentation, industrial waste monitoring, industrial
waste treatment and maintenance.

Whenever California State University, Sacramento, reprints one of our operator training manuals, the material is
updated in accordance with the comments and suggestions received from the operators enrolling in the courses
which use the manual. While you are reading the material in this Manual, please make notes of questions and
areas where you would improve the material. By sending your comments and suggestions to me, operators who
use the manual in the future will benefit from your knowledge and experience. Thanks.

1987
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4 Advanced Treatment

OBJECTIVES

Chapter 1. ODOR CONTROL

Following completion of Chapter 1, you should be able to
do the following:

1. Determine the sourcc ...J cause of odors,

2. Respond to odor complaints, and

3. Solve odor problems.

12
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GLOSSARY

Chapter 1. ODOR CONTROL

ABSORPTION (ab-SORP-shun) ABSORPTION

Taking in or soaking up of one substance into the body of another by molecular or chemical action (as tree roots absorb dissolved
nutrients in the soil).

ADSORPTION (add-SORP-shun) ADSORPTION

The gathering of a gas, liquid, or dissolved substance on the surface or interface zone of another substance.

BENZENE BENZENE

An aromatic hydrocarbon (C6H6) which is a colorless, volatile, flammable liquid Benzene is obt,... ! chiefly from coal tar and is
used as a solvent for resins and fats and in the manufacture of dyes.

ELECTROLYTE (ELECT-tro-LIGHT) ELECTROLYTE

A substance which dissociates (separates) into two or more ions when it is dissolved in water.

ELECTROLYTIC PROCESS (ELECT-tro-LIT-ick) ELECTROLYTIC PROCESS

A process that causes the decomposition of a chemical compound by the use of electricity.

INDOLE (IN-dole) INDOLE

An organic compound (C8H,N) containing nitrogen which has an ammonia odor.

MERCAPTANS (mer-CAP-tans) MERCAPTANS

Compounds containing sulfur which have an extremely offensive skunk odor.

ODOR PANEL ODOR PANEL

A group of people used to measure odors

OLFACTOMETER (ol-FACK-tom-meter) OLFACTOMETER

A device used to measure odors in the field by diluting odors with odor-free air.

OXIDATION (ox-i-DAY-shun) OXIDATION

Oxidation is the addition of oxygen, removal of hydrogen, or the removal of electrons from an element or compound In wastewater
treatment, organic matter is oxidized to more stable substances. The opposite of REDUCTION.

OXIDATION-REDUCTION POTENTIAL OXIDATION-REDUCTION POTENTIAL

The electrical potential required to transfer electrons from one compound or element (the oxidant) to another compound or element
(the reductant) and used as a qualitative measure of the state of oxidation in wastewater treatment systems.

OXIDIZED ORGANICS OXIDIZED ORGANICS

Organic materials that have been broken down in a biological process. Examples of these materials are carbohydrates and proteins
Iiiat are broken down to simple sugars.

OZONATION (O -zoe- NAY -shun) OZONATION

The application of ozone to water, wastewater, or air, generally for the purposes of disinfection or odor control.

PHENOL (FEE-noll)

An organic compound that is a derivative of benzene.

13
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6 Advanced Treatment

REDUCTION (re-DUCK-shun) REDUCTION

Reduction is the addition of hydrogen, removal of oxygen, or the addition of electrons to an element or compound. Under anaerobic
conditions in wastewater, sulfate compounds or elemental suflur are reduced to odor-producing hydrogen sulfide (H2S) or the
sulfide ion (S-2). The opposite of OXIDATION.

SKATOLE (SKATE-tole) SKATOLE

An organic compound (C9H9N) containing nitrogen which has a fecal odor.

STRIPPED ODORS STRIPPED ODORS

Odors that are .cieased from a liquid by bubbling air through the liquid or by allowing the liquid to be sprayed andor tumbled over
media.

THRESHOLD ODOR THRESHOLD ODOR

The minimum odor of a sample (gas or wale') that can just be detected after successive odorless (gas or water) dilutions.

14



CHAPTER 1. ODOR CONTROL

1.0 NEED FOR ODOR CONTROL

Odor control in wastewater collection systems and at
wastewater treatment plants is becoming very important. With
the increased demand for housing, collection systems are
being extended farther and farther away from the treatment
plant. Longer collection systems create longer flow times to
reach the treatment plant. Increased travel times cause the
wastewater to becrme septic and thus cause odor and corro-
sion problems in collection systems and treatment plants. To
complicate matters the larger buffer areas around wastewater
treatment plants have all but disappeared. Land values and
increased population have made it impossible to continue to
have large buffer areas around most plants. As homes and
businesses become neighbors to existing plants, what was a
minor odor problem now becomes a major problem. No longer
can even the smallest trace of odor exist without complaints
from neighbors. Thus, preventing the emission of odors has
become a prime operating consideration.

1.1 ODOR GENERATION

In order to control odors more effectively, an understanding
of odor generation is needed. Understanding the problem and
the causes will lead to a more effective solution.

1.10 Biological Generation of Odors

The principal source of odor generation is a result of the
production of inorganic (no or one carbon in formula, H,S) and
organic (more than one carbon in formula, C,H,N) gases by
microorganisms in the collection system and treatment pro-
cesses. Odors also may be produced when odor-containing or
odor-generating materials are discharged into the collection
system by industries and businesses.

The main concerns of operators are the inorganic gases
HYDROGEN SULFIDE (H2S) and AMMONIA (NH3). These
two gases give off the most offensive odors. As little as 0.5 ppb
(parts of gas per billion parts of air) of either of these gases can
be detected by the human nose and cause odor complaints.
Hydrogen sulfide has an extremely offensive smell and has the
odor produced by rotten eggs. Ammonia has a very sharp,
pungent smell and also is very offensive. Other inorganic
gases found in wastewater treatment plants are: carbon
dioxide (CO2), methane (CH4), nitrogen (N2), oxygen (02),
and hydrogen (H2). Normally .ound in nature, these gases are
the products of normal respiration and biological activity of
plants and animals and are not odorous.

Odor Control 7

Organic gases usually are formed in the collection system
and in the treatment plant by the anaerobic decomposition of
nitrogen and sulfur compounds. Organic gases also can
derive their odors from industrial sources. Examples of
organic gases found around treatment plants are MERCAP-
TANS,' INDOLE,2 and SKATOLE.3 These odorous com-
pounds contain nitrogen- and sulfur-bearing orgy 'tic com-
pounds.

In the normal biological oxidation of organic matter, the mi-
croorganisms remove hydrogen atoms from the organic com-
pounds. In the process, the microorganisms use the bound
sources of oxygen to gain energy. The hydrogen atoms are
then transferred through a series of reactions that are some-
times called "hydrogen transfer" or "dehydrogenation."

1.11 Hydrog.in Transfer Schemes

The following reactions illustrate the role of the hydrogen
atom in the formation of both odorless and odorous com-
pounds or end products.

Hydrogen Hydrogen End
Acceptor Atoms Product

Added

AEROBIC REACTION

02 + 4 H+
Molecular
Oxygen

ANAEROBIC REACTIONS

2 NOil + 12H'
Nitrate

CO2 + 8 1-1'
Carbon
Dioxide

SO i2 + 10 H*
Sulfate

Oxidized + n H'
Organics

-- 2 H2O
Water
(Odorless)

N7 + 6 Hp
Nitrogen as
(Odorless)

CH,, + H2O
Methane Gas
(Relatively odorless)

--+ H2S + 4 H20
Hydrogen Sulfide Gas
(Odorous)

Lower Organics
(Odorous)

The order in which microorganisms break down compounds
containing oxygen in nature is molecular oxygen (free dis-
solved oxygen), nitrate, sulfate, oxidized organics, and carbon
dioxide.

' Mercaptans (mer-CAP-tans). Compounds containing sulfur which have an extremely offensive skunk odor
2 In dole (IN-dole). An organic compound (C9H,N) containing nitrogen which has an ammon9 odor.
3 Skatole (SKATE-tole). An organic compound (C9H9N) containing nitrogen which has a fecal odor
4 Oxidized Organics. Organic materials Mot have been broken down in a biological process. Examples of these materials are carbohydrates
and proteins that are broken down to simple sugars.
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8 Advanced Treatment

There are some organisms that can only use molecular oxy-
gen and cannot use the other forms. These microorganisms
are called "strictly aerobic microorganisms." "Facultative mi-
croorganisms" can use molecular oxygen and combined (or
bound) sources of oxygen such as nitrate. Still others, "strictly
anaerobic microorganisms," can only use bound sources such
as nitrate.

1.12 Hydrogon Sulfide Generation

The main cause of most odors in wastewater systems is
hydrogen sulfide. Hydrogen sulfide can be detected by the
human nose in very low concentrations. This gas has a very
characteristic rotten egg odor. the conditions which lead to
hydrogen sulfide production also are conditions which produce
other odors and other problems. These problems include dan-
gers from explosive gas mixtures and hazards to the respira-
tory system to persons working in confined or close spaces
and corrosion or deterioration of concrete sewer structures
(such as pipelines and manholes). For these reasons, special
attention is g;ven to hydrogen sulfide generation.

The most common source of sulfide in wastewater is biologi-
cal activity in the collection sewer or treatment plant. Sulfide
compounds can develop in the natural breakdown of sulfur-
bearing organic compounds. The source for the breakdown is
protein that is discharged in wastes in the forms of undigested
amino acids as part of feces and in urine as part of the unstable
urea protein. This natural breakdown accounts for only a minor
portion of all the sulfide compounds in the system. The major
part of odor-producing sulfide 'results from the breakdown of
inorganic sulfur compounds.

The principal sulfur compound found in wastewaters is sul-
fate. Sulfate compounds find their way into wastewaters from
the public water supply and from ic.dustrial sources. The pres-
ence or absence of oxygen establishes whether or not hydra
gen sulfide will exist. When dissolved oxygen is present, the
sulfate ions will remain as sulfate. If the wastewater does not
contain dissolved oxygen, the biological breakdown will reduce
sulfate to sulfide, using the oxygen in the sulfate compound for
energy to break down organic matter. Although sulfate and all
essential elements may be present, sulfide is not produced in
all wastewater systems. The pH of the wastewater is an impor-
tant condition. Hydrogen sulfide is extremely pH dependent.
Sulfide can exist in wastewater in three forms depending on

the pH: S-2 ion, HS- ion, or H2S gas. When sulfide is in an
ionic form, it is in solution so that it cannot escape as a gas.
Odors are formed and released when sulfide is in the gaseous
form (H2S). The pH of the solution has to be below pH 7.5 in
order for hydrogen sulfide gas to escape. At a pH below 5, all
sulfide is present in the gaseous H2S form and most of it can
be released from wastewater to cause odor, corrosion, explo-
sive conditions and respiratory problems.

SULFIDE FORMS (also see Fig. 1.1)

nydrogen
sulfide
(H2S) gas

below pH
of 5

HA 50%
HS-, 50%

neutral
pH of 7

HS-
ion
100%

pH of
9

S-2
ion
100%

above pH
of 10

The temperature of the system is an important factor that
must be considered, because the rate of bactenal metabolism
is related to temperature. Areas where the temperature is nor-
mally above 65°F (18°C) have more problems than those with
lower temperatures. Hydrogen sulfide generation is the
greatest at temperatures around 85°F (30°C) and above.

Figure 1.2 shows the sulfur cycle. The arrows indicate all
the ways sulfide can be produced in collection systems and
treatment plants.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 28.

1.0A Why is wastewater tending to become more septa
and thus causing odor and corrosion problems?

How are odors produced?

What are the main inorganic gases of concern to
operators?

1.1C What is the order in which microorganisms break
down compounds containing oxygen in nature?

1.1D What is the major source of inorganic odor-produc-
ing sulfate compounds found in collection systems
and treatment plants?

1.1E Hydrogen sulfide causes problems at what pH
range?

1.1A

1.1B

1.2 ODOR IDENTIFICATION AND MEASUREMENT

In order to control odors effectively, the operator should
know where odors originate and the cause Odor detection in
the past has been very unscientific because it relied on the
human sense of smell. While our noses are more sensitive
than most instruments or detection devices, each person has a
different tolerance level for various odors. Occasionally what
smells good to one individual smells bad to another.

Odors can be detected by the use of lead-acetate strips to
reveal the presence of hydrogen sulfide. Gas detection de-
vices can be used to detect the presence of specific gases that
cause odors. Today odors can be measured by the use of an
OLFACTOMETER5 or an ODOR PANEL.6 The olfactometer
can measure odors in the field by diluting the odors with odor-

$ Olfactometer (ol -FACK- tom- mAter). A device used to measure odors in the field by diluting odors with odor-free air. Reference, Metcalf &
Eddy, Inc., WASTEWATER ENGINEERING TREATMENT, DISPOSAL, REUSE, McGraw-Hill, New York, 1979.
Odor Panel A group of people used to measure odors. Procedures for measuring odors by the use of a group of people are designated
D1391-57 by the American Society for Testing Materials, Philadelphia, Pennsylvania.
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free air. The number of dilutions required to reduce an odor to
its minimum THRESHOLD ODOR' concentration provides a
quantitative measure of the concentration of strength of an
odor. The resufti are reproducible within reasonable levels.

Certain types of odors have significant effects on people and
animals. These odors have a major heatth and economic im-
pact on those affected. For these reasons, the identification of
odors is important. Once the odor has been identified, the
solutions can be studied. Unfortunately for us, different noses
are sensitive to different odors and the sensitivity of individual
noses varies from day to day.

The following are some facts that can help in odor classifica-
tion:

1. All individuals have a sense of smell,
2. Individuals respond differently to the same odor,
3. Some odors are objectionable and others are pleasant,
4. Odors travel great distances with the direction of the wind,
5. Small concentrations of odors can be offensive,
6. Similar compounds do not have the same odor, and
7. The human nose rapidly becomes fatigued (insensitive) to

Odors.

The best that most operators can do when recording odors is
to classify the odor in some reasonable fashion. Sometimes a
person not working in a plant will have to identify odors be-
cause an operator's nose can become insensitive. Usually the
smells or odors can be classified into the following groups:

Skunk,

Rotten cabbage,

Ammonia,

Fecal,

Rotten egg, and

Decayed flesh.

With this information the operator can begin attacking the
source of the problem. Skunk odors are frequently organic
gases that contain sulfur compounds. These odors are usually
from mercaptans. Rotten cabbage odors come from organic
compounds with sulfur compounds attached. Usually the or-
ganic compound associated with this smell is dimethyl sulfide.
Fishy smells are organic compounds that ha re nitrogen com-
pounds attached. Dimethyl amine is a typical compound pro-
ducing ssch a smell. Ammonia odors come from organic com-
pounds with nitrogen attached. Indoie is such a compound.
Fecal odors are derived from skatole, which is an organic
compound with nitrogen attached. Rotten egg odors are from
the hydrogen sulfide molecule. The smell of decayed flesh
comes from diamines which are another ammonia-type com-
pound.

All of these compounds are similar, but they all smell differ-
ent. Once the odors are identified, the source may be con-
trolled and possibly eliminated. Solutions to odor problems are
different if there are mixtures of odors because different com-
pounds are involved.

7 Threshold Odor.

Odor Control 11

Table 1.1 summarizes the odors we can detect from
various substances and the threshold odor concentration,
the level at which our nose first detects an odor.

TABLE 1.1 ODOR CHARACTERISTICS'
SUBSTANCE REMARKS

ALKYL MERCAPTAN

AMMONIA

B.NZYL I 'ERCAPTAN

CHLORINE

CHLOROPHENOL

CROTYL MERCAPTAN

DIPHENYL SULFIDE

ETHYL MERCAPTAN

ETHYL SULFIDE

HYDROGEN SULFIDE

METHYL MERCAPTAN

METHYL SULFIDE

PYRIDINE

SKATOLE

SULFUR DIOXIDE

TH/OCRESOL

THIOPHENOL

VERY DISAGREEABLE, GARLIC-LIKE

SHARP. PUNGENT

UNPLEASANT

PUNGENT. IRRITATING

MEDICINAL

SK' INK

UNPLEASANT

ODOR OF DECAYED CABBAGE

NAUSEATING

ROTTEN EGG

DECAYED CABBAGE

DECAYED VEGETABLE

DISAGREEABLE, IRRITATING

FECAL. NAUSEATING

PUNGENT, IRRITATING

RANCID. SKUNKLIKE

PUTRID

TYPICALb
THRESHOLD
ODOR, ppm

0 00005

0 037

0 00019

0 010

0 00018

0 000029

0 000048

0 00019

0 00025

0 0011

0 0011

0 0011

0 0037

0 0012

0 009

0 0001

0 000082

a MOP 11, Chapter 27, "Odor Control," Water Pollution Federation,
Washington, D.C., 1976.

b Various references will list slightly different threshold odor concen-
trations.

1.3 ODOR COMPLAINTS

Periodically all wastewater treatment plants will cause some
odor. These will be detected by the public and must be handled
by the operator. All complaints should be answered promptly
and courteously. The public pays for your services and indi-
rectly is your boss.

NEVER APPROACH A HOME WITH A NEGATIVE
ATTITUDE.

Beginning a conversation with a negative attitude will quickly
upset the public. Even if you can't detect the odor when you
answer a complaint, that does not mean that the odor was not
there or is not there now. Your nose may not be as sensitive as
the nose of the person filing the complaint. Also, your nose
may be accustomed to the smell and no longer be able to
detect the offensive odor.

The greatest complication develops if you do not proporly
handle the problem. If the public unites against the plant and
becomes very odor conscious, even the slightest odor can
cause an uproar. Remember that the person filing the com-
plaint !Ailed because of a problem. You must be a diplomatic

The minimum odor of a sample (gas or water) that can lust be detected after successive odorless (gas or water) dilutions.
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12 Advanced Treatment

listener. Invite those who have complained to visit the plant
and offer them a tour. Whi:e you are showing them around "ie
plant, they may indicate to you where the odor that is bothenng
thPrIi is the strongest. This information may help you identify
and control the cause of the odor problem.

Whenever an odor complaint is investigated, a record
should be made of the visit and the important facts recorded
(Fig. 1.3). Investigations in the neighborhood near the loca-
tion of an odor complaint can be very helpful. Odors can be
coming frcm a nearby sewer, storm drain, trash pile, home
plumbing problem, or dead animal. If an odor complaint is
repeated and the source cannot be located, consider send-
ing personnel to the site during the time of day when odors
are a problem to determine the source.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 28.

1.2A How can odors be measured?

1.2B List as many groups or types of odors or smells as you
can recall.

1.3A Never approach a person who has an odor complaint
with a attitude.

1.3B When investigating an odor complaint, why might you
be unable to detect an odor that is disturbing to the
person complaining?

1.4 SOL'.flONS TO ODOR PROBLEMS

In order to solve any odor problem, a good systematic prob-
lem analysis is essential. The following steps indicate the pro-
cedure to follow when attempting to solve odor problems.

1. Make an on-site inspection and investigation of the problem
areas.

2. Attempt to identify the source or cause of the problei.i

3. Review plant housekeeping.

4. Review plant operations.

5. Review plant performance.

6. Evaluate plant performance.

7. Review engineering or design features of the plant

8. List and review all solutions to the problem.

9. Put into practice the best possible solution.

Solving the problem may create complications including new
odors and operating problems. Many times the odor is pro-
duced by a number of different gases in combination. When
this happens, a single solution may not be the answer. Chemi-
cals which counter the highest odor may cause other odors
which are even more offensive. Solutions to odor problems
may substantially increase operating and chemical costs.
Often the solution will not be a textbook answer, but a combi-
nation of solutions developed by trial and error a id technical
aid from others.

To solve odor problems, try to identify the source and correct
the problem when the odors are being produced. Solutions
consist of preventing the development of anaerobic conditions
and/or retarding or stopp;ng the activity of organisms which
produce odors under anaerobic conditions.

1.40 Chemical Treatment of flows in Wastewater

1.400 Chlorination

Chlonnation is one of the oldest and most effective methods
used for odor control. Chlorine is used in the disinfection pro-
cess and is readily available at the wastewater treatment plant.
Because of this availability, chlorine is frequently used to con-
trol odors. Chlorine is a very reactive chemical and, therefore,
oxidizes many compounds in wastewater. The reaction be-
tween chlorine and hydrogen sulfide and ammonia has been
studied by many researcher:.

The reaction between chlorine and hydrogen sulfide is:

H2S + 4 Cl2 + 4 H2O --* H2SO4 + 8 HCI

The reaction of ammonia with chlorine is:

NH3 + CI, . NH,CI + HCI (monochloramine, NH,CI)

NH2CI + Cl2 --* NHCI, + HCI (dichloramme, NHCl2)

NHCl2 + Cl2 --+ NCI, + HCI (trichioramine, NCI,)

The most important role that chlorine plays in controlling
odors is to inhibit the growth of odor-causing microorganisms.
This control requires less chemical than trying to oxidize the
odor once fa led. This means that the chlorine should be
added in the collection system ahead of the plant.

Odors are not always removed by the use of chlorine. The
reaction of chlorine with certain chemicals can cause a more
odorous gas. One example is the reaction of chlorine with
PHENOL8 to form chlorophenol, a medicinal-smelling sub-
stance.

Sodium hypochlonte has been used like chlorine to control
odors. The chemical reactions with other substances are very
similar.

Experience has shown that a 12 to 1 dose of chlorine to
dissolved sulfide (12 mg/L chlorine per each 1 mg/L sulfide) is
needed to control the generation of hydrogen sulfide in sewers.
Do not determine the chlorine dose on the basis of the concen-
tration of H2S in the sewer atmosphere.

1.401 Hydrogen Peroxide

For a number of years, hydrogen peroxide (H202) has been
used as an oxidant to control odors. Hydrogen peroxide reacts
in three possible ways to control odors.

1. Oxidant action: Oxidizes the compound to a nonodor-
ous state. An example of this is the
conversion of hydrogen sulfide to sul-
fate compounds.

H2S + H202 --* H2O + sulfate com-
pounds

In actual practice a dose of 2. to 4:1
of H202 to S.2 is needed for cur irol.

2 Oxygen producing: Acts to prevent the formation of odor
compounds. This is accomplished by
keeping the system aerobic.

3. Bactencidal to the Kills the bacteria that produce o6ors
sulfate-reducing Without biological activity, odors WI
bacteria: not be generated. This high a dose or

H202 is probably not economically
feasible.

° Phenol (FEE-noll). An organic compound that is a derivative of benzene.
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Date Name of investigator

Location

Person filing complaint

Address

Phone number

Date and time complaint occurred

Nature of complaint

INVESTIGATION:

Date and time of investigation

Strength of odor

1 No odor 1._
2 Faint 2._
3. Noticeable 3.
4 Definite 4.
5. ____ Strong 5
6 Overwhelmingly strong 6

7
8
9.

Wind direction

1. North wind 1.

2 South wind 2.
3. _____ East wind 3.
4 West wind 4
5 No wind 5.

Description of odor

_____ Ammonia
_ _ Decayed Cabbage

Fecal
_ Fishy

Garlic
Medicinal
Rotten Egg
Skunk

_ Other

Strength of wind

Quiet
Mild

_ __ Gusty
Strong

__ _ Very strong

Try to comment on whether odor occurs during any specific time of the day, day of the week, or weather conditions.

Comments.

Reviewed by: Date
(Chief Operator)

Corrective Action:

Fig. 1.3 Odor complaint form
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QUiSTIONS
'nte your answers In a r. )tebook and then compare your

answers with those on page :73.

1.4A Outline tho systematic steps yo,I WoUid $1110N/ to solve
an odor problem.

1.4B What is the most important role that chlo,,a3 plays in
controlling odors?

1.4C What are the throe possible ways hydrogen peroxide
reacts to control odors%

1.402 Oxygen

Oxygen has been used with a great deal of success. The
most common practice with oxygen is to use air to aerate the
wastewater and try to keep the wastewater aerobic. The trans-
fer of oxygen to the wastewater will increase its OXIDATION-
REDUCTION POTENTIALS (ORP) and thus reduce the forma-
tion of odorous gases. With ;ncreased ORP, the sulfate ion is
not used as an oxygen source, so the odor is reduced.

Up-stream aeration will cause hydrogen sulfide to be
stripped out (earned out by the air) of the liquid, if it is present,
and thus reduce the release of odors at the plant when water
flows over weirs or other locations of high turbulence.
STRIPPED ODORS") may be collected from above the sur-
face where aeration takes place and be treated. If these odors
are not properly handled, localized corrosion and odor prob-
lems can result.

1.403 Ozone

Ozone is a powerful oxidizing agent that effectively re-
moves odors. Ozone has limited use because an effective
concentration may be too costly to use at large treatment
plants. Ozone works well when used to remove odors from
air collected over sources of odors (Section 1.48).

An advantage of ozone is the fact that there are no known
deaths resulting from the use of ozone. Ozone can cause imta-
tion of your nose and throat at a concentration of 0.1 ppm, but
your nose can smell ozone around 0.01 to 0.02 ppm. Another
advantage of ozone is that you can manufacture what you
need at the plant site and do not have to handle bulky contain-
ers. Ozone is not available in containers because it is relatively
unstable and cannot be stored.

1. ;04 Chromate

Chromate compounds can effectively inhibit the sulfate re-
duction to sulfide. However, this method introduces heavy
metals into the sludge and wastewater, and this may cause an
ever more offensive odor. Heavy metals, such as chromate,
cause serious to.:ic conditions that limit their usefulness.

1.405 Metallic Ions

Certain metallic ions (mainly zinc) have been used to form
precipitates with sulfide compounds. These precipitates are
insoluble and have a toxic effect on biological processes such
as sludge digestion. Therefore, this process has its limitations

1.406 Nitrate Compounds

The first chemicals used in the anaerobic breakdown are
nitrate ions. If enough nitrate ions are present, the sulfate ions
will not be broken down. The cost of this type of treaty sent to
halt hydrogen sulfide production is very high and, at present, is
not practical.

1.407 pH Control (Continuous)

Increasing the pH of the wastewater is an effective odor
control method for hydrogen sulfide. By increasing the pH
above 9, biological slimes and sludge grovvth inhtited.
This, in turn, halts sulfide production. Also, any sulfide present
w:,' be in the corm of the HS- ion or 5-2 ion, rather than as H2S
gas which is formed and released at low pH values.

1.408 pH Control (Shock Treatment)

Short temp, high pH (greater than 12.5) slug dosing with
sodium hydroxide (NaOH) is effective in controlling sulfide
generation for periods of up to a month or more depending on
temperature and sewer conditions. Care must be exercised in
selecting the length of dosing so that downstream treatment
plant biological systems will not be senously impaired.

QUESTIONS
Write your answers .n a notebook and then compare your

answers with thoze on page 28.

1.4D How is oxygen used to control odors?

1.4E What is a limitation of using metallic ions to precipitate
sulfide?

1.4F How can pH adjustment control odors from hydrogen
ulfide?

1.41 'dialogical Odor Reduction Towers (ORT)
(Fig. 1.4)

An odor removal sower is essentially a deep bed trickling
filter that is light.), loaded to produce a nitrifying biological
zoogleal mass on the filter media Foul air and off gases from
the treatment plant process system are captured and piped
into the bottom of the odor removal tower. As this odorous air
passes up through the filter media, the odors may be oxidized
to an acceptable odor level and discharged to the atmosphere
at the top of the tower. The odor reduction tower (ORT) has
two flow streams, one liquid to maintain the biomass on the
media and also the air flow carrying the odors.

1.410 Odor Redut.tion Tower Parts

LIQUID STREAM

1. Filter Media. Usually plastic media is used to provide sur-
face area for the biological slimes or biomass to attach
themselves. The filter med,a bed depth may range from
twenty to thirty feet (6 to 9 m) in depth.

9 Oxidation-Reduction Potential. The electrical potential required to transfer electrons from one compound or element (the oxidant) to
another compound ar element (the reductant) and used as a qualitative measure of the state of oxidation in wastewater treatment systems

19 Stripped Odors Odors that are released from a hquid by bubbling air through the liquid or by allowing the liquid to be sprayed and lor
tumbled over media.
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TREATED
WASTE WATER
SPRAY NOZZLE

FILTER MEDIA

ORT CIRCULATION
PUMP 1

ORT SUMP

ORT CIRCULATION
PUMP 2

Fig. 1.4 Biological odor reduction tower (ORT)
(Permsssion or Sacramento Area Consultants)
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2. Filter Sump. A tank at the bottom of the filter where the
applied liquid (primary or secondary effluents) is collected
to be pumped back over the filter media to sustain the
biomass.

3. Sump Overflow. An outlet weir that prevents the filter
sump from filling too high and returns the overflow back to
the plant headworks.

4. Filter Feed Pump. A pump that recycles secondary
effluent from the treatment plant to the top of the filter. This
water is applied through spray nozzles to the filter bed. The
filter feed may be secondary effluent or a blend of second-
ary and primary effluent. This blend is essential to maintain
the proper BOD loading on the filter to support the biomass
in a nitrifying stage.

5. Spray Nozzles. Nozzles placed over the top of the filter
media to assure an even distribution over the filter of the
recirculated effluent. These spray nozzles perform ',he
same function as the rotating distributor arm on a tricl, ling
filter.

AIR STREAM

1. Supply Fans (Blowers). Fans that transport foul air and off
gases from the treatment plant process units through ducts
and pipes to diffusers at the bottom of the odor reduction
tower.

2. Mist Eliminator. A device located at the top of the odor
reduction tower above the filter bed. This device separates
as much moisture as possible from the gas stream before it
enters the exhaust fan of the odor reduction tower to be
discharged to the atmosphere.

3. Tower Exhaust Fan. This fan pulls air from the filter bed
and tower o3lumn and discharges scrubbed air to the at-
mosphere.

1.411 Odor Reduction Tower Loading Rates

Recommended loading rates to maintain a nitrifying bio-
mass are summarized in Table 1.2. Odor reduction towers
operated in accordance with Table 1.2 should use secon-
dary effluent and a single pass operation. There are two
advantages to this method of operation. One, plugging of the
spray heads is minimized by using secondary rather than
primary effluent. Two, a single pass operation prevents
buildup of sulfuric acid (H2504) which could eventually
corrode the structure and equipment. The pH must be
maintained above 6.0. Caustic soda can be added to the
feed water if necessary to increase the pH.

TABLE 1.2

Organic Loading

Hydraulic Loading

Foul Air Application

Average Air Velocity

Maximum Feed
Water Recirculation

ODOR REDUCTION TOWER LOADING
RATES

= 0.5 lbs BOD/day/cu yd media
(0 3 kg BOD/day/c m media)

= 2.3 to 3.0 GPM/sq ft media surface
(1.6 to 2.0 L/sec/sq m media surface)

= 125 CFM/sq ft media surface
(0.63 cu m air/secisq m media surface)

= 150 ft/min
(46 m/min)

= 7:1

1.412 Start OF

1 Check to determine if ail items such as hatches, grates, and
duct work are secure.

2. Check sump for debns and dirt. Wash aown the sump and
inspect the overflow line.

3. Check filter spray heads for operation and position of flush-
ing valves. Flushing valves should be closed.

4. Check drain lines from mist eliminators. They should be
free of obstructions and the drain valves should be closed.

5 Inspect condition of supply and discharge fans These fans
should rotate freely and have the proper lubncants and belt
tension.

6 Fill sump with effluent to the proper level. Regulate supply
flow to the sump to make up for the small amount being
returned to the plant through the overflow box.

7 Start recirculation pump which supplies water to the filter
media spnnklers. Examine sprinkler operation and water
distribution patterns on the top of the filter bed. Clean any
nozzles that are plugged or restricted.

8. Start tower discharge and supply fans. Note that the tower
will not remove odors from the gas stream until a biomass is
established on the filter media. The fans do not have to run
until the biomass is established Some air must be venti-
lated through the filter bed during start up.

1.413 Odor Reduction Tower Monitoring

DAILY

1. Check operation of fans and pumps

2. Drain mist eliminators

3. Check for proper sump level and make up water feed sup-
ply.

4. Measure pH of sump feed recirculation water to the filter.
Do not allow the pH to drop below 6.0. If the pH is too low,
either increase the make up water addition rate (increase
.rump overflow rate) or raise pH by the addition of caustic
soda Water with a low pH can cause corrosion damage.

WEEKLY

1. Measure BOD loading across filter surface.

2 Check spray nozzle distribution pattern The supply fan
may have to be turned off during this check

3. Lubricate fans and pumps.

QUAR I ERLY

1. Inspect sump for silt and debris Supply fan and recircula-
tion pump may have to be turned off during this inspection.

ANNUALLY

Take odor reduction tower out of service.

1. Check and clean spray nozzles and distribution lines

2 Check air ducts, plenums, fan housings, diffusers and mist
separators for corrosion. Clean and paint as required.

3. Clean sump.

4. Rush filter media. Inspect media for fit (secureness) and
deterioration of media, grates, valves, and other appurte-
nances.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those ( . page 29.

1.4G How are off gases and foul air treated in a biological
odor reduction tower?

1.4H How is the f ter feed spread over the media?

1.41 Why shouln the pH of the spray water not be allowed
to drop below 6.0?

1.4J How can the pH of the spray water be increni.to it the
pH becomes too low?

1.42 Treatment of Odors in Air

The practice of treating air containing odors from a treatment
process may be more euonomical than treating the wastewa-
ter. This type c' odor control is becoming more and more popu-
lar. The methods of controlling odors in air include masking
and counteraction (counter masking), combustion, absorption,
adsorption, and OZONIZATION."

1.43 Masking, Modification and Counteraction

Odor masking has been used with limited success for many
years. Odor masking is accomplished by taking the odorous
compound and mixing it with a control agent. The masking
agent or chemical has a stronger and supposedly more pleas-
ant odor quality which, when mixed with the odorous com-
pound, results in a more pleasant odor than the odorous com-
pound.

"Counteraction" is the control of odors by adding nonodor-
producing reactive chemicals to the odor by spraying the air
over the odor-producing area

Caution mu-st be exercised when considenng the application
of masking chemicals because they are usually ch;onnated
BENZENE" compounds. These compounds may be undesir-
able from an environmental stand point.

1.44 Combustion

Industry has been removing odorous gases by combustion
for years. The problem with using combustion to remove odors
from a wastewater treatment plant is that the concentrations of
odors in the gases are extremely low and the combustibility of
the gases is so low that fuel costs are high

The key to the process is temperature. It has been reported
that the best temperature is greater than 1500°F (820°C). If
insufficient temperatures are used and incomplete combustion
occurs, odors that are not completely oxidized can be more
obnoxious than the original odor.

1.45 Absorption

"Absorption" is the process in which the odorous compo-
nents are removed from a gas by being taken in or soaked up
by a chemical solution.

Odors may be absorbed through a process called "scrub-
bing.' This process is one of the most economical methods
used today. The odorous compound is absorbed into a solu-
tion, either through solubility or chemical absorption. Odors

Odor Control 17

may be scrubbed with chemicals such as potassium perman-
ganate, sodium hypochlonte, caustic soda, and chlorine
dioxide.

The air stream must be brought into contact with the
absorbing compound. Usually air is moved through ducts to
a scrubbing unit. A scrubbing unit is a device that provides
for the contact of the air and scrubbing compound. This
device may be a simple spray chamber, packed tower, or
any similar unit. Spray chambers usually are not as effective
as other methods due to the short contact time. Contact time
is achieved through the use of packed media towers or tray
towers (Fig. 1.5).

Regardless of the chemical used, the arrangement of the
units is very similar. Some of the odorous gases removed by a
hypochlorite h^..)cess are hydrogen sulfide, mercaptans, sulfur
dioxide, ammonia, and organic gases Absorption using this
method (hypochlorite) is very rapid. Unfortunately, all odorous
gases are not removed by this methcd or by the same chemi-
cals.

A brine solution absorption system is shown in Figure 1.6.
Salt is dissolved in water in the brine tank. This brine
solution flows into the recycle tank. The solution is pumped
from the recycle tank directly over the media or to electrolyt-
ic cells. As the brine solution passes through electrolytic
cells oxidizing agents are formed and this solution is
sprayed over the media. When this solution comes in contact
with odorous gases as it flows over the media, the odorous
gases are oxidized to form less objectionable gases. Odor-
ous air may flow horizontally through the media (Fig. 1.5) or
vertically through the media in a column. This system has
been used successfully to reduce odors significantly from
organically overloaded plastic-media trickling filters.

1.46 Chemical Scrubber Units for Foul Mr Treatment

This absorption process removes odors from gases pro-
duced at venous treatment processes and locations in a treat-
ment plant. Odors are removed by ELECTROLYTIC PRO-
CESSES'3 which generate oxidizers that destroy or convert
odors into harmless, nonodorous gases. The system works
very similar to the old radio-vacuum tubes by an anode-
cathode assembly.

The anode-cathode assembly is the key in the scrubber sys-
tem, and the heart of the assembly is the anode. Each assem-
bly is activated when the rectifier transfers electrons from the
anode (leaving It positively charged) and forces them on the
cathode making it negatively charged. Raising the voltage
causes an excess of electrons on the cathode to seek a means
of reaching the electron deficient anode Electrons on the
cathode will use any available means to cross the gap between
the two surfaces.

Should pure water fill the void between the anode and
cathode, only a few electrons would escape to the anode. if,
however, soluble salts are present, the conductivity of the
water is immensely increased. As the electrons flow across the
gap, they chemically convert the salt to sodium hypochlorite
and disassociate some water into oxygen and hydrogen.

As the concentration of soluble salts increases, electron flow
resistance diminishes. Subsequently, less voltage is required
to force the transfer of electrons from the cathode to the anode,
and the chemical changes occurring to the dissolved salts are
increased.

" Ozonization (0-zoe-roe -ZAY-shun) The application of ozone to water, wastewater, or air, generally for the purposes of disinfection Of odor
control.

'2 Benzene. An aromatic hydrocarbon (C 61-16) which is a colorless, volatile, flammable liquid Benzene is obtained chiefly from coal tar and is
used as a solvent for resins and fats and in the manufacture of dyes.

'3 Electrolytic Process (ELECT-tro-UT-Ick) A process that causes the decomposition of a chemical compound by the use of electricity

25



18 Advanced Treatment

ODOROUS
AIR

LIQUID
SPRAY

CLEAN
AIR

-).- LIQUID SPRAY AND
ODOR COMPOUNDS
TO TREATMENT

Fig. 1.5 Packed media tower or tray tower for odor removal
by absorption.
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Fig. 1.6 Brine solution absorption system
(PormhsScri of PCPCON)
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Chemical reactions occur at both the anode the cathode.
Reactions at the cathode result primarily in the decomposition
of water into hydrogen and the hydroxyl ion, whereas the fol-
lowing oxidative reactions occur simultaneously at the anode.

1. Oxidation of chloride to hypochlorite.

2. Formation of other highly oxidative species; namely ozone,
singlet oxygen, and peroxides.

3. Electrolysis of water to produce normal gaseous oxygen.

All of these reactions, at both anode and cathode sur-
faces, are completely dependent upon the amounts of soluble
salts in the circulation stream, and of course, on the output of
the rectifier.

1.460 Major Components

For convenience, the major components of this type of odor
control unit are summarized under the following headings:

Brine Distribution System. Consists of a separate tank and
metering equipment for converting sodium chloride crystals
(common salt) into a brine solution. A measurable quantity of
the prepared brine is overflowed into the scrubber basin to
torm the desired concentration of ELECTROLYTE."

Cell Recycle System. Comprised of an electricaliy driven
non-corrosive, magnetic pump and associated piping for trans-
ferring the solution from the scrubber basin through the cells
and then to the scrubbing tower where the solution returns to
the basin by gravity.

Electrolytic Unit. Consists of anode-cathode assemblies that
are activated through the application of DC power. For simplic-
ity and readability the word CELL will be interchanged with the
phrase ANODE-CATHODE ASSEMBLY throughout the re-
mainder of this section.

Fresh Water System. Composed of an incoming Erie for
supplying fresh water to the brine tank and the scrubbing tow-
er.

Rectifier Comprised of the electrical unit used in converting
AC power to DC power.

Scrubbing System. Comprised of non-corrosive recycle
pump, vertical tower, a set of spray nozzles, a packing bed and
a collection basin.

1.461 Starting Procedure

The scrubber system is designed so that sodium chloride
(salt) is converted to hypochlorite in the electrolytic cells (Fig.
1.7) at the rate required to produce the oxidant for destruc-
tion or conversion of odorous compounds in the absorption
scrubber. The hypochlorite is regenerated after the oxida-
tion of H2S and other odorous materials. Salt makeup,
therefore, is only that required to replace physical losses of
chlorine compounds (mainly salt) from the system.

If available, use either a high quality rock salt, one that does
not contain an appreciable amount of impurities, or the type of
salt recommended for water softeners. Do not use finely granu-
lated table salt as it has tendency to compact and dissolve
slowly.

1. Place about 200 pounds (91 kg) of salt in the brine tank
and replenish periodically in order to keep at least 12
inches (30.5 cm) of salt in the tank.

2. Fill the remaining portion of the brine tank with an external
source of water.

3 Use an external source to till the scrubber basin with suffi-
cient water to completely cover both pui.ip intake nozzles.
To this quantity of water add about 20 pounds (9 kg) of the
same type of salt as was used in filling the brine tank. As a
result, an initial source of electrolyte is made available.

4 For achieving an optimum conversion of brine into hypo-
chlorite with tho use of the cells after stability has been
achieved, the solution in the scrubber basin should con-
tain 30 grams per liter of sodium chloride. Laboratory
analyses are required for accurately determining the
grams per liter of sodium chloride in solution.

5. Whenever the quantities and types of oxidizable impurities
contained within the air stream are not known, refer to
Table 20.3 for operating guidelines to determine the op-
timum level of operation fora 12,000 CFM (5.66 cu m/sec)
scrubber.

6. In reference to Table 1.3, the initial operation of the unit
should begin at an estimated level of 5 ppm of hydrogen
sulfide within the air stream. This suggests setting the
brine tank flowmeter at 50 milliliters per minute.

Open the valve in the cell pump intake line. Place the cell
pump discharge valve in the 3/4 open position.

TABLE 1.3 OPERATING GUIDELINES FOR A CHEMICAL SCRUBBER

H2S,
ppm

H2S, ibs
per days

NaCI, lbs
per day

Fresh Water to Brine Tank Fresh water
through tower
spray nozzles
in gallons
per dayb

Total overflow
from scrubber
basin in gallons
per dayb

Gals.
per dayb

Milliliters
per minute

1

2

5

10

20

1.28

3.56

6.40

12.8

25.6

7.7

154

38.5

77

154

37
7.4

18.5

37

74

9.7

19.4

48.7

97.2

197.3

9.1

18.2

45.5

91

182

128

256

64

128

256

lbs/day x 0.454 = kg/day
b gals/day x 3.785 = L/day

14 Electrolyte (ELECT-tro-LIGHT) A substance which thssociates (separates) into two or more ions when it is d,ssolved in water.
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8. Push the pump start button on the face of the rectifier. The
cell pump will begin circulating the solution in the scrubber
basin through the cells. Operate the pump for more than a
minute before pushing the rectifier control switch to "ON."
Flow through the cells can be regulated by adjusting the
pump discharge valve. Open the discharge valve about 3/4
of its full capacity to insure the magnetic pump does not
become overloaded.

CAUTION: Since the pump works on a magnetic principle
and there is little head pressure between the basin and the
pump, it may be necessary to momentarily close the dis-
charge valve when starting. Thus the pump creates inter-
nal pressure and orients itself magnetically, resulting in
almost immediate circulation as the valve is slowly
reopened to the 3/4 position.

9. Check and determine that the rectifier current control
switch is at zero. As previously mentioned, allow the pump
to operate more than a minute before pushing the rrintifier
control switch to "ON." SOLUTION MUST BE FLOWING
THROUGH THE CELLS BEFORE POWER IS APPLIED.
Flow of solution is easily determined by checking the vinyl
discharge hoses on the cells. Start the rectifier and then
turn the current control switch slowly until the desired
operating level is achieved. At the assumed 5 ppm of H2S
within the air stream, set the rectifier at about 500 amps.
Adjustments, if necessary, can then be made up or down
in 50 amp increments.

CAUTION: Follow manufacturers instructions regarding
rectifier operation. Do not exceed either the amperage or
voltage limits.

10. Open both the intake and discharge valves on the scrub-
ber recycle pump.

11. Start the scrubber recycle pump.

12. After operation has started, should an undesirable odor be
detectable near the treatment site, the operator should
first increase the output of the rectifier by about 50 amps.

After about two nours, check and determine whether or
not the increase in power was sufficient to eliminate the
undesirable odor. If not, increase the output by another 50
amps and continue this procedure until the undesirable
odor is eliminated. Similarly, if a hypochlorite odor (smell
of household bleach) is detectable near the treatment site
and the gas stream is otherwise odor free, DECREASE the
rectifier setting in 50 amp increments until the hypochlonte
odor disappears.

CAUTION: Do not exceed manufacturer's maximum levels
of amperage or voltage under any circumstance.

13. Under the assumes' ....berating level of 5 ppm of H2S ifr the
gas stream, add approximately 46 gallons (174 liters) of
fresh water through the spray nozzles at the top of the
tower each day. In order to achieve this desired daily level
of overflow from the scrubber basin without hindering the
operator's schedule, the fresh water spray valve on the
spray line to the upper tower section should be completely
opened once each 8-hour shift. During each opening the
operator will want to overflow about 16 gallons (61 liters)
of water from the scrubber basin.

This quantity of water is easily determined by collecting
the overflow in a container of known quantity. For exam-
ple, if 2 gallons (7.6 liters) are collected per minute, then it
can be assumed 16 gallons (61 liters) will overflow the
scrubber basin in 8 minute;
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14. Generally two days of ,'ontinuous operation are necessary
to remove any fluctuation that may occur. In other words,
this period of time can be looked upon as the break-in
period.

1.462 Shut-Down Procedures

1. Turn the current control knob on the rectifier to zero.

2. Push the "Pump Stop" button on the rectifier panel. Both
the pump and the rectifier are simultaneously turned off
when this button is pushed.

3. Turn the main rectifier switch to the "OFF" position.

4. Stop the scrubber recycle pump.

5. Shut the flowmeter valve off, if the unit is to be off for more
than two hours.

1.463 Operational Checks and refenntonance

This unit requires minimum operator attention; however,
several routine checks should be accomplished each day, es-
pecially during the initial operating p3nod. The following items
can be performed while the system is operating:

1. Keep the vertical hole in the exposed end of each anode
filled with silicone oil during the first six weeks of operation.
More than likely, the addition of oil will be required once
each week during the six-week interval. Use the oil supplied
by the manufacturer for servicing the anodes.

2. Once each week for the first six weeks, check for loose nuts
on the bus bar and bus bar pieces, and for loose banks
around the tops of the cells. Tighten any connections that
are loose.

3. Once each day check for the presence of gas bubbles in the
vinyl (plastic) discharge tube at the top of each cell. Gas
bubbles in the discharge stream reveal the cell is function-
ing properly and conversely a lack of bubbles suggests the
cell is inoperative.

4 Once each day the operator should feel the outside surface
of the copper cathode to determine if the assembly is
operating at a comparative temperature to the other as-
semblies and the last daily inspection.

5. If a cell should feel warm, in fact, hot enough to cause an
immediate withdrawal of your hand, the condition more than
likely reveals a plugged or shorted assembly.

6. A noticeable increase (2 or more Volts) in the output of the
rectifier may signify an increase of electrical resistance
within the cells. Resistance of this type can result from the
formation of a scale-like deposit on the inner walls of the
cathode.

Should an increase in DC vc!tage ever ncriff and be
noticeable for a period of a day, then the operator can as-
sume a deposit has formed on the cathodes. Cathode scale
can be easily removed by flushing the system with dilute
nitric acid.

Most of the material in this section is reproduced with the
permission of PEPCON.

1.47 Adsorpr

"Adsorption" is the process in which the odorous compo-
nents are removed from a gas through adherence to a solid
surface (Fig. 1.8). The attractive force holding the gaseous
molecule at the surface may be either physical (physical



adsorption) or chemical (chemisorption). Any adsorption
process should include a solid with an extremely large
capability to adsorb gases. Activated carbon is such a solid.

Activated carbon is a highly porous matenal. Adsorption
takes place upon the walls of the pores within activated car-
bon. Due to the nonpolar rature of its surface, activated carbon
has the ability to adsorb organic and some inorganic materials
in preference to water vapor. The materials and amounts ad-
sorbed are dependent upon the physical and chemical makeup
of the compound. Adsorption is affected by the molecular
weight and boiling point of a compound. Higher molecular
weight compounds are usually more strongly adsorbed than
lower ones. Activated carbon will adsorb most organics that
have molecular weights over 45 and boiling points over 41°F
(5°C). Also, activated carbon can be manufactured from sev-
eral different materials which have considerable variation in
their adsorption characteristics.

Activated carbon is an effective means for controlling odors
from all areas of the system, such as primary sedimentation
and trickling filtration. Odorous air is collected and directed
through activated carbon beds where the odor-causing organic
gases and some inorganic gases (hydrogen sulfide) are re-
moved from the air and adsorbed on the carbon.

1.470 Process Description

The process consists of a foul-air collection system, ducting,
blowers, and activated carbon beds. Foul-air containing odors
from various sources in the treatment plant are collected and
removed from the air as the odor ; air passes through the
activated carbon beds. The activawu carbon beds consist of
several feet of granular activated carbon (Fig. 20.8).
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1.471 Start-Up

Inform operating personnel of intent to start blowers.

1. Make sure that the air blower motor electrical switches are
off and tagged out.

2. Check to be sure that the blower rotates freely.

3. Make sure all covers are properly in place and are secure

4. Unlock electrical switches at the main power control center
for the blower motor Turn on electrical power for the
blower.

5. Observe blower to make sure it is operating properly.

6. Check carbon bed for air flow.

7. After initial start up, measure .ir flow above carbon beds
with a probe and record the velocity.

1.472 Shut Down

1. Turn electrical power off at blower. If for short duration, this
is good enough but it should be tagged. For long duration,
turn power off at main power switch and tag and lock out.

2. Inform all operating personnel of status of activated carbon
units.

3. If shut down is of a long duration, carbon units should be
washed with clean water.

ODORFREE
DISCHARGE

ODOROUS
GASES

I I

Fig. 1.8 Activated carbon adsorption process
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1.473 Operational Checks

DAILY

1. Inspect operation of air blower and motor.

2. Check air flow through the carbon bed.

WEEKLY

1. Measure air flow on the discharge side of the carbon bed
with a velocity meter (like the ones used to measure air flow
in air conditioning ducts). Compare against initial readings.

If the air flow is low, the activated carbon is becoming
plugged. To unplug the carbon, shut down the blower and
spray water over the top of the bed for one hour. Put the unit
back in service and recheck tne air flow above the carbon
bed.

QUARTERLY

1. Measure H2S levels in the air at various depths in the acti-
vated carbon.

Draw off samples and use an H2S gas detector. If H2S
levels are found almost all the way through the activated
carbon bed, this is an indication that the bed may fail soon.
Usually activated carbon beds will regenerate themselves
during periods when the odor levels are low.

If an activated carbon bed fails, consult your supplier for
assistance regarding the regeneration or replacement of
the activated carbon.

NOTE

1 After activated carbon has been in service for a long period
of time and then taken out of service, the carbon may
develop a grey appearance This grey appearance is usu-

EXHAUST
..."---.

ally caused by salts which form crystals when the activated
caroon drys out. These crystals will cause a grey color, but
the activated carbon will still be black.

1.48 Ozonization

Ozonization is an oxidation process (Fig. 1.9). Ozone is a
powerful oxidant and can effectively oxidize odor-causing
compounds to less objectionable forms. Air is collected from
the sources and directed into a mixing chamber where this
odorous air is mixed with ozone. The odorous air is oxidized,
and the odors are eliminated. Ozone, being relatively unsta-
ble, must be manufactured on site.

Successful treatment of odors with ozone depends on the
type of odor, intensity or strength of odor, flow rate of odorous
air to be treated, and the size of the ozone contact chamber.
The longer the contact time, the more effective the treatment.
Therefore, control of the ozonization process is achieved by
regulating the speed or number of suction fans. Fifteen sec
onds is considered the minimum mixing and contact time for
effective treatment of odors.

1.49 Good Housekeeping

The best solution to odor problems is to prevent odors from
ever developing. This can be achieved by good housekeeping.
Regularly clean all baffles, weirs, troughs, diversion boxes,
channels and all exposed clarifier mechanisms where scum
and solids could accumulate and decompose. Cleaning is ac-
complished by the use of deck brushes with long handles and
hosing with a high velocity jet of water. These efforts will help
you keep odor problems from becoming a serious public issue.

DUCTED FROM GRIT
CHAMBER

vti
.M

OZONE DIFFUSER

ALUMINUM BAFFLE

Fig. 1.9 Ozone contact chamber
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1.5 TROUBLESHOOTING ODOR PROBLEMS

PLANT AREA ODOR PROBLEMS POSSIBLE SOLUTIONS

Influent H2S odor Chemical addition.

Organic odo- Air stream treatment.b

Headworks H2S odor Chentical addition.

Organic odor Air stream treatment.b
Correct faulty plant
operation.

Pnmary sedimentation H2S odor Chemical addition at
headworks.
Air stream treatment.
Remove sludge faster.b
Chemical addition.
Cover tanks, vent
odors and treat.

Biological system
Activated sludge Organic odor

Biological filter H2S odor

Decayed organic
odor (ammonia, fishy,
rotten cabbage)

Eliminate short-
circuiting in aeration
chamber.b
Prevent sludge deposits
from developing.

Air stream treatment.
Chemical addition (H202
in the liquid prior to
the filter).
Provide even air dis-
tribution to the filter
to avoid anaerobic areas.b
Clean filter vents and
underdraln system.
Correct any design
deficiencies.

Correct any design
problems. Chemical
addition (H202, C12, or
NO;). Air stream
treatment.

Each solution listed may be applied to al! odor problems in the plant area where the problem is occumng.
b Investigate industrial waste sources as a possible cause of the problem if this item appears to be the correct solution
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1.5 TROUBLESHOOTING ODOR PROBLEMS, (Continued)

PLANT AREA ODOR PROBLEMS

Biological system (continued)

Secondary sedimentation Organic odor

Inorganic odor

Anaerobic digestion

Sludge handling
Drying beds

Decaying organic
odor

Inorganic odor

POSSIBLE SOLUTIONSa

Corre*:t design problem.

Increase removal rate
of sludge.
Reduce turbulence that is
causing stripping of
odor.
Increase air in aeration
systems.
Improve operations.

Light waste gas burner
if not lit.

Correct leaking water
seal on floating-cover-
type digester.
Fixed cover digesters:

a. Add water to water
seal, and

b. Seal cracks in roof.
Floating cover digesters:

a. Correct leaking
water seal, and

b. Lower cover until suf-
ficient seal around
outside is obtained.

Gas equipment:
Find and correct leaks
around valves, flame
assembly, sample wells
and access hatch.

Look for sources and correct
around pop-off valves, vents,
drain lines and piping.
Check digester opeation.

Decaying organic Chemical addition
odor (Countermasking, Masking).

Check opeations of
digester.
Review operations such
as withdrawal rate from
digester.

a Each solution listed may be applicable to all odor problems in the plant area where the problem is occumng.
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1.5 TROUBLESHOOTING ODOR PROBLEMS. (Continued)

PLANT AREA

Biological system (continued)

Vacuum fitters or
Filter presses

ODOR PROBLEMS

Organic odor

Centnfuges Organic odor

Sludge retention
basins

Organic odor

Inorganic odor

Ammonia odor

Chlorine smell

Ammonia odor
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POSSIBLE SOLUTIONS'

Check operations.
Check operations at
digester area.
Remove solids from area.
Improve housekeeping.
Air stream treatment.

Check operations
Check operations at
digesters.
Improve housekeeping
Treatment of odors in
air removed from
centrifuge area.

Reviel., operations

Develop an aerobic
layer on the surface.

Ponds or lagoons Check operations.
Review operat.onal data.
Chemical addition.

Disinfection Check mixing.
Lower dosage rate.
Check diffuser.
Look for chlorine leaks.

Remove sludge deposits
in chamber.
Source control.
Improve housekeeping.

Each solution listed may be applicable to all odor problems in the plant area where the problem is occurring.

1.6 REVIEW OF PLANS AND SPECIFICATIONS

Odor control facilities require a careful review of the plans
and specifications similar to the review given other treatment
processes.

1 When clarifiers and other large tanks and areas are en-
closed to control odors, be sure provisions are made to lift
covers over tanks for inspection and maintenance pur-
poses. Movable cranes or hoists are helpful.

2. Hydrogen sulfide gas combines with moisture to form sul-
furic acid which is very corrosive. All concrete must be pro-
tected from corrosion. All pipes, vents, screens, grates,
support systems, id other materials exposed to odorous
air must be made 01 corros'-.)n resistant materials.

3. Be sure provisions are made for ventilation of enclosed
spaces with fresh air before anyone enters enclosed
spaces for any reason. Equipment and instruments must be
available to detect hydrogen sulfide, explosive conditions
and an oxygen deficiency in enclosed atmospheres before
entry.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 29.

1.4K How can odors in air be treated?

1.4L What is a solid that is used in an adsorption process to
remove odors from air?

1.4M When operating a chemical scrubber unit using a brine
solution, how would you determine if the rectifier out-
put is set properly or is set too high or too low?

1.7 ADDITIONAL READING

1. MOP 11, Chapter 27,* "Odor Control.

2 "Ozonization of Septic Oda s at a Pretreatment Facility
Water Pollution Control Federation, Deeds & Data, July,
1977, p. D-1.

3. ODOR CONTROL FOR WASTEWATER FACILITIES
(MOP 22). Obtain from Publications Order Department,
Water Pollution Control Federation, 601 Wythe Street,
Alexandria, VA 22314-1994. Order No. M0028. Price 10
members, $6.00; nonmembers, $8.00.

Depends on edition
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DISCUSSION AND REVIEW QUESTIONS

Chapter 1. ODOR CONTROL

Work these discussion and review questions before continu-
ing with the Objective Test. The purpose of these questions is
to indicate to you how well you understand the material in the
lesson. Write the answers to these questions in your notebook.

1. How would you determine the source and cause of odors
and a solution to the problem?

2. How should an odor complaint be handled'?

3 What can happen if ar odor complaint is handled improp-
erly?

4. How can odorous gases be treated?

5 What would you do if persons living near your treatment
plant complained of a chlorine smell?

PLEASE WORK THE OBJECTIVE TEST NEXT.

SUGGESTED ANSWERS

Chapter 1. ODOR CONTROL

Answers to questions on page 8.

1.0A Wastewater is tending to become more septic, and
thus causing odor and corrosion problems, because
collection systems are being extended farther and
fa.ther away from treatment plants.

1.1A The principal source of odor generation is from the
production of inorganic and organic gases by mi-
croorga tisms. Odors also may be produced when
odor-containing or odor-generating materials are dis-
charged into the collection system by industries and
businesses.

The main inorganic gases of concern to operators are
hydrogen sulfide (H2S) and ammonia (NH3)

The order in which microorganisms utilize oxygen in
nature is: molecular oxygen (free dissolved oxygen),
nitrate, sulfate, oxidized organics, and carbon dioxide.

The major source of inorganic odor-producing sulfate
compounds found in collection systems and treatment
plants is sulfate compounds from the public water
supply and from industrial sources.

Hydrogen sulfide causes problems at lower or acidic
pH ranges. At a pH below 5, all sulfide is present in the
gaseous H2S form and most of it can be released from
wastewater to cause odor, corrosion, explosive condi-
tions and respiratory problems.

1.1E

Answers to questions on page 12.

1.2A Odors can be measured by the use of an olfactometer

1.2B Usually smells can be classified into the following
groups:

1 Ammonia 5 Garlic
2 Decayed cabbage 6. Medicinal
3 Fecal 7. Rotten egg
4. Fishy 8. Skunk

1.3A Never approach a person who has an odor complaint
with a negative attitude.

1.3B You might not be able to detect an odor disturbing a
person complaining because.

1 Your nose may not be as sensitive as the nose of
the person complaining, and

2. Your nose may be accustomed to the smell, and
may no longer be able to detect the offensive odor

Answers to questions on page 14.

1 4A Systematic steps to follow to solve an odor problem
include:
1. Review plant operations,
2. Review plant performance,
3. Evaluate plant performance,
4. Review engineering or design features of the plant,
5 Male an on-site inspection and investigation of the

problem areas,
6. Attempt to identify the source or cause of the prob-

lem,
7. List and review all solutions to the problem, and
C. Put into practice the best possible solution.

1.4B The most ;mportant role that chlorine plays in control-
ling odors is to inhibit the growth of odor-causing mi-
croorganisms.

1 4C Three possible ways hydrogen peroxide reacts to con-
trol odors are (1) oxidant action, (2) oxygen producing,
and (3) bactericidal to the sulfate-reducing bacteria

Answers to questions on page 14.

1.4D Oxygen is used to control odors by aerating wastewa-
ter and attempting to keep it aerobic. Also, aeration
can strip odors out of wastewater.

1.4E A limitation Of using metallic ions to precipitate sulfide
is the toxic effect on biological processes such as di-
gestion.

1 4F Odors can be controlled by increasing the pH. At pH
levels above 9.0, biological slimes and sludge growths
are inhibited. Also, any sulfide present will be in the
form of HS- ion or S-2 ion, rather than as H2S gas
which is formed and released at low pH values
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Answers to questions on page 17.

1.4G Off-gases and foul air are treated in a biological odor
reduction tower by passing up through the filter media
where the odors are oxidized to an acceptable odor
level.

1.4H The filter feed is spread over the media by the use of
spray nozzles.

1.41 The pH of the spray water should not be allowed to
drop below 6.0 because the water will cause corrosion
damage.

1.4J The pH of the spray water can be increased by the
addition of caustic soda.

Odor Control 29

Answers to questions on page 27.

1.4K Odors in air can be treated by masking and counterac-
tion, combustion, absorption, adsorption and ozoniza-
tion. Perhaps the best treatment is to prevent odors
from forming.

1.4L Activated carbon is a solid that is used to remove
odors from air by the adsorption process.

1.4M If the rectifier output is set too high, a hypochlorite
odor (smell of household bleach) is detectable. If the
output is set too low, an undesi; able odor is detecta-
ble. No odors are detectable if the rectifier is set prop-
erly.

OBJECTIVE TEST

Chapter 1. ODOR CONTROL

Please write your name and mark the correct answers on
the answer sheet as directed at the end of Chapter 1,
Volume I, OPERATION OF WASTEWATER TREATMENT
PLANTS. There may be more than one correct answer to
each question.

1. The reaction of chlorine to control odors with certain chem-
icals can produce a more odorous gas.

1. True
2. False

2. Ozonization is an oxidation process using ozone.

1. True
2. False

3. Acth, ated carbon will not remove hydrogen sulfide from
odorous air.

1. True
2. False

4. Good housekeeping is not an effective means of control-
ling odors.

1. True
2. False

5. Opt rators do not have to worry about odor complaints

1. Tbve
2. False

6. Adsorption is the taking in or soaking up of one substance
into the body of another substance.

1. True
2. False

7. An olfactometer is a device used to measure odors.

1. True
2. False

8. Gas bubbles in the discharge tube at the top of each cell in
a chemical scrubber reveal that the cell is functioning
properly and conversely a lack of bubbles suggests the
cell is inoperative.

1. True
2. False

J. If a cell in a chemical scrubber feels hot enough to cause
an immediate withdrawal of your hand, the condition re-
veals that everything is functioning properly.

1. True
2. False

10. In a biological odor reduction tower, odors will not be re-
moved from the gas stream until a biomass is established
on the filter media.

1 True
2. False

11. What is the order in which microorganisms break down
compounds containing oxygen in nature?

1. Carbon dioxide, nitrate and sulfate
2. Carbon dioxide, sulfate and nitrate
3. Nitrate, carbon dioxide and sulfate
4. Nitrate, sulfate and carbon dioxide
5. Sulfate, nitrate and carbon dioxide

12. Hydrogen sulfide causes the most serious problems at
what pH range?

1. Less than 5
2. 5 to 7
3. 7, neutral
4. 7 to 9
5. Greater than 9
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13. Always approach a person witn an odor complaint with 16. Which type(s) of salt may be lised for salt makeup in a
a(n) attitude (select best answer). chemical scrubber system?

1. Impatient
2. Negative
3. Official
4. Positive
5. Superior

14. Odors in AIR can be treate i by

1. Absorption.
2. Adsorption.
3. Metallic ions.
4. Ozonization.
5. pH adjustment.

15 Low air flow readings indicate that an activated carbon
bed is becoming plugged. The proper procedure to unplug
the bed is to

1. Brine salt
2. High quality rock sair
3. Pharmaceutical salt
4. Table salt
5. Water softener salt

17. Smells or odors usually can be classified into which of the
following groups?

1. Ammonia
2. Fecal
3. P:g
4. Skunk
5. Swamp

18. Steps followed (not in order) in procedures used when
attempting to solve odor problems include

1. Evaluation of plant performance.
1. Dose the bed with acid. 2. Examination of engineering or design features of plant.
2. Rake the surface of the bed. 3. Identification of source or cause of problem.
3. Remove the activated carbon and replace it 4. On-site inspection and investigation of the problem
4. Spray water over the top of the bed. areas.
5. Wash the bed with a high pressure spray. 5. Review of plant housekeeping.

END OF OBJECTIVE TEST
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INDUSTRIAL WASTE TREATMENT

OBJECTIVES

Chapter 2. ACTIVATED SLUDGE

Pure Oxygen Plants and Operational Control Options

Following completion of Chapter 2, you should be able to:

1 Safely operate and maintain a pure oxygen activated
sludge plant,

2 Review the plans and specifications for a pure oxygen sys-
tem,

3. Describe the various methods of determining return sludge
and waste sludge rates and select the best method for your
plant,

4 Operate an activated sludge process that must treat both
municipal and industrial wastes,

5. Operate an activated sludge process that must treat strictly
an industrial waste, and

6. Operate an activated sludge process to produce a nitrified
effluent
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GLOSSARY

Chapter 2. ACTIVATED SLUDGE

ABSORPTION (ab-SORP-shun) ABSORPTION

Taking in or soaking up of one substance into the body of another by molecular or chemical action (as tree roots absorb dissolved
nutrients in the soil).

ACTIVATED SLUDGE (ACK-ta-VATE-ed sluj) ACTIVATED SLUDGE

Sludge particles produced in ,-aw or settled wastewater (primary effluent) by the growth of organisms (inclu Sing zoogleal bacteria) in
aeration tanks in the presence of dissolved oxygen. The term "activated" comes from the fact that the particles are teeming with
bactena, fungi, and protuzca. Activated sludge is different from primary sludge in that the sludge particles contain many living
organisms which can ',eed on the incoming wastewater.

ACTIVATED SLUDGE PROCESS (ACK-ta-VATE-ed sluj) ACTIVATED SLUDGE PROCESS

A biological wastewater treatn.ent process which speeds up the decomposition of wastes in the wastewater being treated. Activated
sludge is added to wactewater and the mixture (mixed liquor) is aerated and agitated. After some time in the aeration tank, the
activated sludge is allowed to settle out by sedimentation and is disposed of (wasted) ;Jr reused (returned to the aeration tank) as
needed. The rem- ring wastewater then undergoes more treatment.

ADSORPTION (add-SORP-shun) ADSORPTION

Toe gathering of a gas, liquid, or dissolved substance on the surface or interface zone of another substance.

AERATION LIQUOR (air-A-shun) AERATION LIQUOR

Mixed liquor. The conter )f the aeration tank including living organisms and material carried into the tank by ether untreated
wastewater or primary effluent.

AERATION TANK (air-A-shun) AERATION TANK

The tank where raw or settled wastewater is mixed with return sludge and aerated The same as aeration bay, aerator, or reactor.

AEROBES AEROBES

Bacteria that must have molecular (dissolved) oxygen (DO) to survive.

AEROBIC DIGESTION (AIR -O -bick) AEROBIC DIGESTION

-1 he breakdown of wastes by microorganisms in the presence of dissoked oxygen 'haste sludge is placed in a large aerated tank
where aerobic microorganisms decompose the organic matter in the sludge This is an extension of the activated sludge process.

AGGLOMERATION (a-GLOM-er-A-shun) AGGLOMERATION

The growing or coming together of small scattered particles into larger flocs or particles which settle rapidly Also see FLOC.

AIR LIFT AIR LIFT

A special type of pump This device consists of a vertical riser pipe submerged in the wastewater or sludge to be pumped.
Compressed air is injected into a tail piece at the bottom of the pipe. Fine air bubbles mix with the wastewater or sludge to form a
mixture lighter than the surroundng water which causes the mixture t:, rise in the discharge pipe to the outlet An air-lift pump works
similar to the center stand in a percolator coffee pot.

ALIQUOT (AL-I.-kwot)

Portion of a sample.

AMBIENT TEMPERATURE (AM-bee-ent)

Temperature of the surroundings.

ANAEROBES

Bacteria that do not need molecular (dissolved) oxygen (DO) to survive.

4 C
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BACTERIAL CULTURE (back-TEAR-e-al) BACTERIAL CULTURE
In the case of activated sludge, the bacterial culture refers to the group of bacteria classed as AEROBES, and facuita've organisms,
which covers a wide range of organisms. Most treatment processes in the United States grow facultative organisms which utilize the
carbonaceous (carbon compounds) BOD Facultative organisms can live when oxygen resources are low When 'nitrification is
required, the nitrifying organisms are OBLIGATE AEROBES (require oxygen) and must have at least 0.5 mgit of dissolvedox;gen
throughout the whole system to function properly.

BATCH PROCESS BATCH PROCESS
A treatment process in which a tank or reactor is filled, the water is treated, and the tank is emptied. The tank may then be filled and
the process repeated.

BENCH SCALE ANALYSIS BENCH SCALE ANALYSIS
A method of studying differe! ways of treating wastewater and solids on a small scale in a laboratory.

BIOMASS (BUY-o-MASS) BIOMASS

A mass or clump of living organisms feeding on the wastes in wastewater, dead organisms and other debris. T' .J mass may be
formed for, or function as, the protection against predators and storage of food supplies. Also see ZOOGLEAL MASS.

BULKING (BULK-ing) BULKING

Clouds of billowing sludge that occur throughout secondary clarifiers and sludge thickeners when the sludge becomes too light and
will not settle properly.

CATHODIC PROTECTION (ca-THOD-ick) CATHODIC PROTECTION

An electrical system for prevention of rust, corrosion, and pitting of steel and iron surfaces in contact with water, wastewater or soil.

CILIATES (SILLY-ates)

A class of protozoans distinguished by short hairs on all or part of their bodies.
CILIATES

COAGULATION (ko-AGG-you-LAY-shun) COAGULATION
The use of chemicals that cause very fine particles to clump together into larger particles. This makes it easier to separate the solids
from the liquids by settling, skimming, and draining or filtering.

COMPOSITE (PROPORTIONAL) SAMPLE (com-POZ-it) COMPOSITE (PROPORTIONAL) SAMPLE
A composite sample is a collection of individual samples obtained at regi..!ar intervals, usually every one or two hours during a
^4-hour time span Each individual sample is combined with the others in proportion to the flow when the sample was collected. The
resulting mixture (composite sample) forms a representative sample and is analyzed to determine the average conditions during the
sampling period.

CONING (CONE-ing) CONING

Development of a cone-shaped flow of liquid, like a whirlpool, through sludge This can occur in a sludge hopper during sludge
withdrawal when the sludge becomes too thick Part of the sludge remains in place while liquid rather than sludge flows out of the

Also called "coring."

CONTACT STABILIZATION CONTACT STABILIZATION

Contact stabilization is a modification of the conventional activated sludge process In contact stabilization, two aeration tanks are
used One tank is for separate re-aeration of the return sludge for at least four hours before it is permitted to flow into the other
aeration tank to be mixed with the primary effluent requiring treatment

CF 3ENIC (cry-o-JEN-nick) CRYOGENIC
Low temperature.

DENITRIFICATION DENITRIFICATION
A condition that occurs when nitrite or nitrate ions are reduced to nitrogen gas and bubbles are formed as a result of thin process.
The bubbles attach to the biological flocs and float the flocs to the surface of the secondary clarifiers. This condition is often the
cause of rising sludge observed in secondary clarifiers.

DIFFUSED-AIR AERATION DIFFUSED-AIR AERATION

A diffused air activated sludge plant takes air, compresses it, and then discharges the air below the water surface of the aerctor
through some type of air diffusion device.

DIFFUSER DIFFUSER

A device (porous plate, tube, bag) used to break the air stream from the blower system into fine bubbles in an aeration tank or
reactor.
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DISSOLVED OXYGEN DISSOLVED OXYGEN

Molecular oxygen dissolved in water or wastewater, usually abbreviated DO.

ENDOGENOUS (en-DODGE-en-us) ENDOGENOUS

A reduced level of respiration (breathing) in which organisms break down compounds within their own cells to produce the oxygen
they need.

F/M RATIO F/M RATIO

Food to microorganism ratio. A measure of food provided to bacteria in an aeration tank

Food BOD, lbs/day

Microorganisms MLVSS, lbs

Flow, MGD x BOD, mg/L x 8.34 lbs/gal

Volume, MG x MLVSS, mg/L x 8.34 lbs/gal

Or BOD, kg/day

MLVSS, kg

FACULTATIVE (FACK-ul-TAY-tive) FACULTATIVE

Facultative bacteria can use either molecular (dissolved) oxygen or oxygen obtained from food materials such as sulfate or nitrate
ions. In other words, facultative bacteria can live under aerobic or anaerobic conditions.

FILAMENTOUS BACTERIA (FILL-a-MEN-tuss) FILAMENTOUS BACTERIA

Organisms that grow in a thread or filamentous form. Common types are thiothrix and actinomycetes.

FLIGHTS FLIGHTS

Scraper boards, made from redwood or other rot-resistant woods or plastic, used to collect and move settled sludge or floating
scum.

FLOC FLOC

Groups or clumps of bacteria that have come together and formed a cluster Found in aeration tanks and secondary clarifiers.

FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION

The gathering together of fine particles to form larger particles

FOOD /MICROORGANISM RATIO

Food to microorganism ratio A measure of food provided to oacter,a in an aeration tank.

Food 0_B D, lbs/day
Microorganisms MLVSS, lbs

Flow, MG1 x BOD. mg/L x 8 34 lbs/ga'

Volume, MG x MLV3S, mg/L x 8 34 lbs/gal

Or BOD, kg/day

MLVSS, kg

Commonly abbreviated F/M Rat.o

FOOD/MICROORGANISM RATIO

HEADER HEADER

A large pipe to which the ends of a series of smaller pipes are connected Also called a "manifold

INTERFACE INTERFACE

The common boundary layer between two fluids such as a gas (air) and a liquid (water) or a liquid (water) and anoiner liquid (oil).

MCRT MCRT

Mean Cell Residence Time, days An expression of the a, wage time that a microorganism will spend in the activated sludge
process.

MCRT, days = Solids in Activated Sludge Process, lbs

Solids Removed from Process, lbs/day

MLSS MLSS

Mixed Liquor Suspended Solids, mg/L. Suspended solids in the mixed liquor of an aeration tank
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MLVSS MLVSS

Mixed t-iquor Volatile Suspended Solids, mg/L The organic or volatilt. _Jspended solids in the mixed liquor of an aeration tank. This
volatile portion is used as a measure or indication of the microorganisms present.

MANIFOLD MANIFOLD

A large pipe to which the ends of a senes of smaller pipes are connected. Also called a "header."

rEAN CELL_ RESIDENCE TIME (MCRT) MEAN CELL RESIDENCE TIME (MCRT)

An expression of the average time that a microorganism will spend in the activated sludge process.

MCRT, days Solids in Activated Sludge Process, lbs

Solids Removed from Process, lbs/day

MECHANICAL AERATION MECHANICAL AERATION

The use of machinery to mix air and water so that oxygen can be absorbed into the water Some examples are. paddle wheels,
mixers, or rotating brushes to agitate the surface of an aeration tank, pumps to create fountains, and pumps to discharge water
down a series of steps forming falls or cascades.

MICROORGANISMS (micro-ORGAN-is-ums) MICROORGANISMS

Very small organisms that can be seen only through a microscope Some microorganisms use the wastes in wastewater for food
and thus remove or alter much of the undesirable matter.

MIXED LIQUOR MIXED LIQUOR

When the activated sludge in an aeration tank is mixed with primary effl _rent or the raw wastewater and return sludge, this mixture is
then referred to as mixed liquor as long as it is in the aeration tank. Mixed liquor also may refer to the contents of mixed aerobic or
anaerobic digesters.

MIXED LIQIJOR SUSPENDED SOLIDS (MISS) MIXED LIQUOR SUSPENDED SOLIDS (MLSS)

Suspended solids in the mixed liquor of an aeration tank

MIXED LIQUOR VOLATILE SUSPENDED SOLIDS MIXED LIQUOR VOLATILE SUSPENDED SOLIDS
(MLVSS) (MLVSS)

The organic or volatile suspended solids in the mixed liquor of an aeration tank. This volatile portion is used as a measure or
indication of the microorganisms present.

MOVING AVERAGE MOVING AVERAGE

To calculate the moving average for the last 7 days, add up the values for the last 7 days and divide by 7 Each day add the most
recent day to the sum of values and subtract the oldest value. By using the 7-day moving average, each day of the week is always
represented in the calculations.

NITRIFICATION (NYE-to -fi-KAY-shun) NITRIFICATION

A process in which bacteria change the ammonia and organic nitroge ; in wastewater into oxidized nitrogen (usually nitrate). Tne
second-stage BOD is sometimes referred to as the "nitrification stage" (first stage BOD is called the carbonaceous stage ').

OXIDATION (ox-i-DAY-shun) OXIDATION

Oxidation is the addition of oxygen, removal of hydrogen, or the removal of electrons from an element or compound. In wastewater
treatment, organic matter is oxidized to more stable substances The opposite of REDUCTION.

POLYELECTROLYTE (POLY-electro-light) POLYELECTROLYTE

A high-molecular-weight substance that is formed by either a natural or synthetic process Natural polyelectrolytes may be of
biological origin or derived from starch products, cellulose derivatives, and alignates Synthetic polyelectrolytes consist of simple
substances that have been made into complex, high-molecular-weight substances. Often called a "polymer

POLYMER (POLY-mer) POLYMER

A high-molecular-weight substance that is formed by either a natural or synthetic process Natural poiymers may be of biological
origin or derived trom starch products, cellulose derivatives, and alignates. Synthetic polymers consist of simple substances that
have been made into complex, high-molecular-weight substances. Often called a "polyelectrolyte

PROTOZOA (pro-toe-ZOE-eh) PROTOZOA

A group of microscopic animals (usually single - celled) that sometimes cluster into colonies.

PURGE PURGE

To remove a gas or vapor from a vessel, reactor, or confined space.
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RAS RAS

Return Activated Sludge, mg,'L Settled activated sludge that is collected in the secondary clarifier and returned to the aeration basin
to mix with incoming raw or primary settled wastewater.

REDUCTION (re-DUCK-shun) REDUCTION

Reduction is the addition of hydrogen, removal of oxygen, or the addition of electrons to an element or compound. Under anaerobic
conditions in wastewater, sulfate compounds or elemental sulfur is reduced to odor-producing hydrogen sulfide (H2S) or the sulfide
ion (S-2). The opposite of OXIDATION.

RETURN ACTIVATED SLUDGE (RAS) RETURN ACTIVATED SLUDGE (RAS)

Settled activated sludge that is collected in thi secondary cl'ar.fier and returned to the aeration basin to mix with incoming raw or
primary settled wastewater.

RISING SLUDGE RISING SLUDGE

Rising sludge occurs in the secondary clarifiers of activated sludge plants when the sludge settles to the bottom of the clarifier, is
compacted, and then starts to rise to the surface, usually as a result of denitrification.

ROTIFERS (ROE-ti-fers) ROTIFERS

Microscopic animals characterized by short hairs on their front end.

SECCHI DISC (SECK-key) SECCHI DISC

A flat, white disc lowered into the water by a rope until it is just barely visible At this point, the depth of the disc from the water
s'irface is the recorded secchi disc reading.

SEIZING SEIZING

Seizing occurs when an engine overheats and a component expands to the point where the engine will not run Also called
"freezing."

SEPTIC (SEP-tick) SEPTIC
This oundition is iroduced by anaerobic bacteria If severe, the wastewater turns black, giv off foul odors, contains little or no
dissoived oxygen and creates a heavy oxygen derv, Wile

SHriCK LOAD SHOCK LOAD

The arrival at a plant of a waste which is toxic to organft,ms in sufficiell ouantity or strength to cause operating problems Possible
p.obleme; inc'ude odors and scuds in the effluent Organic or hydra,kc overloads can cause a shock 'cad.

SLUDGE P3F. SLUDGE AGE

A measure of the length of time a part,cie c' suspended solids has teen undergoing aeration in the activated sludge process.

Sludge Age, = Suspended Solids Under Aeration, Ibs c 7 kg
days Suspended Solids Added, lbs/ua or Kg/day

SLUDGE DENSITY INDEX (SDI) SLUDGE DENSITY INDEX (SDI)

This test is used in a way similar to the Sludge Volume Index (SVI) to indicate the settleabiiity of a sludge in a secondary clarifier or
effluent SDI = 100/SVI Also see SLUDGE VOLUME INDEX (SVI)

SLUDGE VOLUME INDEX (SVI) SLUDGE VOLUME INDEX (SVI)

This is a test used to incl. ate the settling ability of activat d sludge (aeration solids) in the secondary clarifier The test is ameasure
of the volume of sludge compared to its weight Allow the sludge sample trum the aeration tank to settle for 30 minutes Then
calculate SVI by dividing the volume (ml) of wit settled sludge by the weight (mg) of the sludge after it has been dried. Sludge with
an SVI of one hundred or greater will not settle as read.ly as desirable because it is as light as or lighter than water

SVI = 'Wet Settled Sludge, ml x 1000
Dried Sludge Solids, mg

STABILIZED WASTE STABILIZED WASTE

A waste that has been treated or decomposed to the extent that, if disLharged or released, its rate and state of decomposition would
be such that the waste would not cause a nuisance or odcrs

STEP-FEED AERATION STEP-FEED AERATION

Step-feed aeration is a modification of the conventional acti.a,ud process In step aeration, primary effluent enters the
aeration tank at several points along the length of the tank, rather than. q, it the primary effluent entering at the beginning or head of
the tank and flowing through the entire tank.
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STRIPPED GASES STRIPPED GASES

Gases that are released from a liquid by bubbling air through the liquid or by allowing ine liquid to be sprayed or tumbled over media.

SUPERNATANT (sue-per-NAY-tent) SUPERNATANT

Liquid removed from settled sludge. Supematant commonly refers to the liquid between the sludge on the bottom and the scum on
the surf. ;e of an anaerobic digester. This liquid is usually returned to the influent wet well or to tne primary clarifier.

TOC TOC

Total Organic Carbon TOC measures the amount oi organic carbon in water.

TURBIDITY METER TURBIDITY METER

An instrument for measuring the amount of particles suspended in water. Precise measurements are made by measuring how light
is scattered by the suspended particles The normal measunng range is 0 to 100 and is expressed as Nepnelometric Turbidity Units
(NTU's).

VOLUTE (vol-LOOT) VOLUTE

The spiral-shaped casing which surrounds a pump, blower, or turbine impeller and collects the liquid or gas discharged by the
impeller.

WAS WAS

Waste Activated Sludge, mg,L. The excess growth of microorganisms which must be removed from trip process to keep the
biological system in balance.

WASTE ACTIVATED SLUDGE (WAS) WASTE ACTIVATED SLUDGE (WAS)

The excess growth of microorganisms which must be removed from the process to keep the biological system in balance

ZOOGLEAL MASS (ZOE- glee -aI) ZOOGLEAL MASS

Jelly-like masses of bactena found in both the trickling filter and actuated sludge processes These masses may be formed for or
function as the protection against predators and for storage of food supplies. Also see BIOMASS.

A TO 'Z (A q e JW all A TO
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CHAPTER 2. ACTIVATED SLUDGE

Pure Oxygen Plants and Operational Control Options

(Lesson 1 of 4 Lessons)

NOTE. Review Volume I, Chapter 8, and Volume II, Chapter
11, of OPERATION OF WASTEWATER TREAT-
MENT PLANTS for additional information.

2.0 THE ACTIVATED SLUDGE PROCESS

Research and operational experience are gradually reveal-
ing how the activated sludge process treats wastes and how to
control the process. One objective of this chapter is to provide
operators with a better understanding of the factors that can
upset an activated sludge process and how to control the pro-
cess to produce a high quality effluent. Pure oxygen systems
dissolve oxygen into wastewater with a high efficiency for use
by microorganisms treating the wastes. This allows the use of
smaller aeration (reactor) tanks than air activated sludge sys-
tems. Operators need greater skill and knowledge to operate
pure oxygen systems than conventional systems.

Operation of either pure oxygen or conventional aeration
activated sludge processes is very complex. The quality of
your plants effluent depends on the characteristics of the
plant's influent flows and wastes, as well as how the actual
process is controlled. Two very important factors are:

1. RETURN ACTIVATED SLUDGE (RAS) RATE, and

2. WASTE ACTIVATED SLUDGE (WAS) RATE.

Several methods have been developed to help operators
select the proper rates. This chapter reviews some of these
methods and their advantages and limitations. You must re-
member that each of these factors affects the others and the
impact on all process variables must be considered before
changing one vanable.

Some NPDES permits require the removal of ammonia from
plant effluents. Biological nitrification (converting ammonium
(N1-1;) to nitrate (NO3) is the most effective way to remove
ammonia unless total nitrogen removal is necessary If total
nitrogen removal is required, biological nitrification is the first
step of the biological nitrification-denitnfica,ion approach to nit-
rogen removal. The biological nitnfication process is an exten-
sion of the activated sludge process and is operated on the
basis of the same concepts.

Industrial wastes are becoming more common in many
municipal wastewaters. Whether you operate an activated
sludge plant in a small town or a large city, you must know how
to tr . the industrial wastes that may be present with your
municipal wastewaters. Many industnes pretreat their own
wastewaters before discharge to municipal collection systems
while other industries treat all of their wastewaters rather than
discharge municipal collection systems. Whether you are
treating strictly industnd, wastewaters or a mixture of industnal
and municipal wastewaters, this chapter will provide you vith
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the information you need to know to safely treat these different
types of wastewaters using the activated sludge process.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 108.

2.0A Why are pure oxygen systems used instead of con-
ventional aeration methods?

2.0B What treatment process can be used to remove
monium (NH4) from wastewater, but not total n.t;,/-
gen?

2.1 PURE OXYGEN

2.10 Description of Pure Oxygen Systems

The pure oxygen system (Fig. 2.1) is a modification of the
activated sludge process (Fig. 2.2). The main difference is
the method of supplying dissolved oxygen to the activated
sludge process. In other activated sludge processes, air is
compressed and released under water to produce an air-
water INTERFACE' that transfers oxygen into the water
(dissolved oxygen). If compressed air is not used, surface
aerators agitate the water surface to drive air into the water
(dissolved oxygen) to obtain the oxygen transfer. In the pure
oxygen system, the only real differences are that pure
oxygen rather than air is released below the surface or
driven into the water by means of surface aerators and the
aerators are covered.

In the pure oxygen system, oxygen is first separated from
the air to produce relatively high- purity oxygen (90 to 98 per-
cent oxygen) Pure oxygen is applied to the wastewater as a
source of oxygen for the microorganisms treating the wastes.
As with forced-air activated sludge systems, the pure oxygen
must be dnven into the water. This is accomplished by a dif-
fuser mechanism or by mechanical agitation consisting of
TURBULENT MIXERS2 and surface aerators. The agitators
also supply the energy to mix the reactor (aeration tank) con-
tents to distribute the waste food (measured as BOD or COD)
to the activated sludge microorganisms in the mixed liquor
suspended solids (MLSS) and to prevent buildup of MLSS
deposits in the reactor.

The pure oxygen reactors are staged (divided into two to
five sections by baffles as shown in the three-stage system
on Fig. 2.3) and are completely covered to provide a gas-
tight enclosure. The wastewater, return sludge, and oxygen
are fed into the first stage. The mixed liquor and atmosphere
above it flow in the same direction K,in the first stage to the
last.

' Interlace. The common boundary layer between two fluids such as a gas (air) and a liquid (water) or a liquid (water) and another liquid (oil).
2 Turbulent Mixers. Devices that mix air bubbles and water and cause turbulence to dissolve oxygen in water.
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When pure oxygen is driven into the water, it behaves similar
to air and the bubbles rise to the water surface. During this rise
to the surface, only a small portion of the oxygen is absorbed
into the mixed liquor. Covering the reactor and sealing it from
the outside atmosphere allows the oxygen that is not dissolved
into the water (mixed liquor) to be used again. This contained
gas over the water is still relatively high in oxygen concentra-
tion, the main contamination consisting of carbon dioxide gas
given off by the respiration (breathing) of the activated sludge
microorganisms and the nitrogen stripped from the incoming
wastewater. The number of stages and the methods of contact-
ing the liquid and oxygen vary from one system to another. In
one type of design, the oxygen-rich gas that accumulates in
the space between the mixed liquor water surface and the roof
of the reactor is removed, compressed, and recycled back to
the diffuser of the reactor. In another type of design, surface
aerators are used to drive the oxygen-rich gas into the water.
In deep reactors (40 feet or 12 m), the surface aerator device
may also be equipped with an extended shaft and submerged
impeller to keep the tank contents well mixed. A third type of
design incorporates both submerged diffusers and surface
aeration. Some reactors vent the excess oxygen along with 'he
carbon dioxide. Uncovered reactors skim the surface sludge
for wasting.

In all types of design a valve opens automatically and ad-
mits more pure oxygen to the first-stage reactor whenever suf-
ficient oxygen is removed from the gas space of the first-stage
reactor to drop the pressure below the required 1 to 4 inches (2
to 10 cm) of water column pressure. This constantly re-
plenishes the oxygen supply and the pressure is sufficient to
force gas movement through the succeeding stages. This
pressure prevents air from leaking into the reactors, diluting
the oxygen concentration and possibly creating an explosive
mixture. Oxygen leaking from a reactor can create an explo-
: e condition on the roof o; around the reactor. Potentially
explosive conditions inside the reactor from a mixture of hy-
drocarbons and oxygen are avoided by an automatically acti-
vated analysis and purge system.

In each of II- a succeeding stages, the gas above the mixed
liquid in that stage is reinjected into the mixed liquor of the
same stage (by compressor or surface aerator). As the
oxygen-rich gas passes from one stage to the next, the
oxygen is used by the activated sludge microorganisms and
the atmosphere becomes more and more diluted by the
carbon dioxide produced by the organisms and nitrogen
STRIPPED3 from solution. The last stage in the reactor is
equipped with a roof vent controlled by a valve mechanism
that is called an oxygen vent valve. This valve vents gas from
the last stage to the atmosphere and is normally set to vent
gas when the oxygen concentration drops below 50 percent.
As gas is vented from the last stage, more pure oxygen is
released into the first stage to maintain the desired 1 to 4
inches (2 to 10 cm) of water column pressure.

Two methods are commonly used to produce pure oxygen
One is the Pressure Swing Absorption (PSA) Oxygen Generat-
ing System and the other is the CRYOGEN1C4 Air Separation
Method.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 108.

2 1A Why are the pure oxygen reactors staged?

2.18 How is the pure oxygen diluted as it passes from one
stage to the next stage?

2.11 PSA (Pressure Swing Absorption) Oxygen
Generating System (Fig. 2.4)

The PSA Oxygen Generating System, are usually installed
in smaller plants. They take air from the atmosphere and com-
press it to 30 to 60 psi (2 to 4 kg/sq cm) and cool ',he com-
pressed air in a water-cooled heat exchanger called an after
cooler. The after cooler condenses and removes the moisture
from the air stream. Next the air passes through an adsorbent
vessel filled with a molecular sieve. Under pressure, this
molecular sieve has the ability to adsorb nitrogen and other
impurities from the atmospheric air, thus allowing the remain-
ing pure oxygen to be used in the reactor. While one adsorber
vessel is separating air into oxygen and nitrogen, the other two
vessels are in various stages of desorption (or cleanup). The
cleanup cycle consists of depressurizing and PURGING5 with
some product oxygen. The last step involves pressurizing with
compressed air before going back on stream. During this pro-
cess, product oxygen is flowing continuously to the activated
sludge plant.

The PSA unit can be turned down to 25 percent of its rated
oxygen throughout without a significant loss of efficiency.
Compressor and valve maintenance can be scheduled so as
not to have more than one or two days of downtime per year by
the use of multiple compressors. A backup tank of liquid pro-
vides oxygen after evaporation to handle peak loads or
downtime oxygen demand The switching valves are selected
on the basis of their ability to withstand very severe conditions
over long periods of time.

2.12 Cryogenic Air Separation Method (Fig. 2.5)

Oxygen produced by the cryogenic air separation method
uses low temperature (cryogenic) or refrigeration principles
to separate oxygen from air. Air is filtered, compressed,
cooled to remove moisture, and then routed to the cold box
or "cryo" plant tower. These towers are heavily insulated to
conserve energy by minimizing heat leaks or losses. In Fig.
2.5 all the items contained in the dash-lined box are located
in the "cryo" plant tower.

The reversing heat exchanger primarily removes carbon
dioxide and water. This heat exchanger has two directional gas
flows; one of air going into the tower and the other of nitrogen
being exhausted to the atmosphere. As the flowing air re-
moves carbon dioxide and water, ice will form in the heat ex-
changer and restrict the air flow throur the heat exchanger.
After several minutes of operation, a valve is activated that
interchanges the gas stream flows by reversing the direction of
flow. The nitrogen exhaust is routed through the ink:It air pas-

3 Stnpped Gases. Gases that are released from a liquid by bubbling air through the liquid or by allowing the liquid to be sprayed or tumbled
over media.

4 Cryogenic (cry-o-JEN-nick). Low temperature
5 Purge. To remove a gas or vapor from a vessel, reactor or confined space,_
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sage and thaws the partially blocked passages. A small portion
of the water and carbon dioxide leave as tiny ice particles. The
inlet air then travels through the previous nitrogen exhaust side
until once again the ice builds up in the passage. Again the
valve is activated and switches the routr, of the two gas flows.
This cycle usually varies from five to twenty minutes depending
on the system. The exiting pure oxygen is also heat exchanged
against the inooming air. In this case, however, the passages
are never switzted. This allows the oxygen to remain at high
purity (about 98 percent pure oxygen).

A silica gel trap absorbs any remaining moisture that may
have gotten past the reversing heat exchanger. Trace hydro-
carbons nre also picked up by the gel trap. The clean, cold air
is liquified and separated into oxygen and nitrogen by frac-
tional distillation in a two column arrangement. The lower high
pressure column produces pure liquid nitrogen to use as reflux
(flow back) in the low pressure upper column. Nitrogen, the
most volatile component of air, is taken from the top of the
upper column. Pure oxygen, the less volatile component, is
taken from near the bottom of the upper column. A 98 percent
purity oxygen stream is sent to the activated sludge process
after heat exchange against the incoming air to recover its
refrigeration (cool incoming air). Refrigeration to run the pro-
cess comes from expanding a portion of the cooled and
cleared incoming air through an expansion turbine before it
enters the upper column.

Approximately three percent of the capacity of the oxygen
plant is available as liquid oxygen This liquid can be used to
keep the stored liquid oxygen backup tank full and ready to
supply oxygen during peak loads or plant start-up.

To start an AMBIENT TEMPERATURE6 cryogenic plant pro-
ducing oxygen without liquid oxygen requires about three to
five days. If liquid oxygen is available, a few hours is au that is
required to place the plant in production The oxygen produc-
tion rate of a plant is determined by the oxygen demand in the
activated sludge plant As less production is required, the oxy-
gen plant air compressors are partially unloaded.

Cryogenic plants are usually shut down once a year for ap-
proximately five to seven days for maintenance. During this
period the gel traps are warmed to drive off moisture and hy-
drocarbons. By the use of multiple compressors and opera-
tional maintenance thaws, this downt me can be reduced to
two or three days per year. During downtime, oxygen vapor-
ized from the backup liquid oxygen storage tank is used.
Sometimes in larger plants more than one oxygen producing
facility is supplied to minimize the use of backup liquid oxygen.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 108.

2.1C What two methods are commonly used to produce
pure oxygen'

2.1D What does cryogenic mean'

2.1E How often and for how long are cryogenic plants shut
down for maintenance?

2.13 Process and System Control

P.,re oxygen systems may be used to supply oxygen to any
of the activated sludge process modes conventional, step-
feed, complete mix or contact stabilization.

6 Ambient Temperature (Am-bee-ent). Ternperati,re of the surroundings

2.14 System Start-Up

Pure oxygen system start-up is basically much the same as
starting conventional air systems. Individual components and
starting procedures are usually outlined in the O&M manual or
the manufacturer's literature. Take special care with the reac-
tor because flow and organic loadings must be determined
prior to start-up. Overloading or underloading may cause prob-
lems. Careful review of design data usually provides sufficient
information to initially start the system. After start-up, the sys-
tem is "fine tuned" to prevailing conditions in the wastewater.

2.15 Control Guidelines

1. REACTOR VENT GAS A mixture of unused oxygen
(about 5 to 10 percent of the oxygen supplied), inert gases
and carbon dioxide is cortnually discharged from the last
stage of the reactor. The vent purity, or percentage of oxy-
gen contained in the mixture of gases, is an indicator of
oxygen use efficiency. A low oxygen punty reading (25 per-
cent or below) indicates that sufficient oxygen is not present
and adequate BOD removal may not be accomplished. A
high ptir;ty reading (50 percent or higher) indicates that too
much oxygen is being wasted with the by-product gases. A
manually controlled vent valve is adjusted to control vent
purity If purity is low, the valve could be opened further and
closed down if purity is high. In normal operation (after
start-up), "fine tuning" of this setting usually is not changed
unless there is a drastic change in either the quantity or
strength of the wastewater entering the plant.

2. REACTOR GAS SPACE PRESSURE Gas space pres-
sure is set by controlling the vent rate in the last stage. This
will automatically establish the pressure level throughout
the reactor. Gas pressure will vary to some extent within the
reactor, dropping as more oxygen is vented and rising as
venting is decreased or consumption is reduced. Pressure
is usually preset at two inches (5 cm) water column in the
first stage and the system will automatically feed oxygen at
the required rates to maintain this condition. However, dur-
ing high loading periods, the operator can increase oxygen
transfer and production hv increasing the pressure set point
from 2 to 4 inches (5 to 1 cm) of water column, providing
the vent valve setting is not changed. Relief valves on the
first and last stage of each reactor prevent over-
pressurization Similarly, during periods of unloading, a
vacuum release provided by these same valves prevents a
negative pressure.

3 DISSOLVED OXYGEN A dissolved oxygen probe is
sometimes located in the diversion box prior to the second-
ary clanfer or in the last stage of the reactor. It indicates the
amount of DO in the mixed liquor. Typical oxygen systems
usually operate with a DO range of 4 to 10 mg/L of dis-
solved oxygen. If the organic load increases over an ex-
tended period which would tend to drop the dissolved oxy-
gen level below 4 mg/L, the operator should adjust the vent
valve to a more open position which will increase oxygen
production. Above a DO of 10 mg/L, the amount of oxygen
being produced could be decreased if this is anticipated to
be a long-term condition.

By measuring and monitoring these control guidelines, the
operator can establish the most efficient treatment method on
the basis of plant performance and experience. Operation of
the secondary clarifiers, return rates, wasting rates and other
control guidelines, are much the same for the pure oxygen
system as they are for the conventional air activated sludge
system
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2.16 Process Safety

Potentially explosive or flammable conditions can be present
when pure oxygen gas is mixed with any hydrocarbon such as
gasoline, fuel oil and lubricating oils. In addition to normal
safety devices found on motors, compressors, electrical com-
ponents and control mechanisms, the pure oxygen system
uses safety devices to ensure process safety when working
with oxygen gas. These safety devices are:

1. L.E.L (LOWER EXPLOSIVE OMIT COMBUSTIBLE GAS
DETECTOR) Indicates potential explosive conditions
within the reactor, and analyzes samples collected from the
first and last stage of each train in the reactor. Readings are
made based on all components being analyzed as propane
If a hydrocarbon spill gets through the primary treatment
system without being diverted and causes a reading of
more than 25 percent of the L.E.L., an alarm will sound. The
product valve from the oxygen system will shut down and
air will automatically be directed to the reactor gas space to
PURGE7 the system. The purge will continue until normal
readings are obtained. If the spill is so large that the L.E L
continues to rise to the 50 percent level, in addition to an
alarm sounding, an electrical restart of the purge blower will
occur. The mixers will shut down to stop hydrocarbon strip-
ping and they cannot be restarted until readings below the
10 percent L.E.L. are obtained.

No electrical work is ever installed below the roof nor are
there any metal-to-metal contact potentials present. The
mixers pass through the roof through a water seal. This
eliminates the potential for sparks and a source of ignition
By eliminating sources of ignition and any chance of ignita-
ble mixtures, the chances of an explosion become virtually
zero. To date the safety record at activated sludge plants
using pure r xygen has been excellent. Also, having a deck
(roof) over the reactor provides a safe and easily accessible
place for maintenance work and further minimizes the
chances of having accidents.

One way to help prevent explosive conditions from
developing is to install a Lower Explosive Limit (L E L )
Combustible Gas Detector in the plant headworks. This de-
tector should trigger an alarm whenever hydrocarbons
reach the headworks so action can be taken to prevent
hydrocarbons from reaching reactors containing pure oxy-
gen Wastewater containing hydrocarbons can be diverted
to emergency holding ponds if available.

2. LIQUID OXYGEN (STORAGE TANK) LOW TEMPERA-
TURE ALARM Provides an alarm and shutdown of the
liquid storage system in the event heated water recircula-
tion within the vaporizer reaches a low temperature level A
temperature monitor measures temperature levels of the
oxygen gas and if .e vapor falls below -10 degrees
Fahrenheit (-23°C), in alarm will sound on the instrument
panel. At an indication of -20 degrees Fahrenheit (-29°C),
the liquid system will shut down until the temperature re-
turns to normal conditions, but must be manually reset.

3. EMERGENCY TRIP SWITCH In the event that any
other unsafe condition should arise within the compres-
sor system, liquid oxygen system or electrical panels, an
emergency trip switch may be manually pulled. When
pulled, the entire oxygen system shuts down and must be
reset manually and each major piece of equipment re-
started. This safety switch is not commonly used. It is
only used as a last resort if safety systems fail or a major
problem exists within the system which threatens the well
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being and the safety of personnel. This switch is usually
located away from a source of danger As with any
treatment plant, the operator must follow precau-
tions established by the manufacturers and design engi-
neers. Caution and warning signs should be posted in
areas where danger is present.

2.17 Operator Safety

Special safety rules must be applied when operating and
maintaining pure oxygen systems because of the unique prop-
erties of high purity oxygen. Cold liquid oxygen. (LOX) can
cause skin burns. Al:iays wear rubber gloves and protective
clothing when taxing liquid oxygen samples from columns.
This is the only time operators need to handle liquid oxygen.

Pure oxygen supports and accelerates combustion more
readily than air. Therefore, all types of hydrocarbons and other
flammable materials must be kept from mixing with the oxygen.
The following precautions are intended to eliminate the possi-
bility of combustion and explosions.

i . Special non-hydrocarbon lubricants as specified by the
manufacturer should be used for equipment in contact with
oxygen.

2. Tools and equipment must be specially designed to be
compatible for use in oxygen service

3. Flammable materials must be kept far away from oxygen
systems and storage tanks.

4. Grease and oil must be removed from tools and equipment
by the use of a solvent such as chloroethane

5. Smoking and open flames are prohibited near oxygen sys-
tems and storage tanks.

Liquid oxygen is delivered by specially designed trucks and
transferred by specially trained technicians Therefore, the
chances of liquid oxygen spills are remote. If a liquid oxygen
spill occurs, the liquid could saturate a combustible material
and this material could ignite or explode. Ignition can be
caused by hot objects, open flames, glowing cigarettes, em-
bers, sparks, or impact such as might be caused by striking
with a hammer, dropping a tool or scuffing with your heel.
Typical combustible materials that are dangerous when satu-
rated with spilled liquid oxygen include asphalt in black top
pavements, humus in soil, oil or grease on concrete floors or
pavements, articles of clothing, or ANY OTHER SUBSTANCE
THAT WILL BURN IN AIR. Any equipment involving liquid oxy-
gen should be constructed on a concrete pad to avoid the
potential of soaking a black top surface with liquid oxygen.

Every possible effort must be made to prevent the spillage of
liquid oxygen. If a spill does occur, the following procedures
must be followed:

1. No one may set foot in any area still showing frost marks
from an oxygen spil;.

2. The affected area .must be roped off as soon as possible.
When rope, barricades and signs are not immediately
available, someone must stay at the area to warn other
perso.,s of the hazard.

3. No tank car or truck movements are allowed over an area
still showing frost marks from an oxygen spill.

These procedures apply to any oxygen spillage on any sur-
face, including cement, gravel, black top, or dirt either inside
buildings or outdoors NO ONE IS ALLOWED TO STEP ON
ANY AREAS WHERE FROST MARKS EXIST FROM A SPILL

Purge. Remove pure oxygen from the reactors and attempt to dilute hydrocarbon vapors to below the explosive limit
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2.18 Pure Oxygen System Maintenance

Maintenance of a pure oxygen production system is spe-
cialized for the specific equipment. However, this equipment is
similar to the equipment found in other types of activated
sludge plants, including air compressors, valves and instru-
ments. Manufacturers commonly aid the operator during
start-up with training sessions and field work. A maintenance
contract with the supplier can be used to provide the technical
services needed. As with any large scale production system,
equipment preventive maintenance ensures proper operation
and greater efficiency.

V

cr

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 108.

2.1F What special measures are used to control pure oxy-
gen systems?

2 1G How can hydrocarbons be detected before they reach
the reactor?
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Please answer the di, .;ussion and review questions before
continuing with Lesson 2.

DISCUSSION AND REVIEW QUESTIONS
(Lesson 1 of 4 Lessons)

Chapter 2. ACTIVATED SLUDGE

At the end of each lesson in this chapter you will find some
discussion and review questions that you should answer be-
fore continuing. The purpose of these questions is to indicate
to you how well you understand the material in this lesson.
Write the answers to these questions in your notebook before
continuing.

1 Why does the pure oxygen process normally use covered
reactors?

63

2 How is pure oxygen separated from impurities and other
gases in the PSA system?

3 What safety hazard; might an operator encounter when
working around a pule oxygen system?

4. What safety systems are found around pure oxygen sys-
tems to protect operators and equipment?



CHAPTER 2. ACTIVATED SLUDGE

(Lesson 2 of 4 Lessons)

NOTE: The next two lessons, Section 2.2, Reliirn Activated
Sludge, and Section 2.3, Waste Activatea Sludge, are
provided to familiarize you with different ways to
control both the pure oxygen and air activated sludge
processes. YOU, the operator, will have to determine
which ways will work best for your plant. Once a
particular procedure is selected, EVERY OPERATOR
ON EVERY SHIFT MUST FOLLOW THE SAME PRO-
CEDURE. If the procedure does not produce satis-
factory results, then new procedures must De devel-
oped and tested for everyone to follow.

Abbreviations used in this section include:

1. MLSS, Mixed Liquor Suspended Solids, mg/L.

2. MLVSS, Mixed Liquor Volatile Suspended Solids, mg/L

3. RAS, Return Activated Sludge, mg/L.

4. F/M, Food to Microorganism Ratio, lbs BOD or COD added
per day per lb of MLVSS or kg/day per kg MLVSS.

5. Q, Flow, MGD or cu nVsec.

2.2 RETURN ACTIVATED SLUDGE

2.20 Purpose of Returning Activated Sludge

To operate the activated sludge process efficie fitly, a
properly settling mixed liquor must be achieved and main-
tained. The mixed liquor suspended solids (MLSS) are
settled in a clarifier and then returned to the aeration tank as
the Return Activated Sludge (RAS) (Fig. 2 6). The RAS
makes it possible for the microorganisms to be in the
treatment system longer than the flowing wastewater. For
conventional activated sludge operations, the RAS flow is
generally about 20 to 40 percent of the incoming wastewater
flow. CHANGES IN THE ACTIVATED SLUDGE QUALITY
WILL REQUIRE DIFFERENT RAS FLOW RATES DUE TO
SETTLING CHARACTERISTICS OF THE SLUDGE. Table
2.1 shows typical ranges of RAS flow rates for some
activated sludge process variations.

2.21 Return Activated Sludge Control

Two basic approaches that can be used to control the RAS
flow rate are based on the following.

1 Controlling the RAS flow rate independently from the in-
fluent flow; and

2. Controlling the RAS flow rate as a constant percentage of
the influent flow.

2.210 Constant RAS Flow Rate Control

Setting the RAS at a constant flow rate that is independent of
the aeration tank influent wastewater flow rate results in a
continuously changing MLSS concentration. The MLSS will be
at a minimum during peak influent flows and at a maximum
during low influent flows. This occurs because the MLSS are
flowing into the clarifier at a higher rate during peak flow when
they are being removed at a constant rate. Similarly, at
minimum influent flow rates, the MLSS are returned to the
aeration tank at a higher rate than they are flowing into the
clarifier. The aeration tank and the secondary clarifier must be
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TABLE 2.1 A GUIDE TO TYPICAL RAS FLOW RATE
PERCENTAGES

Typo of Activated Sludge
Process

RAS Mort Rate as Percent of Incoming
Wastewater Flow to Aeration Tank

Minimum Maximum

Standard Rate 15 75

Carbonaceous Stage of Separate 15 75
Stage Nitutication

Step-Feed Aeration 15 75

Contact Stabilization 50 150

Extended Anration 50 150

Nitrification State of Separate 50 200
Stage Nitnfication

a RECOMMENDED STANDARDS FOR SEW/1'1E WORKS (10
STATE STANDARDS), Great Lakes-Upper Mississippi River Board
of State. Sanitary Engineers, 1978 Edition, published by Health Edu-
cation Service, Post Office Box 7126, Albany New York 12224.
Price, $1.75 plus 48' for shipping and handling charges

looked at as a system in which the MLSS are stored in the
aeration tank during minimum wastewater flow and then trans-
ferred to the clarifier as the wastewater flows initially increase.
In essence, the clarifier has a constantly changing depth of
sludge blanket as the MLSS moves from the aeration tank to
the clarifier and vice versa. The advantage of using this ap-
proach is simplicity, because it minimizes the amount of effort
for control. This approach is especially effective for small
plants with limited flexibility

2.211 Constant Percentage RAS Flow Rate Control

The second approach to controlling RAS flow rates requires
a programmed method for maintaining a constant percentage
of RAS flow to the aeration tank influent wastewater flow rate.
The program may consist of an automatic flow-measurement
device, a programmed system, or frequent manual adjust-
ments. The programmed method is theoretically designed to
keep the MLSS more constant through high and low flow
periods.

2.212 Comparison of Both RAS Control Approaches

The advantages of the constant RAS flow approach are the
following:

1 Simplicity.

2. Maximum solids loading on the clarifier u,curs at the start of
peak flow periods.

3. Ret Jires less operational time

The advantages of the constant percentage RAS flow ap-
proach are the following:

1. Variations in the MLSS concentration are reduced and the
F/M ratio varies less.

2 The MLSS will remain in the clarifier for shorter time periods
which may reduce the possibility of denitrification in the
clarifier.
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A limitation of using the constant flow approach is that the
F/M ratio is constantly changing. The range of F,'M fluctuation
due to short-term variations in the MLSS (because of hydraulic
loading) is generally small enough so that no significant prob-
lems arise.

The most significant limitation of the constant percentage
flow approach is that the clarifier is subjected to maximum
hydraulic loading when the reactor contains the maximum
amount of sludge. This may result in solids washout with the
secondary effluent.

In general, it appears that most activated sludge operations
perform well and require less attention when the constant RAS
flow rate approach is used. In many plants it is much simpler
for the operator to let the MLSS fluctuate, as long as adequate
treatment can be maintained. Larger, more complex plants
may have to vary the RAS to keep the MLSS close to the target
value. Activated sludge plants with flows of 10 MGD (37,850 cu
m/day) or less often expenence large hydraulic surges and
performance of these plants will benefit the most from the use
of the constant RAS flow rate approach.

Procedures for monitoring and maintaining RAS flow rates
are presented in Table 2 2. The operator may develop
detailed standard operating procedures for treatment plants
by using this table.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 108.

2 2A What words do the letters in the following abbrevia-
tions represent?

1. MLSS 3. RAS
2. MLVSS 4. F/M

B What are the two basic approaches that can be used
to control the RAS flow rate?

.22 Methods of RAS Flow Rate Control
For either RAS flow rate control approach discussed above,

there are a number of techniques which may be used to set the
rate of sludge return flow The most comronly used tech-
niques are listed below

1 Monitoring the depth of the sludge blanket

2. Settleability approach, and

3. SVI approach.

2.220 Sludge Blanket Depth
Monitoring the depth of the sludge blanket in the clarifier is

the most direct method available for determining the RAS flow
rate The sludge blanket depth and uniformity may be checked
by any of the following methods

1. A series of air lift pumps mounted within the clarifier at
various depths;

2. Gravity flow tubes located at various depths,

3 Electronic sludge level detector (a light source and photo-
electric cell attached to a graduated handle or drop cord
The photo-electric cell actuates a buzzer when in contact
with the sludge);

4. Sight glass finder (a graduated pipe with a light source and
sight glass attached to the lower end),

5. Plexiglass core sampler; and

6. Some type of portable pumping unit with a graduated suc-
tion pipe or hose (siphon).
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The blanket depth should be kept from one to three feet (0.3
to 1 m) as measured from the clanfier bottom at the sidewall.
The operator must check the blanket depth on a routine basis,
making adjustments in the RAS to control the blanket depth.

If it is observed that the depth of the sludge blanket is in-
creasing, however, an increase in the RAS flow can only solve
the problem on a short-term basis. Increases in sludge blanket
depth may result from naving too much activated sludge in the
treatment system, and/or because of a poorly settling sludge.
Long-term corrections must be made that will improve the set-
tling characteristics of the sludge or remove the excess solids
from the treatment system. If the sludge is settling poorly, in-
creasing the RAS flew may even cause more problems by
further increasing the flow through the clarifier If the sludge is
settling poorly due to bulking, the environmental conditions for
the microorganisms must Le improved. If there is too much
activated sludge in the treatmers1 system, the excess sludge
must be wasted.

Measurements of the sludge blanket depth in the clarifier
should be made at the same time each day. The best time to
make these measurements is dunng the perInci of maximum
daily flow because the clanfier is operating under the highest
solids loading rate. The sludge blanket should be measured
daily, and adjustments to the RAS rate can be made as neces-
sary. Adjustments in the RAS flow rate should only be needed
occasionally if the activated sludge process is operating prop-
erly.

An additional advantage of monitoring the sludge blanket
depth is that problems, such as improperly operating sludge
collection equipment, will be observed due to irregulanties in
the blanket depth. A plugged pickup on a clarifier sludge collec-
tion system would cause sludge depth to increase in the area
of the pickup and decrease in the areas where the properly
operating pickups are located These irregularities in sludge
blanket depth are easily monitored by measuring profiles of
blanket depth across the clarifier.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 108.

2 2C The sludge blanket depth should be kept to less than
what portion or fraction of the clarifier sidewall water
depth?

2.2D When should the sludge blanket depth be measured
and why?

2.221 Settleability Appr'ach

Another method of cz ig the RAS flow rate is based
on the results of the 3G lute settling test. Setilzability is
defined as the percentage of volume occupied by the sludge
after settling for 30 minutes. Test is run on a sample
collected from the aeration basin effluent.

EXAMPLE

Determine the return activated sludge (RAS) flow as a per-
centage of the influent flow and in MGD when the influent flow
is 7.5 MGD (28,390 cu miday) and the sludge settling volume
(SV) in 60 minutes is 275 ml/L

Known Unknown

Intl Flow, MGD = 7.5 MGD 1 RAS Flow as a Percent
or Intl. Flow, %

SI Sat Vol (.,V), mil = 275 ml/L 2. RAS Flow, MGD
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TABLE 2.2 STANDARD OPERATING PROCEDURES FOR RAS CONTROL

PROCESS RAS
CO'::ROL
METHOD

MODE OF
OPERATION

WHAT TO
CHECK

FREQUENCY
OF

ADJUSTMENT

WHEN TO
CHECK

CONDITION PROBABLE
CAUSE

RESPONSE

Coenpieto
Mix or
Plug Flow

Constant Flow Manuel Sludge Blanket Daily Every 8 Hours High
Satisfactory
Low

Low RAS Rate

High RAS Rate

Increase Return
Continued Monitoring
L' crease Return

Constant %
of Influent
Flow

Manual % of Influent
Flow

2 Hrs Every 2 His High
Satisfactory
Low

Vanaboos
in Daily
Influent
Row

-0/ust to 0e51100
% of Influent Flow

Sludge Blanks! Daily Every 8 Hrs High

Satisfactory

Low

% of Flow
To Low

S of Flow
T00 High

Increase % of Flow

Continue Morelonng

DoCrOSSO % 01 Flew

Constant %
of Influent
Row

Automatic Sludge Blanket Deity Every 8 His High

Satisfactory

Low

S of Row
Too Low

% of Row
T00 High

Increase''. of Flow

..tontinue Monitonng

Decrease % of Flow

Control by
Sludge
Blanket
Level

Automatic Sludge Blanket Daily Every 8 His High or Low

Satisfactory ---,
High Ratio

Satisfactory

Low Ratio

Controller
Mall unction

Fix Controller or
Manually Adjust
Accordingly

Continue Monitonng
Reiteration

or

Contact
Stabdi
zstion

Constant %
of Flow

Automatic Ratio of
MLSS/RAS"
(Centrifuge
Test)

Every 2 His Every 2 His Return Too
High

Return too
low

Decrease Return

Continue MonItonog

Increase Holum

1 Calculate P.AS flow as a % of influent flow

SV. milL x 100%RAS glow, % =
1,000 milL SV, MIL

275 milL x 100°/0

1,000 ml/L 275 m111.

275 mlil. x 100%

725 mill

= 38% of influent flow rate

2 Calculate FiAS Flow. MGD

RAS Row, MGD = RAS Row, decimal x Intl Flow, MGD

= 0 38 x 7 5 MGD

= 2 6 MGD x 694 GPM/MGD*

= 1,945 GPM

The settleability method assumes that measurements made
with a laboratory settling cylinder will accurate4 reflect the
settling in a clarifier. This assumption will seldom (if ever) be
true because of the effect, of the cyli.,de: walls and the quies-
cent (still or lack of turbulence) nature of the liquid in the cylin-
der Some operators have found that gently stirring (1-2 rpm)
the sludge dunng the settling test reduces these problems.

This is a factor for converting MGD to GPM
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Another way to calculate the RAS flow as a percentage of
the influent flow is by using the chart in Fig. 2.7 below. First,
locate the SV value (from the 60-minute sludge settling test

275 ml/L) on the bottom scale. Draw a vertical line up to
the curve and a horizontal line from that point to the left
vertical axis. The value (38%) is the RAS flow as a percent-
age of the influent flow. To find the RAS flow in MGD,
multiply the R/Q value (0.38) by Q (7.5 MGD).

on

dO

60

40

20

0

R-_
0

SV x 100

1600 - SV

....1,..1010 I= MO OM I= 1011 MO I=

1 1 I 1-at 211111, 1B 1 It

100 200 300

5V,SETTLE0 VOLUME.m1/1

400

Fig. 2.7 Chart for calculating return sludge flow

500

2.222 SVI8 Approach

To determine the RAS flow rate using the Sludge Volume
Index ;SVI), it is necessary to include the settleability ap-
proach. Therefore, this method is subject to the same limita-
tions as the settleability method.

As you can see by the following example, the SVI method
uses the Sludge Volume Index to estimate the suspended sol-
ids concentration of the return activated sludge (RAS). In cal-
culation #1, RAS Suspended Solids = 8,333 mg/L. This value
(8,333 mg/L) is then used to find the RAS flow rate (calculation
02, 2.4 MGD). Next, the RAS flow as a percentage of influent
flow (calculation #3 in the example; 32%)

EXAMPLE

Determine the return activated sludge (RAS) flow in MGD
and as a percentage of influent flow when the influent flow is
7.5 MGp (28,390 cu m/day), the mixed liquor suspended sol-
ids (MLSS) are 2,000 mg/L and the SVI is 120.

Known
Intl. Flow, MGD
MLSS, mg/L
SVI

= 7.5 MGD
= 2,000 m3JL
= 120

Unknown
1. RAS Flow, MGD
2. RAS Flow as a percent

of Intl. Flow, %
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1. Calculate the RAS suspended solids based on the SVI.

RAS Susp. Sol , mg/L = 1,000,000

SVI

= 1,000,000

120

= 8,333 mg/L

2. Calculate RAS Flow, MGD, based on SVI.

RAS Flow, MGD = Intl. Flow, MGD x MLSS, mg/L

RAS Susp. Sol., mg/L - MLSS, mg/L

7.5 MGD x 2,000 mg/L

8,333 mg/L 2,000 mg/L

15,000 MGD my/L

6,333 mg/L

= 2.4 MGD

3. OP.Lulate the RAS flow as a % of influent flow.

RAS Flow, % = RAS Flow, MGD x 100%

Intl. Flow, MGD

2.4 MGD x 100%

7.5 MGD

= 32% of influent flow

The real value in the SVI is not in calculating the RAS flow,
but in its use as a process stability indicator. Changes in the
SVI at a constant MLSS are more important than the SVI
value. Never be concerned too much about comparing the SVI
of different treatment plants because the SVI value that indi-
cates good operation in one plant may not necessarily apply to
good operation in other plants. In general, typical pure oxygen
activated sludge plants have SVIs tom 50 to 100 and air acti-
vated sludge plants have SVIs from 100 to 300.

2.23 Return Rates with Separate Sludge Reaeration

In the sludge reaeration (contact stabilization) variation of
the activated sludge process, the return sludge rate is much
more significant. This is true because the rate of return
directly affects the ratio of sludge concentration between the
contact portion of the process and the stabilization or
reaeration portion. Generally, a higher rate of return will shift
solids from the stabilization portion of the process to the
contact portion of the process. Adequate theories for mak-
ing rational adjustments of the contact/stabilization ratio are
just becoming available, and, at this point, the operator must
depei.d on crude rules of thumb or on operating experience
to determine which levels are appropriate. These rules of
thumb include the following:

1. The suspended solids concentration in the reaeration por-
tion will eventually equal the RAS suspended solids con-
centration. Therefore, the RAS flow rate should be con-
trolled on the basis of maintaining the desired suspended
solids concentration in the re-aeration portion of the pro-
cess.

8 Sludge Volume Index (SVI) This tes: ,s used to indicate the settling ability cf activated sludge (aerated solids) in the secondary clarifier. The
test is a measure of the volume of sludge compared with its weight Allow the sludge sample from the aeration tank to settle for 30 minutes.
Then calculate SVI by dividing the volume (ml) of wet settled sludge by the weight (mg) of that sludge after it has been dried. Sludge with ar,
SVI of one hundred or greater will not settle as readily as desirable because it is as light as or lighter than water

SW Wet Settled Sludge, ml x 1000
Dried Sludge Solids, mg
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TABLE 2.3 EFFECTS OF CHANGES ON RETURN SLUDGE AERATION TIME (RSAT)

PROCESS CONTROL GUIDELINES CHANGE MADE EFFECT ON SVI EFFECT ON NITRIFICATION

Increase Decrease Increase Decrease

Step Change Increase RSAT

Decrease RSAT

Return Sludge Flow Increase

Decrease

Process Air Rate
(D.0 )

Increase .

Decrease .

Plant Loading

lb. COD or BOD per
lb total plant MLVSS

Increase

Increase
Plant 0 . .

Decrease
MCRT

Decrease

Decrease
Plant 0 .

Increase
MCRT

NOTE:
I Changes made in the aeration system are reflected :t the secondary clanfiers by how well the sludge settles.
2 When making a process change you must consider what changing one control guideline does to the others.

EXAMPLE: a. An increase in the return sludge flow will decrease the Return Sludge Aeration Time (RSAT).
b An increase in the process air rate is like increasing the RSAT.
c. An increase in plant 0 can result in a return sludge increase.
d An increase in the return sludge flow can cancel a step change that was made to increase the RSAT

2. The contact portion suspended solids concentration may be
determined by the following formula:

Contact MLSS. mg/L RAS Flow, MGD x RAS Susp Sol , mg/L
=

Intl Flow. MGD + RAS Flow, MGD

3. RAS flow may be determined by the following formula:

RAS Flow, MGD Intl. Flow, MGD x MLSS, mg/L=
RAS Susp Sol , mg/L MLSS, mg/L

4 If the SVI remains constant or begins to drop, it indicates
that the solids inventory in the process may be too high
and wasting should be increased. lithe SVI increases in
conjunction with a rising sludge blanket in the clarifier,
sludge bulking may occur. Refer to Table 2.3 for some
suggested solutions under these conditions.

2.2" Acknowledgement

This section was adapted from PROCESS CONTROL
MANUAL FOR AEROBIC BIOLOGICAL WASTEWATER
TREATMENT FACILITIES, Municipal Operations Branch, Of-
fice of Water Program Operations, Washington, D.C. 20460.

QUESTIONS
Write your answers in a notebook and then comria;c ,our

answers with those on pages 108 and 109.

2.2E What techniques are used to determine the rate of
RAS flow9

2.2F How long Is the sludge allowed to settle in the settle-
ability test9

2.2G Calculate the return activated sludge (RAS) flow rate
in MGD when the influent flow is 4 MGD and the
sludge settling volume (SV) in 30 minutes is 250 ml.

end. of 1,e66ovt 2 all 1.0oviG
ova

alVAler) 51.t.1 QM

Please answer the discussion and rt -)w questions before
continuing with Lesson 3.
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DISCUSSION AND REVIEW QUESTIONS

(Lesson 2 of 4 Lessons)

Chapter 2. ACTIVATED SLUDGE

Write the answPrs t., these questions in your notebook be-
fore continuing. The question numbering continues from Les-
son 2.

5. What are the advantages of the constant RAS flow ap-
proach and the constant percentage RAS flow approach?

6. Different RAS flow rates will be required as the result of
what two activated sludge conditions?
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7. What is the difference between the method of RAS control
and the rate of RAS control?

8. Why is the following statement true and how can this prob-
lem be corrected on a long-term basis? If you observe that
the depth of the sludge blanket is increasing, an increase in
the RAS flow can only solve the problem on a short-term
basis.

CHAPTER 2. ACTIVATED SLUDGE
(Lesson 3 of 4 Lessons)

Abbreviations used in this section include.

1. RAS, Return Activated Sludge

2. WAS, Waste Activated Sludge

3 MCRT, Mean Cell Residence Time

4. MLVSS, Mixed Liquor Volatile Suspended Solids

2.3 WASTE ACTIVATED SLUDGE

2.30 Purpose of Wasting Activated Sludge

One of the most important controls of the activated sludge
process is the amount of activated sludge that is wasted. The
amount of waste activated sludge (WAS) removed from the
process affects all of the following items:

1. Effluent quality,

2. Growth rate of the microorganisms,

3. Oxygen consumption,

4. Mixed liquor settleability,

5 Nutrient quantities needed,

6. Occurrence of foaming/frothing, and

7. Possibility of nitrifying.

The objective of wasting activated sludge is to maintain a
balance between the microorganisms under aeration and the
amount of incoming food as measured by the COD or BOD
test. When microorganisms remove BOD from wastewater, the
amount of activated sludge increases (microorganisms
grow and multiply). The rate at which these microorganisms
grow is called the growth rate and is defined as the increase in
the amount of activated sludge that takes place in one day.
The objective of sludge wasting is to remove just the amount of
microorganisms that grow in excess of the microorganism
death rate. When this is done, the amount of activated siedge
formed by the microorganism growth is just balanced by that
which is removed from the process. This allows the total
amount of activated sludge in the process to remain somewhat
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constant. This condition is called "steady-state" a id is a desir-
able condition for operation. However, "steady-state" can only
be approximated because of the variations in the natur' and
quantity of the food supply (BOD) and of the microoroanism
population. The objective of process control is to approach a
particular "steady-state" by controlling any one or a combina-
tion of the following control guidelines

1 Sludge Age

2. F/M or Food to Microorganism Ratio

3 MCRT, Mean Cell Residence Time

4 Volatile Solids Inventory

5. MLVSS Concentration

The best mode of process control will produce a high quality
effluent which meets NPDES permit requirements with consis-
tent treatment results at a minimal cost.

Wasting of the activated sludge (Fig. 2.6, page 54) is
usually achieved by removing a portion of the RAS flow. The
waste activated sludge is either pumped to thickening or
dewatering facilities and then to a digester or incinerator, or
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to the primary c'arifiers where it is pumped to digester with
the raw sludge. Procedures for making WAS adjustments
are presented in Table 2.4 which the operator may use to
develop standard operating procedures for a treatment
plant.

An altemate method for wasting sludge is taking it from the
mixed liquor in the aeration tank. There are much higher con-
centrations of suspended matter in the RAS than there are in
the mixed liquor. Therefore, when wasting is practiced from the
aeration tank, larger sludge handling facilities are required.
Wasting from the RAS takes advantage of the gravity settling
and thickening of the sludge that occurs in the secondary
clarifier. However, wasting from the aeration tank has the ad-
vantage of not wasting excessive amounts of sludge since a
large quantity of mixed liquor is involved. The extra security of
wasting from the aeration tank should not be underestimated.
Unfortunately, many plants do not have the flexibility to waste
from the aeration tank nor are there sufficient sludge handang
facilities to handle the more dilute sludge.

2.31 Methods of Sludge Wasting

Wasting of the activated sludge can be accomplished on an
intermittent or continuous basis. The intermittent wasting of
sludge means that wasting is conducted on a batch basis from
day to day.

2.310 Sludge Age 0....eio/

Sludge age is a measure of the length of time a particle of
suspended solids has been undergoing aeration in the acti-
vated sludge process. As you can see in this formula for cal-
culating sludge age, it is based GA a ratio between the solids in
the aeration tank and the solids in the incoming wastewater.

Sludge Age,. Suspended Solids Under Aeration, lbs or kg
days &isponded Solids Adued, lbs/day or kg/day

Using sludge age as a control technique, the operator
wastes just enough sludge to maintain the sludge age which
produces the best quality effluent. In most activated sludge
plants, sludge age ranges from 3 to 8 days. Difficulties are
commonly experienced using the sludge age control technique
when the BOD or COD to solids ratio in the wastewater
changes. This is because sludge age is based on the assump-
tion that the BOD (or COD)/solids ratio is fairly constant. By
realizing that the BOD or COD to solids ratio does change ant,
adjusting the sludge age when the ratio changes, the sludge
age is a useful process control technique. Calculate the sludge
age as shown in the following example.

EXAMPLE

Determine the sludge age for an activated sludge plant with
an influent flow of 7.5 MGD (28,390 cu m/day). The primary
effluent suspended sol;ds concentration is 100 mg/L. Two aer-
ation tanks have a volume of 3.6 MG (2,270 cu m) each and a
mixed liquor suspended solids (MLSS) concentration of 2,200
mg/L.

Known

Intl. Flow, MGD

Prim. Effl SS, mg/L

Tank Vol., MG

MLSS, mg/L

No. of tanks

= 7.5 MGD

= 100 mg/L

= 0 6 MG,'tank

= 2,200 mg/L

= 2 tanks

TABLE 2.4 STANDARD OPERATING PROCEDURES FOR WAS CONTROL

Unknown

Sludge Age, days

METHOD OF
CONTROL

PROCESS
OPERATION

WHAT TO
CHECK

WHEN TO
CHECK

CALCU-ATIONS FREQUENCY OF
ADJUSTMENT

CONDITIONS PROBABLE
CAUSE

RESPONSEa

F/M HIGH RATE

CONVENTIONAL
RATE

EXTENDED
AERATION

MLVSS &
INFI UENT
COD

DAILY

F/M BASED ON
7 DAY AVG COD

DAILY

ACTUAL F/M
HIGH

SATISFACTORY

LOW

EXCESSIVE
WASTING

INSUFFICIENT
WASTING

REDUCE WAS

;NCREASE
WAS

7 DAY AVG MLVSS

MLVSS HIGH RATE

CONVENTIONAL
RATE

EXTENDED
AERATION

MLVSS &
INFLUENT
COO OR
BOD

DAILY
VOLATILE
SOLIDS
INVENTORY DAILY

ACTUAL
MLVSS
HIGH

SATISFACTORY

LOW

INSUFFICIENT
WASTING

EXCESSIVE
WASTING

INCREASE
WAS

REDUCE WAS

MCRT HIGH RATE

CONVENTIONAL
RATE

EXTENDED
AERATION

MSS,
WASss,

Owes. &
EFFLs,

DAILY

7 DAY AVGb
SOLIDS INVENTORY

7 DAY AVERAGEb OF
SOLIDS IN WAS

7 DAY AVERAGEb OF
SOLIDS IN EFFLUENT

DAILY

ACTUAL MCRT
HIGH

SATISFACTORY

LOW

ASUFFICIENT
WASTING

EXCESSIVE
WASTING

INCREASE
WAS

REDUCE WAS

SLUDGE
AGE

HIGH RATE

CONVENTIONAL
RATE

EXTENDED
AERATION

INFLUENT
SS. & MLSS

DAILY
7 DAY AVG OF
SS INVENTORY &
SS IN INFLUENT

DAILY

ACTUAL SA
HIGH

SATISFACTORY

LOW

INSUFFICIENT
WASTING

EXCESSIVE
WASTING

INCREASE
v.,S

REDUCE WAS

a Response Ca:cutztons chc.te. be made to determine the *AS le' ; However, when increasing or decreasing daily WAS rates, any changes should nut exceed 10 to 15 percent of the
previous days WAS rate. This us necessary to allow the process to stahibze

b When calculably the MCAT, determine the desired MCRT (7 day...) and use the moving average for the number of days (7 days) in thedesired MCRT
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Sludge Age, says = Solids under aeration, lbs

Solids added, lbs/day

1. Calculate the solids under aeration, lbs.

No Tank Vol
Solids under Tanks MG tank MLSS mg L 8 34 lbs gal

aef awn. lbs 2 tanks 0 6 MG tank 2200 mg L 8 34 lbs gal

22.000 Ibs

2. Calculate the solids added, lbs/day

Solids added.
lbs day

Intl slow MGD Prim Effl SS mg L 8 34 lbs gal

7 5 MGD 100 mg L 8 34 lbs gal

6,255 lbs day

3. Determine sludge age, days.

Sludge Age Solids under aeration lbs

days Solids added, lbs/day

22 000 lbs

6 255 lbs day

3 5 days

Calculate the waste activated sludge (WAS) flow rate using
the sludge age control technique as shown in the following
example.

EXAMPLE

Determine the waste activated sludge (WAS) flow rate in
MGD for an activated sludge plant that adds 0,255 lbs (2,837
kg) of solids per day (from previous problem). The solids under
aeration are 33,075 pounds (15,000 kg), the return activated
sludge (RAS) suspended solids concentration is 6,300 mg/L
and the desired sludge age is 5 days. Current sludge waste
rate is 4,455 lbs (2,020 kg) per day.

Known

Solids Added, lbs/day

Solids Aerated, lbs

RAS Susp. Sol., mg/L

Desired Sludge Age, days

Current WAS Rate, lbs/day

Unknown

= 6,255 lbs/day WAS Flow, MGD

= 33,075 lbs

= 6,300 mg/L

= 5 days

= 4,455 lbs/day

1 Calculate the desired pounds of solids under aeration
(MLSS) for the desired sludge age of 5 days.

Desired Solids = Solids Added, lbs/day , Sludge Age, days
under aeration,
lbs = 6,255 lbs/day x 5 days

= 31,275 lbs

2 Calculate the additional WAS flow, MGD, to maintain the
desired sludge age.

Additional Aerated, lbs - Desired Solids, lbs
WAS FLOW, MGD RAS Susp. Sol., mg/L x 8 34 lbs/gal

:s,,,075 lbs - 31,275 lbs

6,300 mg/L6 x 8.34 lbs/gal I

1,800 lbs removed per day"

52,542

= 0.034 MGD x 694 GPM/MGD

= 24 GPM

Remember that mgt. is the same as lbs/M lbs
Remove an additional 1,800 lbs during a 24-hour period.

'' If the actual solids under aeration are less than the desired solids,
reduce your current wasting rate.
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3. Add the current WAS flow to the ad'itional WAS flow, MGD.

Total WAS
Row MGD

Current WAS Additional WAS
Row MGD Flow MGD

Solids Wasted lbs day
, Flow MGD

RAS Susp Sol mg1 8 34 lbs gal

4 455 lbs day

6.300 mg L 8 34 lbs gal

0 085 MGD 0 034 MGD

0 119 MGD , 694 GPM MGD

82 GPM

0 034 MGD

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 109.

2.3i What is the objective of wasting activated sludge?

2.3B How is wasting of the excess activated sludge usually
achieved?

2.3C Calculate the waste activated sludge (WAS) flow rate
in MGD and GPM for an activated sludge plant that
adds 4,750 lbs of solids per day. The solids under
aeration are 41,100 pounds and the return activated
sludge (RAS) suspended solids concentration is 5,800
mg/L. The desired sludge age is 8 days.

2.311 F/M Control

F/M control is used to ensure that the activated sludge pro-
cess is being loaded at a rate that the microorganisms in the
mixed liquor volatile suspended solids 'MLVSS) are abl^ to
use most of the food supply in the wastewater being treated. If
too much or too little food is applied for the amount of mi-
croorganisms, operating problems may occur and the effluent
quality may drop.

There are four facts that should be remembered regarding
the F/M method of control:

1. The food concentration is estimated with the COD (or BOO)
tests. The oxygen demand tests provide crude but reliable
approximations of the actual amount of food removed by
the microorganisms.

2. The amount of food (COD or BOD) applied is important to
calculate the F/M.

3. The quantity of microorganisms can be represented by the
quantity OT MLVSS. Ideally, the living or active mi-
croorganisms would simply be counted, but this is not feas-
ible, and studies have shown that the MLVSS is a good
approximation of the microorganisms concentrations in the
MLSS.
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4 Operation by or calculations o; the F/M should not be on the
basis of daily tests because flows and organic concentra-
tions can vary widely on a day-to-day basis. One way to
handle these variations is to calculate the F/M based on a
seven-day MOVING AVERAGE' of food (COD, BOD, or
TOC), flow and microorganisms (MLSS).

The range of organic loadings of activated sludge plants is
described by the F/M. Different ranges of organic loadings are
necessary for conventional, extended aeration, and high rate
types of activated sludge systems. These ranges have been
shown to produce activated sludge that settles well.

Table 2.5 presents the ranges of F/M that have been used
successfully with the three loading conditions. The F/M
values shown ,-, expressed in terms of BOD, COD, and
Total Organic Carbon (TOC). The TOC is an additional
means of estimating organic loading. The values indicated
are guidelines for process control, and they should not be
thought of as minimums or maximums.

TABLE 2.5 TYPICAL RANGES FOR F/M LOADINGS

Conventional Extended High-Rate
AS Range Aeration Range

F/M F/M F/M

BOD 01 to 0 5 0 05 to 0 1 0.5 to 2 5

COD(1) 0 06 to 03 003 to 006 0.3 to 1 5

TOC(2) 025 to 15 0.1 to 0 25 15 to 60

(1) Assumes BOD/COD for settled wastewaters = 0 6
(2) Assumes BOD/TOC for settled wastewaters = 2 5

The F/M is calculated from the amount of COD or BOD applied
each day and from the solids inventory in the aeration tank.

EXAMPLE

Determine the food to microorganism (F/M) ratio for an acti-
vated sludge plant with a COD of 100 rng /L applied to the
aeration tank, an influent flow of 7 5 MGD (28,390 co! m/day)
and 33,075 lbs (15,000 kg) of solids under aeration. Seventy
percent of the MLSS are volatile rialer. All knowns are
seven-day moving averages.

Known Unknown

Intl. Flow, MGD - 7 5 MGD F/M, lbs COD/day/lb MLVSS

COD, mg'L = 100 mg/L

Solids under aeration, = 33,075 lbs
lbs

MLSS VM, % = 70%

1. Calculate the food to microorganism ratio.

F/M,
1 lb COD/day Flow. MGD x COD. mg/L x 8 34 lbs/gal

lb MLVSS Solids Solids under aeration, lbs x VM portion

7 5 MGD x 100 mg/L x 8 34 lbs/gal

33,075 lbs x 0 70

6.255 lbs COD/day

23,150 lbs MLVSS

= 0 27 lbs COD/day/lb MLVSS

The determination of WAS flow rates using F/M control
technique is calculated in the Lame inanner as for the sludge
age technique. However, the solids inventory for the aeration
tank can be more logically determined based on the COD or
BOD concentration of the wastewater to be treated when using
the F/M for process control. This procedure is shown in the
following calculations.

EXAMPLE

Determine the desired waste activated sludge (WAS) flow
rate using the F/M control technique. The influent flow is 7.5
MGD (28,390 cu m/day), total aeration tank volume is 1.2 MG
(4,542 cu m), con to aeration tank is 100 mg/L, the mixed
liquor suspended solids (MLSS) are 3,300 mg/L and /0 per-
cent volatile matter, the RAS suspended solids are 6300 mg /L
and the desired food to microorganism (F/M) ratio is 0.29.
Current WAS flow rate is 0.085 MGD.

Known

Intl. Flow, MGD

Tank Vol., MG

COD, mg/L

MLSS, mg/L

MLSS VM, %

RAS Susp. Sol , mg/L

Desired F/M,
lbs COD/day

lb MLVSS

= 7.5 MGD

= 1.2 MG

= 100 ;ng/L

= 3,300 mg/L

= 70%

= 6,300 mg/L

= 0.29 lbs COD/day

lb MLVSS

Unkrt...wn

WAS Flow, MGD

Current WAS, MGD = 0 085 MGD

1. Determine COD applied in pounds per day.

COD, lbs/day = Flow, MGD x COD, mg/L x 8 34 lbs/gal

= 7 5 MGD x 100 mg/L x 8 34 lbs/gal

= 6,255 lbs COD/day

2 Determine the desired pounds of MLVSS.

Desired MLVSS, = COD applied, lbs/day

lbs F/M, lbs COD/day/lb MLVSS

6,255 lbs COD/day=

0 29 lbs COD/day/lb MLVSS

d1,569 lbs MLVSS

3 Deiermine the desired pounds MLSS.

Des ed MLSS, lbs = Desired MLVSS, lbs

MLSS VM portion

21,569 lbs

0 70

= 30,813 lbs

4. Determine actual MLSS pounds under aeration

Actual MLSS, Ibs = Tank Vol , MG x MLSS, mg/ x 8 34 lbs/gal

= 1 2 MG x 3,300 mg/L x 8 34 lbs/gal

= 33,026 lbs

9 Mov;ng Average To calculate the moving average for the food for the ;ast 7 days, add up the COD values for the last 7 days and divide by 7
Each day add the most re -ent day to the sum of values and subtract the oldest value. By using the 7-day mcving average, eachday of the
week is always represented in the alculatons.
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5. Calculate the additional WAS flow, MGD, to maintain the
desired food to microorganism (F/M) ratio.

Additional WAS = Solids Aerated, lbs - Desired Solids, lbs

Flow. MGD RAS Susp. Sol., mg/L x 8 34 lbs/gal

33,026 lbs - 30,813 lbs

6,300 mg/L* x 8.34 lbs/gal

2,213 lbs removed per day**

52,542

= 0.042 MGD** x 694 GPM/MGD

= 29 GPM.

* Remember that mg/L is the same as lbs/M lbs
** Remove 2,213 lbs during a 24-hour period

*** If the actual solids under aeration are less than the desired solids,
reduce or stop your current wasting rate

6. Calculate the total WAS flow in MGD and GPM

Total WAS Flow, = Current WAS + Additional WAS
MGD Flow, MGD Flow, MGD

= 0 085 MGD + 0.042 MGD

= 0.127 MGD x 694 GPM/MGD

= 88 GPM

The F/M control technique for sludge wasting is best used in
conjunction with the MCP.T control technique. Control to a de-
sired MCRT is achieved by wasting an amount of the aeration
tank solids inventory which in turn fixes or provides ea F/M
ratio.

2.312 MCRT Control

gy using the MCRT, the operator can control the organic
loading (F/M). In addition, the operator can calculate the
amount of activated sludge that should be wasted in a Icgical
manner.

Basically, the MCRT expresses the average time that a mi-
croorganism will spend in the activated sludge process. The
MCRT value should be selected to provide the best effluent
quality. This value should correspond to the F/M loading for
which the process is designed. For examPle, a process de-
s.gned to operate at conventional F/M loading rates may not
produce a high quality effluent if it is operating at a low MCRT
because the F/M may be too high for its design. Therefore you
must find the best MCRT for your process by relating it to the
F/M as well as the effluent COD, BOD, and suspended solids
concentrations.

The MCRT also determines the type of microorganisms
t:iat predominate in the activated sludge because it has a
direct influence on the degree of nitrification which may
occur in the process. A plant operated at at longer MCRT of
15 to 20 days will generally produce a ninfied effluent. A
plant operating with an MCRT of 5 to 10 days may not
produce a nitrified effluent unless wastewater temperatures
are unusually high (above 77°F or 25°C). Table 2.6 presents
the typical range of MCRT values that will enable nitrification
at various wastewater temperatures. MCRTs below the
values listed in Table 2.6 are also possible under more
optimum conditions, similany, under less favorable condi-
tions a higher MCRT may be required. The determination of
a correct MCRT is only the first of many considerations
found in operating an activated sludge plant to achieve
nitrification. Nevertheless, the values shown have been used
successfully to produce nitrified effluents at numerous
plants where ammonia removal is required from the effluent,
but not total nitrogen removal.

Activated Sludge 63

TABLE 2.6 MCRT NEEDED TO PRODUCE A NITRIFIED
EFFLUENT AS RELATED TO THE TEMPERATURE

Temperature, °C MCRT, Days

10 30
15 20
20 15
25 10
30 7

As stated earlier, MCRT expresses the average time that a
microorganism spends in the activated sludge process. The
MCRT and the WAS flow rate for maintaining a desired MCRT
are shown in the following example.

EXAMPLE

Determine the waste activated sludge (WAS) flow rate usinn
the MCRT technique. The influent flow is 7.5 MGD (28,390 cu
m/day), total aeration tank volume is 1.2 MG (4,542 cu m),
mixed liquor suspended solids (MLSS) are 3,300 mg/L, RAS
suspended solids are 6,300 mg/L, effluent suspended solids
are 15 mg/L, and the desired mean cell residence time (MCRT)
is 8 days.

Known Unknown

Infl. Flow, MGD

Tank Vol., Mr!.

MLSS, mg/L

RAS SS, mg /L

Effl. SS, mg/L

= 7.5 MGD

= 1.2 MG

= 3,300 ,-glL

= 6,300 mg/L

= 15 mg/L

WAS Flow, MGD

Desired MCRT, days = 8 days

MCRT,* Suspended Solids in Aerator, lbs
days Susp Sol Wasted, lbs/day + Susp Sol in Ertl lbs/day

1 Determine suspended solids in aerator in pounds

SS in
Aerator,
lbs

= Aerator, MG) x MLSS, mg/L x 8 34 lbs/gal

= 1.2 MG x 3,300 mg /L x 8 34 lbs/gal

= 33,026 lbs

2 Determine suspended solids lost in effluent in pounds per
day.

SS lost in = Intl Flow, MGD A Effl SS, mg/L x 8 34 lbs/gal
effl,, = 7.5 MGD x 15 mg/L x 8 34 lbs/day
lbs/day

= 938 lbs/day

3. Determine the desired suspended solids wasted in pounds
per day.

MCRT, days =
SS wasted, lbs/day SS in Effl , lbs/day

SS Wasted SS in Aerator. lbs SS in Effl., lbs/day

lbs/day MCRT, days

33.026 lbs 938 lbs/day

SS in Aerator, lbs

8 days

= 4,128 lbs/day 938 lbs/day

= 3,190 lbs/day

*NOTE Some operators use volatile suspended solids instead of
suspended solids.

MCRT may be calculated three different win)

1. SS in Aerator, lbs,
2. SS in Aerators and Secondary Clarifiers, Ibt,, and
3. SS in Aerators and Secondary Sludge Blankets, lbs.
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4. Determine the waste activated sludge (WAS) flow rate,
MGD.

SS Wa, = WAS Flow, MGD x RAS SS, mg/L x 8 34 lbs/gal
lbs/day

WAS Flow, = SS Wasted, lbs/day

MGD RAS SS, mg/L x 8.34 lbs/gal

3,190 lbs/day

6,300 mg/L x 8 34 lbs/gal

= 006 MGD x 694 GPM/MGD

= 42 GPM

This means that for the next 8 days, approximately 60,000
gallons per day should be wasted from the RAS system How-
ever, the WAS flow rate should be determined and adjusted
daily to maintain the desired MCRT.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 109.

2.3D What four facts should be remembered regarding the
F/M method o control?

2.3E Calculate tne desired pounds of MLSS if the desired
F/M ratio is 0.30 lbs COD/day/lb MLVSS if 7,000 lbs of
COD per day are added and the volatile matter is 70
percent of the MLSS.

2.3F What does the Mean Cell Residence Time (MCRT)
represent?

rale VACT 'NAT 400111-0
REMEMBERED Re&ARDItsl&

2.313 Volatile Solids Inventory

If wasting is done from the RAS, the operator must measure
the volatile suspended matte; in toe RAS to obtain average
concentrations If the volatile content in the RAS suspended
solids concentration is decreasing, the WAS flow rate must L.
increased oreportionally to waste the proper amount of volatile
suspended solids Similarly, if there is an increase in the RAS
volatile content, the WAS flow to must be decreased propor-
tionally to avid losing or v ,ing too many microorganisms
Using volatile suspended sons values to control the WAS flow
will take care of this problem.

When continuous wasting is practiced, the operator should
check the PAS volatile suspended solids at least once every
shift and make the appropriate WAS flow adjustment

EXAMPLE

An activated sludge plant is currently wasting 0 05 MGD (35
GPM or 2 18 L /sec) The return activated sl.,,dge (RAS) volatile
suspended solids (VSS) on day 1 are 6,00C mg/L and on day 2
(the next day) the RAS VSS are 7,500 mg/L Determine the
adjusted waste activated sludge (WAS) rate based on the in-
crease in return activated sludge (RAS) volatile suspended
solids (VSS) from 6,000 to 7,500 mg/L.

Known Unknown

WAS Flow, MGD

RAS VSS, mg/L
(day 1)

RAS VSS, mg/L
(day 2)

= 0 05 MGD

= 6,000 mg/L

= 7,500 mg/L

Adjusted WAS Flow, MGD
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1 Calculate the adjusted waste activated sludge (WAS) flow
in MGD and GPM.

Adj. WAS Fiow, = 17 AS VSS for day 1, mg/L x WAS Flow, MGD

MGD RAS VSS for day 2, mg/L

6,000 mg/L x 0.05 MGD

7,500 mg/L

= 0.04 MGD x 694 GPM /MGD

= 28 GPM

When intermittent wasting is practiced, the operator must
check the RAS volatile suspended solids to calculate the nec-
essary WAS flow. In addition, this calculation must be
readjusted for the reduced time of wasting.

EXAMPLE

In the previous example, the waste activated sludge pump-
ing (WAS) period is 4 hours per day and the calculated WAS
flow was 0.04 MGD or 28 GPM (1 75 L/sec). Calculate the
WAS flow

Known Unknown

WAS Flow, MGD = 0 04 MGD WAS Flow, MGD for 4
hour/day wasting period

Wasting Time, hr/day = 4 nrs/day

1 Determine the WAS flow for a 4 hour-day wasting period.

New WAS flow, MGD = WAS Flow, MGD x 24 hr/day

4 hours of wasting/day

= 0 0d MGD 24 hr/day

4 hr/day

= 0 24 MGD x 694 GPM/MGD

= 167 GPM

The operator would repeat the WAS flo calculation for each
wasting period to take into account the RAS volatile sus-
pended solids variations.

Intermittent wasting of sludge has the advantage that less
variation in the suspended matter concentration will occur dur-
ing the wasting period, and the amount of sludge wasted will
be more accurately known. The disadvai itages of intermittent
wasting are that the sludge hz-dling facilities in the treatment
plant may be loaded at a higher hydraulic loading rate and that
the activated sludge process is out of balance for a period of
time until the microorganisms regrow to replace those wasted
over he shorter period of time Intermittent wasting usually is
not practiced in plants treating more than 10 MGD (37,800 cu
m/day)

In using either of these methods for wasting, the operator
does not have complete control of the amount of activated
sludge wasted due to the solids lost in the effluent. This
"wasting" of activated sludge in the effluent must be ac-
counted for with any method of process control or the
system will always be slightly out of balance. The loss of
activated sludge in the effluent generally accounts for less
than five percent of the total solids that need to be wasted,
however, it is necessary to be aware of this loss and to be
able to take it into account by the methods shown in Section
2.312, "MCRT Control." The need for taking into account the
solids lost in the effluent is especially important if one
encounters situations where large concentrations of sus-
pended solids are washed out in the secondary effluent, as
in the case of sludge bulking.

Proper control of the WAS will pr, ice a high quality effluent
with mininum operational difficulties.



2.314 MLVSS Control

This technique for process control is used by many
operators because it is simple to understand and involves a
minimum amount of laboratory control. The MLVSS control
technique usually produces good quality effluent as long as the
incoming wastewater characteristics are fairly constant with
minimal variations in influent flow rates.

With this technique, the operator tries to maintain a constant
MLVSS concentration in the aeration tank to treat the incoming
wastewater organic load. To put it in simple terms, if it is found
that a MLVSS concentration of 2,000 mg/L produces a good
quality effluent, the operator must waste sludge from the pro-
cess to maintain that concentration. More sludge is wasted
until the desired level is reached again.

The laboratory control tests and operational data involved in
using this technique include the following:

1. MLVSS Concentration

2. RAS Volatile Suspended Solids Concentration

3. Influent Wastewater Flow Rate

4. Volume of Aeration Tank

Whether a new pant is being started or the operation of an
existing plant is being checked, this control technique is used
to indicate when activated sludge shouki be wasted. In most
cases it is not the most reliable technique because it ignores
process variables such as F/M arm microorganism growth rate
necessary for maintaining optimum system balance. When
operational problems occur, the operator is unable to make
rational process adjustments due to the lack of process control
data.

The contn., technique is implemented by choosing an
ML.VSS concentration which procices the highest quality
effluent while maintaining a stable and economical operation.
WAS flow rates ale determined as follows.

EXAMPLE

A 1.2 MG (4,542 cu m) aeration tank has a mixed liquor
suspended solids (MLSS) concentration of 3,300 mg/L The
return activated sludge (RAS) suspended solids concen.1 ation
is 6,300 mg/L. The volatile portion of both suspended solids is
70 percent. Experience has shown that the desired mixed liq-
uor volatile suspended solids (MLVSS) in the aeration tank is
approximately 21,250 pounds (9,639 kg) Determine the de-
sired waste activated sludge (WAS) flow rate if the cur. ent
WAS flow rate is 0.15 MGD.

Known
Tank Vol., MG
MLSS, mg/L
RAS SS, mg/L
Volatile Portion =
Desired MLVSS, lbs =
Current WAS Flow, -

MGD

1 2 MG
3,300 mg/L
6,300 mg/L
0 70
21,250 lbs
0 15 MGD

Unknown
Desired WAS Row, MGD

Activated Sludge 65

1. Determine mixed I.quor volatile suspended solids (MLVSS)
under aeration in pounds.

Actual MLVSS, = Tank Vol , MG x MLSS, mg/L v Voiatle X 8 34 lbs/gal
lbs = 1.2 MG x 3.300 mg/L x 0 70 x 8.34 lbs/gal

= 23,120 lbs

2. Determine the pounds of volatile solids to be wasted.

Amt Wasted, = Actual MLVSS, lbs Desired MLVSS, lbs
lbs -- 23,120 lbs 21,250 lbs

-- 1,870 lbs to be wasted per day

3 Determine the additional waste activated sludge (WAS)
flow rate in MGD and GPM.

Or

Amt Wasted.
lbs/day

= WAS Flow, MGD x RAS SS mg /L x Vol x 8 34 lbs/gal

WAS Flow MGD -
Amount Wasted. lbs/r ay

RAS SS. mg/L x Volatile x 8 34 lbs/gal

1.870 lbs/day

6.300 mg/L x 0 70 x 8 34 lbs/gal

= 005 MGD x 694 GPM/MGD

= 35 GPM

4. Determine the desired WAS flow rate in MGD and GPM.

Desired WAS Current WAS Additional WAS
Flow, MGD Flow, MGD Flow, MGD

= 0.15 MGD + 0.05 MGD

= 0.20 MGD x 694 GPM/MGD

140 GPM

2.32 Microscopic Examination

Some operators use a microscope to examine the mi-
croorganisms in the mixed liquor for an indication of the condi-
tion of the activated sludge treatment process The majority of
the BOD is removed by common zoogleal microorganisms.
The microorganisms that are important indicators in the acti-
vated sludge process are the PROTOZOAl ° and ROTIFERS" .
The protozoa eat the bacteria and help produce a clear
effluent. The presence of rotifers is an indication of a stable
effluent. If excessive FILAMENTOUS BACTERIA12 are ob-
served, you usually can expect an achated sludge that settles
poorly.

If most of the microorganisms in the mixed liquor suspended
solids are protozoa (ciliates) and rotifers, you can expect a
good settling activated sludge. By using the proper return acti-
vated sludge (RAS), waste activated sludge (WAS), and aera-
tion rates, you can produce an effluent with a BOD Df less than
10 mg/L.

Apparently some filamentous bacteria are good, but too
many are bad. Filamentous bacteria can form a network or
backbone upon which activated sludge floc can gather and
form an excellent settling floc. If the filaments become exces-
sive, a bridging mechanism forms which prevents the activated
sludge from flocking or gathering together. If the floc cannot
come in contact with each other, sufficient particle mass will
not be produced to achieve a good settling floc.

1° Protozoa (pro-toe-ZOE-ah). A group of microscupic animals (usually single-celled) that sometimes cluster into colonies
" Rotifers (ROE-ti-fers). Microscopic animals characterized by short hairs on their front end
12 Filamentous Bacteria (FILL-a-MEN-tus). Organisms that grow in a thread or filamentous form Common types are thiothrix and

actinomycetes.
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Three groups of protozoa are important to the operator of an
activated sludge process.

1. Amoeboids
2 Flagellates
3. Ciliates

AMOEBOIDS (Fig. 2.8)

Look for amoeboids in the mixed liquor suspended solids
floc during start-up periods or when the process is recovering
from an upset condition.

Fig. 2 8 Amoeboids

FLAGELLATES (Fig. 2.9)

Flagellates are usually found with a light, dispersed, strag-
gler floc, a low population of microorganisms, and a high or-
ganic (BOD) load. With a high organic (BOO) load, other mi-
croorganisms will start to thrive, a more dense sludge floc will
develop, and the flagellate population will decrease.

Fig. 2.9 Flagellates

CILIATES

Ciliates are usually found in large numbers when the
activated sludge is in a fair to good settling condition.
Ciliates are classified into two basic groups, free swarming
ciliates (Fig 2.10) and stalked ciliates (Fig. 2.11).

Fig. 2.10 Free swimming ciliates

Fig. 2.11 Stalked ciliates

Free swimming ciliates are usually present when there is a
large number of bacteria in the activated sludge. These or-
ganisms feed on bacteria and help produce a clear effluent.
They are associated with a good degree of treatment

Stalked ciliates are usually present when the free swim-
ming ciliates are unable to compete for the available food. A
large number of stalked ciliates and rotifers (Fig. 2.12) will
indicate a stable and efficiently operating activated sludge
process.

Fig 2.12 Rotifers

The types of microorganisms and the numbers of microor-
ganisms can be used as a guide in making activated sludge
process control adjustments. Figure 2.13 can help you
determine whether the mean cell residence time (MCRT)
should be increased or decreased A decline ir, micro-
organisms, especially ciliates, is frequently a warning of a
poorly settling sludge. If a relatively large number of amoe-
boids and flagellates are observed, try increasing ti;9 MCRT.
9 the numbers of microorganisms are relatively kw with
rotifers predominating and you have a pin floc, try decreas-
ing the MCRT

These observations can allow an operator to detect a
change in organic loading or in level of a toxic cf.iernical
before the activated sludge process becomes urset. The
changes in type and number of microorganisms should be
compared with observations of the settling characteristics of
the mixed liquor suspended solids in the 30-minute settle-
ability test and with the calculated food to microorganism
ratio.

In summary, large numbers of ciliates and rotifers are an
indication of a stable activated sludge process that will produce
a high quality effluent.

Major portions of this section were taken from PROCESS
CONTROL MANUAL FOR AEROBIC BIOLOGICAL WASTE-
WATER TREATMENT FACILITIES, Municipal Operations
Branch, Office of Water Program Operations, U. S. Environ-
mental Protection Agency, Washington, D. C. 20460.
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2.33 The AI West Method

Section 2.2, "Return Activated Sludge" and 2.3, "Waste
Activated Sludge" have outlined various methods operators
used to "control" their activated sludge process. Mr. West
has correctly observed that the activated sludge "process is
NOT controlled by attempting to achieve PRECONCEIVED
levels of INDIVIDUAL variables such as mixed 'iquor sludge
concentration, mean cell residence time and food to micro-
organism ratios. CONTROL tests such as final clarifier
sludge blanket depth determinations, mixed liquor and re-
turn sludge concentrations (by centrifuge) and sludge settle-
ability are used to define sludge quality and process status
and to determine process adjustments." Mr. West worked
continuously to develop better ways for operators to control
the activate,: sludge process.

2.34 Summar/ on RAS and WAS Rates

How shou'd you operate your sated sludge process?
Only you can answer this question. In Chapters 8 and 11 of
Volumes I and II of OPERATION OF WASTEWATER TREAT-
MENT PLANTS, we outlined what we consider are simple
and direct procedures for operating package plants, oxida-
tion ditches and conventional activated sludge plants. In
Chapter 2 of this manual, various alternative methods were
outlined on how to control the activated sludge process.

What counts is the effluent quality from your activated
sludge plant The elluent quality is influenced by influent
characteristics and conditions in the aeration tank and sec-

ondary clarifier. Observe these characteristics and conditions;
you must be alert for any change and make appropriate ad-
justments to control the activated sludge process. EVERY
OPERATOR ON EVERY SHIFT MUST FOLLOW 7HE SAME
PROCEDURES. T I NOT TO ADJUST YOUR RAS AND WAS
RATES L. , MORE THAN 10 OR 15 PFRCENT FROM ONt
DAY TO THE NEXT DAY. SELECT A METHOD YOU UNDER-
STAND, RECORD AND ANALYZE DATA, STICK WITH YOUR
METHOD AND YOU CAN MAKE IT WORK TO PRODUCE A
GOOD EFFLUENT.

2.35 Acknowledgment

Major port!ons of Section 2.3 were adapted from PRO-
CESS CONTROL MANUAL FOR AEROBIC BIOLOGICAL
WASTEWATER TREATMENT FACILITIEZ,-, Municipal Oper-
ations Branch, Office of Water Program Operations, U.S.
Environmental Protection Agency, Washington, D.C. 20460.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 109.

2.3G Which microorganisms are important indicators in the
activated sludge process?

2.3H In the Al West method, what important activated
sludge control tests are used to define sludge quality
and process status'?

evl et, of 1,x63014 3 0f4 101/16

OVL

ACifi vAler) 6141 06/6

1,Y

Please answer the discussion and review questions before
continuing with Lesson 4



DISCUSSION AND REVIEW QUESTIONS

(Lesson 3 of 4 Lessons)

Chapter 2. ACTIVATED SLUDGE

Write the answers to these questions in you. notebook be-
fore continuing. The auestion numbennh continues from Les-
son 2.

9. What items are affected by the amount of waste activated
sludge (WAS) removed from the process";

10 How will you know when you have establ shed the best
mode of process control for your plant?

W1-10?
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11 What is the basis for the '-- M method of controlling the
activated s!udge process?

12 How would you adjust the MCRT to produce a nitrified
effluent?

13.

14 How would you select t.ie RAS and WAS rates for your
activated sludge plant?

What are the advantages and limitations of intermittent
.uasting of activated sludge?

blow?

CHAPTER 2. ACTIVATED SLUDGE

(Lesson 4 of 4 Lessons)

2.4 TREATMENT OF BOTH MUNICIPAL AND
INDUSTRIAL WASTES

2.40 Monitoring Industrial Waste Discharges (Also se
Chapter 5, "Monitoring Industrial Waste," in
INDUSTRIAL WASTE TREATMENT.)

Industrial manufacturing processes of most types generate
some waste materials These waste materials take the form of
liquid, gaseous or solid residuals. In most cases, the deliberate
and indiscriminate disposal of these waste materials to the
collection system will have a deteriorating effect upon the acti-
vated sludge process and possible detrimental effects on the
treatment plant effluent receiving waters.

As discussed in Chapter 11, Section 11.011, you should
become acquainted with the various industrial facilities in your
area to determine what, if any, adverse impact they may create
on your activated sludge process.

2.400 Establishing a Monitoring System

Regulations at both state ar,J federal levels usually require
that industrial waste monitoring be estaolished as an important
part of an industrial waste control and treatment system.

An industrial waste monitoring program is valuable for the
following reasons'

1 To assure regulatory agencies of industrial compliance with
discharge requirements and implementation schedules set
forth in the discharge permit,

2 To maintain sufficient control of treatment plant operations
to prevent NPDES permit violations, and

3 To gather necessary that... for the ' ire des.gn and opera-
tion of the treatment plant
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In establishing a monitoring program, one of the first tasks
should be an examination of the wastewater characteristics of
each industry that discharges to the collection system. Awa, -
ness of the specific types of harmful waste matenals that may
enter the collection system will help you prepare a monitoring
program to protect the treatment plant and receiving waters.

Some industries pretreat wastewaters before discharge to
the collection system to recover valuable materials, to reduce
sewer-service charges, and to keep undesirable constituents
out of the sewers and treatment plant. However, if undesirable
constituents are known to be present in the municipal waste-
water stream, pretreatment of the industrial wastewater portion
must be enforced to reduce the constituents to acceptable
levels. Proper monitoring at the site of an industrial wastewater
pretreatment plant is essential. Additionally, if it is likely that an
accidental spill or unlawful discharge may escape pretreat-
ment and enter the collection system, a sophisticated monitor-
ing system should be installed at your treatment plant. The
reasons for wastewater monitoring at the treatment plant itself
include establishing a last point of measurement of certain
problem constituents before entering the unit processes so
that the operator can start corrective operational measures
where possible.

2.401 Automatic Mon;toring Units

Automatic monitoring of several wastewater characteristics
has been a dependable method of alerting the operator to
abnormal influent wastewater conditions. Numerous water
quality indicators are used for operational controls, yet the
number of water quality indicators th-' :.,an be automatically
measured without difficulty is limited. Therefore, it is essential
that the operator also rely on the appearance and oitio of the
influent wastewater as part of the monitoring program at the
treatment plant.

Scme of the more common monitoring devices include.

1. Flow measuring,

2. pH monitoring,

3 Oxidation potential monitoring (conductivity),

4. Suspended solids monitoring,

5. DO monitoring,

6. Wastewater samplers, and

7. Gas-phase hydrocarbon analyzer

Normally, data is recorded on a strip chart recorder, how-
ever, other ,ment, such as puhips or valves may be acti-
vated by ,ht 'ionitonng de iices TI ) monitoring systems
should also L _ with an alarm system that will give
the operator warni,,',1 when a high concentration of an undesir-
able water quality indicator reaches the monitoring station.

2.41 Common Industrial Wastes

Reduction and/or elimination of harmful waste constituents
from industrial discharges may be controlled by enforcing your
municipal sewer ordinance. Several objectionable mdust: al
waste constituents and the possible effects of each waste are
discussed below.

1. Flammalile Oils. Examples of flammable oils are crude
gasoline, benzene, naphtha, fuel oil, and mineral oil. These
substances are not soluble and tend to collect in pools, thus
creating potential, explosive conditions. When methane gas

is mixed with flammable oils, a very powerful explosion may
result.

2 Toxic Gases Toxic gases such as hydrogen sulfide (H2S),
methane (CH4), and hydrogen cyanide (HCN) are often
present or may be formed in industrial discharges. Waste-
water with high quantities of sulfate can cause problems in
anaerobic decomposition, due to the formation of H2S.
Also, cyanide combines with acid wastes to form the ex-
tremely toxic gas, HCN.

3 Oils and Greases A municipal plant generally does not
have facilities for the removal of significant quantities of oils
and grease. Pretreatment of wastewater may be desirable
to reduce the total concentration of oils and grease (hexane
extractables). In general, emulsified oils and greases of
vegetable and animal origin are biodegradable and can b.-
successfully treated by a properly designed municipai
treatment facility. However, oils and greases of mineral ori-
gin may cause problems and these are the constituents
generally requiring pretreatment.

4. Settleable F :Is. Settleable solids cause obstructions in
the sewer . am by settling and accumulating. At places
where wastewater accumulates, anaerobic decomposition
may take place, producing undesirable products, such as
hydrogen iulfide and methane.

High settleable solids concentrations may overload the
capacity of the treatment plant.

5 Acids or Alkalies Acids or alkalies are both corrosive and
may also interfere with biological treatment. Even neutral
sulfate salts may cause corrosion, since the sulfate can be
biologically reduced to sulfide and then oxidized to sulfuric
acid.

6. Heavy Metals. Heavy metals may be toxic to bic'agi, al
treatment systems or to aquatic life in the receiving water
and may adversely affect downstream potable wate,
supplies.

7. Cyanides. Cyanides are toxic to bacteria and may cause
hazardous gases in the sewer.

8. Organic Toxicants. Pesticides and other extremely toxic
substances in wastewater are objectionable except in very
small concentrations. Even a the biological treatment sys-
tems are not altered by higher concentrations, toxicants
may still damage receiving surface water quality.

2.42 Effects of Industrial Wastes on the Treatment Plant
Unit Processes

When undesirable industrial constituents enter the municipal
waste stream, certain adverse effects on common unit treat-
ment processes can be expected. For example, acids and cor-
osive materials would damage the conveyance system of
pipes and pumps. Dangerous gases and explosive materials
create hazards to plant personnel. Other constituents, such as
heavy metals or toxic organics, may actually inhibit or kill the
microorganisms at the treatment plant.

Some of the more common adverse effects that industrial
waste constituents have on unit processes a;41. listed below.

A. Sewer System

1. Corrosion caused by acids
2. Clogging due to fats and waxes
3 Hydraulic overload by discharge of cooling waters
4 Potential explosion danger with gasolines and other

fuels
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B. Gnt Channels

1. Overloading with high grit concentrations
2. Increasec: organic content of grit
3. Intermittent flow reduces removal efficiency

C. Screens and Comminutors

1. Overload with excess solids
2. Excessive wear on comminutor cutting surfaces by

hard materials

D. Carifiers

1 Fluctuating hydraulic loadings reduce removal efficien-
cies

2. Scum problems f-om excessive quantities of oils
3. Impaired effluent quality caused by finely divided sus-

pended solids
4. Excessive sludge quantities with high suspended sol-

ids concentrations

E. Sludge Digesters

1. Negative effects on sludge digestion caused by inor-
ganic solids

2. Overload caused by excessive solids
3. lo.;reased scum layers caused by excessive organic

solids
4. pH problems from an industrial wastewater with a hisli

sugar content
5. Toxicants

F. Activated Sludge
1. Deterioration in quality with transient loading
2. Excessive carbohydrate concentratic .s can cause

bulking or poorly settling sludge
3. Toxicants
4. Foaming problems

2.43 Operational Strategy

2.430 Need for a Strategy

Adverse effects to .hc activated sludge process can be sig-
nificantly reduced if the operator has a plan of operation or an
operational strategy ready to implement when adverse indus-
trial constituents enter the treatment plant

This section will discuss the observations and corrective ac-
tions (operational stra' ;gy) taken at a typical activated sludge
plant when (1) a toxic waste (cyanide), and (2) a high BOD
waste (milk) enter the treatment plant mixed with the domestic
wastewater.

This typical plant monitors the influent pH and the aeration
tank DO. These are the only two water quality indicators that
are monitored continuously. The operators at this plant rely
heavily on sight and smell observations of the influent waste-
water, aeration tank mixed liquor, and the secondary effluent
as the first indicators of shock or overload conditions at the
plant. These observations allow the proper corrective actions
to be implemented before s;Linificant damage to the activated
sludge process occurs.

Our tyk:cal treatment plant is designed to operate in the
contact stabilization modification of the activated sludge pro-
cess. This mode of operation is very desirable when industrial
waste constituents that are harmful to the organisms in acti-
vated sludge may occur unexpectedly in the treatment plant
influent. The advantage of operating in this mode is discussed
in Chapter 11, Sec"on 11.91.

The average operating

Peak influent flow

Raw wastewater COD

Primary effluent feed to the
aeration tadxs

Aeration contact basin F/M

DO through the system

Sludge aeration time

Ammonia oxidation

Secondary effluent nitrate

Secondary effluent SS

Air-to-flow ratio

RAS flow rate control
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data for our typical plant is as follows:

: 17 0 MGD

. 400 to 450 mg/L

Three-paint step feed

: 0.5 to 0.8 lbs COD/day/lb MLVSS

0.05 to 5.0 mg/L

7 to 12 hours to keep most of the
biomass under aeration

30 to 50 percent

13 to 1.5 mg/L

5 to 10 mg/L (varies with the
waste)

: 1.8 to 2 5 cu ft./gal

Flow paced and allow "zero"
sludge blanket in the secondary
clarifier

2.431 Recognition of a Toxic Waste Load

In ou sample plant, the first indication of a toxic waste load
within the treatment plant is recognized by observing the aera-
tion basin DO reLord ng device. As the toxic load moves into
and through the aeration basin, the DO residual will increase
significanty. A DO increase without an air input increase indi-
cates that the toxic' waste load is killing the microorganisms in
the aeration tank, thus reducing the oxygen uptake (respira-
tion) 5y the microorganisms.

A second indication of a to;,*c waste reaching the plant may
be observed in the secondary clarifier effluent. The effluent will
begin to exhibit floc carry-over (an indication of cell death). The
degree of carry-over will depend on the substance and quantity
of tne toxic waste.

When a toxic substance is known to have entered the treat-
ment plant, the operator should make every effort to obtain a
sample of the wastewater and have the sample analyzed as
soon as possible to determine the toxic constituents. A record
of these upset conditions and the constituents involved is very
importer' so that if uncontrollable problems develop at the
treatment plant, the records can be reviewed in an attempt to
determine the input source.

2.432 Operational Strategy for Toxic Wastes

The operator s primary mission in the -.ase of toxic wastes is
to save the activated sludge system.

When the operator in our sample 1.....:nt recognizes a toxic
waste condition, the RAS flow is reduced significantly to keep
as many of the bacteria affected by the toxic waste in the
secondary clarifiers. The operator then significantly increases
the WAS flow to purge the activated sludge process of the toxic
waste and the sick or dead microorganisms. Additionally,
every attempt is made to process the toxic waste flow through
the plant as fast as possible to reduce '.%)ntamination of other
unit processes such as anaerobic or aerobic digesters.

The toxic waste processing time through our typical plant
may .,, from 30 minutes to 2 hours.

2.433 Recognition of a High Organic Waste Load

The first indication of a high organic waste load within the
treatment plant is recognized by observing the aeration basin
DO recording device. As the high organic load moves into and
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through the aeration basin, the DO residual will decrease sig-
nificantly A DO decrease without an air input decrease indi-
cates that the high organic waste load is too great for the
available microorganisms to properly assimilate and
metabolize the waste (food to microorganism ratio is Jut of
balance because of a greater BOD (food)).

If the high organic waste load is significant, the nutrient con-
tent of the municipal waste may be inadequate for proper
biological activity. Therefore, nitrogen and phosphorus can be
added on the basis of a total carbon measurement of the in-
fluent wastestream to ensure adequate amounts of these nu-
trients.

The quantity of nitrogen and phosphorus required for a
waste can be estimated from the quantity of sludge produced
per day. The pounds of nitrogen required per day will be about
10 percent of the volatile solids (dry weight) produced each
day. The phosphorus requirement will be one-fifth of the nitro-
gen requirement. The amounts of nitrogen and phosphorus
added daily are equal to the differences between the quantity
required and the quantity in the wastes.

Additional Nitrogen, = Nitrogen Required, - Nitrogen in Wastes,
lbs/day lbs/day lbs/day

A second indication of high organic waste reaching the plant
may be observed in the secondary c!anfier effluent The
effluent will become more turbid (less clear) indicating that the
waste flow has not been adequately treated.

The sampling and analysis recommended in Section 21.401
should also be implemented in this situation.

2.434 Operational Strategy for High Organic Waste
Loads

The operator's primary mission the case of high organic
loads is to improve the microorgar. sm treatment efficiency

Upon recognizing a high organic waste load condition, the
RAS flow must be significantly increased to provide more mi-
croorganisms to the aeration contact basin to adequately treat
the high organic waste. The rate of RAS increase i lust be
accomplished gradually so that both design hydraulic and sol-
ids loading rates for the secondary clarifiers are not exceeded.

In addition, every attempt should be made to increase the air
or oxygen input to maintain proper DO levels in the aeration
basins If appropriate, nitrogen and phosphorus should be
added to provide the additional nutrients needed by the mi-
croorganisms

QUESTIONS
1Vrite your answers in a notebook and then compare your

answers with those or page 109.

2.4A Why is an industrial waste monitoring program valu-
able for the operator of an activated sludge plant?

2.4B List five common wastewater monitoring devices

2.4C What would you do if a high organic waste load en-
tered your activated sludge plant

2.5 INDUSTRIAL WASTE TREATMENT

2.50 Need to Treat Industrial Wastes

As the operator of an industrial wastewater treatment plant,
it is your responsibility to ensure that required sewer-use stan-
dards or effluent quality standards are achieved in order tha,
the production system may remain on-line Because of tighter
restrictions on the quality of industrial wastewater that can be
discharged to municipal sewer systems or receiving streams,

your industrial facility may be required to pretreat the industrial
process wastewaters. This pretreatment can be costly, but
failure to properly pretreat these wastewaters may result in
excessive sewer use fees and treatment charges, in severe
fines fo. violations and possible production shutdowns. Many
industries are finding it more economical to build, operate Gild
maintain their own treatment facilities than to pay for pretreat-
ment and use of municipal treatment plants.

This section will provide you with information necessary to
increase your process awareness and alert you to precautions
required in operating your activated sludge industrial wastewa-
ter treatment plant.

Although there is a wide variety of applications of the acti-
vated sludge process to industrial wastewater treatment in op-
eration today, this section will concentrate on some typical
plants which treat wastes from fruit and vegetable processing,
paper product manufacturing, and petroleum refining.

2.51 Characterization o: Influent Wastes
The character of the wastewater is dependent on the

particular production process and the way it is operated.
The first step to successful operation of your treatment plant
is to characterize the wastewaters through various analy-
ses. These characteristics describe the concentrations or
amounts of wastes in the wastewaters and include BOD,
total suspended solids, settleable solids, COD, pH, DO,
temperature, total solids, dissolved solids, chloride, nitro-
gen, and phosphorus. These pollutants are often used to
determine the fees paid by industry for use of municipal
collection systems and treatment plants. Other pollutants
that are measured included toxic substances such as arse-
nic, zinc and copper. Toxic substances usually must be
pretreated by industry. The procedures for measuring the
concentrations or amounts of these wastes are outlined in
Chapter 16, "Laboratory Procedures and Chemistry," Vol-
ume IL OPERATION OF WASTEWATER TREATMENT
PLANTS.

Another important characteristic of the wastewater being
treated is the flow Flow rate should be described terms of
the daily average and also the fluctuations Because many
industrial facilities do not generate consistent waste flows and
constituents over a 24-hour day or 7-day week, you must de-
termine when tne variations can be expected and operate your
activated sludge process in a manner that anticipates these
variables and does not allow these fluctuations to cause a
deterioration of the quality of the effluent Effective
sewer-use ordinances require that indussy notify the operator
of a municipal treatment plant whenever a significant acciden-
tal discharge (spill or dump) or process failure might upset a
treatment plant. By harnirp the operator of the volume and
nature of the discharge, provisions can be made to handle the
waste when it reaches the plant Process supervisors should
notify the operators of their industrial wastewater treatment

ants when a potentially harmful spill or dump occurs.

2.52 Common Industrial Wastewater Variables

2.520 Flow
Flow measurements are a basic requirement at every treat-

ment pant. Recorded flow data are essential because these
records allow you t.') Cbtabhsh correct operating guidelines
(loadings) and c' atermine if your treatment plant is properly
sized to process the hydraulic loads.

In many industrial production facilities, the wastewater flows
are generally higher during the day-shift hours of Monday
through Friday. Significant flow reductions may be anticipated
in the ever ,ng hours with possible zero flow conditions dur-
ing weekends, holidays, and annual production maintenance
shutdown periods.
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In cases where flows to your treatment plant approach or
exceed the hydraulic design capacity, every effort should be
taken to implement a production facility pollution abatement
program to reduce water consumption and minimize waste
generation through proper management of processing and
production operations.

2.521 pH

The pH of production facility wastewaters may vary ;ram 2.5
to 13.0 depending upon the production being proc.issed and
the type of operations conducted within the facility. Natural
waters generally have pH values between 6.5 and 8.0.

If the wastewater pH varies greatly from neutral (7 0), the
wastewater should be adjusted (neutralized). Neutralization
may be accomplished in a tank of sufficient detention time
(15-20 minutes). Sulfuric acid (to lower pH) or caustic (to in-
crease pH) addition to the waste stream may be controlled with
pH probes and controllers for rough and fine pH adjustment.

2.522 BOD and Suspe. '.,c1 Solids

The BOD test is the rate of oxygen uptake from the wastewa-
ter by microorganisms in biochemical reactions. These mi-
croorganisms are converting the waste materials to carbon
dioxide, water and inorganic nitrogen compounds. The oxygen
demand is related to the rate of increase in microorganism
activity resulting from the presence of food (organic wastes)
and nutrients. Microorganism activity may be hindered in some
industrial wastes aue to the presence of toxic wastes. Indus-
trial wastewaters may contain ievels of BOD from 500 to
10,000 mg/L.

Suspended solids information may be used to determine the
quantity of solids which will require removal in the activated
sludge treatment system. Typical suspended solids concentra-
tions for industrial wastewaters vary from 125 mg/L to 3,000
mg/L.

For any waste, the concentrations of pollutants can be
readily reduced by s mply using more water, but the increase in
volume will result in the same number of total pounds of pollut-
ante The organic load, consisting of both BOD and suspended
solids, can only be effectively reduced by reductions in pounds
of pollutants generated at production facility sources.

2.523 COD

Chemical oxygen demand (COD) is an alternative to
biochemical oxygen demand (BOD) for measuring the polio-
honel strength of wastewaters. When considering the use of
COD for measuring the strength of wastewater, you must bear
in mind that the BOD and COD tests involve separate and
distinct reactions. Chemical oxidation measures the presence
of carbon and hydrogen, but not amino nitrogen in organic
materials. Furthermore, the COD test does not differentiate
between biologically stable and unstable compounds For
example, cellulose is measured by chemical oxidation, but is
not measured biochemically under aerobic conditions

The primary disadvantage of the COD test is its susceptibil-
ity to interference by chloride Thus, wastewaters containing
HIGH salt concentrations, such as brine, cannot be readily
analyzed without modification.

2.524 Nutrients

Aside from carbonaceo is organic matter (which is meas-
ured largely as BOD), the nutrients required for reproduction of
microorganisms are nitrogen (N) and phosphorus (P) In
unusual cases, other elements may also be critical. These
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other essential nutrient.., include iron, calcium, magnesium,
potassium, cobalt, and molybdenum. Since many production
facility wastewaters are deficient in nutrients for biological
treatment, nutrients can be added to optimize your biological
wastewater treatment system efficiency.

The arnr. :int of these nutrients required for a treatment pro-
cess depends both on the age of the microorganisms and the
numbers of cells generated (growth rate) during the reduction
of BOD. A BOD/nitrogen/phosphorus ratio of 100.5.1 is usually
adequate. However, high-rate systems with available nitro-
gen or phosphorus in the wastewater may require a ratio of
100:10:2. Ratios lower than 100.5:1 may be adequate for aer-
ated ponds and systems with a very long sludge age. All nut-
rients need to be in a soluble form to be used by the mi-
croorganisms.

2.525 Toxicity

The most common causes of wastewater toxicity are exces-
sive amounts of free ammonia, residual chlorine, detergents,
paints, solvents, and biocides. Other wastes that can upset
microorganisms include heavy metals, chlorinated hydrocar-
bons, petroleum products, acids, bases (caustics) and tem-
perature changes. These toxic materials can enter the waste-
water stream through indiscriminate dumping, improper han-
dling of toxic materials, leaking vessels and pipes, or acciden-
tal spills.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 110.

2 50A List three types of industries whose wastes could be
treated by an activated sludge plant.

2 51A What factors influence the character of industrial
wastewaters?

2 52A How would you attempt to solve a hydraulic overload-
ing problem at an industrial wastewater treatment
plant?

2 5213 How can the p rl st an industrial wastewater be ad-
justed (1) upw ,rds, and (2) downwards?

2 52C Chemical oxidation (COD) measures the presence of
(1) _____ and (2) _, but not (3) in
organic materials.

2 52D List the three major nutrients required by mi-
croorganisms and four other elements that might be
critical.

2.52E What are the most common causes or kinds of toxic-
ity in industrial wastewaters?

2.53 Flow and Pre-Treatment Considerations

Because industrial wastewater character': cs may change
significantly over a given period of time, a program for sam-
pling, testing, and measuring the flow is essential

Variatiuns in production activity will change wastewater
characteristics. Samples should be collected during each
operating shift and during different stages of the finished prod-
uct and raw proJuct runs. Flows should be monitored continu-
ously, even during cleanup and on weekends.

Daily or seasonal shutdown and start-up of a processing/
production facility usually causes wastewater characteris-
tics to vary greatly. This variation often causes problems in a
treatment system. Biological treatment systems perform
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best on a uniform supply of a given source of food (BOD). If
the food supply changes greatly, the biological process may
not be able tc adjust to thq thange. The impact of frequent
shutdowns "'d start-ups on a treatment system should be
carefully evaluated. Flow regulation procedures using hold-
ing tanks may be necessary to smooth cut the flows (see
Section 2.531, "Flow Control").

2.530 Flow Segregation

Considerable icaatment cost savings may be achieved by
processing only the wastewaters that contain pollutani materi-
als in quantities exceeding the limits sat forth in your local,
state, or federal discharge permit. Consider classifying the
processing/production facilities wastewaters into three
categories (i.e., low strength BOD, medium strength BOD, and
high strength BOD). You may find that it is possible to reuse
the low strength BOD waters for cleanup purposes or dispose
of it by discharge directly to a sanitary sewer system, by spray
on fields, or by irrigation of pasture land.

Treatment of the medium strength BOD wastewaters (usu-
ally resulting from cleanup) may be possible by using a screen
system to remove large solids and then processing the waste-
water through an air flotation unit, plate and frame filter press
or similar device. Since only 30 to 40 percent BOO and sus-
pended solids reductions may be obtained from this treatment
method, the dewatering process effluent (low in BOD/SS) may
then be routed to the activated sludge system and will aid in
diluting the high strength BOD wastewaters.

2.531 Flow Cc:arol

If your treatment plant experiences wide flow variations,
these variations often cause problems in a treatment system.
Depending on the daily operating mode of the processing/
production facility, variations in tnstantaneous flow can be from
very small to very great (a maximum of ten times the
minimum). Each facility is obviously different, but large varia-
tions in flow may be smoothed with a surge or storage tank of
about 10 to 20 percent of the total daily floN volume. Settling of
solids will be a significant problem in a tank of this size, so that
tank must either be mixed or some means must be provided for
solids removal.

Control measures for water use in the process/production
facility should be impiemented. One of the most important
methods of water use reduction is a complete and comprehen-
sive training program of everyone involved in process/
production. Additionally, roof gutters, downspouts, and facility
storm thains may discharge to the treatment plant. These
should be relocated and/or rerouted to appropriate drainage
systems to eliminate charges for treating this water.

2.532 Screening

Discrete waste solids (such as trimmings, rejects, corn meal,
and pulp) are effectively separated from the wastewater flow
by various types of screens. Screenir; has many objectives
including recovery of useful solid by-products, a first-stage
primary treatment operation, or pretreatment for discharge to a
municipal wastewater treatment system.

Screens should b located as close as possible to the
process/production producing the waste. The longer the solids
are in contact with water and the rougher the flow is handled
(more turbulent), the more material will pass through the
screens ar,j the more the solids will become dissolved.

2.533 Grit, Soil, Grease, and Oil Removal

Fruit and vegetable, meat and fish, paper, and petroleum
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processing/production introduce large amounts of grit, soil,
grease and oil to the waste stream. This material will acceler-
ate equipment wear, set& in pipelines, accumulate in the
treatment system, and create odors if not removed.

An aerated tank or lagoon can be provided to remove these
wastes from the waste stream. This aeration system is usually
designed to pre-aerate the wastewater while it aids the release
of free and emulsified grease for surface collection. Addi-
tionally, separation and settling of grit, soil, and oil sludge are
accomplished.

QUESTIONS
Write yon answers in a iota; gook and then compare your

answers wim those on page 110.

2.53A How often should samples from industrial wastewa-
ters be uolerted?

2.53B How car large variaVlris in flow be reduced?

2.53C What kinds of waste solids can be effectively re-
moved by various types of screens?

2.53D ,A/hy should screens be located as close as possible
to the process/production producing the waste?

2.534 Central Pre-Treatment Facilities

Microorganisms that treat wastes in the activated sludge
process will not work unless they are provided a suitable
environment and are properly acclimated (adjusted to the
wastes). A suitable environment may be provided by treating
undesirable or toxic constituents in industrial wastes P'
source where they are produced or at a central pretreatment
facility (Figure 2.14).

Frequently the most economical method of treating toxic or
undesirable wastes is at the source. If possible, do not allow
these wastes to enter the plant wastewater or if they do, treat
the waste in as concentrated form as possible, before it be-
uumes diluted with other wastewaters. Source pre-treatment is
appropriate for extreme pH levels, inert suspended solids, oil,
grease or toxic materials (such as heavy metals).

Figure 2.14 shows a typical industrial pretreatment facility.
The processes and the order of treatment will depend on
both the type of industry and waste constituents. The first
process is pH adjustment. Many manufacturing processes
produce either high or low pH waste streams on either a
continuous or batch basis. If source pretreatment does not
reduce these pH variations to within acceptable ranges,
central pH control facilities must adjust the wastewater pH to
near neutral levc.s. Neutralization chemicals may be added
and mixed in pipelines or in neutralization tanks. Figure 2.14
shows the pH adjustment process before the equalization
tank. Some plants adjust the pH after the equalization tank.
Location of the neutralization process depends on the type
of industry and type of wastes being treated. See Chapter 6,
"Industrial Waste Treatment," Section 6.3, "Neutralization,"
INDUSTRIAL WASTE TREATMENT, for more details.

Industry frequently uses special screens and micro-
screens to remove 1,loatable and settleable solids instead of
using primary clarifiers. These coarse or large solids are
usually removed before the flow equalization tank. Remov-
ing these solids now will reduce unnecessary clogging and
wear on downstn3am pipes, pumps, aerators and clarifier
mGchartisms. Also this process will help avoid odor prob-
lems that could develop from the settling out of Lalids in the
equalization and emergency basins. For more information
see Section 6.2, "Screening and Microscreens," in Chapter
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6, "Industrial Waste Treatment," INDUSTRIAL WASTE
TREATMENT.

Biological treatment processes work best if they receive fair-
ly constant hydracIic and organic loadings Equalization and
emergency tanks are used by industry to store peak loads for
release and treatment during periods of low loadings. Fluctu-
ating flows (hydraulic loads) are usually smoothed out by allow-
ing all wastewater to flow into the equalization tank and by
pumping the wastewater to be treated out of the equalization
tank at a constant flow rate. Variations in organic loadings are
smoothed out by mixing the wastewater flowing into the
equalization tank with the water already in the tank. By the use
of effective mixing (such as with propellers, stirrers or aera-
tion), the organic content of the wastewater in the equalization
tank can be Kept fairly constant, thus providing a constant
organic load to the activated sludge process.

Emergency basins or storage tanks are usually kept empty
or almost empty so that there is plenty of room to store any
process spills or wastewater diverted when treatment pro-
cesses are upset. Wastewater may be diverted automatically
on the basis of signals from continuous monitonng eqwoment
(total organic :arbon, pH, or conductivity analyzers). Also di-
version can De done manually based on results from contir u-
ous analyzers, grab samplers, or from a verbal warning of
upset conditions from process operating personnel.

Generally, cc ntinuous monitoring and automatic diversion is
the ideal approach for detection and isolation of process up-
sets. Unfortunately, continuous monitoring produces some se-
vere orarational problems in the form of sampling system and
analyzer difficulties. Solids can plug the sampling lines and the
anE lyzers may require considerable maintenance. To avoid
these problems, some plants rely on the analysis of grab sam-
ples and notification by process operators when spills occur
Whether you use continuous monitoring or grab samples to
detect spills and undesirable influent conditions, you must pro-
tect your biological treatment processes from unsuitable condi-
tions.

Frequently industrial wastewaters lack the proper amounts
of nutrients for proper microorganism growth and reproduction
in the activate i sludge process. The major nutrients of concern
are nitrogen cnd phosphorus. Other nutrients such as calcium,
magnesium, sodium, potassium, iron, chloride, and sulfur are
needed by the microorganisms, but sufficient quantities are
usually found in most process waters.

Nitrogen and phosphorus 619 needed for biological growth
and reproduction in quantities approximated by a BOD5 N . P
ratio of 100:5:1 or a COD : N : P ratio of 150:5:1. If the nitrogen
or phosphorus levels in the wastewater being treated are less
than the values indicated by these rados, more nitrogen can be
added in the form of ammonia (usually as 30 percent aqueous)
and phosphorus as phosphonc acid (usually as 75 percent
aqueous). When these nutrients must be added, they are me-
tered into the wastewater from the equalization tank or recycle
sludge streams before the aeration tank. The additions are
based on the difference between the desired amount and the
actual amount in the wastewater being treated.

When the wastewater being treated has been heated by a
production process, the water may have to be cooled before
biologics: treatment, especially during the warmer summer
months. Biological activity and treatment effectiveness usually
drops rapidly at water temperatures above 99°F (37°C). Cool-
ing towers are sometimes installed where heated discharges
can cause problems. Usually a portion of the influent flow, or in
extreme cases, the entire influent flow, is directed over the
cooling towers during the warmest summer months. Proper
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operation of these towers allows sufficient evaporative cooling
for control of the aeration basin temperature.

Sometimes sufficient water cooling will occur from aeration
in the equalization and aeration basins. Mechanical aerators
can be especially effective. Diffused air aeration systems,
however, can increase the temperature by 5 to 7T (3 to 4°C)
because of the hot air from the blowers. If excessive cooling is
caused by surface aerators in the cold winter months, shut
down the aerators (if possible) or add heat by using heat ex-
changers or steam.

Troubleshooting problems in central pretreatment facilities
are similar to other treatment processes. If a spill occurs with a
high initial oxygen demand, mechanical aerators may not be
able to supply enough oxygen to maintain a minimum dis-
solved oxygen (0.5 mg/L) in the equalizing basin. When this
happens, the basin may become septic and give off undesir-
able odors. If the aerators cannot deliver more oxygen, addi-
tional oxygen may be provided in the form of hydrogen
peroxide.

Another possible problem with mechanical floating aerators
is excessive cooling of the wastewater during cold winter
months. If the water temperature becomes too low, the activity
of the activated sludge organisms and the performance of the
secondary clarifier may be reduced greatly. A partial solution to
this problem is to shut off some of the aerators completely or to
shut off all of the aerators periodically. You must keep the
contents of the equalizing bash well mixed to avoid surges of
waste organic loads or solids settling on the bottom of the
basin. If a proper schedule is developed for turning the
aerators on and off, you can provide sufficient mixing and keep
the heat lost from the surface of the basin ;ow.

If the aerators fail, carefully monitor the flows from the
equalizing basin to the aeration tank using continuous ana-
lyzers or frequent grab samples. If the variation in organic
loading, hydraulic loading or te.-nperatures becomes much
greater than normal, divert all or some of tre flow to the
emergency basin. When the aerators are returned to opera-
tion, the flow to the aeration basin should be increased gradu-
ally to avoid shocking the biological system.

When the nutnent flow stops, try to get the flow back on line
as soon as possible. If the nutrient flow can be restated in 24
hours or less, feed nutrients at twice the normal rate for the
same period of time that the nutnent flow was off. If the nutrient
flow will be off for more than 24 hours, try adding nutrients from
bags such as agricultural or garden fertilizers.

2.535 Start-Up or Restart of an Industrial Activated
Sludge Process

Once the wastewater has been properly pretreated and
ready for the activated sludge process, the activated sludge
biological culture must be ready to treat the wastes Whether
you are starting a new activated sludge process or trying to get
an existing process back on Ime after the culture has been
wiped out by a toxic waste, the procedures to develop a new
activated sludge culture are similar.

New activated sludge cultures are started by obtaining
"seed activated sludge" or activated sludge microorganisms
from either a nearby municipal or industrial wastewater treat-
ment plant. The amount of seed activated sludge needed de-
pends on the hydraulic and organic loadings on your treatment
plant. The greater the load, the more tank trucks of activated
sludge seed will be needed.

Once the activated sludge seed has been added to the
Lon basin, the level of the water in the aeration basin is usually
maintained just below the overflow level. The a ation system



is in operation. You want to increase the population of acti-
vated sludge microorganisms. This is accomplished by feeding
the "bugs" a solution they can eat quickly and use efficiently
for building more microorganism cells. The most common
chemical feed is sodium acetate. These microorganisms also
require nutrients for fast and healthy growth. The key elements
are nitrogen and phosphorus. They also must be provided in
the form of chemicals added to the wastewater Usual' j am-
monium sulfate and potassium dibasic phosphate (available in
a dry form in bag quantities) are used because they are rela-
tively pure and can provide an adequate buffer for pH control in
the aeration basin. These chemicals are easily dissolved in
small amounts of water.

Start-up procedures will vary with each industrial waste
treatment plant Usually the chemicals are added to achieve a
ratio of COD : N : P of 150:5:1 or BOD : N : P of 100:5:1.
Chemicals are added on a batch basis directly to the aeration
basin (or indirectly through pump wells) until the mi-
croorganisms multiply to approach a MLSS level of 2,000
mg/L Usually enough sodium acetate (food) is added in a
batch to allow the bugs to feed for one to three days. Between
batch feedings, periodic analyses of the aeration basin con-
tents will indicate the rate at which the bugs are consuming the
organic materials (oxygen uptake rate readings and filtered
COD or TOC analyses) and the rate of growth of the bugs
(MLSS analyses). These measurements will indicate the tim-
ing for future batch feedings Experience indicates that you
usually have to feed chemicals for about one week to produce.
a flocculating sludge.

Once a MLSS level of over 2,000 mg/L has been reached,
the industrial wastewater may be introduced into the aeration
basin THIS STEP MUST BE VERY GRADUAL Pump approx-
imately 10 percent of the total industrial waste flow from the
equalizing basin Chemical feeding should be continuous if at
all possible This procedure allows the activated sludge mi-
croorganisms to slowly adapt or become acclimated to the
industrial wastes so the wastes will not shock the delicate
growth patterns of the activated sludge microorganisms

Periodically take samples from the aeration basin in order to
monitor the degree of biological growth and removal of organic
wastes (oxygen uptake rate, MLSS, and filtered COD) After
two or three days, if the monitoring results are favorable (i.e.,
high COD removal, MLSS increasing, oxygen uptake rates
steady), the industrial waste flow input can be increased (20 to
25 percent of the total flow) and the chemical feed (food) can
be reduced by a similar amount. Also, at this time, the perma-
nent nutrient feed system (if any) should be started to assure
an adequate supply of nitrogen and phosphorus.

This procedure is fL.!lowed until all of the industrial wastewa-
ter flow (with no chemical feed) is being fed to the activated
sludge process. The time for the acclimation process to be
complete will vary will the industrial wastes being treated, but
usually two to three weeks are required Once the activated
sludge process starts to generate excess activated sludge
above the desired MLSS level, sludge wasting should be
started to control the MLSS.

Portions e this section were taken from BACKGROUND
DOCJMENT, DU PONT ACTIVATED SLUDGE TREATMENT
Permission to use the material in these two sections is sin-
cerely appreciated

IMMO.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 110.

2 53E In general. where is the most economical location to
treat toxic wits'?

2.53F Why da some industries require a waste pretreat-
ment facility?

2 53G Why does industry use screens to remove coarse
soliris9

2.53H How can variations or fluctuations in influent organic
loadings be smoothed out before the aeration basin?

2.531 What chemicals are used to provide nutrients in the
form of nitrogen and phosphorus'?

2.53J Where would you obtain a "seed activated sludge" to
get an existing activated sludge process ba..k on line
after being wiped out by a toxic waste'?

2 53K Why must industrial wastes be added gradually to
the aeration basin initially'?

2.54 Operational Considerations (Activated Sludge)

The following discussion will center on specific verational
problems experienced at various industrial wastewater treat-
ment plants Corrective action methods are lso presented.

2.540 Neutralization

pH control systems may be installed to treat various
process/production wastewaters. pH adjustment of this nature
is usually done as a pretreatment process. However, lime,
alum, and iron salts may be used in a pre secondary chemical
clarification process. In this case it is necessary to provide
additional pH adjustment facilities to neutralize the normally
high pH effluent (8.5 to 11.0) from the chemical clarification
process. Abnormally high wastewater pH will result in loss of
activated sludge system efficiency and cause settling prob-
lems in the secondary clarifier A consistently alkaline waste
(high pH) can be neutralized by using carbon dioxide (CO2).
Boiler stack gas and a compressor delivery system could be a
source of carbon dioxide.

If a higt. pH wastewater is a problem because you use lime,
alum or iron salts as a settling aid, consider the use of poly-
mers instead.

If the pH is too low (acid), the pH can be increased by the
addition of lime (Ca(OH)2) or caustic soda (Na OH) The acti-
ated sludge process usually operates satisfactorily in a pH

range from 6.5 to 8 0

2.6. 1 Nutrients

Nutrients, especially nitrogen and phosphorus, car, be criti-
cal in the performance of the activate° sludge system. The
exact point at which nutrients become critical depends on your
type of treatment process and how you operate it

Remember that all applied nutrients must be in a soluble
form to be used by the microorganisms. The addition of nutri-
ents should be accomplished at a point where the incoming
wastewater is highly mixed, preferably in the aeration basin.
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The quantity of nutrients added to the treatment system
should be based on the desired BOD reduction and the
amount of the nutrient deficiencies. The amount of nitrogen
and phosphorus required to treat a waste n be estimated
from the quantity of sludge produced per d. The pounds of
nitrogen required per day is equal to 10 percent of the volatile
solids (on a dry weight basis) produced each day. Phosphorus
requirements are one-fifth the nitrogen requirements The
amount of nutrients which have to be added each day is de-
termined by the difference between the cpantity required and
the quantity available in the wastes.

Typical supplemental nitrogen is provided by using aqueous
ammonia or anhydrous ammonia. Supplemental phosphorus
is provided by using dissolved triple superphosphate, phos-
phate fertilizer, or phosphoric acid (a waste acid from alumi-
num bright dipping facilities).

When the supply of nitrogen and phosphorus from the
wastewater is below that required by the microorganisms in
your biological treatment process for extended periods of time,
filamentous organisms may begin to predominate and cause
sludge bulking in the secondary clarifier.

2.542 Daily System Observations

Daily observations of the bacterial population must be
made to observe developing system changes and stress
conditions so that proper action may be taken before overall
treatment efficiency is affected. Under normal conditions,
the bacterial population is composed primarily of small
bacteria with large numbers of stalked ciliates and many free
swimming ciliates and rotifers (Section 2.32). The presence
of these higher fc.ims gives you the indication that the
process is operating properly. The following conditions have
been found to cause the disappearance of the higher forms

1. DO levels belcw 3.0 to 4.0 mgt. With a high mixed liquor
solids, it is possible that the oxygen transfer efficiency is
impaired at lower DO concentrations Additionally, fila-
mentous growth may predominate.

2. High organic loadings: When the process is in the dis-
persed growth phase, it has been observed that the higher
forms do not compete as well as the simpler bacterial
forms.

3. Toxic substances or nutrient deficiencies. These conditions
will affect the growth and maintenance of the higher forms

4. pH control. If the pH control system is not operating prop-
erly to adjust the pH to near neutral, ciliates and rotifers will
not adapt to pH fluctuations and will disappear

2.543 Return Activated Sludge (RAS)

In most cases the RAS values for industrial waste treat-
ment systems are the same as for municipal systems as
discussed in Section 2.2. However, some systems experi-
ence a sludge with low compacting characteristics (high
SVI). This is usually, yet not always, the result of conditions
shown in Section 2.23, Table 2.3, on page 58.

2.544 Waste Activated Sludge (WAS)

An activated sludge plant, operafing at a high rate (or low
sludge age) will produce 0 5 to 1 0 pounds of microorganisms
for each pound of BOD removed. In addition to the production
of up to 0.5 pounds of microorganisms per pound of BOD
removed, added sludge results from the non- biodegrajable
suspended solids, both volatile and nonvolatile, in the influent
to secondary treatment. Consequently, it is common for the
total secondary sludge production to be 0.8 to 1.0 pounds per
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pound of BOD removed Sludge from secondary treatment
systems is still biologically active and will putrefy This can
cause an intolerable odor. If the sludge contains no domestic
wastes, it may oe possible to spread and dry the sludge quickly
on a disposal site or agricultural land. and then plow it into the
soil.

Secondary sludge is difficult to dewater as compared with
primary sludge. Raw, undigested secondary sludge has a total
solids content of only one-half to one percent in air systems
and one to three percent in pure oxygen systems. In ad:Mon,
the cellular matter in the sludge is only fifteen percent solids.
Unless the cell membranes are ruptured, microorganisms
cannot be dewatered to greater than ten percent solids Cells
can be ruptured by heating or slow freezing although natural
freezing can be used in some climates

An alternate mr-iiiod of handling WAS from a treatment sys-
tem that operates seasonally is to divert WAS to a lagoon At
the end of the season. the solids from the lagoon are periodi-
cally returned to the aeration system ft:07 "complete" oxidation
during the off-season period.

2.545 Clarification

In industrial waste treatment systems, sludge settling often
is significantly affected by influent characteristics variations As
a rPsult of these variations, the settling characteristics of the
sludge are extremely critical Therefore, clarification rates of
less than 400 gpd/sq ft (16 cu m per day /sq m) may be neces-
sary to obtain proper operation.

If you observe a gradual decrease in percent solids removal
over a period of time, this reduction may be the result of grit
and silt accumulation in the aeration basin The grit and silt are
not carried out in the effluent, remain in the basin, and reduce
aeratior volume and detention time A higher volatile content
of the sludge would be indicative of this condition P lower
volatile content would occur only if the aeration basin s con-
tents are well mixed. In this case there should be no settling
nor accumulation of grit and silt

If this condition exists, make every attempt to increuze the
efficiency of your grit removal process If you do not have grit
removal facilities, make every effort to increase the mixing in
the aeration system to prevent the settling of solids in "blind" or
dead" areas (typically corners). If none of the above control

methods are available .9 you, consider cleaning your aeration
basins on a yearly basis , _ assary If you operate a munici-
pal treatment facility and find grit and silt are coming from an
industrial source, make the industry remove ",e grit and silt by
pretreatment methods Industry should not be allowed to d'imp
this material into a sewer

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 110.

2.54A Where should nutrients be added to a wastewater')

2.54B List some typical sources of supplemental nitrogen
and pnosphorus

1.54C What factors or conditions have been found to cause
the disappearance of higher forms of mi-
croorganisms from the activated sludge process')

2 54D What items could cause a GRADUAL DECREASE in
percent solids removal from an activated sludge pro-
cess over a period of time')



NOTICE
The following Sections 2 55 through 2 58, were prepared

by the operators of actual industrial wastewater treatment
plants These operators have described procedures they
use to treat industrial wastes by the activated sludge pro-
cess `lot must remember that there are many types of
industries and that the waste flows and constituents will be
different at every treatment plant. The intent of the following
sections is to provide you with ideas that might work for your
industrial waste treatment activated sludge plant.

2.55 Pulp and Paper Mill Wastes by James J. McKeown

Industrial wastewater treatment plants are designed in much
the same manner as municipal plants, however, there are
some important differences in treating pulp and paper mill
wastes. Befo:e any waste stream can be treated, both the
average and range of fluctuations of flows and waste con-
stituents must be measured, recorded anc analyzed.

2.550 Need for Recordkeeping

The format for recordkeeping will usually be prepared by
the environmental control supervisor. Theta are three basic
reasons for keeping accurate records.

The first reason is to keep a history which helps troubleshoot
problems which arise. Each entry onto the log sheet is made at
the frequency needed to help locate trouble. Even so, the
operator needs to be alert for trends which occur in between
the log entries Most log sheets call for pertinent remarks and
the operator should make use of this column to note unusual
conditions or to simply enter "all's well Your record will be
read by the person relieving you in order to pick up the opera-
tion You know the things most helpful to you when starting a
shift and it's simply a matter of doing likewise for your relief

The sec,_,nd reason has to do with accounting for the opera-
tion of the plant during appropriate times, such as, weekly or
monthly If the operator should fail to make an entry and must
estimate a value, the value should be footnoted accordingly
Failure to enter even routine data may prevent a calculation
from being made. Serious mechanical problems or chronic
symptoms of future problems should also be noted so the work
orders can be issued to correct the problem.

The last reason is that records are legal documents which
will protect the company from unjust claims In other words, the
company may have to prove that its operations were normal
during a certain time period The only way this can be accom-
plished is by use of the actual operating data Therefore, it is
very important to keep accurate records. Don't forget that all
recorder charts are also a part of the official record. You may
be asked to make notations on these charts as part of the
accounting procedure and its usually a good idea to initial the
note. Another good idea is to make a note on your log sheet
each time you mark the recorder chart.
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2.551 Wastes Discharged to the Plant Collection System

in most industnal systems, departments or small networks of
sewers are monitored individually. The control of wastewater in
these networks is often the responsibility of production per-
sonnel. Experienced production personnel know that certain
conditions in their area will result in abnormal discharges to the
sewer. With proper communications between operating and
waste treatment plant personnel, an alarm can be sounded
either before or nght after a spill actually happens. A quick
phone call will allow emergency measures to be implemented
in time to prevent operating problems. Everyone must encour-
age the necessary communications to give waste treatment
personnel all the advance notice they need to properly operate
the plant

Several key sewers may be monitored continuously. In such
a system the wastewater treatment plant operator can usually
read the recorders to see if all the sewers contain normal quan-
tities of wastewater The use of centralized instrument panels
both in the mill production area as well as the treatment plant
will allow confirmation of a particular condition.

Operators should understand the reason why each water
quality indicator is being monitored and if necessary, how the
sensor works. In highly automated systems, the operator may
use instrumentation personnel in order to maintain the proper
calibration and operation of each sensor However, even in this
case, a basic understanding of the instrument or electrode is
useful.

The most common control sensors which are used in pulp
and paper mills are conductivity, flow, pH and turbidity Special
situations may be monitored to determine temperature, color,
sodium, COD, TOC, or TOD. Oxygen respiration may also be
monitored to detect overloads or spills. Continuous bioassays
may be required at certain installations and DO is used to
control aeration in activated sludge plants Treatment plant
personnel should be aware of the meaning of changes in the
values of each water quality indicator at each sampling point.

The operator should be familiar with certain mill waste flow
and constituent recorder patterns (variations) which are likely
to occur in each sewer, so that appropriate control actions can
be .vitiated. For example, a modest increase in conductivity
accompanied by a low pH indicates that acid is probably being
discharged into the mil sewer. However, it both conductivity
and pH are quite high, then an organic discharge containing
black liquor is the likely event. Further, if flow measurement is
available, the operator should be able to determine the poten-
tial severity of the discharge The operator should know what
combinations of readings to look for and what actions are nec-
essary in each case to control the situation. Many mills use
continuous recorders with signal alarms to alert the operators
that a particular sewer is exceeding its normal limit. However,
whether communication is automatic or by person to person
contact, most situations have a history of occurrence and can
be properly handled using predetermined control measures.

If a spill is detected by the sensor system, the operator
should be able to verify the spill. A pi ,one call to the mill oper-
ating area may be sufficient to learn how long the event is likely
to continue. With this information, a decision can then be made
on the procedures to use to control the spill. Industrial control
systems often use emergency storage tanks or spill ponds
which can be filled quickly to protect the treatment plant.

Knowledge about the nature and duration of an emergency
upset is a necessity for proper management of reserve storage
capacity. These diverted wastes can later be bled into the
treament plant at controlled rates.
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2.552 Variables Associated with the Treatment of Paper
Mill Wastes

NUTRIENT CONTROL

The wastewater usually does not have enough nitrogen and
phosphorus to support bacteriological growth Thus, facilities
are often installed to add these nutrients to the wastewater
before biological treatment The proper amounts of these nut-
rients must be added because too little or too much may create
problems. The operators should be familiar with their nutnent
feeding systems and in cold climates, the temperatures at
which certain nutrient chemicals will freeze Many wastewate-3
only require nitrogen addition because there is enough phos-
phorus in the wastewater as a result of boiler water corrosion
control and cleaning operations.

Experience with BOD removal at the lowest possible nutnent
addition rates will allow the operator to properly control the
addition rate soluble ammonia nitrogen and phosphorus gen-
erally need not exceed 0.5 and 0 2F mg/L, respectively, in the
final effluent Many systems are providing adequate treatment
at effluent concentrations of 20 to 50 percent of these values If
final effluent nutrient values are considerably lower than these
values, then additional nutrients may be necessary

FOAM CONTROL

Another additive in pulp mill wastewater systems is a de-
foamer Some pulp mill effluents foam because the wood
soaps are not fully captured in either the tall oil or recovery
systems The chemicals which cause foams are oxidized dur-
ing biological treatment Llowever, if foaming isn't controlled in
the biological plant while treatment is taking place, a variety of
problems may result, including frothing of mixed liquor solids
thereby removing these solids (organisms) from the system.
Foam can also engulf and shortout motors and other electrical
equipment. Also, foam will cause certain level recorders to
misinterpret the true liquid level and this can be troublesome if
flow measurement is affected Foam may also cause an air
pollution problem, especially if it dries and becomes
windborne.

Foam is generally controlled by water sprays or do,,Ing with
an antifoam cherry(' The object of either approach is to
rause an uneven a lion of surface tension in the foam
The spray also provide 3 physical impact which busts the
foam and creates channels for subsequent drainage through
the foam.

Defoaming chemicals are very expensive and their applica-
tions should be carefully controlled The delivery system car
be by overhead spray or oy using the aerator to distribute the
chemical into its own spray Either system has been used with
success in the paper industry. Most paper mills use metering
pumps to feed defoamer The chemical is added continuously
at a predetermined rate. If foam volume increa,,es, the chemi-
cal dose is increased for a short period of time and then re-
duced to the baseline aga.n Excessive use of defoamers may
also place an added oxygen demand on the system which is
undesirable. Automatic systems respond to conductivity or
photoelectric sensors When the foam reaches the sensor, the
defoamer chemical is applied in steps until the foam recedes
below the sensor Chemical suppliers will gladly recommend
procedures which reflect their experience

pH CONTROL

The plant may be equipped with a neutralization system
where acid or caustic is added prior to the mixed liquor tank
Most facilities add these chemicals prior to the primary
clarifiers However, some plants bypass the clarifiers with large
volumr s of bleach plant wastes and, in this case. pH adjust-
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ment is accomplished in a blend tank where bypassed wastes
join primary effluent.

Hydrated lime, Ca(OH)2, and caustic, NaOH are two of the
common alkaline solutions used to increase pH while sulfuric
acid, H2SO4, is the common acid solution. Control of pH varia-
tions is probably more important than the actual pH value
However, most mills have a high and low pH target value which
must not be exceeded and pH should be adjusted to fall within
this range.

Most pH control systems are automat.c and are based upon
pH and flow sensors placed downstream from the blending
point. Acid and caustic make up requires that the operators
follow prescribed safety rules because of the danger involved
in handling these concentrated chemicals.

PRODUCT RELATED SITUATIONS

Treatment of pulp and paper mill wastewaters is similar in
many ways to the treatment of municipal wastes. The ma-
chinery is identical in many cases. However, the operator who
worked in a municipal plant will quickly become aware of some
additional differences which depend on the type of pulp and
paper being produced. These differences are reviewed here.

The paper industry has several types of pulp mills and man
ufactures a large number of grades of paper To a large extent
the waste treatment systems operations will reflect the particu-
lar mix of pulp and paper being made each shift Thus, a
knowleoge of which grades are being prouuced can be an
important factor in the operation of the plant We cannot cover
all of these product related differences in this section How-
ever, the topics of flow, settleable solids, color, and odor can
be discussed n general terms.

1 FIBER The paper industry manufactures products made
primarily of cellulose The cellulose must be treated in the

mill in a variety of ways which include cleaning. blending,
refining, screening, bleachIng, trimming, and drying In
many of these operations, the cellulose is pumped from one
unit process to another. In order to efficiently process the
cellulose into paper, the fibers must be separated (diluted)
for some unit processes and matted (molded) for others
The result is that the cellulose is contacted with large quan-
tities of watei at various points in the process

This 0, ater .s later removed from the cellulose and much
of it is reused. The recycle system in a paper mill actually
retains 3 to 10 times the amount of water sewered The
paper industry continually looking for new ways to reuse
much of this water In many cases, the mill uses internal
treatment to renovate these waters before reuse in showers
or for stock dilution

Also, the effluents are generally treated within the mill
before being discharged to the sewer Most of the usable
fiber is scalped from the water by a variety of savealls The
savealls may be screens, filteis of various sorts, dissolved
air flotation units, or mechanical clarifiers See Chapter 28,
Industrial Waste Treatment, for details on these pro-

cesses

When the recycle system is working properly, the treat-
ment plant receives moderate quantities of water containing
the fine cellulose particles and dirt which have been delib-
erately separated from the paper However, when the recy-
cle system is out of balance, large quantities of water and
cellulose may be sent to the sewer

Most of these cellulose fibers settle readily and will clog
screens and impa the passage of effluent if adequate mix-
ing or dilution isn t inaintained in the sewers Further, when



the fibers reach the primary clarifier, they settle readily and
increase the load on the rakes Most clarifiers are designed
to handle this load without overloading. but the sludge re-
moval rate is usually increased to keep the torque in con-
trol.

2 FLOW Large quantities of extra water may also accom-
pany these abnormal fiber discharges Again, the size of
the plant should be adequate to handle these surges How-
ever, the operation may require adjustment of chemical
feed and use of standby pumps after hydraulic surges have
reached the plant.

Further, most paper mills operate around the clock. Thus,
flows are fairly constant and don't decrease during the night
as happens with the flow to municipal plants.

3. SETTLEABILITY If the paper plant contains a pulp mill,
some further differences may be evident. The pulping of
wood separates a number of chemicals from the fiber
These chemicals are believed to cause higher SVI levels in
biological sludges produced during treatment. In the case of
treating 100 percent pulp mill effluent, seconda71 clarifiers
are designed with overflow rates lower thait systems pro-
cessing only domestic wastes in order to accomodate this
slower settling floc. Also, the final effluent may contain
slightly higher suspended solids concentrations where 100
percent pulp mill wastes are being treated

4 COLOR AND TURBIDITY The chemicals extracted from
Mood are colored very much like swamp water which con-
tains vegetative extracts. Thus, the wastewater will gener-
ally appear yellowbrown. A wastewater can be clear in
terms of suspended solids, although it is still colored by
dissolved solids. Wastewater with a dissolved color will
change in color with changes in pH as well as mill opera-
tions.

Certain papermdls use dyes or pigments to color the fi-
bers. Tissue paper, construction paper, and a variety of
specialty products are examples of grades which are col-
ored. The wastewater associated with these grades will
also be colored. Mills with one paper machine produce
effluents which change in color every time that the pa-
permaker changes the dye However, the color change isr't
as noticeable in effluents from mills with many paper ma-
chines because the colors blend toward neutral and often
appear gray Most dyes are oxidized and thus disappear
during biological treatment.

Mills making filled grades or using starch will produce
waters which appear white. Starch will usually degrade in
biological treatment and the cloudiness and turbidity will
disappear during treatment Some mills use titanium
dioxide and talc to fill the paper sheet These very fine white
particles have high refractive powers and may not be com-
pletely removed during treatment. Thus, the final effluent
will contain white schds. Also, the return activated sludge
may appear white because it contains large quantities cf
these inorganic pigments.

5. ODOR The odor of the water discharged from a pulp mill
will reflect the chemicals used and produced in the pulping
process. In most cases, these odors are associated with
gases which were captured in the process water back in the
mill. When these waters arrive at the treatment plant and
die aerated, the gases are stnpped from the wastewater.
The extent to which these gases are present in the waste-
water .epends on the pulping process and the extent to
which the waters are stripped of gas prior to discharge to
the sewer.
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EMERGENCY SYSTEMS

The plant probably has some emergency features which are
seldom used. Industrial systems must be able to be started up
and shut down in accordance with production variations. In
many cases, these are planned far enough in advance to turn
down or shut down the plant in an efficient manner. However,
occasionally, because of an equipment failure at the plant,
personnel h^ve to respond quickly by employing seldom used
facilities. The operators should run through periodic drills
which simulate thew reactions to these emergencies so there
will be no delay when a real emergency occurs. Examples of
seldom used facilities are standby pumps, diversion valves,
spill tanks and lagoons as well as feed tanks used to supply
organic load to build up an activated sludge culture prior to
plant start-up. Further, spill tanks should normally be operated
empty so their capacity is available during an emergency. After
the tanks are used to scalp a spill, they should be emptied
(usually gradually) at a rate which will allow the plant to treat
the wastewater adequately. However, the goal should be to
empty them as quickly as possible because the plant is sus-
ceptible to upset if another spill should occur which is larger
than the reserve spill capacity. The spill tank is often used to
store the waste for use during the shutdown period.

2.553 Start-Up and Shutdown Procedures

The paper industry has occasion to shut down and start-up
an activated sludge plant for several reasons Holidays, main-
tenance (preventative and emergency), process upsets,
strikes, and scheduled production reductions may require that
the activated sludge plant be turned down or shut down The
procedures for shutdow end subsequent start-up vary with
the nature and duration of the shutdown, as well as the
weather expected during the shutdown.

For short shutdowns a set of action plans must be Developed
to alleviate potential problems in line with some interim goals.
The goals must be selected prior to each planned shutdown

2.554 Management of Shutdowns and Start-Ups
by W A. Eberhardt

WHY MANAGE SHUTDOWNS AND START-UP?

The performance of an activated sludge plant improves with
increasing stability in influent loadings (waste composition ana
volume) and environmental conditions (pH, temperature, DO).
Typically, as the steady-state condition is lost, discharyas of
suspended solids and BOD increase Also of significance,
once lost, the favorable performancr..1 associated with steady-
state operation is not quickly regained

Shutdown/start-up conditions have a high potential for pro-
ducing a loss of biological equilibrium or steady-state. In addi-
tion, shutdowns/start-ups increase the risks of personal injury
and produce abnormally high operating costs due to the new or
unusual conditions typically experienced.

As an operator, it is your responsibility to the environment,
your employer, and yourself to prevent or minimize the poten-
tial 'verse impacts of a shutdown/start-up To adequately
meet your responsibilities, you mu,: carefully manage the situ-
ation

WHAT IS A SHUTDOWNISTART-UP9

Shutdown, start-up is a situation whereby the normal waste-
water feed is interrupted, or, one or more of the activated
sludge support systems (such as aeration) malfunctions The
result is that the biological process is one to lose equilibrium
Typical circumstances surrounding a shutdown/start-up are:
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A. Interruption of Normal Feed

1. Manufacturing interruptions (weekends, holidays, an-
nual shutdown, equipment failures)

2. Manufactunng abnormalities (spills, process changes
or tests, product changes)

3. Feed support loss (failure of a feed pump)

B. Interruption of Biological Support Systems

1 Mechanical failures or planned outages (recirculation
pumps, aerator, chemical feed pump)

2. Runout of a chemical (nutrient, neutralization, polymer)

HOW CAN I MANAGE SHUTDOWNS /START -UPS?

To successfully manage shutdowns/start-ups, you must
have OBJECTIVES and GOAL 3, and a PLAN FOR IM-
PLEMENTATION.

1 OBJECTIVES AND GOALS Several basic objectives to
be accomplished dunng snutdowns/start-ups are.

1. Maintain satisfactory/legal process performance,
2 No personal injuries, and
3. Maintain least cost for satisfactory performance.

For each objective, specific goals must be established.
Table 2.7 provides some suggested goals. For example,
one goal toward achieving the process performance
objective is to maintain a constant F/M ratio. This would
prevent one or more of the potential problems cited for
failure to control or change the ratio

YOU must customize the suggested objectives and goals to
your operation.

2. PLANNING The shutdown/start-up plan is a strategy to
accomplish your selected goals. The plan is necessary for
both scheduled and si...1c1t.h occurrences The plan may be
formally typed in a manual or written in a log book This plan
should include the specific activities and associated timing
and responsibilities necessary to overcome all identified
barriers to accomplishing each goal. For example, the
shutdown might involve discontinuance of wastewater from
manufactunng a barner to maintaining a constant F/M
ratio. Your plan might call for storage of wastewater in a
basin in advance of the shutdown with provision to pump it
to the process during the outage (holding wastewater in a
basin at all times might be a cont'nuing plan to cover un-
scheduled losses of process wastewater). Finally, your
plan, as applicable, must be coordinated with other waste-
water treatment AND manufacturing activities.

3. IMPLEMENTATION Successful implementation of your
plan requires:

a. COMMUNICATIONS with involved and affected per-
sonnel and organizations before and during implemen-
tation,

b DISCIPLINED EXECUTION of the planned action
steps,

c. EVALUATION OF RESULTS c :ng execution with ap-
prophate plan adjustments, and

d. CRITIQUE of results and performance after the incident
with emphasis on learning for future improvement.

4. SUMMARY The benefits of well managed shutdowns/
start-ups include satisfactory and legal performance, fewer
injuries, and reduced costs. To manage an interruption jou
must identify its occurrence (actual or potential) and ag-
gressively act to minimize its consequences. Success will
follow if objectives and goals are established, plans are
developed to achieve them, and plan implementation is
coordinated, disciplined and flexible.

2.555 The Periodic- Feeding (Step-Feed) Technique for
Process Start-Up of Activated Sludge Systems"
by R.S. Dorr

NEED FOR EFFECTIVE START-UP PROCEOURES

Activated sludge biological treatment systems are being
constructed in many locations across the country by pulp and
paper mills. Process start-up of these high rate biological sys-
tems presents a complex problem. The plants currently in op-
eration across the country prove that given enough time and
attention these systems can be successfully started up. Time,
however, is costly and often limited when dealing with dis-
charge permit deadlines.

DEVq.OPMENT OF THE START-UP PROCEDURE

The i..criodic-feeding technique which has been developed
for the start -u1 of pulp and paper mill activated sludge systems
is based upon *.he biological growth kinetics and physical mi-
crobiological concepts which govern the biological treatment
process. Several statements are crudel to the development of
this start-up procedure and are summarized below.

1. The concentration of microorganisms in the system influent
(the mill sewer) is insignificant in comparison to concentra-
tions found in domestic collection systems.

2. There exists a critical minimum mean cell residence time
(MCRT) below which the system cannot function and the
microorganisms cannot establish themselves.

3 The degree of flocculation of the microorganism:, is influ-
enced by the food-to-microorganisms ratio (FIM) At very
high values of F1M, microorganisms are completely dis-
persed and will not settle, rendering the secondary clarifiers
nonfunctional.

4. If the secondary clarifiers are for some reason nonfunc-
tional, the mean cell residence time is equal to the hydraulic
retention time of the aeration basins.

5 Increasing the food (soluble BOD) to a bacterial population
beyond certain limits, does not necessarily increase the
rate of population growth.

In view of these facts, a process start-up procedure should
provide a means of controlling the food-to-microorganism ratio
and/or the mean cell residence time to prevent dispersal and
washout of whatever bacteria may be initially present in tt ,

system. Neither the soluble BOD concentration in the system
influent nor the amount of bacteria in the system can normally
be controlled during a process start-up." The hydraulic load-

13 This section was taken from "Development and Testing of the Step-Feed Technique for the Process Start-Up of Activated Sluoge Systems.
by R S Dorr, PROCEEDINGS OF THE 1976 NCASI NORTHEAST REGIONAL MEETING," NCASI Special Report No. 77-03, May 1977
NOTE The original paper referred to this procedure as STEP-FEED, but this section uses the term PERIODIC-FEEDING to avoid confusion
with the step-feed activated sludge process.

"As an exception, bacteria from another similar activated sludge plant may be introduced by massive seeding techniques involving many
truckloads of thickened sludge.
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TABLE 2.7 GOALS FOR SHUTDOWNS/START-UPS

Goals Potential Problems Action Plans

1. Maintem constant food charac- Solids in effluent
tenctics SVI increase

Low BOD removal
Lost activated sludge organisms

2 Maintain constant food/microor- Solids in effluent
ganisms (F/M) SV1 increase

3. Maintain nutrient balance (N. °, Solids in effluent
metals) Bulking

Low BOD removal which persists

4. Maintain environment constant Solids in effluent
(temperature, pH, DO) Low BOD removal

5 Maintain hydraulic loading con- Hydraulic surges
trot Flows during periods requiring a "dry

outage"
Sludge recycle imbalances

6. Necessary equipment functional

7 Complete required maintenance
on schedule

8 No personnel miunes

9 Cost optimization

10 Protect receiving stream

11 Meet permit requirements

Power outage (light, equipment)
Instrument air outage (valve posi-

tioning)

Less than optiinum performance
after start-up

Production downtime for subsequent
repair

Lack of safety equipment
Difficult environment (no lighting)
Abnormal (non-routine) tasks
Inadequate staffing

Shutdown extension due to
Inadequate staffing

Undertaking necessary work
Provisior, of unnecessary equipment

(generator for aerators)

Spills
Inadequate treatment

Inadequate performance and/or dis-
charge monitonng

Normal waste
Store pnor to shutdown
Feed during shutdown

Abnormal wastes
Minimize
Bypass to storage for equalization

Pre-Shutdown
Store waste
Lower MLSS

During Shutdown
Feed stored waste
Reduce or stop wasting

Assure in advance
Adequate supply of nutrients
Provisions for addition of nutrients

Optimize aeration for
DO
Heat retention in winter
Heat loss in summer

Introduce heat during prolonged winter usage
Assure in advance

Supply of neutralization chemicals
Provision for addition of chemicals or store
pre-neutralized waste

Plan together with manufacturing people
Use of surge/storage basins
Closed valve motivation
Gradual increase in loading at start-up

Advance provisions
Standby generators
Instrument air override
Use storage basins

Critical path planning
Maximum prework
Avoid shutdown items

Individual job safety
Analyses with appropriate follow-up
Safety training program

Question shutdown needs
Complete planning

Comprehensive planning

Meet all goals in this table
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ing rate, however, can be regulated. This is the basis of the
start-up procedure described in this section.

Assume a waste stream of 10 MGD and 100 mg/L soluble
BOD were to be treated in an activated sludge plant designed
to have a hydraulic retention time of six hours. Flow is intro-
duced to the system along with normal amcsunts cf nitrogen
and phosphorus required, and aerators and recycle pumps are
started. After the six hours of flow required to fill the basins and
clarifiers, the following conditions exist:

1 Ti-ol soluble BOD level throughout the system is 100 mg/L.

2. The amount of bacteria present is very small, existing only
in the form of "seed."

3 The value of F/M is very high, and therefore the bacteria are
totally dispersed.

At this point, the flow through the system could be allowed to
continue at 10 MGD; however, this might be disadvantageous
for two reasons. The "seed" microorganisms cannot possibly
consume a very significant portion of the soluble BOD during
the cix hours in which it would pass through the system. In-
deed, it may take several days under very similar conditions to
consume the 100 mg/L in a BOD bottle. There is no reason to
believe that the reaction will take place any faster inside the
aeration basin Therefore, constantly feeding the system a
fresh supply of wastewater containing 100 mg/L soluble BOD
provides no real advantage.

Additionally, since the bacteria are dispersed, 10 MGD of
water containing whatever concentration of microorganisms
that exist in the system would be flushed over the effluent weir
of the secondary clarifier This loss must be made up for by the
ate of growth of the bacterial population The six hour resi-

dence time could be at or below the minimum mean cell resi-
dence time required for growth; therefore, washout of any
bacterial growth will occur. In any case, it would put the mi-
croorganisms to an extreme handicap in establishing them-
selves.

In this start-up procedure, the influent flow is shut off The
water within the plant is then recirculated between the second-
ary clarifiers and the aeration basins. With this method, the
mean cell residence time may be made as long as necessary
simply be retaining the entire mass of microorganisms within
the system. The bacteria proceed to consume the soluble BOD
present and subsequently increase in concentration, rapidly
lowering the F/M value. Eventually, the energy level drops to a
point where the bacteria begin to flocculate and the amount of
food remaining becomes a limitini factor in further growth

Now is the time to introduce more food to the microorganism
population Again, it might be disadvantageous to feed the full
10 MGD flow through the system for the same reasons stater'
previously The flow instead is introduced at a gradually in-
creasing rate, thus gradually accelerating the rate of introduc-
tion of available food to match the growing concentration of
microorganisms In terms of the food-to-microorganism ratio,
"F" might be matched to an ever increasing "M" in a way to
maintain a value of F/M that would neither inhibit the growth
rate nor disperse the bacteria. As an additional advar .age, a
reduced rate of feed would produce a lower oveilow rate in the
secondary clarifiers, making them more efficient than normally
possible This fact could be used as jostification for allowing
higner than normal F/M values during the low flow portions of
the :tart -up.

The value of F/M could ideally be held constant or gradually
decreased by carefully regulating the flow rate through the
plant Practically. however, this is not possible due to uncer-
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tainties in the actual soluble BOD concentration in the waste
stream and also because the flows cannot usually be regulated
with any precision. Much more feasible from an operating
standpoint would be to keep the value of F/M within a range
that would eventually narrow down to the optimum when the
system is started. The feed could be increased in a periodic
step-wise manner as long as the period steps did not cause the
F/M to exceed a "safe" level.

Although bacteria are the primary motivators in stabilizing
the organic wastes, other types of microorganisms play an
important role in an activated sludge system. More complex
single cell organisms called protozoa act as scavengers de-
vouring dispersed bacteria producing a highly clarified effluent.
These protozoa also serve as useful indicators of the overall
condition of the system. Because of their greater complexity
and size, they are more sensitive to changes in their environ-
ment and can be more easily observed under a typical com-
pound microscope.

The usefulness of microscopic indicators in this type of
start-up scheme is obvious. Following each periodic (step) in-
crease in feed to the system, the value of F/M will rapidly pass
from a high level to one near the normal optimum. Timing the
next periodic (step) increase is critical both to the viability of the
microbial population and to the overall start-up time require-
ments. The F/M value may be guessed at based on measured
MLVSS and either estimated BOD loads or rapid tests that
approximate BOD such as COD to TOC analysis. These lab
1,.?s- are very important during start-up; however, only by mi-
cioscopic inspection can the system's energy level be im-
mediately and directly confirmed. In addition, this observation
may detect nutrient deficiency, low pH, low dissolved oxygen
levels and other problems hindering most start-ups. The dis-
covery by microscope of one of these defects is independent of
plant instruments that ma / be as yet inaccurately calibrated or
laboratory tests with whic:, the technician is unfamiliar.

besides producing a rapid and controlled growth of active
microorganisms, 'lie periodic (step)-feed procedure has sev-
eral other virtues. Using this procedure, a full, active population
may be grown from even the smallest amount of seed or-
ganisms A bucket of activated sludge from another plant will
contain all the types of microorganisms necessary to start a
system and may be used if it is uncertain that they exist nor-
mally in the mill wastewater This small population of mi-
croorganisms, when introduced during the zero-flow seep, will
proliferate and stabilize the F,'M value within a matter of sev-
eral days.

The periodic (step)-feed method minimizes the possibility of
sudden kills of the active bacteria mass. 1 lie microbial popula-
tion is extremely fragile during the early stages of its develop-
ment, but it is also during this time that most of the wastewater
flow bypasses the system This effect reduces the possibility
that a slug of toxic, inhibitory or high strength organic material
in the waste stream could fill the system to a concentration that
would endanger its growth.

Finally, there is no period of population stabilization after
the target MLVSS level is attained using the periodic (step)
feed method Often in the start-up of an activated sludge sys-
tem by other methods, the types of micrOOrganizMS present in
the system when the target is reached are not the same ones
that will predominate during the normal operation. This is be-
cause the population produced by using these methods devel-
ops under conditions, such as the energy level, that are far
removed from those prevalent after the target is reached. A
considerable length of time may be required for a turn-over of
the types of microorganisms represented in the population.
Plant performance can be expected to be somewhat less than
optimum during this period. By gradually "zeroing in" on the



optimum F/M value, the periodic (step)-feed technique culti-
vates a highly diverse population of microorganisms v,hich are
more adequately suited for survival during normal operation

2.556 Operating of a Municipal Plant Receiving Paper
Mill Wastewater
by Anthony A. Leotta and W.A. Hopsccger

Operating experience described in this section were ob-
tained from a treatment plant with present day domestic flows
averaging from 2.0 to 2.5 MGD (7,570 to 9,460 cu m/day) and
paper mill flows from 0.3 to 0.5 MGD (1,135 to 1,890 cu
rn/day). Paper mill wastewater averages 600 mgiL suspended
solids and 250 mgiL BOD. Domestic wastewater is relatively
weak and averages 75 mg/L suspended solids and 50 mg/L.
BOD.

Nutrient deficiencies are experienced at this plant. Urea is
introduced into the aeration tanks to provide a concentration of
5 mglL at the lead of the aeration tank. Another satisfactory
approacn to solving the nitrogen deficiency is to bypass a por-
tion (10 to 20 percent) of the priioary influent directly to the
aeration tanks. Nutrients which are usually removed by pri-
mary treatment are diverted to the aeration tanks to satisfy the
nitrogen deficiency.

Mixed liquor suspended solids are adjusted to 2,500 mglL
Experience seems to indicate that paper waste is difficult to
consume by microorganisms and therefore may require more
microorganisms than in most domestic treatment plants to do
the job.

DO levels in the aeration tank are maintained between 2 and
3 mg/L throughout the entire tank. Too much air (over 3 mg/L)
results in a breaking up of the floc and a resultant decrease in
settleability. Too little air results in a loss of beneficial activated
sludge bacteria and could result in an undesirable explosion of
fi:amentous growths

Optimum return activated sludge (RAS) flows range from 40
to 50 percent, depending on flow and st :ondary Janfier condi-
tions Return rates of 20 to 25 percent do not maintain the
proper MLSS in aeration Rates in excess ,: '0 percent cause
an increase in overflow rates which result in bulking sludge
flowing over the clarifier weirs.

Depending upon the type of solids in the return sludge, the
wasting schedule is . educed during the autumn and winter
season in order to maintain higher MLSS in aeration. Since
microorganisms become less active (sluggish) in colder tem-
peratures, MLSS are raised to about 3,000 mg/L during the
colder seasons. Closer control of MLSS vs suspended solids
in return s:uoge 's required during the colder season. Experi-
ence has .s that the ratio between MLSS and return
sludge suspel._ -4 solids should be about 3 In other words,
with the best ranya of MLSS from 2,000 to 3,000 mg/L, sus-
pended solids in the return sludge should be maintained be-
tween 6,000 to 9,00C mg,'L Wasting schedules are calculated
to maintain this ratio.

The operating guidelines are summarized as follows:

1 F/M ratio <1.0
2. SVI around 200
3. MLSS of 2,500 mglL (warm weather)
4. MLVSS, 70 percent of MLSS
5. DO, 2 to 3 mglL throughout aeration tank
6. Return activated sludge rate, 40 to 50 percent
7. Return activated sludge suspended solids, 7,500 mgL
8. MLSS/RAS SS, 3
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2.557 Ack.lowledg:nents

Authors in this section on how to treat pulp and paper mill
wastes included James J. McKeown, W.A. Eberhardt, R.S.
Dorr, Anthony A. Leotta and W.A. Hopsecger. Reviewers of
this section included Al Brosig, Anthony A. Leotta, Larry Metz-
ger, David B. Buckley, Ray Pepin and W.A. Eberhardt.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 110.

2.55A Why must accurate records be kept?

2.55B Why should the effluent from a pulp and paper mill
activated sludge process contain around 0.5 mglL
ammonia nitrogen and 0.25 mglL phosphorus?

2.55C Under what conditions might the paper industry shut
down an activated sludge process'?

2.550 Why is the periodic feeding (step -feed) technique for
process start-up of activated sludge systems effec-
tive?

2.56 Brewery Wastewaters by Clifford J Bruell

2.560 Operational Safety

!n brewery wastewater treatment plants, as in other food or
induscial treatment plants, there exists the potential of tre-
mendcus fluctuations within influent wastewater characteris-
tics This is especially true with respect to the organic content
of the in:luent. A brewery wastewater treatment plant that re-
ceives an organic load of 25,000 pounds (11,000 kg) of 80D
on one day may experience an organic loading of 50,000
pounds (22,000 kg) of BOD (or more) the following day. Eco-
nomically it is impossible to design, construct and operate a
wastewater treatment plant that will as a matter of routine, treat
highly fluctuating loads or the entire potential load from an
industrial plant Therefore, a multifaceted waste load monitor-
ing program to CONTROL the source of the wastewaters and
to CAPTURE FOR REUSE valuable raw materials is essential.

Due to the nature of brewery operations and the characteris-
tics of brewery wastewater, MOST BREWERY WASTEWATER
TREATMENT PLANTS ARE SMALL WASTEWATER TREAT-
MENT PLANTS THAT DO THE WORK OF LARGE WASTE-
WATER TREATMENT PLANTS. Therefore, a tight, well orga-
nized operation is imperative in order to meet NPDES permit
goals The various operational strategies described in this sec-
Lon are examples of what has worked best at a typical plant.
These methods are NOT THE ONLY WAY to get the job done.
Careful experimentation (where only one variable at a time is
changed) is necessary to determine the best operating
methods at every individual treatment plant. There is no substi-
tute for experience and every operator has experience. The
key to successful operation is using existing experience and to
build on that foundation with new, well documented experi-
ence.
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2.561 Sources of CI-sracteristics of Brewery Wastewater

SOURCES OF BREWERY WASTEWATER

In the brewing industry, as in other food processing indus-
tries, there is always some minimal loss of raw materials. Brew-
ing ingredients such as malted barley, rice, starch, hops and
yeast often become part of the wastewater. Raw material
losses can be controlled by the use of capture systems and
recycle loops, 'wever, it is inevitable that some portion of this
material will become waste. The malting of barley requires
large volumes of water which flushes from the grain concen-
trated organic materials throughout the malting process. To
maintain sanitary conditions within a food plant, large volumes
of cleaning solutions are required. These soapy solutions, that
often have a high pH (caustic soda) and their associated rinse
water, also become part of the brewery wastewater stream. A
small portion of the. product, BEER and brewery by-products
(brewers yeast) are very concentrated (organically), and can
enter the waste stream. On occasion, lubncating oils or other
maintenance or utility materials (ammonia, glycol coolant,
acids) may accidentally enter the sewer line. Together these
items are the sources of brewery wastewater.

CHARACTERISTICS OF BREWERY WASTEWATER

Brewery wastewater that contains starches, sugars and al-
cohol can be characterized as organically strong. This means
that the wastewater may often exert a BOD of 1,200 mg/L or
greater (municipal wastewater often has a BOD of 200 mg)
Much of this SOD is "soluble" or "dissolved" and only 10 to 15
percent of this BOD can be removed by primary clarification.
Therefore, a highly efficient secondary treatment process,
such as activated sludge, is necessary to successfully treat
brewery waste. Nutrents such as nitrogen and phosphorus are
often considered to be deficient within brewery wastewater.
Textbook data often states that the ratio of BOD:Nitro-
gen:Phosphorus that is necessary to produce desirable acti-
vated sluoge microorganisms is 100 pounds BOD: 5 pounds N.
1 pound P within the influent to the aeratio;i basins. If waste-
water has a very high BOD, due to starches and sugars, then
the nitrogen and phosphorus levels considered NORMAL in
municipal wastewater would be deficient when compared to
the E )D in brewery wastewater If cleaning solutions (acids
and caustics) are released rapidly to a brewery wastewater
treatment plant (instead of being slowly metered), drastic pH
fluctuations within the influent will result. This pH fluctuation
(pH 4 to 10) can cause operational problems if the influent is
not neutralized.

2.562 Brewery Wastewater Treatment Plant Tour

OVERALL PICTURE

A typical brewery wastewater treatment plant flow layout
is shown on Figure 2 15 Typical data has been included to
give you the "feel" of the relative operating conditions of this
plant To provide you with an overall picture of the plant, let's
take a WALKING TOUR of the plant shown on Figure 2.15
At each location try to picture the equipment that would be
seen and the process that is taking place. USE YOUR
EXISTING KNOWLEDGE OF WASTEWATER TREATMENT
AND TRY TO RELATE IT TO THIS BREWERY
WASTEWATER TREATMENT PROCESS. Also, much of the
other information within the remainder of this section on
brewery wastewater treatment will be somewhat specific to
the typical brewery wastewater treatment plant described

PRETREATMENT OF WASTEWATER

7 o begin the tour let us start at the headworks of the plant. At
this point the flow from various portions of the brewery, which
is collected by a massive network of piping, valves, floor drains

100

and sumps, is delivered to the wastewater treatment plant via a
lift station and several gravity lines. An influent flow of 3.0 MCD
(11,350 cu m/day) containing 1,200 mg/L BOD (30,000 lbs or
13,600 kg/day) and 250 mg/L SS (6,000 lbs or 2,700 kg/day)
would be an average loading to this plant. The first ..,tep of the
treatment process is bar screening At this brewery the au-
tomatically raked bar screen removes can lids, cans, glass,
pieces of wood, rags and balls of "grain and keg wax" that form
within the sewer lines. Immediately following the bar screening
step is the GRIT REMOVAL CHAMBER or grit channel. Grit at
a brewery wastewater treatment plant consists of malted bar-
ley and hops Depending on what raw materials are used,
grains such as corn grits or rice might also be captured within a
grit chamber These brewing matenals are readily settled and
removed from the waste stream Therefore, this grit material
has some limited reuse value, an example of this would be as a
compost mix additive. Estimation of the volumes of grit that are
gene -ated at various breweries is very difficult because these
volumes would depend on whether malting was being done on
site and the efficiency of the recapture systems. At this brew-
ery between 0.5 to 1.0 cubic yards of grit per MG (0.1 to 0 2
L/cu m) of flow is generated.

A useful operational aid within the area of the bar screen is
an in-line continuous monitoring pH meter. A meter at this
location, with a low and high pH alarm, can alert an operator of
POTENTIAL pH PROBLEMS long before they BECOME
PROBLEMS. The magnitude of a pH fluctuation and the dura-
tion can alert an operator of the severity of the problem. An
automatic/manual acid addition system is used to meter
(pump) concentrated H2SO4 to neutralize caustic cleaning so-
lutions. An additional recording pH meter is used to control/
monitor the acid addition. At this brewery the acid addition step
is done within the grit chamber area; however, a more desir-
able addition and monitoring point would be downstream of the
surge tank or primary clarifier. Other brewers have success-
fully used automatic caustic addition systems (50 percent
NaOH via pump) to neutralize acid spills If an automatic caus-
tic addition system is not present, stores of caustic materials
such as lime or NaOH should be kept on hand for emergency
situations (large acid spills).

After grit removal the influent wastewater stream enters a
0 5 MG (2,100 cu m) surge tank Brewer production is often a
batch process A good example of this is the malting process.
When a malting tank is drained of liquid within the "steeping
out process, this can exert an immediate high hydraulic load
(8 MGD (30,000 cu m/day) flow rate) upon the wastewater
treatment plant. The surge tank is used to catch this peak
hydraulic bad and then the waste can be metered to the plant
at a controlled rate. Pumping from the surge tank at a con-
trolled rate of flow eliminates shock loadings to the aeration
basins and prevents disturbing the sludge blanket within all of
the plant clarifiers. Another function of the surge tank is dilution
of high strength organic wastes within the influent. Beer has a
very high BOD that can exceed 200,000 mg/L. If an accidental
beer spill occurred, consisting of 10 to 100 Bbls of beer (31
gallons/Bbl), this would be considered a major overload situa-
tion. A load of this magnitude, unchecked, could cause a plant
process failure. However, when a surge tank is used, dilution
will occur within the tank and the entire waste load is ME-
TERED into the aeration system. When the waste material then
enters the aeration system at a slightly elevated organic con-
centration (rather than greatly elevated), it is possible to meet
dissolved oxygen requirements and to form a desirable
biomass. To facilitate mixing and dilution several floating
aerators are used. These units rise and fall (float) just as the
tank level does These mixers achieve a small degree of pre-
aeration Oils and grease, within the waste stream, are also
"conditioned" by the mixing action of the surge tank. These
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materials become sfIghtly coagulated which results in an in-
creased removal efficiency of floating oil and grease (F.O.G.)
within the primary clarifier.

The control of the surge tank level is a manual operation
controlled by the operator (level alarms and overflow provi-
sions are present). Penodicaily the operator checks the surge
tank level and adjusts the rate of waste pumping to maintain a
desired level From the surge tank the waste is pumped into
the primary clanfier.

PRIMARY CLARIFIER

The primary clarification step typically removes 10 to 60 per-
cent of the influent suspended solids. However, because bre-
wery waste has a highly soluble organic content, a smaller
amount of BOD removal is achieved at this point. A 5 to 15
percent BOD removal is typically obtained: this fact also indi-
cates that only a small amount of BOD is associated with the
scads removed here. Though oil and grease are not a major
portion of the influent stream, some is skimmed from the pri-
mary clarifier surface along with small amounts of yeast, hops
and grain hulls that tend to float within the primary clarifier.
Sludge solids concentrations of materials removed from the
primary clarifier typically range from 3 to 5 percent solids.
Sludge blanket depths are measured periodically. Sludge
pumping frequency and the rate of removal (pumping rate) are
adjusted to maintain a minimum sludge blanket depth within
the clarifier without causing "coning."

2.563 Nutrient Addition

Brewery wastewater is usually nutrient deficient. Most brew-
ery wastewaters have a deficiency in both niaocien and phos-
phorus. To supplement nitrogen, ammonia gas (or liquid) can
be metered into 1;,::: primary clarifier effluent. Some brewery
wastewater treatment plants use phosphoric acid, 1-13PO4, as
an additional source of phosphorus At the brewery wastewa-
ter treatment plant under examination here, adequate quan-
tities of phosphorus are present within the influent. This is due
to the fact that phosphorus is derived from both malting by-
products and phosphorus based cleaning solutions However,
within this plant, nitrogen is deficient.

A desirable organic strength to nutrient ratio is 100 pounds
BOD. 5 pounds N. 1 pound P. In order to calculate the quan-
tities of nutrient addition required it is first necessary to have
some estimate of organic strength of the waste To run a 5-day
BOD test as an estimate of organic strength is impractical
because it takes too long! This is especially true if nutrient
addition rates have to be adjusted on a DAILY basis. There-
fore, analysis such as chemical oxygen demand (COD) or total
organic carbon (TOC) is necessary to provide relatively cuick
results. These tests can be run within several hours and a BOD
value can be calculated once a BOD:COD or BOD:TOC ratio
has been established. As an indication of the amount of nitro-
gen that is already present within the influent, NH3-N analysis
is performed on a 24-hour composite sample of the primary
clarifier effluent. This same sample is used for other analyses
such as TOC analysis. As an estimate of nitrogen content,
NH3-N analysis is used because it is easier to run than T.K N.
(Total Kjeldal Nitrogen) analysis. This usually ends up in a shift
in the BOD:N ratio FROM 100 pounds BOD:5 pounds N
(T.K.N.) TO 100 pounds BOD:2 pounds NH3-N. (This is true
because in this wastewater the ratio of 5 pounds T.K.N :2
pounds NH3-N holds true.) The same philosophy applies to
phosphorus analysis (it is easier to run ortho-P analysis than
total-P analysis).

An example of NH3-N addition calculation sheet is provided
(see the sample calculation) The basic principles ..if the addi-
tion procedure is to

1. Estimate the organic strength of the waste (via a quick
method such as TOC)

2. Estimate the amount of nutrient already present (via a quick
method such as NH3-N).

3 Est:mate the supplemental amount of nutrient required.

The sample calculation procedure is designed to allow addi-
tion of the nutnent on a continuous basis for 24 hours. Also,
when the plant effluent analysis reveals 1.0 mg/L or greater
residual of the nutrient that is being supplemented, this is an
indication that the addition quantity is sufficient. If the residual
is far above or below the 1.0 mg1/.. concentration, the addition
ratio should be adjusted accordingly.

NUTRIENT ADDITION SAMPLE CALCULATION

Sample Data. Item Data

Primary Effluent, 24-hour
Composite Total Organic
Carbon (TOC) 554 mg/L

BOD:TOC Ratio 2 21

Calculated Sample BOD
2.2 x 554 mg/L 1,219 mg/L

Estimated Row fo- the
Next 24 hours 3 3 MGD

Final Effluent, 24-hou, Composite
NH,-N Concentration 0 88 mg/L

Primary Effluent, 24 -hcjr
Composite NH,-N Concentration 8 36 mgiL

SAMPLE AMMONIA ADDITION CALCULATIONS

1. Estimate the present day s BOD loading in pounds of BOD
per day

BOD Loading,
lbs/day

Flow, MGD x Est BOD, mgiL A 8 34 lbs,gal

= 3 3 MGD x 1,219 mg/L v 8,34 lbs/gal

= 33,549 lbs BOD/day

2 Calculate the amount of ammonia (NH3-N) required it
pounds per day Assume an ammonia requirement of 2
pounds NH3 per 100 pounds BOD

NH, Required,
lbs/day

BOC, lbs/day x NH,-N, lbs

BOD, lbs

lbs BOD 2 lbs NH,-N

day 10C lbs BOD

= 671 lbs NH,-N/day

3 Estimate the ammonia (NH3-N) supplied to the aeration ba-
sins in the primary clarifier effluent.

NH, Supplied, = Flow, MGD x NH, -N, mg /L x 8.34 lbs /gal
lbs/day

= 3 3 MGD x 8.36 mg/L x 8 34 lbsigal

= 230 lbs NH,-N/day

4 Determine the amount of ammonia (NH3-N) that must be
added to the primary effluent.

NH, Added, = NH, Required, lbs/day NH, Supplied, lbs/day
lbs/day

= 671 lbs/day 230 lbs/day

= 441 lbs NH,-N/day

NOTE. Effluent NH3-N concentration is 0 88 mg,L which is a
satisfactory (possibly a little high) level.
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5 Calculate the rotameter setting. The rotameter constant is
5 45 lbs NH3 N for a 24-hour period for each one percent

Rotameter :41-13-N Added, lbs/day
Setting, % 5.45 lbs NFI,-N/day/%

441 lbs N111,-N/day

5 45 lbs NH3-N/day/%

= 81%

2.564 Aeration Basic Flow Scheme
Immediately after nutrient add on, the primary clarifier

effluent enters the first aeration on or "contact cell." The
wastewater is highly bio-oxidizable and combined with the
return sludge (which has been re-aerated) they exert an
immediate high oxygen demand upon the aeration system.
Figure 2.16, the Simplified Aeration Basic Flow Schematic, is
a clear overview of the activated sludge system. The fresh
waste is distributed throughout the basin and mixed with
return sludge from the adjacent "Return S'udge ReaLraticn"
cell. Together, the return sludge and fresh waste travel in a
"plug flow" pattern through nine (9) aeration cells (0,303 MG
or 1,150 cu m each) in a serpentine fashion. Assuming an
average flow of 3.0 to 3.5 MGD (11,350 to 13,250 cu m/day)
and a 35 percent return sludge pumping rate, aeration time
is approximately 14 to 16 hours. The mixed liquor leaving the
final aeration cell is split and distributed to the two secon-
dary clarifiers. The activated sludge mixed liquor is next
separated `rom the effluent within the secondary clari-
fier. The sludge organisms settle within the quiescent (calm)
clarifier and are removed from the bottom of the tank while
the clear effluent overflows the tank weirs. From the secon-
dary clarifier the secondary effluent passes through a chlo-
rine contact chamber and is r hlonnated. If necessary the
final effluent 's dechlonnated with sodium bisulfide '-fore
disc:large to the receiving waters. A small portion of the
return sludge is continuously wasted. Return sludge that is
not wasted enters the return sludge re-aeration basins. Flow
of the return sludge within the re- aeration system is also in a
"plug flow" pattern. Return sludge within the re-aeration
phase is allowed to "rest" for 18 to 20 hours before re-
entering the contact cell of the aeration system. The trip of a
sludge particle that makes the complete loop from the
contact cell, through the entire aeration and re-aeration
system and back to the contact cell, could take 32 to 36
hours under the previously described operating conditions

2.565 Activated Sludge System Operation

Brewery wastewaters, as well as many other food process-
ing wastewaters, are highly bio-oxidizable. This means that
when activated sludge organisms come in contact with the
fresh wastewater, the organisms will immediately start to use
the wastewater as a food source. When this happens there is a
sudden demand for oxygen by the sludge organisms. Dis-
solved oxygen (DO) uptake rates in e, Less of 200 mg 03, ha
may occur. The aeration basin DO levels might even drop to
0.5 mgiL or less. Some belie% e that when DO levels greater
Than 5.0 mg/ are NOT maintained, this will promote the
growth of filamentous organisms. This is just one possible
cause of filamentous growth. Filamentous organisms are often
cited as a possible cause of sludge "bulking." To avoid DO
level sags within the first aeration basin or 'contact cell," and
the associated possibility of sludge "bulking," several design
modifications have been made to the basin.

The Contact Cell Aeration Mode is shown within Figure
2.17. This is an enlarged view of the first aeration basin that

15 An effluent with less than 20 mg /L of both BOD and suspended solids
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receives the primary efiiueitt. The view shown here represents
what would be seen if v,,u were looking down into a nearly
empty aeration basin. A jet-type aeration system that uses
Venturi noz.'.les is the type of aeration system used. Two large
submerged basin recirculation pumps collect mixed liquor and
pump it into the "liquid" header. Air or oxygen is metered into
the "gas" header. When the "liquid" and "gas" pass through
the aeration Venturi nozzles simultaneously, a jet action oc-
curs and the gas becomes impinged within the liquid. These
aeration basins are not covered. This type of jet aeration sys-
tem is used within all aeration basins and the capability of
using air OR oxygen within all of the "gas" headers exists In
most basins where DO requirements can be met with air, stan-
dard aeration blowers are used to supply air and satisfy oxy-
gen demands. However, in the contact cell where DO de-
mands are high, oxygen is necessary (pure oxygen is more
effective than air because air is only 21 percent 02) The oxy-
gen is first vaporized from liquid and then metered into the
"gas" header within the contact cell. When oxygen is used
within the header, NO AIR is used simultaneously. Within the
"contact cell" special modifications direct the raw primary
clarifier effluent and the return activated sludge from the last
reaeration basin to within Ele immediate vicinity of the sub-
merged pump's suction. This is accomplished by piping and
duct work that are equipped with flow metering devices. This
modification enables the fresh re-aerated return sludge and
wastewater to be mixed and quickly distributed throughout the
contact cell. With the aid of oxygen, it is possible to maintain
minimum DO levels. An on-line DO meter and lab meter are
used to monitor the basin and frequent oxygen flow rate ad-
justments are made. Following "contact" the mixed liquor
moves to the aeration basin on the right (in a plug flow fashion)
through a submerged flow control gate The "plug flow" mode
of aeration basin flow is used because this type of basin flow
(rather than "complete mix") has also been cited as being
instrumental in the PREVENTION of the growth of filamentous
organisms or dispersed growth Also, this particular aeration
scheme has been the most successful mode at this plant for
obtaining the required 20/20 BOD/SS effluent's

Aeration basin MLSS levels are run at various levels be-
tween 2,000 to 2,800 mg/L (85 percent VSS) Many factors
dictate the exact MLSS level that is maintained. An example of
this is influent organic loading When very low ogranic loadings
occur to the aeration basins, a relatively lovi ML3S should be
maintained to prevent an excessive sli'dge age from develop-
ing. The inverse relationship is also true to a certain degree.
Temperature is another factor that greatly influences the MLSS
level that should be maintained. The activity (ability to remove
cal-bon) of the sludge organisms within the biomass is highly
temperature dependent An increase in basin temperature of
only 10°C (i e. an it _'ease from 20°C to 30°C) can DOUBLE
the activity of the biomass Therefore, during periods of higIer
summer temperatures, a lighter biomass MLSS can achieve
the same organic removals as twice (2 . ) biomass under
',vinter operating conditions (temperatures'. As the sludge or-
ganisms increase their activity as a result of warmer basin
temperatures, they also increase the quantities of oxygen re-
quired This means that at high MLSS levels and high basin
temperatures, it is often difficult to maintain satisfactory DO
levels within the aeration basins When this happens and aera-
tion capabilities cannot be increased, it often becomes neces-
sary to trim back the MLSS levels until minimum DO levels are
acmeved again.

The suspended solids levels maintained within the return
sludge r -aeration basins often range from 6,000 to 10,000
mg,L This concentration depends on the settling character's-
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tics of the sludge and the operation of the secondary clanfiers.
Return sludge rates are adjusted to maintain a sludge blanket
between 12 to 18 inches deep (30 to 45 cm) within the sec-
ondary clarifier. Numerous blanket depth measurements (with
a "thief" type sampler) are made to control the blanket depth.
The goal is NOT to build a DEEP blanket (that leaves sludge
within the clarifiers for a long period of time) OR to pump the
blanket levels TOO LOW and then pump only dilute sludge into
the return sludge re-aeration basins. An on-line suspended
solids meter is used to monitor return sludge suspended solids
levels and to aid with this determination. Also, grab samples of
the secondary clarifier influent are taken frequently to measure
sludge settling rates and sludge volume indices (SVIs). Once
again, just as the relationship between temperature and basin
DO levels dictates maximum MLSS levels, the settling charac-
teristics of the sludge within the secondary clarifier may also
dictate the maximum MLSS level that can be maintained under
aeration. To control clarifier sludge blanket depth, return
sludge pumping rates can be increased only to a certain point
,,about 50 percent), and after that further increases in return
rates are not beneficial. This is because the additional return
that is pumped back through the re-aeration and aeration sys-
tem ultimately comes back into the claiier and causes a high
hydraulic loading. This increased hydraulic loading into the
clarifier can cause the characteristically light fluffy sludge to
become stirred up and possibly bulk. If the sludge settling
characteristics are poor (high SVI) and increasing return
sludge pumping rates do no control sludge blanket depths,
again MLSS levels must be trimmed back.

Other commonly used activated sludge operational control
factors such as the food to microorganisms ratio (F/M), mean
cell residence time (MCRT) and sludge age, are very difficult to
us as the SOLE determining factor to direct sludge wasting on
a day to day basis. These factors can be very useful as plant
design figures or they can be used to determine desirable
operating ranges. However, to calculate these factors and ad-
just sludge wasting rates or to attempt to adjust MLSS levels
on a daily basis "shooting" at a specific FIM SET POINT be-
comes impossible. When highly fluctuating organic loads enter
a plant it is very difficult to waste or build MLSS rapidly enough
(within 24 hours) to meet a specific set point. Instead, select a
proper MLSS level SET POINT which actually results in an
F/M, MCRT or sludge age value that floats in the vicinity of
what would approximate a desirable "factor" range! In reality
there are many interrelated and independent factors that influ-
ence plant operation. These factors include basin DO levels
that can be maintained, sludge settling characteristics, effluent
quality and many other factors dictate what MLSS level can be
maintained. This proper MLSS level must be determined ex-
perimentally by SLOWLY adjusting the MLSS level together
with careful observation of plant behavior. Ultimately a proper
MLSS SET POINT can be determined and used to control
sludge wasting activities. However, you must realize that this
"proper MLSS set point" may have to be adjusted when in-
fluent characteristics change and when seasonal changes oc-
cur.

As previously described, all sludge that is not wasted flows
into the re-aeration portion of the plant. There are numerous
benefits from return sludge re-aeration. A list of some of the
advantages is as follows:

1. Basic math indicates that if nine aeration basins are main-
tained at a MLSS of 2,000 mg/L, then the addition of only
three return sludge re-aeration basins ( ALL basins equal
0.303 MG or 1,150 cu m) at a SS level of 6,000 mg/L (return
sludge concentration) will DOUBLE the available biomass
within the activated sludge system. (9 aeration x 2,000
mg/L = 3 re-aeration x 6,000 mgIL or double initial capac-
ity.)

2. During periods of high organic loading, the re-aeration
phase allows adequate "rest" time for the sludge or
ganisms to metabolize adsorbed and absorbed BOD.

3. If a poison or toxic substance should enter the plant (heavy
metals, pH or temperature shift) only a small portion of the
biomass will be destroyed. The plant can recover quickly
and be back on line within a short penod of time (again
achieving satisfactory BOD removal).

4 The "rest" period within re-aeration seems to condition the
sludge so that it will readily accept new influent loading and
consistently obtain high BOD removals ( + 98 percent)

2.566 Sludge Wasting

An example of a sludge wasting calculation is included. The
major basis of the calculation is that sludge wasting wil! be
done continuously for a 24-hour period with the GOAL being a
desired MLSS "SET POINT." Every 24 hours all of the data is
reviewed and a new sludge wasting rate is implemented.

The following illustrates the wasting formula calculation. As
a quick indication of influent organic -trength, a total organic
carbon (TOC) measurement is used t_ project BOD loading.

SAMPLE DATA: Item

Final Aeration Cell MLSS

Primary Effluent, 24-hour Composite
Sample, TOC

Desired MLSS set point

Return Sludge (waste) SS

Estimated Flow for the Next
24 hours

Data

2,420 mg/L

554 mg/L

2,200 mg/L

7,160 mg/L

3 3 MGD

Volumes and Assumptions

1. Volume of each aeration cell 0.3 MG.

2. Nine aeration cells, total aeration volume 2.7 MG.

3. Solids in secondary clanfiers are equal to 15 percent of the
solids within the aeration basins.

4. MLSS of final aeration basin :s representative of the MLSS
of all the aeration basins 9 x final aeration basin MLSS -
total aeration solids.

5. Yield factor = 0.5 lbs MLSS solids produced/lb BOD re-
moved.

6. Estimate pnmary effluent flow from recent records and ac-
tual flow data for first 8 to 10 hours of the day. Take into
consideration whether the sludge wasting system is in op-
eration.

7. Conversion factor = Yield x BOD:TOC ratio

1.1 = 0.5 x 2.2

SAMPLE WASTING FORMULA CALCULATIONS

1. Calculatk. the solids in the system in pounds. Since solids in
the secondary clarifiers are 15 percent of the solids in the
aeration basins, multiply the solids in the aeration basins by
1.15
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Solids in Aeration Final Aeration 8.34 lbs
System, lbs Volume, MG Cell MLSS, mg/L gal

= 2.7 M Gal x 2420 mg/L x 8.34 lbs/gal x 1.15

= 62,668 lbs



2. Estimate the solids produced in the system in pounds per
day. Assume 1.1 pounds of solids are produced per pound
of TOC.

Solids 1.1 lbs solids/day x TOC. lbs/day
Produced' 1 lb TOC/day
lbs/day

= 1 1 x Flow. MGD x TOC, mg/L x 8 34 lbs/gal

= 1.1 x 3 3 MGD x 554 mg/L x 8.34 lbs/gal

= 16.772 lbs solids/day

3. Determine the desired pounds of solids in the system based
on a MLSS set point of 2,200 mg/L. Assume solids in the
secondary clarifiers are 15 percent of the solids in the aera-
tion basins (multiply by 1.15)

Desired _ Aeration MLSS Set
Solids in Volume. MG

x
Point. mg/L

System,
lbs = 2 7 M Gal x 2.200 mg/L x

= 56.971 lbs

x 8.34 lbs x 1 15
gal

8.34 lbs/gal x 1 15

4. Calculate the sludge wasting amount in pounds per day.

Sludge (Solids in Desired Solids) + Solids Produced.
Wasting System, lbs in System, lbs lbs/day
Amount. Waste During 1 day
lbs/day

(62.668 lbs 56,971 lbs) lbs+ 16,772
1 day day

= 5,697 lbs/day + 16,772 lbs/day

= 22.469 lbs/day

NOTE If the sludge wasting rate is negative, the MLSS Is too
low. Reduce the existing wasting rate by 10 to 15
percent. Some operators shut off the waste when
negative values are obtained, but many operators try
to avoid drastic changes in wasting rates by adjusting
the existing wasting rate urs or down by no more than
10 to 15 percent each day.

5 Determine the sludge wasting rate in MGD and GPM

Sludge = Sludge Wasting Amount, lbs/day
Wasting Waste Sludge SS. mg /L x 8 34 lbs/gal
Rate. MGD

22,469 lbs/day=

7,160 mg/L x 8.34 lbs/gal

= 0 376 M gal/day

Sludge 376.000 gal/day
Wasting 1.440 min/day
Rate, GPM

= 261 GPM

Waste sludge is first pre-thickened in dissolved air flotation
(D.A.F.) units and mixed with primary sludge in the sludge
holding tanks. Water is evaporated from the separated
sludge mixture within the sludge drying plant and the product
is currently marketed as a high vitamin B-12, high protein,
animal feed supplement.

One last item that should be covered along with aeration
basin control is the subject of aeration basin foam. At all
times foam is present on the basin surfaces. Foam is a natu-
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ral part of the biomass. A dark, greasy looking foam is the
sign of an old sludge awl while a white, clear foam is indica-
tive of a young sludge age. Large quantities of foam can
sometimes cause operational problems if the foam does not
stay within the basins. Excessive foam can be caused by
large quantities of detergents within the waste stream or
some brewery materials such as yeast. Control of this foam
can be achieved by: (1) decreasing air flow to the aerators,
(2) by the use of chemical surfactants, or (3) by water sprays
aimed to physically collapse the foam. A novel approach to
foam control involves overflowing the aeration basin into a
small side basin, letting the foam collapse and then wasting
this foaming material from the plant.

2.567 Filamentous Organisms

Within brewery wastewater treatment plants, often the
number one operational problem is the control of filamen-
tous organisms (Fig. 2.18). Often sludge "bulking" is related
to a filamentous bacteria by the name of SPHAEROTILUS
NATANS. To blame all sludge bulking on this ONE type of
filamentous organism is a misconception. In reality there are
about 10 different types of 'filamentous organisms that can
become predominant within BREWERY activated sludge
and cause sludge settling problems. To a certain degree
there is a relationship between the different filamentous
organisms and specific operating conditions. Therefore, in
some cases, if the type of filamentous organism can be
identified, the causative operating condition can also be
determined and rectified. However, this approach is usually
not practical. To begin with, specific filamentous organism
identification requires 500X 1,000X power microscope.
Also, even if the specific filament can be identified, the
literature relating filament type to causative condition is
somewhat limited.

A more successful approach to filamentous organisms
management, as reported within the literature is described as
follows. (It should be noted that only SOME of the techniques
described have been used at the plant desLribed here.)

1. Determine if filamentous organisms are the true culprit This
can usually be dor e by examining a sludge sample with a
relatively inexpensive microscope. The filamentous or-
ganisms look like fine "hairs" or "wires" extending out of the
sludge floc particles or they can be found in the liquor float-
ing free. Some filaments are always present, but if they
appear to be 20 percent of the biomass or more, they could
be causing settling problems.

2. A "short term" corrective step is often necessary to halt
immediate "bulking." Many process adjustments can be
done to bring the filaments under control:

a. Careful polymer or chemical (FeCI3) dosage to prevent
SS loss within the secondary clarifiers.

b. Excessive sludge wasting to remove filamentous or-
ganisms from the system.

c. Chemical dosage of the return sludge with oxidants
such as H2O 2 (0.1 lb H202/1 lb. VSS) or Cl2 (3 to 5 lbs
C12/1000 lbs VSS).

3 Develop a "long- term" control program to correct opera-
tional problems and to present the recurrence of filamen-
tous organisms. A list of common causes of filamentous
"bulking" is as follows:

a. Low DO levels within aeration basins and secondary
clarifiers (this is often a RESULT of a high F/M ratio,
although the F.M ratio alone is not necessarily the prob-
lem).

1 i 0
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1. Typical brewery activated
sludge, few filaments

,
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2. Brewery activated sludge, some
filaments

.

3. Typical highly filamentous sludge

Fig. 2.18 Filamentous organisms (100 x magnification)
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b. A lack of adequate nutrients (nitrogen or phosp'iorus)
or trace minerals within the influent.

c. The presence of high levels of sulfur within the influent.

d. Low F/M levels within aeration system (less than 0.2).

e. Large fluctuations within the plant influent organic load-
ing.

Many of these problems can be overcome by implementing
operational changes and by engineering design changes. At
the wastewater treatment plant under examination here, many
changes have been made to control the growtn of filamentous
organisms. Experimentation has revealed that the dissolved
oxygen concentration (DO) is the most influential factor that
affects filamentous organism growth within this plant. Since
some filamentous organisms are often desirable (to maintain
floc structure), a desired PO LEVEL SET POINT is used to
ADJUST FILAMENT CONLiNTRATIONS. Over a long period
of time, experience has shown that filamentous organism con-
centrations can be adjusted by adjusting 'contact" cell DO
levels. AN INCREASED DO LEVEL (5 to 10 mg/L) will yield A
DECREASE IN FILAMENTOUS ORGANISMS. A DE-
CREASED DO LEVEL (1 to 3 mg/L) will result in an IN-
CREASED NUMBER OF FILAMENTOUS ORGANISMS.

2.568 Laboratory Testing

Only a small portion of the testing within a brewery
wastewater treatment plant is devoted to "permit" monitoring
requirements. The majority of the laboratory time is spent
obtaining test data that is required to assist in making
process control adjustments. Numerous MLSS meas ae-
ments are made to evaluate sludge wasting needs and
sludge settling characteristics. Plant loading data is updated
daily by the ube of Total Organic Carbon (TOC) analysis.
Nutrient concentrations are measured at several locations
within the plant to assist with nutrient addition calculations.
Both 24-hour composite samples and grab samples are
used to obtain representative data. Microphotographs (Fig
2.18) of sludge samples from several locations within the
aeration system serve as a permanent record of microor-
ganism diversity and relative filamentous organism concen-
trations Many additional quantitative and qualitative tests
are performed and the results are recorded. This data, along
with numerous other measurements and evaluations -ecord-
ed throughout the wastewater treatment plant serve as the
basis for mapping out operational control strategies and are
indispensable.

2.569 Recordkeeping

Every wastewater treatment plant is different and requires
different types of testing and record keeping. There is no sub-
stitute for well organized labs story data and operational log
sheets. The extreme value of this information cannot be over
emphasized. Well recorded data can serve as a quick update
to an operator coming on shift or it may be graphed, charted, or
tabulated to indicate more clearly overall trends. Proper use
and analysis of records have allowed the operators of plants
treating brewery wastes to produce a high quality effluent

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 111.

2.56A Why are primary clarifiers not very effective in remov-
ing SOD from brewery wastes?

2.56B Where are nutrients added and how are nutrients
added when treating brewery wastes?
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2.56C What factors influence the MLSS level in the aeration
basins?

2.560 How is the sludge wasting rate determined?

2.56E How can filamentous "bulking" be controlled in acti-
vated sludge plants treating brewery wastes?

2.57 Food Processing Wastes

This section discusses how to treat wastewaters from two
different types of food processing wastes. Treatment of ar-
tichoke wastewater and dairy wastes are presented by two
operators who actually treat these wastes on a day-to-day
basis. Almost all of the foods we eat (fruits, vegetables, fish,
meats, dairy products) produce wastewaters when they are
processed for consumption. Treatment of these wastewaters
may be unique for each food, but the basic pnnciples of pre-
treating the wastewater to produce an environment suitable for
activated sludge treatment are similar.

2.570 Treatment of Artichoke Wastewater by Peter Luthi

---r,

6A,
41.)

Processing of artichokes in California is a year round
operation with a major peak during tne months of March,
April and May and a minor peak in September, October and
November. The fact that some wastewater is generated all
year round makes the operation of an activated sh fge
system possible at this pretreatment facility (Fig. 2.19). The
effluents from the activated sludge plant which treats high
strength wastewater, the flotation unit which treats medium
strength wastewater, and cooling water with a low BOD load
are all discharged into the sewer for final treatment by the
municipal wastewater treatment plant.

Wastewaters from the artichoke processing plant are
segregated according to BOD strength and only the highest
BOO portion of the wastewater is treated by the activated
sludge system (Fig. 2.19). Primary objectives of the activated
sludge treatment process are to:

1. Treat the high strength (high BOD) waste to acceptable
levels with a minimum of input (energy, labor, dollars) and a
minimum of waste sludge produced, and

2 Produce a treated effluent that is discharged to a municipal
treatment plant that meets the following discharge limits.

a. BOD <500 mg/L,

b. Suspended solids <500 mg/L, and

c. pH within a range of 6 to 9.

BOD strength of the wastewater treate.1 varies between
1,000 and 15,000 mg/L with a pH of around 4.5 (from the use
of vinegar and citric acid in the process). Volume of high
strength BOD water ranges from 1,500 gal/week to 15,000
gal/week (5.7 to 57 cu m/week) during the peak season.

2.571 Pilot Project

The unusually high and widely fluctuating BOD levels of the
waste required that the feasibility of an activated sludge sys-
tem be studied on a pilot project. An activated sludge system
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with extended aeration using mean cell residence times up to
15 days was chosen. As much as 90 to 95 percent BOD re-
moval could be achieved if the influent BOD was kept below
6,000 mg'L. Higher influent BODs resulted in lower effluent
quality. Medium strength wastewater is therefore used to dilute
the influent.

To accumulate some operating data during the pilot project,
the following analyses were performed on a daily basis:

1. Influent and effluent COD and suspended solids,

2. Mixed liquor suspended wilds,

3. pH of influent, mixed liquor and effluent,

4. Dissolved oxygen, and

5. SVI

COD rather than BOD was chosen for its relatively easy and
fast analysts. A graph showing 15-day moving average influent
COD, mixed liquor, suspended solids, moving F/M ratio,
effluent COD and suspended solids was drawn and kept up
daily to find the best operating guidelines. Fifteen-day moving
averages for influent COD and F/M ratio were computed to
reduce the effect of fluctuating daily results.

2.572 Daily Operational Procedures

Through tnal and error, and after several upsets over a
nine-month period, it was readily visible from the graph and
data accumulated that acceptable results (less than 500 mg/L
BOD and suspended solids) were obtainable when the F/M
ratio was kept between 0.08 to 0.28 pounds BOD/day/pound
MLVSS.

Daily influent and effluent COD and pH, mixed liquor and
effluent suspended solids analyses are performed. Also, de-
terming the SVI on a daily basis is helpful in detecting changes
in the settling characteristics of the activated sludge. Sludge
volume indeces were, however, generally higher than data
given in literature for municipal treatment plants.

Nutrients (N and P, in the form of ammonium phosphate
fertilizer) were initially added in batches on a daily basis. How-
ever, a continuous addition directly into the in-feed line used
later on proved much more reliable and provided for a
smoother operation. Lack of sufficient nutrients was responsi-
ble for bad settling characteristics in several cases. If the SVI
increases and lack of nutrients is suspected, a look at the
sludge under the microscope should be taken. The presence
of filamentous bacteria will confirm the suspicion. Sufficient
amounts of nutrients proved to be quite important and upsets
caused by their lack took a long time to remedy No provisior
for chlorinating the return sludge exists No adverse effects
were observed by the addition of too much nitrogen and phos-
phorus.

To keep influent COD concentration as steady as possible
on a day-to-day basis, dilution with medium strength wastewa-
ter is used when needed.

The fluctuating ,-,,ncentrations of the influent COD make it
necessary to keep the DO level in the aerator between 4.0 and
6.0 mg/L. Rapid changes occur sometimes and can drop DO
levels to as low as 2.0 mg/L in a matter of hours. Therefore,
keeping levels at 4.0 to 6.0 mg/L assures that the DO does not
drop below the critical 2.0 mg/L.

Effluent pH monitoring shows that when effluent pH drops
below 6.5 it is necessary to adjust the influent pH to between
5.5 and 6.5. This is done with granular sodium hydroxide
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added to the holding tank. At times of low feed rates, however,
the system is able to tolerate the nomial influent pH of 4.2 to
4.8 and only occasionally are adjustments necessary.

Influent levels vary from 4,300 gal/day to 8,600 gal/day (16
to 32 cu m/day). Levels higher than 8,600 gal/day (32 cu
m/day) produce turbulence in the clarifiers with accompanying
solids loss in the effluent. Mixed liquor solids vary from 3,000 to
4,500 mg/L. Influent volume is the most important variable
used to control the system. By increasing or reducing the vol-
'me, the F/M ratio can be increased or decreased more

gradually or kept at one level when influent COD concentration
changes. In anticipation of heavy production times and coincid-
ing larger amounts of wastewater, mixed liquor solius are al-
lowed to build up to 4,500 mg/L and the F/M ratio increases
which allows treatment of larger volumes with higher concen-
trations of COD. Sludge must now be wasted on a daily basis
to keep the aerator solids level (MLSS) at 4,500 mg/L. Waste
sludge is disposed of on land.

Immediately following heavy production, sludge is wasted at
an increased rate to reduce mixed liquor solids to 3,000 mg/L
to avoid starvation of the system now that COD concentration
and waste volume are dropping. During times of low produc-
tion the F/M ratio is reduced to around 0.08 lbs BOD/day/lb
MLVSS. At this level of subsistence, when influent BOD level
and feed rate arP et their lowest, the effluent produced is of a
lower quality. More solids than usual are being carried away
with the effluent and sludge wasting only has to be done on an
occasional basis. However, the primary objecti"es of reducing
effluent BOD and suspended solids levels below 500 mg/L can
still be achieved.

2.573 Treatment of Dairy Wastes by Ralph L. Robbins, Jr.

Dairy wastes can be treated by the various modes of the
activated sludge process Many dairy waste treatment plants
have the designed flexibility to treat by either.

1. Extended aeration.

2. Contact stabilization, or

3. Step-feed aeration.

On the basis of actual operating experience and analysis of
influent, plant and effluent samples, the extended aeration
mode appears to work best for some plants.

2.574 Plant influent

Dairy wastewaters are comprised of production materials
such as lactose, calcium lactate and protein hydrolysates.
The sanitary facilities at many plants are separate from the
industrial dairy wastes and do not enter the wastewater
stream to the treatment facility. Thus chlorination of the
effluent is not necessary. The influent averages a BOD
loading of 3,000 lbs per day (1,360 kg/day) and a total solids
level of approximately 3,500 lbs per day (1,590 kg/day). The
treatment facility (Fig. 2.20) operates throughout the entire
year with little change of temperature in the aeration tanks.
The effluent temperature does not fall below 60°F (15°C)
year round, thus providing for a stable operation all year.
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2.575 Operation

Aeration tanks may be operated in the extended aeration
mode. Some dairy wastes require at least 18 hours aeration
time in the tanks. Up to 80 percent of the BOD load can be
reduced in the first tank with the other two tanks treating the
remaining 20 percent. For this reason the diffuser capability in
the first tank should be twice that of the other two tanks.

The mixed liquor suspended solids level in the aeration
tanks are kept at a high level of 1 percent or 10,000 mg/L. This
high level of MLSS is necessary to prevent process upsets
caused by shock organic loadings. Extra air capacity is neces-
sary in case of shock organic loadings in order to keep aeration
tank DO levels between 2 to 6 mg/L.

Settling tank detention times can be as long as 8 hours.
Activated sludge is recirculated to the aeration tanks at a rate
of 11/2 to 2 times the plant influent rate.

Vacuum filters are used to dewater the sludge Lime and
fernc chlonde are added for flocculation of the waste sludge
before filtering. The sludge cake runs from 20 to 30 percent dry
solids. The waste sludge cake is disposed of at a sanitary
landfill site.

2.576 Plant Effluent

Plant effluent is monitored daily by plant personnel. Analyt-
ically the BOD, SS, COD, phosphorus, nitrate, nitrite and total
nitrogen are monitored.

2.577 Operational Techniques for Upgrading Effluent

Problems can develop with milk protein breakdown The ad-
dition of 50 mg/L of anhydrous ammonia can produce a com-
plete breakdown of milk protein in the aeration tanks. Activated
carbon can help in many areas, including odor control, removal
of phosphate, media for extra bactena growth in the aeration
tanks and an aid in flocculation and settling in the clarifiers

A fermentor can be used to grow commercial bacteria for
injection into aeration tanks during times of bacteria kill due to
shock loadings from major spills in the production area. In-
stallation of a system for the addition of hydrogen peroxide for
odor control and additional oxygen during times of shock load-
ings can be helpful.

A spill control system which diverts major spills into a pre-
treatment holding tank for pH adjustment and pre-aeration be-
fore being blended into the main aeration tanks can be used if
there is adequate warning.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 111.

2.57A How are high strength artichoke waste influents
(BOD >6,000 mg/L) adjusted before being treated
by the activated sludge process?

2.578 Why were 1-5-day moving averages computed and
plotted for artichoke influent COD and F/M ratio?

2.57C What chemical can be used to provide nutrients for
the treatment of artichoke wastes?

2.57D Why might the chlonnation of the effluent from a dairy
waste treatment plant not be necessary?

2.57E Why are high levels of MLSS (10,000 mg/L) kept in
aeration tanks that treat dairy wastes?
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2.58 Petroleum Refinery Wastes by Cal Davis

2.580 Refinery Wastewater Characteristics

Three main compounds, ammonia, phenols and sulfide, are
found in petroleum refining wastewater and can be treated
very effectively by the activated sludge process.

Influent flows can vary both in rate and contaminant concen-
tration, very rapidly and without notice. Waste treatment plants
with holds: q ponds can control hydraulic loadings, but not al-
ways BOD loadings. To some extent hydraulic loading can be
used to control BOD loading with the MLVSS remaining con-
stant in the aeration basin. In the event of a shock load, a
hydraulic loading change would be the first corrective step.

2.581 Activated Sludge Process

Understanding and monitcring the activated sludge pro-
cess is important in treating petroleum refining wastewater.
Recognizing that :each plant operates differently, most pe-
troleum treatment activated sludge units (Fig. 2.21) operate
on extended aeration mode with MCRTs up to 30 days in
order to maintain the nitrification population necessary to
oxidize ammonia. The minimum MCRT for good nitrification
teems to be 20 days.

2.582 Frequency of Sampling and Lab Tests

Wastewater from a refinery can change in flow rate and
waste concentration very suddenly. Certain tests must be run
each shift while others can be run daily. Tests that need to be
run each shift at the treatment plant include DOs, temperature,
pH, sulfide, phenols, ammonia, and 30-minute settleability
During upset conditions these tests need to be run at least
twice a shift. Tests that need to be run each day include TOC
or COD, BOD, MLTSS, MLVSS, recycle sludge TSS, am-
monia, phenols, pH, PO4 and oil.

2.583 Operational Procedures

When you come on duty after a shift change, visually inspect
the activated sludge process, and review the log book and lab
sheet for any changes in influent rates or concentrations.
Check the following items: hydraulic loading, DOs, aeration
basin, MLTSS and MLVSS, pH, temperature of influent, sludge
recycle rate and clarifier loading. For comparison purposes
measure sludge settleability and also calculate the SVI and
F/M ratio. Under normal conditions DOs are 1 5 to 2.0 mg/L,
pH from 6.8 to 7.0, and phenols, ammonia and sulfide are nil.

2.58d Response to Sulfide Shock Load

If a check of the activated sludge system shows DOs less
than 0.5 mg/L, pH of 5.6, aeration basin turning a light color,
and phenols showing in effluent, then a sulfide shock is indi-
cated. Testing may show no phenols in influent stream since
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sulfide tends to mask or interfere with the phenol test. To cor-
rect this problem, the hydraulic loading needs to be reduced
until DOs are above 1.5 mg/L and soda ash should be added to
the aeration basin to bring the pH above 6.2 in order to re-
activate the phenol eaters. If phenols in the effluent are near
your NPDES limit, adding hydrogen peroxide (H202) can be
beneficial.

2.585 Correcting Excessive Phenols

Phenols in excess may pose more of a problem with odor
and in extreme cases of phenol shock, microbes will stop work-
ing and DOs will increase to the saturation limit. To correct this
problem, a decrease in hydraulic loading is necessary and if
phenols in the effluent are near the NPDES limit, the addition
of H202 will help to oxidize the phenols.

2.586 Treating Ammonia

Ammonia can be very troublesome since it is related directly
to fish toxicity. Ammonia can be difficult to biologically treat
because it is difficult to cultivate nitnfying organisms to de-
grade ammonia. Besides the free ammonia, two other problem
compounds that can show up in petroleum refining wastewater
are monoethanolamine (MEA) and thiocyanate Both of these
compounds are biologically degraded to ammonia Lab results
must be checked each shit" for an inthcation of a potential
increase in ammonia and the maintaining of an MCRT or envi-
ronment that is conducive to cultivating nitrifying bacteria

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 111.

2.58A What are the three main petroleum refinery waste
compounds that can be treated by the activated
sludge process"

2.58B Why are MCRTs as high as 30 days necessary to
treat petroleum refinery wastes"

2 58C Hew can a shock load of phenols be treated''

2.59 Summary and Acknowledgments

2.590 Summary

The basic treatment unit in the activated sludge process is a
biological reactor (aerated basin or pond). This reactor pro
vides an environment for the conversion of soluble organic
material into insoluble microorganism cells The subsequent
unit is a secondary clarifier or pond where the cells are allowed
to settle The settled cells, or sludge, may be either returned to
the aeration system, wasted from the system, or stored As the
result of biological growth, large volumes of organic solids are
generated in secondary treatment processes

Although several different activated sludge systems are
us ad to provide secondary treatment (See Sections 11 05 and
11.9) for industrial, domestic, and domestic-industrial waste-
waters, the control strategies and/or operating guidelines are
essentially the same.

This section has described conditions unique to the treat-
ment of industrial wastewater. Control of your acto,...ted
sludge system will be enhanced by using the informations for
the operation and control of your plant contained in various
sections of Chapters 8 and 11 of Volumes I and II and this
chapter.
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2.6 EFFLUENT NITRIFICATION

2.60 Need for Effluent Nitrification

Many activated sludge processes are designed to attain a
high degree of nitrification The degree of nitrification that must
be attained is dictated by the maximum allowable limit of am-
monia nitrogen discharged with the final effluent This limit is
usually governed by the NPDES permit issued by state or
federal regulatory agencies

Nitrogenous compounds discharged from wastewater
treatment plants can have several harmful effects. These im-
pacts include ammonia toxicity to fish life, reduction of chlorine
disinfection efficiency, an increase in the dissolved oxygen de-
pletion in receiving waters, adverse public health effects
(mainly groundwater), and a reduction in the suitability for re-
use

Nitrogen concentrations in raw municipal wastewaters gen-
erally range from 15 to 50 mg/L, of which approximately 60
percent is ammonia-nitrogen, 40 percent is organic nitrogen,
and a negligible amount (one percent) is nitrite and nitrate-
nitrogen.

2.61 Nitrogen Removal Methods

Ammonia nitrogen can be reduced in concentration or re-
moved from wastewater by several processes These pro-
cesses can be divided into two broad categories: physical-
chemical methods and biological methods

This section is devoted mainly to biological nitrification A
brief discussion of some physical-chemical nitrogen removal
methods also is included.

2.610 Ammonia Stripping

The ammonia nitrogen which is present in wastewater dur-
ing conventional biological treatment can be removed by a
physical process called desorption (stripping) Simply stated.
the wastewater is first made very alkaline by adding lime, and
the ammonia is then induced to leave the water phase and
enter the gas phase where it is released to the atmosphere. To
accomplish this strapping, the wastewater is contacted with a
sufficient quantity of ammonia-free air This contacting with air
is done in a slat-filled tower very similar to those used by
industry to cool water.

2.611 Ion Exchange

This nitroger, removal process involves passing ammonia-
laden wastewater through a series of columns packed with a
material called chnoptilolite The ammonium on adheres to or
is absorbed by the chnoptilolite When the first column in a
senes loses its ammonia adsorptive capacity, it is removed
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from the treatment scheme and washed with limewater This
step converts the captured ammonium ions to ammonia gas,
which is then released to the atmosphere by contacting heated
air with the wastewater stream, in much the same manner as
described under ammonia stripping.

2.612 Breakpoint Chlorination

Breakpoint chlorination (superchlorination) for nitrogen re-
moval is accomplished by adding chlorine to the wastewater in
an amount sufficient to oxidize ammonia-nitrogen to nitrogen
gas. After sufficient chlorine has been added to oxidize the
organic matter and other readily oxidizable substances pre-
sent, a stepwise reaction of chlorine with ammonium takes
place.This may be the simplest nitrogen removal process, yet it
has some disadvantages In practice, approximately 10 mg/
of chlorine is required for every 1 mg/L of ammonia-nitrogen. In
addition, acidity produced by the reaction must be neutralized
by the addition of caustic soda or lime which add greatly to the
total dissolved solids in the wastewater.

2.62 Biological Nitrification

The nitrogen present in wastewater predominates as
ammonia and organic nitrogen. As the organic matter in the
wastewater decomposes. a portion of the organic nitrogen
is converted to ammonia nitrogen. 1Nhen the wastewater is
sufficiently aerated, the nitrite forming bacteria (nitroso-
monas) will oxidize the ammonia-nitrogen to nitrite-nitrogen.
The nitrate forming bacteria (nitrobacter) then oxidize the
nitrite-nitrogen to nitrate-nitrogen. Nitrate represents the
final form of nitrogen resulting from the oxidation of nitroge-
nous compounds in the wastewater. The wastewater nitro-
gen cycle is shown in Figure 2.22.

2.63 Factors Affecting Biological Nitrification

Because of current ammonia removal requirements and an-
ticipation of future "complete nitrogen removal** requirements,
you may be required to operate such an activated sludge plant
If you are operating a plant of this type, there are seven princi-
pal control guidelines that you must consider to maintain the
nitrification process at optimum performance levels.

1. Dissolved oxygen,

2 pH,

3. Wastewater temperature,

4 Nitrogenous food

5. Detention time,

6. MCRT, F/M, or sludge age, and

7. Toxic materials.

Each of these guidelines must be properly controlled for the
successful operation of a biological nitrification process

1. Dissolved Oxyo,c (U0)

Nitrification exerts a substantial oxygen requirement.
Each pound of ammonium-nitrogen that is nitrified requires
approximately 4.6 pounds of oxygen (4.6 kg 02/kg
NH4 -N).

Nitrification appears to be uninhibited at DO concentra-
tions of 1 mg/L or more. To insure adequate nitrification, the
DO in the aeration tank must usually be maintained be-
tween 1.0 to 4.0 mg/L under average loading conditions.
i his will include a reasonable DO safety factor. Under peak
loading, the DO may fall off somewhat, yet should never fall
below 1.0 mg/L.

The oxygen requirement may be calculated as shown in
the following example.

EXAMPLE

Determine the oxygen requirements for the effluent from a
10 MGD activated sludge plant with, an average five-day BOD
of 30 mg/L and an average ammonium-nitrogen concentration
of 15 mg/L.

Known Unknown

Flow, MGD = 10 MGD Oxygen Requirement. lbs,day
BOD. mg/L = 30 mg/L
N1-1,+-N, mg/L = 15 mg/L

1. Calculate the ammonium-nitrogen load in pounds per day

N1-1; -N Load
lbs/day

= Flow. MGD x NH: -N, mg,L x 8 34 lbs,gal

= 10 MGD x 15 mg/L x 8.34 lbs/gal

= 1,251 lbs NH: -N/day

2. Calculate the BOD load in pounds per day

BOD, lbs,day = Flow, MGD x BOD, mgri. A 8 34 lbsigal

10 MGD x 30 mg/L x 8 34 lbs/gal

= 2,502 lbs BOD/day

3 Calculate the ammonium-nitrogen oxygen requirement
(pounds per day of oxygen to oxidize ammonia (NH3) to
nitrate (NOD.

Oxygen, lbsiday = NH: -N,
(NH4 -N)

lbs 4 6 lbs Oxy en

day lb NH; -N

= 1251 lbs NH; -N 4 6 lbs Oxygen

day lb NH: -N
= 5,755 lbs Oxygen/day

4 Calculate the BOD oxygen requirement

Oxygen, lbs/day = BOD,_l_bs 1.5 lbs Oxygen

(BOD) day lb BOD

= 2502 lbs BOD 1.5 lbs Oxygen

day lb BOD

= 3,753 lbs Oxygen/day

5 Calculate the total oxygen requirement to properly oxidize
ammonium nitrogen (NH: -N) and biochemical oxygen
demand (BOD)

Total Oxygen = Oxygen lbs/day + Oxygen, lbs/day
Requirement, (NH4 -N) (BOD)
lbs/d4 = 5.755 lbs/day + 3,753 lbs/day

= 9,508 lbs/day

Because the rate of nitrification will vary significantly with
temperature and pH, compensation must be made for these
variations During the summer months, the following
methods can be used to match the oxygen requirement to
your plant's oxygen capability. These methods attempt to
provide more oxygen for nitrification while trying to reduce
other oxygen demands.

a Reduce the aeration system MLSS concentration

b. Reduce the wastewater pH by reducing chemical addition
(if used).

c Reduce the number of tanks in service while increasing
oxygen sJpply to the tanks remaining in service.
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2. pH

In many wastewaters, there is insulicient alkalinity ini-
tially present to leave a sufficient residual for buffenng the
wastewater during the nitrification process. Thesignifi-
canoe of pH depression in the process is that nitnfication
rates are rapidly depressed as the pH is reduced below 7.0.
Because of the effect of pH on nitnfication rate, it is espe-
cially important that there be sufficient alkalinity in the
wastewater to balance the acid produced by nitnfication A
pH of between 7 5 and 8.5 is considered optimal. Approxi-
mately 7 2 pounds of alkalinity are destroyed per pound
(7 2 kg/kg) of ammonia-nitrogen (NH3 N) oxidized. Caustic
or lime addition may be equired to supplement moderately
alkaline wastewaters.

It it becomes necessary to add chemical!, (preferaby
lime) for pH adjustment, the required quantities c,sf f ieni.-..al
will vary with wastewater temperature, MLVSS concentra-
tion, influent ammonia-nitrcgen concentration and the natu-
ral alkalinity of the wastewater As the oxidation of
ammonia-nitrogen to nitrate-nitrogen destroys approxi-
mately 7 2 pounds of alkalinity per pound (7 2 kg/kg) of
ammonia-nitrogen, this loss of alkalinity must be added to
the chemical quantity calculated for pH adjustment For op-
eration under the most adverse temperature and pH condi-
tions, sufficient lime must be added initially to raise the pH
into the desired range, and then 5 4 pounds of hyc."ated
lime per pound (5.4 kg/kg) of ammonia-nitrogen will be re-
quired to maintain the pH. Sufficient alkalinity should be
provided to leave a residual of 30 to 50 mg/. after complete
nitrification.

3. Temperature

The optimum wastewater temperature range is between
60 to 95 degrees F (15 to 35'C) for good nitrification opera-
tion. Nitrification is inhibited at low wastewater tempera-
tures and up to five times as much detention time may be
needed to accomplish "complete nitrification in the winter
as is needed in the summer The growth rate of nitrifying
bacteria increases a; the wastewater temperature in-
creases and conversely it decreases as the wastewater
temperature decreases. Since there is no control over the
wastewater temperature, operating compensations for
power winter growth rates are necessary Increasing the
MLVSS concentration, the MCRT, and adjusting the pH to
favorable levels can be expected to provide substantial, if
not "complete," oxidation of ammonia-nitrogen com-
pounds Under summer conditions, operation will be possi-
ble at less favorable pH levels and lower MLVSS concentra-
tions

4 Nitrogenous Food

The growth rate of nitrifying bacteria (nitrosomonas and
nitrobacter) is affected very little by the organic load applied
to the aeration system. However, the population of the nit-
rifying bactena will be limited by the amount of nitrogenous
food available in the wastewater. Organic nitrogen and
phosphorus-containing compounds as well as many trace
elements are essential to the growth of microorganisms in
the aeration system. The generally recommended ratio of
five-day BOD to nitrogen to phosphorus for domestic waste
is 100 5.1 Laboratory nitrogen determination (TKN) and
phosphorus determination analysis should be performed so
that you may add the supplemental phosphorus nutrient if
necessary. Phosphorus in the form of phosphate fertilizer
may be added and adjusted according to the five-day BOD
level and the TKN concentration in the wastewater.

5. Detention Time

The time required for nitrification is directly proportional to
the amount of nitrifiers present in the system. Because the
rate of oxidation of ammonia-nitrogen is essentially linear or
constant, short-circuiting must be prevented. The aeration
tank configuration should insure that flow through the tank
follows the plug-flow mixin model as closely as possible
and provides a minimum detention time of approximately
4.0 hours. Single-pass tanks may be modified and divided
into a senes of three compartments with ports between
thdm to preclude short-circuiting. Not all of the various mod-
ifications to the activated sludge process are appropnate for
nitnfication applications, although some see use only where
partial ammonia removal is required.

6. MCRT, F/M, or Sludge Age

To achieve the desired degree of nitrification, the MCRT
must be long enough (us,ally 4 days plus) to allow the
nitnfying bacteria sufficient time to grow. Since the nitnfying
bacteria grow much more slowly than the bactena using the
carbonaceous compounds, it is possible to waste the nitnfy-
ing bactena from the system at a higher rate than their
growth rate. In simpler terms, this means that nitrification in
plants can be maintained only when the rate of growth of
nitnfying bactena is rapid enough to replace organisms lost
through sludge wasting. When these bactena can no longer
keep pace, the ability to nitrify decreases and may stop.

When reviewing the performance of your activated
sludge process for the selection of an optimum F/M ratio,
MCRT or sludge age, oxygen requirements for bacteria
using the carbonaceous compounds should be considered
along with nitrification requirements. These guidelines
should be selected to provide the degree of nitnfication re-
quired by the discharge permit If the ammonia-nitrogen
limit is being exceeded, the MCRT or sludge age should be
increased Increasing these guidelines will increase the
MLVSS and consequently decrease the F,'M ratio With the
other conditions (discussed above) constant, a definite rela-
tionship will exist between the weight ratio of the
ammonia-nitrogen oxidized per day to the MLVSS under
aeration

The growth of cell mass from the oxidation of ammonia is
about 0 05 lbs per lb (0.05 Kg, kg) of ammonia-nitrogen
oxidized As a result, the degree of nitrification will have
little effect on the net sludge yield and WAS rates

7 Toxic Materials
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Various types of toxic materials which will inhibit the nit-
rification process (in concentrations greater than those indi-
cated) are shown below.
a. Halogen-substituted phenolic compounds. 0 0 mg1

b Thiorea and thiorea derivatives, 0 0 mg,L

c Halogenated solvents, 0 0 mg ,L

d Heavy metals, 10 to 20 mgiL

e Cyanides aid all corni.ounds from which hydrocyanic
acid is liberated on acidification, 1 to 2 mg L

f Phenol and cresol. 20 mg/L

Pretreatment alternatives provide a degree of removal of
the toxicants present in raw wastewater. However, the
types of toxicants removed by each pretreatment stage
vary among the alternatives. Chemical pnmary treatment
can be used where toxicity from heavy metals is the major
problem. Lime primary treatment is one of the most effec-



tive processes for removal of a wide range of metals. Chem-
ical treatment is usually not effective for removal of organic
toxicants, ur'ess it is coupled with a carbon adsorption step
such as in ')ysical-chemical treatment sequence.

When matenals toxic to nitnfiers are present in the raw
wastewater on a regular basis, the pretreatment technique
most suitable for their removal can be used in the plant to
safeguard the nitrifying population. The determination of the
most suitable pretreatment process application may be ini-
tially developed based on BENCH SCALE ANALYSIS", to
screen altematives.

The particular pretreatment technique that is effective
may also indicate the type of toxicant that is interferring with
nitrification and may permit identification and eliminatinn of
the source. Subsequent specific analysis can then be run in
the identified category of compounds. If the toxicar.ts can-
not be eliminated by a source control program, oftella pilot
study of the process identified by the bench scale tests can
be justified to confirm the procest. selection.

2.64 Rising Sludge and the Nitrification Process

Rising sludge caused by unwanted den dification in the
clanfiers may occasionally plague your nitnfication operation.
Denitrification occurs because the facultative heterotrophic or-
ganisms in the biological sludge in the clarifier accomplish nit-
rate reduction by what is known as a process of nitrate dissimi-
lation. In this process, nitrate and nitrite replace oxygen in the
respiratory process of the organisms under oxygen-deficient
conditions. This nit:ate dissimilation allows bubbles of nitrogen
gas and carbon dioxide to adhere to the sludge floc surface
resulting in rising sludge.

The degree of stabilization of the sludge in the aeration tank
(depending on detention time and DO) also has a profound
effect on denitrification in the clarifier. Clarifier sludges contain-
ing partially oxidized or unoxidized organics float more readily
than well oxidized sludges. Wastewater temperature is also
important as it affects the rate of denitrification and therefore
affects the rate of gas and bubble formation (depends on warm
temperatures and denitnfication rates).

Some considerations for good clarifier operation to preclude
denitnfication in the clarifier are discussed in the following sec-
tions.
1. The settled sludge must be quickly removed from the

clarifier to minimize the occurrence ano duration of
oxygen-deficient conditions. The RAS rate may be propor-
tioned with the aerator influent flow to maintain an essen-
tially "zero" sludge blanket in the clarifier.

2 Since the nitrification sludge is lighter and does not com-
pact as well as carbonaceous sludges, sludges with low
SVI values are preferable. They can be withdrawn from the
clarifier faster. Since the saturation level of nitrogen is
greater in deep tanks than laboratory cylinders, bubbles will
form and sludges will float faster in the laboratory than in
the field.

3. There is a minimum concentration of nitrate-nitrogen below
which there is insufficient nitrogen to cause rising sludge. In
weak wastewaters or for those plants in which nitrification is
suppressed, rising sludge will not occur.

4 A drop in wastewate: temperature will reduce denitrification
rates and may render rising sludge a problem only under
warmer wastewater conditions.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 111.

2.6A List the harmful effects that could result from the dis-
charge of nitrogenous compounds from wastewater
treatment plants.

2.6B What are the principal control guidelines for biological
nitrification?

2.6C How can you control rising sludge that results from
unwanted denitrification''

2.7 REVIEW OF PLANS AND SPECIFICATIONS
PURE OXYGEN ACTIVATED SLUDGE SYSTEMS

2.70 Need to be Familiar with System

The operational staff that reviews the plans and specifi-
cations for a pure oxygen plant should be very familiar with the
activated sludge process. A tour through an existing pure oxy-
gen system would be extremely helpful. Specific questions re-
garding the operation and maintenance of the facility can be
answered by manufacturers or other treatment plant personnel
whose systems use pure oxygen. Also, sources of industrial
waste discharges should be identified and investigated for
possible toxic wastes, heavy load contributions, and seasonal
fluctuations. Be sure your plant has the capacity and flexibility
to treat all industrial wastes.

After plans are submitted, the operation and maintenance
staff should review all areas of the plans and specifications
with special attention directed towards:

1. Physical plant layout,

2. Oxygen generation equipment.

3. Reactor basins (aeration tanks),

4. Oxygen safety and process instrumentation, and

5. Preventive maintenance program.

2.71 Physical Layout

The pure oxygen generation system should be located near
the plant maintenance facilities. If this is not possible an area
within the system should be included. This will be an aid during
major maintenance on the facility Major pieces of equipment
should be easily accessible. A crane or other lifting devices
should be provided to lift large pieces of equipment during

16 Bench scale analysis. A method of studying different ways of treatii,y wastewater and solids on a small scale in a laboratory
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major overhauls. Road access and loading facilities should
also be provided. Sources of noise and vibrations should also
be considered. Most equipment in oxygen production bystems
produce noise similar to air Uower systems and, if not properly
installed, could produce vibrations which could be transferred
through walls or structures adjacent to such facilities. In offices
or laboratories, noise considerations should also be reviewed,
especially in plants where housing areas are near the oxygen
generation site. Silencers are typically provided with the gen-
eration equipment. The overall layout of the system should
also allow for expansion of the wastew9ter treatment plant and
oxygen production facilities.

2.72 Oxygen Generation Equipment

If the oxygen generation equipment is located within a build-
ing, a should be well ventilated. In areas of extremely hot tem-
peratures, vent fens on the roof would be of benefit. A heating
system is normally not required if the lowest temperature does
not remain below freezing for long periods of time. The com-
pressor equipment generates sufficient heat which can heat
the building. Systems located in the open must be designed to
operate during the most severe weather conditions.

Individual equipment suppliers recommended by the design
errineer should be contacted for specific answers to the in-
stallation of compressors, valve skids or oxygen storage
facilities. Start-up controls, instrumentation, and safety devices
should be carefully reviewed. A vibration shutdown system on
compressors should be included. Prior to actual start-up, the
manufacturer should run each compressor and check the
equipment for proper operation, including excessive vibration.
When everything operates in an acceptable manner, calibrate
and set vibration monitor to shut down the equipment if exces-
sive vibration develops. This monitor insures proper operation
and protection of the equipment. If a separate water cooling
system is provided, the water used should be treated to avoid
scaling and corrosion of the units.

A specific cleaning requirement should be specified in the
plans and specs which would include oxygen pipe lines, sam-
ple lines, valve skids and other equipment to insure equipment
protection during start-up. Contamination from dirt, grease,
and welding slag should never be allowed in a pure oxygen
atmosphere. The specifications should include a requirement
that equipment manufacturers be present during the start-up
and provide a training program to the operations staff. A rec-
ommended spare parts list and source of suppliers or vendors
should be provided.

Major oxygen feed lines, valves, sample tubing and electri-
cal systems must be tagged and indicated in the "as built"
drawings and instruction booklets. Specialized drawings and
instruction booklets must include detailed descnptions on pre-
ventive maintenance, safety and operation instructions. At
!east four (4) copies should be provided. Any modification dur-
ing start-up should be indicated in these manuals.

2.73 Reactors (Aeration Tanks)

The location of the reactor should be reviewed with consid-
eration for future expansion. Reactors located above normal
ground elevation should have facilities provided to remove
equipment located on the deck. Oxygen reactors are usually
completely covered and access to each basin must be pro-
vided through a sealed and air-tight lid or locking manhole.
Gas sampling lines or other conduits can be installed within the
deck. If they are located on the deck, they should be protected
and indicated by safety signs to avoid a tripping hazard.

The deck should be a rough surface such as broomed con-
crete. A completely smooth deck is a slipping hazard if water is

allowed to collect. Warning signs should be provided at each
entrance to indicate the presence of oxygen and that no smok-
ing or open flames are allowed. A well lighted deck is helpful
for night shift operators.

Interior metal such as weir plates, mixer blades and valves
should be constructed of stainless steel, carbon steel, or
coated carbon steel as dictated by the specific service. A good
protective coating should also be provided over any surfaces
that may corrode. Control valves should have position indi-
cators and be located in such a manner that preventive main-
tenance may be performed without draining the reactor.
Equipment on the reactor should be tagged with equipment
numbers corresponding to electrical control panel facilities.

2.74 Safety and Instrumentation

Operator safety and process safety are both very important
in pure oxygen systems, Safety signs, belt guards, tempera-
ture shutdown switches and overload protection devices
should be provided and indicated in the specifications by the
engineer. A system "emergency trip switch" station should be
provided and located away from major electrical controls. If
tripped during a major mechanical or electrical equipment fail-
ure, the entire oxygen operation shuts down without endanger-
ing personnel or equipment.

The specifications should include a requirement that the
equipment supplier provide a training class to instruct person-
nel on operation, maintenance, and safety hazards involved in
the pure oxygen generation and waste treatment process.
Process control involves major instrumentation and control
systems. Preventive maintenance on such systems is ex-
tremely technical in nature and should be completely under-
stood before maintenance personnel attempt to maintain such
systems. The design engineer can provide the necessary
background to ensure proper training.

One major area of concern is instrumentation sample tubing
and heat trace lines. These systems are the main control and
safety equipment functions of the entire system. To avoid
costly errors, the manufacturer or equipment supplier should
be consulted. If sample lines for lower explosive limit (L.E.L.) or
system pressure sensing control lines are incorrectly installed,
the entire operation could fail. If they must be installed under
roadways, they should be protected within rigid, sealed conduit
to prevent being crushed or kinked.

2.75 Preventive Maintenance

Most specifications would not include specific requirements
for preventive maintenance. The system design should give
consideration to the staff size and experience needs of the
system. The design engineer could direct key personnel to-
wards the needs of the system and requirements. Manufactur-
ers can provide maintenance contracts which provide preven-
tive maintenance as well as major tune-ups. Spare parts can
be included but can be purchased separately. The cost of such
contracts depends on the needs of the system and the options
involved.

a 1446 cm 4 oek 1.o01461,
014.

AefivAley 021,00616

Please work the discussion and review questions next.
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DISCUSSION AND REVIEW QUESTIONS

(Lesson 4 of 4 Lessons)

Chapter 2. ACTIVATED SLUDGE

Write the answers to these questions in your notebook be-
fore continuing. The question numbering continues from Les-
son 3.

15. Why would an operator want to monitor the influent to a
wastewater treatment plant?

16. How can undesirable constituents be detected in a plant
influent in addition to the use of automatic monitoring
units?

17. Why should an operatk,nal strategy be developed before a
toxic waste is discovered in the influent to a plant?

18. Why do some industries pretreat industrial process
wastewaters?

19. Why does the operator of an industrial waste treatment
plant have to know the flow and waste characteristics of
the wastewater being treated?
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20. How do toxic materials enter the waste stream?

21. Why should grit, soil, grease and oil be removed from the
waste stream?

22. How can the amount of nutrients to be added each day be
determined?

23. How does ammonia stripping remove nitrogen from
wastewater?

24. How is the nitrification process influenced by tempera-
ture?

25. How would you hai.".le matenals toxic to a nitrification
process?

Please work the objective test next.
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SUGGESTED ANSWERS

Chapter 2. ACTIVATED SLUDGE

Pure Oxygen Plants and Operational Control Options

Answers to questions on page 43.

2.0A Pure oxygen systems dissolve oxygen with a higher
efficiency for use by microorganisms treating the
wastes. This allows the use of smaller reactor tanks
than air activated sludge tanks. The sludge produced
has improved settleability and dewaterability

2.0B Biological nitrification can remove ammonia from
wastewater by converting it to nitrate.

Answers to questions on page 47.

2.1A Pure oxygen reactors are staged to increase the effi-
ciency of the use of oxygen.

2.1B As the pure oxygen flows from one stage to the next
stage, the oxygen is diluted by the carbon dioxide pro-
duced by the microorganisms and the nitrogen
stripped from the wastewater being treated.

Answers to questions on page 50.

2.1C The two methods commonly used to produce pure
oxygen are:

1. Pressure Swing Adsorption (PSA) Oxygen Gen-
erating System;

and
2. Cryogenic Air Separation Method.

2.10 Cryogenics means very low temperature

2.1E Cryogenic plants are usually shut down once a year
for approximately five to seven days for maintenance

Answers to questions on page 52.

2.1F Special measurements used to control pure oxygen
systems include:

1. Reactor vent gas;
2. Reactor gas space pressure; and
3. Dissolved oxygen.

2.1G Hydrocarbons can be detected before they reach the
reactor by installing an L.E.L. detector in the plant
headviorks.

Answers to questions on page 55.

2.2A 1. MLSS, Mixed Liquor Suspended Solids.
2. MLVSS, Mixed Liquor Volatile Suspended Solids
3. RAS, Return Activated Sludge.
4. F/M, Food to Microorganism Ratio.

2.2B The two basic approaches that can be used to control
the RAS flow rate are:

1. Controlling the RAS flc., rate independently from
the influent flow; and

2. Controlling the RAS flow rate as a constant per-
centage of influent flow.

Answers to questions on page 55.

2.2C The sludge blanket depth should be kept to one to
three feet (0.3 to 1 m) as measured from the clarifier
bottom at the sidewall.

2.20 The sludge blanket depth should be measured at the
same time every day during the period of maximum
flow and high solids loading rate so the depth will be
measured under the same conditions of flow and
solids loading.

Answers to questions on page 58.

2.2E Techniques used to determine the rate of RAS flow
include:

1. Monitoring the depth of the sludge blanket;
2. Settleability approach; and
3. SVI approach.

2.2F Sludge is allowed to settle 30 minutes in the settleabil-
ity test.

2.2G Known

Intl Flow, MGD = 4 MGD
SI. Set. Vol (SV), ml/L = 250 ml/L

1. Calculate RAS flow as a percent of influent flow.

RAS Flow, % =
SV, mIlL x 100%

1,000 ml/L - SV, ml/L

250 ml/L x 100%

Unknown

RAS Flow, MGD

1,000 ml/L 250 ml/L

250 ml/L x 100%

750 ml/L

END OF AP' /EPS TO QUESTIONS IN LESSON 1 = 33% of influent flow rate
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2. Calculate RAS flow, MGD.

RAS Flow, = RAS Flow, decimal x Intl. Flow, MGD
MGD = 0.33 x 4 MGD

= 1 33 MGD

(Pfeel.i/
G/4,

Answers to questions on page 61.

2.3A The objective of wasting activated sludge is tu main-
tain a balance between the microorganisms and ttie
aiaount of food as measured by the COD or BOD test.

2.3B Wasting of the excess activated sludge is usually
achieved by removing a portion of the RAS Pr.s.v...
Sometimes wading is directly from the MI C in the
aeration tank.

2.3C Known Unknown
Solids Added, lbs/day = 4,750 lbs/day WAS Flow,
Solids Aerated, lbs = 41,100 lbs MGD and GPM
RAS Susp. Sol , mg/L = 5,800 mg/L
Desired Sludge Age, days = 8 days

1. Calculate the desired solids under aeration for the
desired sludge age of 8 days.

Desired Solids, = Solids Added, lbs/day Sludge Age days
lbs = 4,750 lbs/day 8 days

= 38.000 lbs

2. Calculate the WAS flow, MGD and GPM to main-
tain the desired sludge age.

WAS Flow, MGD
soisds Aerated. lbs Desired Solids. lbs'

RAS Susp Sol . mgiL x 8 34 lbs/gal

(41,100 lbs 38,000 lbs)Iday

5,800 mg/L x 8 34 lbs/gal

= 0 064 MGO A 694 GPM/MGD

= 45 Gr'M

Difference represents solids wact3d in pounds
per day.

Answers to questions on page 64.

2.3D Four facts that should be remembered regarding the
F/M method of control.

1. The food concentration is estimated by the COD or
BOD tests.

2. The amount of food (COD or BOD) applied is im-
portant to calculate the F/M.

3. The quantity of microorganisms can be repre-
sented by the q3ntity of MLVSS.

4. The data obtainA to calculate the F/M should be
based on the seven-day moving average.
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2.3E Known

F/M, lbs COD/day 0.30 lbs COD/day

lb MLVSS

COD added,
lbs/day

Volatile portion = 0 70

lb MLVSS

= 7,000 lbs COD/day

1. Determine the

Unknown

MLSS. lbs

desired pounds of MLVSS.

COD applied, lbs/day

F/M, lbs COD/day/lb MLVSS

7,000 lbs COD/day

Desired MLVSS, lbs

0.30 lbs COD/day/lb MLVSS

= 23,333 lbs MLVSS

2. Determine the desired lbs MLSS.

Desired MLSS, lbs = Desired MLVSS, lbs

MLSS VM portion

23,333 lbs MLVSS

0.70

= 33,333 lbs

2.3F The MCRT expresses the average time a mi-
croorganism spends in the activated sludge process.

Answers to questions on page 68.

2.3G The microorganisms that are important indicators in
the activated sludge process are the protozoa and
rotifers.

2.3H Important activated sludge control tests that are used
to define sludge quality and process status include
final clarifier sludge blanket depth, mixed liquor and
retum sludge concentrations, and sludge settleability.

END OF ANSWERS TO QUESTIONS IN LESSON 3

Answers to questions on page 72.

2 4A An industrial waste monitoring program is valuable for
the operator of an activated sludge plant for the follow-
ing reasons:

1. To maintain sufficient control of treatment plant op-
erations to prevent NPDFS permit violations; and

2 To gather necessary data for the future design and
operation of the treatment plant.

2.4B Common wastewater monitoring devices include:

1. Flow measuring;
2. pH monitoring;
3. Oxidation potential monitoring,
4. Suspended solids monitoring;
5. DO monitoring; and
r Wastewater samplers.

2.4C If a high organic waste load enters your plant:

1. Gradually increase the RAS flow;
2. Increase the air input to the aeration tanks, and
3. Add nutrients if necessary.
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Answers to questions on page 73.

2.50A Types of industries whose wastes could be treated
by an activated sludge plant include:

1. Fruit and vegetable processing,
2. Meat and fish processing,
3. Paper product mant"acturing, and
4. Petroleum refining.

2.51A The character of industrial wastewater is dependent
on the particular production process and the way it is
operated.

2.52A One approach to solving a hydraulic overloading
problem is to reduce water consumption and
minimize waste generation through proper manage-
ment of processing and production operations.

2.52B The pH of an industrial wastewater can be adjusted
(1) upwards by the addition of caustic, and (2) down-
wards by the addition of sulfuric acid.

2 52C Chemical oxidation (COD) measures the presence of
(1) CARBON and (2) HYDROGEN, but not (3)
AMINO NITROGEN in organic materials.

2.52D The three major nutrients are carbonaceous organic
matter (measured by BOD tes'), nitrogen (N) and
phosphorus (P). Other elements that might be critical
include iron, calcium, magnesium, potassium cobalt,
and molybdenum.

2.52E The most common causes or kinds of toxicity in in-
dustnal wastewaters include excessive amounts of
free ammonia, residual chlonne, 4etergents, paints,
solvents, and biocides.

Answers to questions on page 74.

2.53A Samples from industrial wastewaters should be col-
lected dunng each operating shift and during differ-
ent stages of the finished-product and raw-product
runs

2 53B Large variations in flow can be reduced or smoothed
out by routing the flows through a surge or storage
tank

2.53C Discrete waste solids (such as trimmings, rejects,
corn meal and pulp) are effectively separated from
the wastewater flow by various types of screens.

2.530 Screens should be located as close as possible to
the process/production producing the waste. The
longer the solids are in contact with water and the
rougher the flow is handled (more turbulent), the
more material will pass through the screens and the
more the solids will become dissolved.

Answers to questions on page 77.

2 53E Generally the most economical location to treat toxic
wastes is at the source. If possible, do not allow toxic
wastes to enter the plant wastewater.

2.53F Industrial waste pretreatment facilities are necessary
to treat industnal wastes so they can be treated by
the activated sludge process. Pretreatment involves
pH adjustment, coarse solids remove!, flow equaliza-
tion, nutrient addition and cooling.

2.53G Screens are used to remove coarse solids to reduce
unnecessary clogging and wear on downstream
pipes, pumps, aerators and clarifier mechanisms
Also this process will help avoid odcr problems that
could develop from the settling out of solids in the
equalization and emergency basins.

2.53H Organic loadings can be smoothed out by the use of
an equalizing tank and also by keeping the contents
of the tank well mixed.

2.531 Nitrogen is supplied in the form of ammonia (usually
as 30 percent aqueous) and phosphorus as phos-
phoric acid (usually as 75 percent aqueous).

2.53J "Seed activated sludge" may be obtained from either
a nearby municipal or industrial wastewater treat-
ment plant.

2.53K Initially industrial waste' must be added gradually to
the aeration basin to allow time for the activated
sludge microorganisms to adapt or become accli-
mated to the wastes.

Answers to questions on page 78.

2.54A Nutrients should be added to w.stewater at a point
where the incoming wastewater is highly mixed and
preferably in the aeration basin.

2.54B Supplemental nitrogen can be provided by aqueous
ammonia or anhydrous ammonia. Supplemental
phosphorus car be provided by dissolved triple
superphosphate phosphate fertilizer, or phosphoric
acid.

2 54C Factors or conditions that have been found to cause
the disappearance of higher forms of mi-
croorganisms from the activated sludge process in-
clude:

1 DO levels below 3 to 4 mg/L,
2. High organic loadings,
3. Toxic substances or nutrient deficiencies, and
4 pH control

2.54D A gradual decrease in percent solids removal from
an activated sludge process over a period of time
may be the result of grit and silt accumulation in the
aeration basin which was not carried out in the
effluent and remained in the basin, thus resulting in
reduced aeration volume and detention time.

Answers to questions on page 85.

2.55A Accurate records must be kept for the following rea-
sons

1. To help troubleshoot problems which arise,
2. To account for the operation of the plant during

appropnate times, and
3 To serve as legal documents which will protect

the company from unjust claims.

2 55B Effluent from a pulp and paper mill activated sludge
process should contain some nutrients. If low levels
of nutrients are present, a nutrient deficiency could
exist in the process.

2.55C The paper industry might shut down an activated
sludge process during holidays, maintenance (pre-
ventive and emergency), process upsets, strikes,
and scheduled production reductions

2.55D The periodic feeding (step-feed) technique for pro-
cess start-up of activated sludge systems is effective
because it allows organisms time to consume the
available food (waste). When they are ready for more
food, more is added. This procedure encourages
rapid microorganism reproduction.
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Answers to questions on page 95.

2.56A Pnmary clanfiers are not very effective in removing
BOD because most of the BOD is "soluble" or "dis-
solved" and can't he removed by sedimentation.

2.56B Nutrients can be metered into the primary clanfier
effluent. To supplement nitrogen, ammonia gas (or
liquid) can be added. Phosphoric acid (H41304) can
be used as a source of phosphorus Sufficient phos-
phoals may be present in the influent from malting
by-products and phosphorus based cleaning solu-
tions.

2.56C The MLSS level in aeration basins is influenced by

1. Influent organic loading, and
2. Temperature.

2.56D The sludge wasting rate is adjusted in an attempt to
regulate the actual MLSS in the aeration basins as
close as practical to the desired MLSS "set point."

2.56E Filamentous "bulking" can be controlled by:

1. Proper DO levels in aeration basins,
2. Providl6g sufficient nutnents (nitrogen and phos-

phorus) and trace minerals,
3. Proper F/M ratios, and
4. Minimizing large fluctuations or influent organic

loadings.

Answers to questions on page 99.

2.57A High strength artichoke waste influents (BOD >
6,000 mg/L) are diluted with medium strength
wastewater to produce an influent BOD of less than
6,000 mg/L before treatment by the activated sludge
process.

2.57B Fifteen-day moving averages were computed
and plotted for artichoke influent COD and F/M ratio
to reduce the effect of fluctuating daily results.

2.57C Ammonium phosphate can be used to provide both
nitrogen and phosphorus for the treatment of ar-
tichoke wastes.

2.57D If domestic or sanitary wastes are not treated by a
dairy waste treatment plant, effluent chlorination may
not be necessary.
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2.57E High levels of MLSS are necessary to prevent pro-
cess upsets caused by shock organic loadings.

Answers to questions on page 101.

2 58A The three main petroleum refinery waste compounds
that can be treated by the activated sludge process
are ammonia, phLlols, and sulfide.

2 58B MCRTs as nigh as 30 days are necessary to treat
petroleum refinery wastes in order to maintain the
nitrification population necessary to oxidize am-
monia.

2.58C A shock load of phenols can be treated by decreas-
irg the hydraulic loading. Hydrogen peroxide can be
used to help oxidize phenols in the effluent.

Answers to questions on page 105.

2 6A Harmful effects that could result from the discharge of
nitrogenous compounds include:

1. Ammonia toxicity to fish life,
2. Reduction in effectiveness of chlorine disinfection

efficiency,
3. Increase in DO depletion of receiving waters,
4. Adverse public health impact on ground water, and
5. Reduction of suitability of water for reuse.

2.6B The principal control guidelines for biological nitrifica-
tion are:

1. DO,
2. pH,
3. Wastewater temperature,
4. Nitrogenous food,
5. Detention time,
6. MCRT, F/M or sludge age, and
7. Toxic materials.

2 6C Rising sludge resulting from unwanted denitrification
-an be controlied by:

1 Returning settled sludge as quickly as possible and
maintaining essentially "zero" sludge blanket in the
clarifier: and

2. Maintain sludges with low SVI values.

END OF ANSWERS TO QUESTIONS IN LESSON 4
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OBJECTIVE TEST

Chapter 2. ACTIVATED SLUDGE

Please write your name and mark the correct answers on
the answer sheet as directed at the end of Chapter 1,
Volume I, OPERATION OF WASTEWATER TREATMENT
PLANTS. There may be more than one correct answer to
each question.

1 As oxygen nses through the mixed liquor to the surface of
a reactor, most of the oxygen is absorbed into the mixed
liquor.

1. True
2. False

2. Pure oxygen systems may be used to supply oxygen to
any of the activated sludge process modes - conven-
tional, step feed, complete mix or contact stabilization

1. True
2. False

3 Operation of the secondary clarifiers, return sludge rates,
and wasting rates are much the same for pure oxygen
systems as they are for conventional air-activated sludge
systems.

1. True
2. False

4 Monitonng the depth of the sludge blanket in the clarifier is
the most direct method available for determining the RAS
flow rate

1. True
2. False

5. A limitation of using the constant flow RAS approach is
that the F/M ratio remains constant.

1. True
2. False

6. The objective of wasting activated sludge is to maintain a
balance between the microorganisms under aeration and
the amount of incoming food

1. True
2. False

7. Wasting of activated sludge must be accomplished on a
continuous basis.

1. True
2. False

8. The character (constituent) of industrial wastewaters de-
pends on the particular production process and the way
the process is operated.

1. True
2. False

9 All nutrients need to be in a soluble form to be used by the
microorganisms in a biological treatment process

1. True
2. False

10 An advantage of biological treatment processes is that the
microorganisms can easily adjust to great fluctuations of
flows and wastes (BOD).

1 True
2. False

11. When should the oxygen vent valve on the last reactor be
opened?

1. When the combined carbon dioxide arid nitrogen con-
centrations reach an excess of 55 percent for an ex-
tended period

2 When the Lower Explosive Limit (L.E.L.) is above 20
percent

3. When the methane concentration is above 65 percent
4 When the oxygen concentration drops below 45 per-

cent for an extended period
5. When the oxygen concentration drops below 75 per-

cent for an extended period.

12 How is oxygen provided to the reactor while a cryogenic
unit is shut down for maintenance?

1 By a standby cryogenic unit
2 By another parallel cryogenic unit
3. By surface aerators
4 By the use of liquid oxygen from storage tanks
5. By using algae to produce oxygen by photosynthesis

13 Methods use to determine the RAS flow rate include

1 Mixed liquor volatile suspended solids approach
2. Monitoring the depth of the sludge blanket.
3. Organic loading.
4. SVI approach.
5 Settleability approach.

14 How can the sludge blanket depth be measured in the
secondary clarifier?

1. By looking over side of Clarifier and reading depth
markings on wall

2. By lowering a surveyor's rod until the end disappears in
the blanket

3 By using a sight glass finder
4. By using an electronic sludge level detector
5. By using sonar

15. The amount of waste activated sludge (WAS) removed
from the process affects which of the following items?

1. Effluent quality
2. Growth rate of microorganisms
3. Mixed liquor settleability
4. Occurrence of foaming/frothing
5. Oxygen consumption

130-



16. When activated sludge is wasted on a continuous basis,
the operator should check the return activated sludge vol-
atile suspended solids at least

1. Every two hours.
2. Every four hours
3. Once every shift.
4. Every other day.
5. Once a week.

17. Why do industnes pretreat wastewaters before discharg-
ing to the collection system?

1. To impress the public
2. To keep undesirable constituents out of the sewers
3. To recover valuable materials
4. To reduce sewer-service charges
5. To train operators

18. What types of industnal wastes could inhibit the activity of
microorganisms in a treatment plant?

1. Heavy metals
2. Low pH wastewaters
3. Methane.
4. Organic materials
5. Toxic wastes

19. How can a toxic waste be discovered in a treatment plant?

1. Decrease in aerator DO
2. Decrease in secondary effluent floc
3. Increase in aerator DO
4. Increase in plant inflow
5. Increase in secondary effluent floc

20. The pnrnary disadvantage of the COD test is its suscepta-
bility to interference by

1 Amino nitrogen.
2 Borate.
3. Chloride
4. Iron.
5. Sulfide.

21 How can ammonia nitrogen be removed from wastewa-
ter?

I. Ammonia stripping
2. Biological nitrification
3. Breakpoint chlorination
4. Ion exchange
5. Pressure filtration

22. What is the minimum recommended DO in an aeration
tank for biological nitrification?

1. 0.5 ma/L
2. 1.0 mg/L
3. 1.5 mg/L
4. 2.0 mg/L
5. 4.0 mg/L

23. How does breakpoint chlorination remove ammonia?

1. By breaking oown ammonia
2. By oxidizing ammonia-nitrogen to nitrogen gas
3. By producing alkalinity conditions
4. By removing the nitrifying bacteria
5. By using up the oxygen
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24. Procedures used for shutdown and subsequent start-up of
activated sludge processes treating industrial wastes vary
with the

1. Crew available for shutdown.
2. Duration of shutdown.
3. Microorganisms (MLVSS) in aeration basin.
4. Nature of shutdown.
5. Weather expected during shutdown.

25. Important objectives that should be accomplished dunng
shut-downs and start-ups include

1. Conform with legal requirements (NPDES Permit) for
plant effluent.

2. Delay subseque.nt start-up as long as possible.
3. Maintain satisfactory process. performance.
4. No personal injuries.
5. Treat wastes at a minimum cost for satisfactory per-

formance.

26. Possible techniques for controlling filamentous oraanisms
in an industrial activated sludge process include

1. Dosage of return sludge with oxidants such as hydro-
gen peroxide or chlorine.

2. Lower DO levels in aeration basins so filamentous or-
ganisms cannot breathe or respire.

3. Lower F/M level to starve filamentous organisms.
4. Reduce nutrients essential for filamentous growth.
5. Stop sludge wasting to allow activated sludge or-

ganisms to gain control.

27. Petroleum refinery wastes that can be treated by the acti-
vated sludge process include

1. Ammonia
2. Chloride
3. Iron
4. Phenols
5. Sulfide

28. What is the return activated sludge (RAS) flow in GPM
when the influent flow is 2 MGD, the nixed liquor sus-
pended solids (MLSS) are 2,200 mg/L, and the RAS sus-
pended solids are 8,100 mg/L?

1. 0.55 GPM
2. 0.75 GPM
3. 1.875 GPM
4. 375 GPM
5. 520 GPM

29. What is the return activated sludge (RAS) flow in GPM
when the influent flow is 2.5 MGD and the sludge settling
volume (SV) in 30 minutes is 290 mUL?

1. 0.725 GPM
2. 1.025 GPM
3 505 GPM
4. 710 GPM
E. 1,945 GPM

30. An aeration tank has a volume of 1.4 million gallons. The
MLSS is 2,400 mg/L and the volatile portion is 0.75. The
mixed liauor volatile suspended solids (MLVSS) under
aeration is

1. 17,194 lbs.
2. 21,017 lbs.
3. 23,120 lbs.
4. 28,022 lbs.
5. 30,940 lbs.
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31. Calculate the total waste activated sludge (WAS) flow rate
in GPM for a plant tnat adds 3,560 lbs of solids per day.
There are 22,470 lbs of solids in the aerator, the RAS
suspended solids concentration is 7,100 mg/L, and the
current WAS flow is 0.02 MGD. The desired sludge age is
6 days.

1. 0 GPM, stop wasting
2. 13 GPM
3. 15 GPM
4. 27 GPM
5. 29 GPM

32. Calculate the desired MLSS if the desired F/M ratio is 0.20
lbs COD/day/lb MLVSS, and if 5,000 lbs of COD per day
are added, the volatile portion of the solids in the aeration
tank is 0.70 and tn6 tank volume is 1.8 MG.

1. 2,000 mg/L
2. 2,100 mg/L
3. 2,200 mg/L
4. 2,300 mg/L
5. 2,400 mg/L

33. Calculate the ammonia (NH3-N) that must be added in
pounds per day to treat an industrial wastewater. Influent
flows are 2.5 MGD and primary effluent TOC is 487 mgIL
with a BOD:TOC ratio of 2.1:1. Primary effluent NH3-N
concentration is 5.61 nig/L. Two pounds of NH3-N are
required for every 100 pounds of BOD treated. Select the
closest answer.

1. 100 lbs NH3-N/day
2. 200 bs NH3-N/day
3. 300 lbs NH3-N/day
4. 400 lbs NH3-N/day
5. 450 lbs NH3-N/day

END OF OBJECTIVE TEST

1 3 2
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OBJECTIVES

Chapter 3. SLUDGE HANDLINC AND DISPOSAL

Categories of sludge handling and disposal processes
contained in this chapter include thickening, stabilization,
conditioning, dewatering, volume reduction and land dispos-
al. Following completion of Chapter 3, you should be able to
do the following with regard to the proceses in these sludge
handling and disposal categories:

1. Explain the purposes of the processes,

2. Prcperly start up, operate, shut down, and maintain these
processes,

3. Develop operating procedures and strategies for both nor-
mal and abnormal operating conditions,

4. Identify potential safety hazards and conduct duties using
safe procedures,

5. Troubleshoot when a process does not function properly,
and

6. Review plans and specificalions for the processes.
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GLOSSARY

Chapter 3. SOLIDS HANDLING AND DISPOSAL

ANAEROBIC (AN-air-O-bick) ANAEROBIC

A condition in which "free" or dissolved oxygen is NOT present in the aquatic environment.

ASPIRATE (ASS-per-RATE) ASPIRATE

Use of a hydraulic device (a.virator or eductor) to create a negative pressure (suction) by forcing a liquid through a restriction, such
as a Venturi. An aspirator (the hydraulic device) may be used in the laboratory in place of a vacuum pump, sometirr, » used instead
of a sump pump.

BAFFLE BAFFLE

A flat board or plate, deflector, guide or similar device constructed or placed in flowing water, wastewater, or slurry systems to cause
more uniform flow velocities, to absorb energy, and to divert, guide, or agitate liquids.

BLIND BLIND

A condition that occurs on the filtenng medium of a microscreen or a vacuum filter when the holes or spaces in the media become
clogged or sealed off due ...) a buildup of grease or the material being filtered.

BOUND WATER BOUND WATER

Water contained within the cell mass of sludges or strongly held on the surface of colloidal particles.

BULKING (BULK-ing) BULKING

Clouds of billowing sludge that oc
will not settle properly.

throughout secondary clanfiers and sludge thickeners when the sludge becomes too light and

CAVITATION (CAV-i-TAY-shun) CAVITATION

The formation and collapse of a gas pocket or bubble on the blade of an impeller The collapse of this gas pocket or bubble drives
water into the impeller with a terrific force that can cause pitting on the impeller surface.

CENTRATE

The water leaving a centrifuge after most of the solids have been removed.

CENTRIFUGE

A mechanical devicie that uses centrifugal or rotational fcrces to separate solids from liquids.

COAGULATION (co-AGG-you-LAY-shun)

CENTRATE

CENTRIFUGE

COAGULATION

The ase of chemicals that cause very fine particles to clump together into larger particles This makes a easier to separate the solids
from the liquids by settling, skimming, draining, or filtering.

CONING (CONE-ing) CONING

Development of a cone-shaped flow of liquid, like a whirlpool, through sludge. This can occur in a sludge hupper during sludge
withdrawal when the sludge becomes to thick. Part of the sludge remains in place while liquid rather than sludge flows out of the
.topper. Also called "coring."

DENITKIFICATION DENITRIFICATION

A condition that occurs when nitrite or nitrate ions are reduced to nitrog ,n gas and bubbles are formed as a result of this process.
The bubbles attach to the biological flocs and float the flocs to the surface of the secondary clarifiers or gravity thickeners.

DENSITY (DEN-sit-tee) DENSITY

A measure of how heavy a substance (solid, liquid, or gas) is for its size. Density is expressed .r terms of weight per unit volume,
that is, grams per cubic centimeter or pounds per cubic foot. The density of water (at 4°C or 39°F) is 1.0 g am per cubic centimeter or
about 62.4 pounds per cubic foot.
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DEWATERABLE DEWATERABLE

This is a property of a sludge related to the ability to separate the liquid portion from the solid, with or without chemical condi-
tioning. A material is considered dewaterable if water will readily drain from it. Generally raw sludge dewatenng is more difficult
than water removal from digested sludge.

EDUCTOR (e-DUCK-tor) EDUCTOR

A hydraulic device used to create a negative pressure (suction) by forcing a liquid through a restriction, such as a Ventun. An
eductor or aspirator (the hydraulic device) may be used in the laboratory in place of a vacuum pump, somet..nes used instead of a
suction pump.

ELUTRIATION (e-L00-tree-A-shun) ELUTRIATION

The washing of digested sludge in plant effluent. The objective is to remove (wash out) fine particulates and/or the alkalinity in
sludge. This process reduces the demand for conditioning chemicals and improves settling or fdtenng charactenstics of the solids.

ENDOGENOUS (en-DODGE-en-us) ENDOGENOUS

A reduced level of respiration (breathing) in which organisms break down compounds within their own cells to ,,oduce the oxygen
they need.

FILAMENTOUS ORGANISMS (FILL-a-MEN-tuss) FILAMENTOUS ORGANISMS

Organisms that grow in a thread or filamentous form. Common types are thiothrix and actinomyces.

FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION

The gathering together of fine particles to form larger particles.

GASIFICATION (GAS-i-fi-KAY-shun) GASIFICATION

The conversion of soluble and suspended organic materials into gas during anaerobic decomposition. In anaerobic sludge digest-
ers, this gas is collected for fuel or disposed of using the waste gas humor.

GROWTH RATE, Y GROWTH RATE, Y

An experimentally determined constant to estimate the unit growth rate of bacteria while degrading organic wastes.

INCINERATION INCINERATION

The conversion of dewatered sludge cake by combustion (burning) to ash, carbon dioxide, and water vapor.

INORGANIC WASTE INORGANIC WASTE

Waste material such as sand, salt, iron, calcium, and other mineral materials which are only slichtly allected by the action of
organisms Inorganic wastes are chemical substances of mineral origin, whereas orgz.Tiit, wastes are chemical substances usually
of animal or vegetable origin. Also see NONVOLATILE MATTER.

NITRIFYING BACTERIA NITRIFYING BACTERIA

Bacteria that change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate).

NONVOLATILE MATTER NONVOLATILE MATTER

Material such as sand, salt, iron, calcium, and other mineral materials which are only slightly affected by the action of organisms.
Volatile materials are chemical substances usually of animal or vegetable origin. Also see INORGANIC WASTE.

RoLYELECTROLYTE (POLY-electro-light) POLYELECTROLYTE

,iigh-molecuiar-weight substance that is formed by either a natural or synthetic process. Natural polyelectrolytes may be of
biological origin or derived from starch products, cellulose derivatives, and align,Aes Synthetic polyelectrolytes consist rA simple
substances that have been made into complex, high-molecular-weight substances. Often called a "polymer."

POLYMER (POLY-mer) POLYMER

A high-molecular-weight substance that is formed by either a natural or synthetic process. Natural polymers may be of biological
origin or derived from starch products, cellulose derivatives, and alignates Synthetic polymers consist of simple substances that
have been made into complex, high-molecular-weight substances. Often cared a "polyelectrolyte."

POLYSACCHARIDE (polly-SAC-a-ride)

A carbohydrate such as starch, insulin or cellulose.

POLYSACCHARIDE

PRECOAT PRECOAT

Application of a free-draining, non-cohesive material such as diatomaceous earth to a filtering media. Precoating reduces the
frequency of media washing and facilitates cake discharge.
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PROTEINACEOUS (PRO-ten-NAY-shus)

Materials containing proteins which are organic compounds containing nitrogen.

PROTEINACEOUS

PUG MILL PUG MILL

A mechanical device with rotating paddles or blades that is used to mix and blend different matenals togehter.

PUTRESCIBLE

RABBLING

PUTRESCIBLE (pew-TRES-uh-bull)

Material that will decompose under anaerobic conditions and produce nuisance odors.

RABBLING

The process of moving or plowing the matenal inside a furnace by using the center shaft and rabble arms.

RISING SLUDGE RISING SLUDGE

Rising sludge occurs when sludge settles to the bottom of the thickener, is compacted, and then starts to nse to the surface, usually
as a result of denitrification.

SCFM SCFM

Cubic Feet of air per Minute at Standard conditions of temperature, pressure, and humidity.

SECONDARY TREATMENT SECONDARY TREATMENT

A wastewater treatment process used to convert dissolved or suspended matenals into a form more readily separated from the
water being treated. Usually the process follows primary treatment by sedimentation. The process commonly is a type of biological
treatment process followed by secondary clarifiers that allow the solids to settle out of the water being treated.

SEPTICITY (sep-TIS-it-tee) SEPTICITY

Septicity is the condition in which organic matter decomposes to form foul-smelling products associated with the absence of free
oxygen. If severe, the wastewater turns black, gives off foul odors, contains little or no dissolved oxygen and creates a heavy oxygen
demand.

SHORT-CIRCUITING SHORT-CIRCUITING

A condition that occurs in tanks or ponds when some of the water or wastewater travels faster than the rest of tho flowing water.

SLUDGE-VOLUME RATIO (SVR) SLUGE-VOLUME RATIO (SVR)

The voiume of sludge blanket divided by the daily volume of sludge pumped from the thickener.

SLURRY (SLUR-e)

A thin watery mud or any substance resembling it (such as a grit slung or a Jam slurry).

SLURRY

SPECIFIC GRAVITY SPECIFIC GRAVITY

Weight of a particle or substance in relation to the weight of water. Water has a specific graIty of 1.000 at 4 C (or 39°F). Wastewater
particles usually have a specific gravity of 0.5 tc 2.5.

STABILIZATION STABILIZATION

Conversion to a form that resists change. Organic material is stabilized by bactena which convert the matenal to gases and other
relatively inert substances. Stabilized organic material generally will not give off obnoxious odors.

THERMOPHILIC BACTERIA (thermo-FILL-lik) THERMOPHILIC BACTERIA

Hot temperature bacteria. A group of bactena that grow and thrive in temperatures above 1137 (45°C). The optimum temperature
range for these bacteria in anaerobic decomposition is 120°F (49°C) to 130°F (57°C).

VECTOR

An insect or other organism capable of transmitting germs or other agents of disease.

'YOLATILE MATTER (VOL-a-till)

Matter in watc*, wastewater, or other liquids that is lost on ignition of the dry solids at 550°C.

Y, GROWTH RATE

An experimentally determined constant to estimate the uryt
growth rate of bacteria while degrading organic wastes.
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CHAPTER 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 1 of 5 Lessons)

3.0 NEED FOR SLUDGE HANDLING AND DISPOSAL

3.00 Sludge Types and Characteristics

The solids removed in wastewater treatment plants result
in waste streams such as grit, screenings, scum (floatable
materials) and sludge (Figure 3.1). Sludge is by far the
largest in volume and the handling and disposal of these
residual solids represents one of the most challenging
problems wastewater treatment plant operators must solve.
The problems of dealing with sludge aro complicated by the
facts that (1) sludge is composed largely of the substances
responsible for the offensive character of untreated
wastewater, (2) only a small portion of the sludge is solid
matter and (3) the response of similar-type sludges to
various handling techniques differs from one treatment plant
to the next plant. Waste activated sludge (WAS) produces
the greatest volume of sludge and sludge disposal problems
confronting operators today.

Some general statements can be made about the reaction of
similar sludge types to a specific unit process, but the operator
should be aware that the exact response of a particular sludge
depends on the plant location and on a large number of van-
ables.

This chapter is designed to familiarize the operator with (1)
the general charactenstics of wastewater treatment plant
sludges, (2) the unit processes used to effectively handle
sludge, and (3) the operating guidelines necessary for suc-
cessful unit process performance.

Basically two types of sludge are produced at any SEC-
ONDARY WASTEWATER TREATMENT FACILITY.' They are
classified as primary and secondary sludges.

Primary sludge includes all those solids which settle to the
bottom of the primary sedimentation tank and are removed
from the waste stream. On a very general basis, primary
sludge solids are usually fairly coame and fibrous, have SPE-
CIFIC GRAVITIES2 or DENSITIES3 significantly greater than
that of water and are composed of 60 to 80 percent VOLATILE
(organic) MATTER! The remaining 20 to 40 percent of the
sludge solids are classified as NONVOLATILE (inorganic)
MATTER.5

Solids Disposal 127

Secondary sludge is generated as a by- product of biological
degradation of organic wastes in the secondary biological (ac-
tivated sludge and trickling filter) treatment processes. As bac-
teria feed on and degrade organic matter, new bacteria cells
are produced. In order to maintain the desired quantity or popu-
lation of bacteria within the biological treatment system, some
of these new bacteria cells have to be removed from the pro-
CeSS stream. Usually these bacteria cells are removed in the
secondary clarifier. The biological solids or bacteria calls that
are removed are termed secondary sludge. On a very general
basis, secondary sludges are mo'e flocculant than primary
sludge solids, less fibrous, have specific gravities closer to that
of water and consist of 75 to 80 percent volatile (organic) mat-
ter and 20 to 25 percent nonvolatile (inorganic) material.

3.01 Sludge Quantities

The daily quantity of primary and secondary sludges re-
moved will vary from one treatment plant to the next plant.
Before sludge handling equipment can be designed, pur-
chased and installed, estimates have to be made to determine
the daily quantity of sludge removed from the system. Although
the design and installation of such equipment is the engineer's
responsibility, the operator should be aware of how engineers
make these estimates.

3.010 Primary Sludge Production

The quantity of primary sludge generated depends on: (1)
the influent wastewater flow, (2) the concentration of influent
settleable suspended solids, and (3) the EFFICIENCY6 of the
primary sedimentation basin. The estimation of primary sludge
production is illustrated in the following example.

EXAMPLE 1. PRIMARY SLUDGE PRODUCTION

Gwen: The influent flow to a primary clarifier is 1.5 MGD. The
influent suspended solids concentration is 350 mg/L.
The effluent suspended solids concentration from the
primary clanfier is 150 mg/L.

Find. 1. The total pounds of suspended solids entenng the
Want per day (lbs SS/day).

Secondary Wastewater Treatment Facility. A wastewater treatment facility used to convert dissolved or suspended matenals into a form
more readily separated from the water being treated. Usual', 'he facility follows primary treatment by sedimentation. The facility commonly is
a type of biological treatment process followed by secondary clarifiers that allow the solids to settle out of the water being treated.

2 Specific Gravity. Weight of a particle or substance in relation to the weight of water. Water has a specific gravity of 1.000 at 4°C (or 39°F).
Wastewater particles usually have a specific gravity of 0.5 to 2.5.

3 Density A measure of how heavy a substance (solid, liquid, or gas) is for its size. Density is expressed in terms of weight per unit volume,
that is, grams per cubic centimeter or pounds per cubic foot. The density of water (at 4°C or 39°F) is 1.0 gram per cubic centimeteror about
62.4 pounds per cubic foot.

4 Volatile Matter. Matter in water, wastewater, or other liquids that is lost on ignition of the dry solids at 550°C.
5 Nonvolatile Matter. Material such as sand, salt, iron, calcium .nd other mineral materials which are only slightly affected by the action of
organisms Volatile materials are chemical substances usually of animal or vegetable origin.

efficiency, % = (Inf. Susp. Solids, mg /L - Susp. Sol., mg/L) 100%

Intl. Susp. Solids, mg /L
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2. The total pounds of suspended solids leaving the
primary clarifier with the primary effluent (lbs SS/
day).

3. The total pounds of dry (no moisture present)
sludge solids produced per day.

Solution:
Known Unknown

Flow, MGD = 1.5 MGD 1. Dry SS entenng plant,
lbs/day

Inf. SS, mg/L = 350 mg/L 2. Dry SS leaving primary
clarifier, lbs/day

Effl. SS, mg/L = 150 mg/ 3. Dry sludge solids produced,
lbs/day

1. Calculate the amount of dry influent suspended solids, Ibs/
day.

Infl Susp Sol, = Flow, MGD x Susp Sol, mg/L x 8.34 lbs/gcl
lbs/day = 1.5 MGD x 350 mg/L x 8.34 lbs/gal

= 4379 lbs/day

2. Calculate the amount of dry suspended solids leaving the
primary clarifier, lbs/day.

Prim. Clar.
Susp. Sol, = Flow, MGD x Susp Sol, mg/L x 8.34 ii-4:2e1
lbs/day = 1.5 MGD x 150 mg/L x 8.34 lbs/gal

= 1877 lbs/day

3. Calculate the amount of dry primary sludge produced, Ibs/
day.

Primary Sludge, Int Susp Sol, lbs/day - Effi Susp Sol, lbs/day
lbs/day

= 4379 lbs Jay - 1877 lbs/day

= 2502 lbs/day

OR

Primary Sludge, = Flow, MGD x (In SS, mg/L - Ef SS, mg/L)
lbs/day x 8.34 lbs/day

= 1.5 MGD x (350 mg/L - 150 mg/L)
x 8.34 lbs/gal

= 2502 lbsiday

NOTE: All answers are in terms of pounds of dry solids per
day.

3.011 Secondary Sludge Production

The daily quantity of sludge produced is dependent on (1)
the influent flow to the biological or secondary system, (2) the
influent organic load to the biological system, (3) the efficiency
of the biological system in removing organic matter, and (4) the
growth rate, Y, of the bacteria within the system. The determi-
nation of secondary sludge production is rather complicated
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due to the mathematics and variables involved. The rate of
biological growth, Y, is highly dependent on such variables as
temperature, nutrient balances, the amount of oxygen Supplied
to the system, the ratio between the amount of food supplied
(BOD) and the mass or quantity of biological cells developed
within the system, detention time and other factors. A detailed
discussion of the estimation of growth rates and sludge pro-
duction is beyond the scope of this chapter. A general rule of
thumb that operators may use to estimate secondary sludge
production is that for every pound of organic matter (soluble
5-day BOD) used by the bacteria cells, approximately 0.30 to
0.70 pounds of new bacteria cells are produced and have to be
taken out of the system. The following example illustrates the
estimation of secondary sludge production.

EXAMPLE 2. SECONDARY SLUDGE PRODUCTION

Given: The primary effluent organic content, as measured by
the 5-day BOD test, to a secondary treatment facility is
200 mg/L. The secondary effluent 5-day BOD is 30
mg/. The bacteria growth rate, Y, is 0.50 lbs SS/ib
BOD removed and the flow rate, 0, is 1.5 MGD.

NOTE: The secondary influent flow in dour plant may be dif-
ferent than the actual plant effuent flow due to in-plant
recycle uses of effluent and/or secondary system
streams.

Find: 1. The total pounds of BOD entering the secondary
system per day.

2. The total pounds of BOD leaving the secondary
system with the effluent per day.

3. The total pounds of BOD removed per day by the
secondary system.

4. The total dry pounds of secondary sludge produced
per day by the secondary system.

Solution:

Known

Flow, MGD

Intl. BOD, mgiL

Eff I. BOD, mg/L

Y, lbs SI Sol Prod

lb BOD Rem

Unknown

= 1.5 MGD 1. BOD Entering, lbs/day

= 200 mg/L 2. BOD Leaving, lbs/day

= 30 mg/L 3. BCD Removed, lbs/day

= 0.50 lbs SI Sol 4. Sludge Prod., lbs/day

lb BOD

1. Determine the 5-day BOD entering the secondary system,
lbs BOD/day.

Entsring BOD, = Flow, MGD x BOD, mg/L x 8.34 lbs/gal
lb; BOD/day 1.5 MGD x 200 mg/L x 8.34 lbs/gal

= 2502 lbs BOD/day

2. Determine the 5-day BOD leaving the secondary system,
lbs BOD/day.

Leaving BOD, = Flow, MGD x BOD, mg/L x 3 34 lbs/gal
lbs BOD/day 1.5 MGD x 30 mg/L x 8.34 lbs/gal

= 375 lbs BOD/day

3. Determine the 5-day BOD removed from the secondary
system, lbs BOD/day.

Bod Removed, = Entering BOD, - Leaving BOD,
lbs BOD/day lbs BOD/day lbs BOD/day

= 2502 lbs BOD/day - 375 lbs BOD/day

= 2127 lbs BOD/day
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OR

BOD Removed, = Flow, MGD x (In BOO, mg/L - Ef BOD, mg/L)
los BOD/day x 8.34 lbs/gal

= S MGD x (200 mg/L - 30 mg/L) x 8.34 lbs/gal

= 2127 lbs BOD/day

4. Determine the secondary sludge produced in terms of
pounds of dry sludge solids per day.

Sludge Produced, = BOD Removed, x Y lbs SI Sol Prod/day
lbs dry solids/day lbs BOD/day lbs BOD Rem/day

0.50 lbs SI SoVday= 2127 lbs BOD /day x
1 lb BOD/day

= 1064 lba dry sludge solids/day

3.02 Sludge Volumes

Examples 1 and 2 illustrated how to estimate the quantity or
pounds of primary and secondary sludge solids, respectively.
The total volume or gallons of primary and secondary sludges
are equally as important for sizing sludge handling equipment.
Sludge volumes in gallons are determined by the sludge solids
content (% SS) and the pounds of solids in a sludge sample
according to the following equation:

1Sludge Volume, gal = Sludge Quantity, lbs dry solids

8.34 lbs/gal x Sludge Solids, %/100%

If the primary sludge from Example 2 is withdrawn from the
primary clarifier at a sludge solids concentration (% SI Sol) of 5
percent, the daily volume of sludge would be determined as
follows:

Solution:

Known Unknown

Pnmary Sludge Quantity = 2502 lbs/day Primary Sludge Volume,
Its/day gaVday

Sludge Solids, % = 5%

Determine the daily pnmary sludge volume in gallons per
day.

Pnmary Sludge Volume, Sludge Quantity, lbs dry solids/day
gaVday 8.34 lbs/gal x Sludge Solids, %/100%

2502 lbs/day=

8.34 lbs/gal x 5%/100%

2502=

8 34 x 0.05

= 6,000 gaVday

Likewise, if the secondary sludge from Example 2 is with-
drawn from the secondary clarifier at a sludge solids concen-
tration (% SI Sol) of 1.0 percent, the daily volume of sludge
would be determined as follows:

Solution:

Known Unknown

Secondary Sludge = 1064 lbs/day Secondary Sludge Volume,
Quantity, lbs/day gaVday

Sludge Solids, % = 1.0%

Determine the daily secondary sludge volume in gallons per
day.

Secondary Sludge Sludge Quantity, lbs dry solids/day
Volume, gaUday 8 34 lbs/gal x Sludge Solids, %/100%

1064 lbs/day

8.34 lbs/gal x 1.0%/100%

= 12,758 gaVday

3.03 Sludge Handling Alternatives

Depending on the type and quantity of sludge produced, a
variety of unit processes and overall sludge handling sys-
tems can be established to process the sludge. The sche-
matic diagram presented in Table 3.1 illustrates these
sludge processing alternatives. The remainder of this chap-
ter will be divided into separate lessons on thickening,
stabilization, conditioning. dewatering, volume reduction,
and ultimate disposal of solids.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 247.

3.0A List the two types and general characteristics of
sludges that are produced at a typical wastewater
treatment facility.

3.0B List the variables that govern the quantity of priinary
sludge production.

3 OC Determine the daily quantity (lbs/day) of primary
sludge produced for the following conditions: (1)
influent flow of 2.0 MGD, (2) influent suspended
solids of 200 mg/L, and (3) primary effluent suspend-
ed solids of 120 mg/L.

3.0D List the variables that influence the production of
scondary sludges.

TABLE 3.1 SLUDGE PROCESSING ALTERNATIVES

TYPE OF ALTERNATIVE

THICKENING

OBJECTIVE lemove water
from the sludge
mass

STABILIZATION CONDITIONING

Convert odor- Pretreatment of
causing portion sludge to facili-
of sludge solids tate removal of
to nonodorous water in sub-
end products sequent treat-

ment processes

SPECIFIC 1. Gravity 1. Digestion
PROCESSES 2. Flotation 2. Thermal

3. Centnfugation 3. Chemical

1. Chemical

2. Thermal

3. Etutnation

DEWATERING

Reduce sludge
moisture and
volume to allow
economical dis-
posal

1. Filtration

2 Centrifugation

3 Drying Beds
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VOLUME REDUCTION DISPOSAL

Reduction of sludge Ultimate disposal
mass pnor to ulti-
mate disposal

1 Drying

2. Incineration

3. Composting

1. Land

2 Ocean

3. Air



3.0E Estimate the daily quantity of secondary sludge pro-
duced for the following conditions: (1) influent flow of
2.0 MGD, (2) influent BOD to the secondary system
of 180 mg/L and effluent from the secondary system
of 30 mg/L and (3) growth rate coefficient, Y, of 0.50
pounds of solids per pound of BOD removed.

3.0F For the conditions given in problem 22.0C, estimate
the daily volume (gal/day) of primary sludge if it is
withdrawn from the primary clarifier at a sludge
solids concentration of 4.0 percent.

3.1 THICKENING

3.10 Purpose of Sludge Thickening

Settled solids removed from the bottom of the primary
clarifier (primary sludge) and settled biological solids removed
from the bottom of secondary clarifiers (secondary sludge)
contain large volumes of water. Typically, primary sludge con-
tains approximately 95 to 97 percent water. For every pound of
primary solids, there are 20 to 30 pounds of water and for
every pound of secondary solids approximately 50 to 150
pounds of water are incorporated in the sludge mass. If some
of the water is not removed from the sludge mass, the size of
subsequent sludge handling equipment (digester, mechanical
dewatering equipment, pumps) have to be larger to handle the
greater volumes and this would obviously increase equipment
costs.

Concentration or thickening is usually the first step in a
sludge processing system following initial separation of solids
by sedimentation from the wastewater being treated.
Maximum sludge thickening should always be attempted in the
sedimentation tank before using a separate sludge thickener.
THE PRIMARY FUNCTION OF SLUDGE THICKENING IS TO
REDUCE THE SLUDGE VOLUME TO BE HANDLED IN SUB-
SEQUENT PROCESSES. The advantages normally as-
sociated with sludge thickening include: (1) improved digester
performance due to a smaller volume of sludge, (2) construc-
tion cost savings for new digestion facilities due to smaller
sludge volumes treated, and (3) a reduction in digester heating
requirements because less water has to be heated. Also re-
duced sludge volumes result in smaller facilities for storing,
blending, dewatenng and incinerating or disposing of the
sludge. The following example illustrates the reduction in
sludge volume when a sludge is thickened.

EXAMPLE 3.

Given: A primary sludge is withdrawn from a primary clanfie
at a sl:idge solids concentration of 3.0 percent. The
volume of sludge withdrawn is 2,000 gallons per day.

Find. 1. The amount of pnmary sludge solids withdrawn in
pounds per day.

Solids Disposal 131

2. If the sludge is concentrated (thickened) to 5.0 per-
cent sludge solids, find the new sludge volume.

Solution:

Known

Sludge Solids, %

Unknown

= 3.0°k 1. Amount of Dry Sludge,
lbs/day

Sludge Vol, gaUday = 2000 gaUday 2. Thickened Sludge Vol-
ume. gaUday

1. Determine the amount of pnmary dry sludge withdrawn in
pounds per day.

Dry Sludge Solids, = Sludge Vol, gal 8.34 lbs SI Sol, %
lbs/day day gal 100%

2000 gal 8.34 lbs 3.0%

gal 100%

= 500 lbs/day

2. Calculate the new thickened sludge volume in gallons per
day.

Sludge Volume, = Dry Sludge Solids, lbs/day
gaUday 8.34 lbs/gal x SI Sol, %M00%

500 lbs/day

8.34 lbs/gal x 5.0 %I100%

= 1200 gaUday

Although the pounds of sludge solids remained conStaPt at
500 lbs/day, the total volume of sludge decreased from 2000
gal/day to 1200 gal/day when the sludge was thickened from 3
percent sludge solids to 5 percent sludge solids. Three unit
processes commonly used to concentrate wastewater sludges
include gravity, air flotation, and centrifuge thickeners. A dis-
cussion of each process is contained in this section.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 247.

3.10A What is the primay function of sludge thickening?

3.10B Determine the amount of dry sludge (lbs/day) if
12,000 gal/day of secondary sludge are produced
with a solids concentration of 1.0%.

3.10C For the conditions given in problem 3.10B, deter-
mine the secondary sludge vul:trite (gal/day) if the
sludge is withdrawn from the secondary clarifier at
a solids concentration of 1.51C.

3.11 Gravity Thickening

Gravity thickening of wastewater sludges uses gravity
.orces to separate solids from the sludges being treated.
Those solids that are heavier than the water settle to the

of the thickener by virtue of gravity and are then
compacted by the weight of the overlying solids. Gravity
concentrators or thickeners are typically circular in design
and resemble circular clarifiers. The main components of
gravity thickeners, as shown in Figure 3.2 are: (1) the inlet
and distribution assembly, (2) a sludge rake to move the
sludge to a sludge hopper, (3) vertical steel members or
"pickets" mounted on the sludge rake, (4) an effluent or
overflow weir, and (5) scum removal equipment.
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The inlet or distribution assembly usually consists of a circu-
lar steel skit or BAFFLE/ which originates above the water
surface and extends downward approximately 2 to 3 feet (0.6
to 0.9 m) below the water surface The sludge to be thickened
enters the assembly, flows downward under the stool skirt and
through the tank where the solids settle to the bottom. The inlet
assembly provides for an oven distribution of sludge through-
out the tank and reduces the possibility of SHORT-
CIRCUITING to the effluent end of the thickener.

The sludge rake provides for movement of the settled (thick-
ening) sludge. As the rake slowly rotates, the settled solids are
moved to the center of the tank where they are deposited in a
sludge hopper. The tank bottom is usually sloped towards the
center to facilitate the movement of sludge to the collection
point. Typically, sludge pumps include centrifugal recessed-
impeller-type pumps or positive displacement progressive-
cavity-type pumps.

The vertical steel member (pickets) that are usually mounted
on the sludge rake assembly provide for gentle stifling or floc-
culation of the settled sludge as the rake rotates. This gentle
stifling action serves two purposes. Trapped gases in the
sludge are released to prevent RISING° of the solids. Also,
stifling prevents the accumulation of a large volume of solids
floating on the thickener surface that must be removed as
scum and will create nuisance and odor problems.

The effluent or thickener overflow flows over a continuous
weir located on the periphery (outside) of the thickener. The
outlet works usually include an effluent baffle to retain floating
debris and a scum scraper and collection system to remove
these floatablas.

3.110 Factors Affecting Gravity Thickeners

The successful operation of gravity thickeners is dependent
on the following factor:.; (1) type of sludge, (2) age of the feed
sludge, (3) sludge temperature, (4) sludge blanket depth, (5)
solids and hydraulic detention times and (6) solids and hydrau-
lic loadings. The first three factors deal with the charactenstics
of the influent sludge while the remaining three factors deal
with operational controls.

Both the type and age of sludge tc be thickened can have
pronounced effects on the overall performance of gravity
thickeners. Fresh primary sludge usually can be concentrated
to the highest degree. If the primary sludge is septic or allowed
to go ANAEROBIC,'° hydrogen sulfide (H2S), methane (CH4),
and carbon dloxido (CO2) gases may be produced (GASIFI-
CATION") If gas is produced, it will attach to sludge particles
and carry these solids to the surface The net effect(s) of gas
production due to anaerobic conditions will be reduced thick-
ener efficiency and lower solids concentration.
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Secondary sludges we not as well suited for gravity thicken-
ing as primary sludge. Secondary sludges contain large quan-
tities of BOUND WATER'2 which makes the sludge less dense
than primary sludge solids. Biological solids are composed of
approximately 85 to 90 percent water by weight within the cell
mass. The water contained within the cell wall is referred to as
"bound water."

The fact that biological solids contain large volumes of cell
water and are often smaller or finer in size than pnmary sludge
solids makes them harder to separate by gravity concentration.
The age of the secondary sludge also plays an important role
in the efficiency of gravity thickening processes. In the acti-
vated sludge process, ammonia is converted to nitrite and ni-
trate according to the following equations:

Ammonia (NH3) + Oxygen Nitrite (NO2-) + H2O

Nitrite (NO2-) + Oxygen Nitrate (NO;)

The conversion of ammonia to nitrite and then nitrate is
termed "nitrification." This conversion will occur if sufficient
oxygen and aeration time are alloted in the activated sludge
process to permit the buildup of NITRIFYING BACTERIA.13

In the solids-liquid separation section (secondary sedimen-
tation) of activated sludge wastewater treatment plants, the
available oxygen in the settled sludge may be depleted to the
point where no dissolved oxygen remains. If the sludge is held
too long in the final clarifier or gravity thickener and the dis-
solved oxygen concentration decreases to zero, the nitrate can
be converted to nitrogen gas. The conversion of nitrate to ni-
trogen gas is termed DENITRIFICATION. '4 Rising bubbles of
nitrogen gas due to denitrification will carry settled solids to the
surface of secondary clarifiers or gravity thickeners and will
adversely affect process performance. Another problem occa-
sionally encountered with activated sludge vocesses is
"sludge bulking." If sufficient oxygen is not available in the
aeration basin or nutrient imbalances are present, FILA-
MENTOUS ORGANISMS15 may grow in the aeration basins.
The predominance of these organisms will decrease the
settleability of activated sludge and it will not settle as readily in
the secondary clarifiers or compact to its highest degree in
gravity thickeners Greater compaction can be achieved by the
addition of chemicals.

Baffle A flat board or plate, deflector, guide or similar device constructed or placed in flowing water, wastewater, or slurry systems to
cause more uniform flow velocities, to absorb energy, and to divert, guide, or agitate liquids.
Short-Circuiting A condition that occurs in tanks or ponds when some of the water or wastewater travels faster than the rest of the flowing
water.

9 Rising Sludge. Rising sludge occurs when sludge settles to the bottom of the thickene,, is compacted, and then starts to rise to the
surface, usually as a result of denitrification.

lo Anaerobic (AN-air-O-hick). A condition in which "free" or dissolved oxygen is NOT present in the aquatic environment.
" Gasification (GAS-i-h-KAY-snun). The conversion of soluble and :iuspend3d organic materials into gas during anaerobic decomposition.

In anaerobic sludge digesters, this gcs is collected for fuel or disposed of using the waste gas burner
12 Bound Water. Wit;er contained within the cell mass of sludges or strongly held on the surface of colloidal particles.
'3 Nitrifying Bactena. Bacteria that change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate).

Denitrification A condition that occurs when nitrite or nitrate ions are reduced to nitrogen gas and bubbles are formed as a result of this
process. The bubbles attach to the biological flocs and float the flocs to the surface of the secondary clant,ers or gravity thickeners

15 Filamentous Organisms (FILL-a-MEN-tuss). Organisms that grow in a thread or filamentous form Common types are thiothnx and ac-
tinomyces.
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Mother sludge characteristic which affects the degree of
thickening is the temperature of the sludge. As the temperature
of the sludge (primary or secondary) increases, the rate of
biological activity is increased and the sludge tends to gasify
and rise at a faster rate. During summertime (warm weather)
operation, the settled sludge has to be removed at a faster rate
from the thickener than during wintertime operation. When the
sludge temperature s lower during the winter, biological activ-
ity and gas product:Pr, proceed at a slower rate.

Solids and hydraulic retention times ai.d loadings are dis-
cussed in the next section which reviews operating guidelines.

3.111 Operating Guidelines

The size of gravity thickeners is determined and designed by
engineers. THE OPERATOR CONTROLS THE SOLIDS RE-
TENTION TIME WITHIN THE THICKENER AND REACHES
PEAK PERFORMANCE BY CONTROWNG THE SPEED OF
THE SLUDGE COLLECTION MECHANISM (IF POSSIBLE),
ADJUSTING THE SLUDGE WITHDRAWAL RATE AND CON -
TROWNG THE SLUDGE BLANKET DEPTH. Successful op-
eration of gravity concentrators requires that the operator be
able to calculate applied loading rates and sludge detention
time, and be aware of the available contols.

3.1110 Hydraulic and Solids Loadings. The hydraulic sur-
face loading or overflow rate is defined as the total number of
gallons applied per squan. foot of thickener water surface area
per day (gpd/sq ft). To calculate hydraulic surface loading, first
determine tha total water surface area in square feet. Then
divide the number of gallons applied per day by the surface
area (,-.:, ft). The gallons applied usually include more than just
the sludge pumped, because it is better to keep a good high
flow of fresh liquid entering the thickener to prevent septic
conditions and odors from developing. To accomplish this
higher flow, secondary effluent is usually blended with the
sludge feed to the thickener. Typical hydraulic loading rates
are from 400 to 8C0 gpd/sq ft (16 to 32 cu m per day/sq m). For
a very thin mixture or for waste activated sludge (WAS) only,
hydraulic loading rates of 100 to 200 gpd/sq ft (4 to 8 cu m per
day/s, m) would be appropriate.

EXAMPLE 4

Given: / 'dot diameter gravity thickener is used to thicken
21:, .,,PM of primary sludge. 80 GPM of secondary
effluent is blend( -ith the raw sludge to prevent septic
conditions and odors.

Find: The hydraulic surface loading applied to the gravity
thickener.

Solution:

Known

Thickener Diameter, ft = 20 feet

Sludge Flow, GPM = 20 GPM

Blend Flow, GPM = 80 GPM

Total Flow, GPM = 100 GPM

Unknown

Hydraulic Surface Loading,
gpd/sq ft

Determine tne flow in gallons per day and the water surface
area in square feet. Calculate the hydraulic surface loading in
gallons per day (gpd) per square foot.

Hydraulic Surface Tote, Flow, gal/min x 60 min hr x 24 hr/day-
Loading, gpd/sq ft ! x (Diameter, (02

4
100 gal/min x 60 min/hr x 24 hr /day

A.. (20 ft)2
4

144,000 gpd

314 sq (t

= 4RJ gpd/sq ft

The solids loading is defined as the total number of pounds
of solids applied per square foot of thickener surface area per
day. To calculate the solids loading, first find the total surface
area (si ft) of the thickener. Next, using the flow rate and solids
concentration, calculate the total pounds of solids applied per
day. Finally, divide the total solids (lbs/day) by the total surface
area (sq ft) to find the solids loading. The proper operating
solids loading will vary with the type of sludge. Typical values
are discussed in Section 22.113, "Typical Performance."

EXAMPLE 5

Given: A 45-foot diameter gravity thickener is used to thicken
100 GPM of primary sludge. The primary sludge is
applied to the thickener at an initial sludge solids con-
centration of 3.5 percent.

Find: The solids loading (S.L.) applied to the gravity thickener
in lbs/day per sq ft.

Solution:

Known Unknown

Thickener Diameter, ft = 45 feet

Sludge Flow, GPM = 100 GPM

Sludge Solids, % = 3.5%

Determine the solids applied to the thickener in pounds per
day.

Solids Loading,
lbs/day/sq ft

Solids
Applied,
lbs/day

%= Flow, gpd x 8 34 lbs/gal x Solids,

100%

= 100 gal/min x 1440 min/day x 8.34 lbslgal
x3.5%

100%

= 42,034 lbs/day

Calculate the solids loading.

Solids Loading, Solids Applied, lbs/day
lbs/day/sq ft

Surface Area, sq ft

42,034 lbs/day

I (45 ft)2
4

= 26 lbstoay/sq ft

3.1111 Sludge Detention Time. The sludge detention time
is defined as the length of time the solids remain in the gravity
thickener. This time is based on the amount of solids applied,
the depth and concentration of the sludge blanket, and the
quantity of solids removed from the bottom of the thickener.
The operator has the ability to CONTROL THE SOLIDS DE-
TENTION TIME AND THE DEGREE OF THICKENING TO
SOME EXTENT BY CONTROLLING THE DEPTH OF THE
SLUDGE BLANKET. If the blanket is maintained at too high a
level and the solids detention time is excessive, gasification
may develop with subsequent rising sludge and deterioration
of effluent quality. The actual .esponse of a particular sludge to
gravity thickening depends on the treatment plant. Trial and
error procedures usually determine the best operation. To aid
the operator in controlling the detention time of the solids in the
nickener, the sludge-volume ratio (SVR) term is used. SVR is
defined as the volume of the sludge blanket divided by the
daily volume of sludge pumped from the thickener. This term is
a relative measure of the average detention time of solids in
the thickener and is calculated in days. Typical SVR values are
between 0.5 and 2.0 days. The higher SVRs are desirable for a
maximum sludge concentration; however, to guard against
gasification, the lower SVR values are maintained during warm
weather.
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3.112 Normal Operating Procedures

Typically, the flow through the thickener is continuous and
should be controlled to be as constant as possible. Monitoring
of the influent, effluent and concentrated sludge streams
should be done at least once per shift and should include
collection of samples for later laboratory analysis.

Uncle: operating conditions, water at the surface
should be relatively CLEAR and free from solids and gas bub-
bles. The sludge blanket depth is usually kept around 5 to 8
feet (1.5 to 2.4 m). The speed of the sludge collectors should
be fast enough to allow the settled solids to move towards the
sludge collection pump. The bottom sludge collectors should
not be operated at speeds that will disrupt the settled solids
and cause them to float to the surface. Sludge withdrawal rates
should be sufficient to maintain a constant blanket level.

Normal start-up and shutdown procedures for placing a
thickener in or out of service are outlined below.

Start-Up

Turn on the sludge c-.:ectors and scum collection equip-
ment.

Activate chemical conditioning systems, if used.

Open all appropriate inlet valves.

Turn on and adjust, if possible, the influent sludge pump.

Check the sludge blanket depth.

Open all appropriate sludge withdrawal valves.

Set the sludge pump in the automatic "ON" position.

Routinely check the blanket depth and thickened sludge
concentration and adjust the withdrawal rate as required

The thickener should be operated continuously. However, if
the thickener is not operated as a continuous process and daily
or frequent shutdowns are required, the following procedures
should be followed:

Shutdown

Turn off the influent sludge pump and close appropriate inlet
valves.

Turn off the chemical addition equipment, if chemical condi-
tioning is used.

Allow the scum collection and sludge collection removal
systems to operate until the water surface is free of floatmg
material and settled sludge has been removed from the
thickener bottom.

Turn off the scum collection, sludge collection and sludge
withdrawal equipment.

Hose down and clean up the area as required.

3.113 Typical Performance

Typical loadings and thickener output concentrations for
various sludge types are summarized in Table 3.2. Note that
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the data presented in Table 3.2 is generalized and the actual
response of a particular sludge at a particular plant may vary
significantly.

TABLE 3.2 OPERATIONAL AND PERFORMANCE
GUIDELINES FOR GRAVITY THICKENERS

Sludge Type
Solids Loading,

!be/day/6g ft*
Thickened
Sludge, %

Separate
Primary 20-30 8-10
Activated Sludge 5-8 2-4
Trickling Filter 8-10 7-9

Combined
Primary & Ad. SI. 6-12 4-9
Primary & Trickling 10-20 7-9

Filter

lbs/day/sq ft x 4.883 = kg/day/sq m

;r1 order to rate the performance of gravity thickeners, the
operator must be familiar with the calculations required to de-
termine process efficiency.

The efficiency of any process in removing a particular con-
stituent is determined by the following equation:

Efficiency, % (Influent-Effluent) 100%

Influent

In the case of gravity thickeners, suspended or sludge solids
removal is a key performance factor. One of the goals of the
operator should be to remove as much of the influent solids as
possible. Usually the supernatant or overflow from the thick-
ener is returned to the plant headworks. If the solids concentra-
tion in this stream is high, then you are recirculating solids and
can end up "chasing your tail" (having to treat more and more
solids). The following example shows how to calculate sludge
solids removal efficiency for a gravity thickener.

EXAMPLE 6

Given: A gravity thickener receives 20 GPM of primary sludge
at a concentration of 3.0 percent sludge solids (30,000
mg/L). The effluent from the thickener contains 0.15
percent (1500 mg/L) of sludge solids.

Finc.I. The efficiency in removing sludge solids.

Solution:

Known Unknown

Gravity Thickener Thickener Effliciency, %

Flow, GPM = 20 GPM
(Primary Sludge)

Intl SS, % = 3.0%

Intl SS, mg/L = 30,000 mg;!

Effl SS, % = 0.15%

Effl SS, mg/L = 1,500 mg/L

Determine the thickener efficiency in removing sludge sol-
ids.

Efficiency, % = (Intl SS, mg/L Effl SS, mg/L) x 100%

Intl SS, mg/L

(30,000 mg/L 1,500 mg/L) x 100%

30,000 mg/L

= 95%

Concentrating the sludge and thereby reducing the volume
to be pumped to subsequent processes is the main goal of the
operator. A concentration factor should be used to determine
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the effectiveness of the thickener in concentrating the sludge.
The concentration factor (cf) is determined by the following
equation:

'Thickened Sludge Conc., %Concentration factor (cf)=
Influent Sludge, Conc. %

The following example illustrates the use of the above equa-
tion.

EXAMPLE 7

Given: A primary sludge with a concentration of 3.0 percent
sludge solids is thickened to a xmcentration of 7.0 per-
cent sludge solids.

Find: The concentration factor (cf).

Solut;on:

Known Unknown

Primary Sludge Conc., % = 3.0% Concentration Factor

Thickened Sludge = 7.0%
Conc.,

Concentration Thickened Sludge Concentration,
Factor Influent Sludge Concentration, %

7.0% Sludge Solids

3.0% Sludge Solids

= 2.33
The concentration factor determined above means that the

influent sludge was thickened to a concentration 2.33 times its
initial concentration. For primary sludges, the operator should
achieve concentration factors of 2.0 or higher. Concentration
factors for secondary sludges should be 3.0 or greater.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 248.

3.11A List the main components of gravity thickeners

3.11B Discuss the function of the inlet baffle, sludge
rakes, and vertical pickets.

3.11C Discuss how the age of sludge may affect gravity
concentration of primary and waste activated
sludges.

3 11D How does sludge temperature affect the efficiency
of gravity thickeners and what measure should be
taken during summertime operation to reduce gas
production and rising sludge.

3.11E Determine the hydraulic surface (gpd/sq ft) and
solids loading (lbs/day/sq ft) to a 30-ft diameter
gravity thickener if 60 GPM of primary sludge at an
initial suspended solids concentration of 3.0 per-
cent sludge are applied.

3.11F A gravity thickener is used to concentrate 40 GPM
of waste activated sludge at a concentration of
0.9% (9,000 mg/L). The underflow S 'ge is with-
drawn at 3 percent and the efflue... suspended
solids concentration is 1,800 mg/L. Determine the
suspended solids removal efficiency ( %) and the
concentration factor.

3.114 Troubleshooting

VISUAL INSPECTION OF MOST WASTEWATER TREAT-
MENT UNIT PROCESSES COUPLED WITH AN UNDER-

STANDING OF THE EXPECTED RESULTS (COMPARE DE-
SIGN VALUES WITH OPERATING CRITERIA) FROM GOOD
PERFORMANCE ARE THE KEYS TO SUCCESSFUL OPER-
ATION. More often than not, the operator is made aware of
equipment malfunctions and/or decreases in process effi-
ciency by observing such items as liquid surfaces and effluent
quality and also being aware of uncharacteristic odors. Enough
emphasis cannot be placed on the OPERATOR'S AWARE-
NESS and ability to RECOGNIZE SIGNS OF TROUBLE. In
most instances, the experienced operator has the ability to
ward off major operational problems and to maintain efficient
operation by careful inspection and operational adjustments.

The specific areas of concem regarding gravity thickeners
are: (1) surface and overflow quality, and (2) sludge blanket
depth and thickened sludge concentrations.

3.1140 Liquid Surface. As previously discussed, the over-
flow or effluent should '..)e relatively clear (less than 500 mg/L
suspended solids) and the liquid surface should be free of gas
bubbles. If the operator notices an excessively high carryover
of suspended solids, attention should immediately focus on the
hydraulic loading and signs of gasification. If gas bubbles are
evident at the tank surface, the problem may be caused by en
excessive sludge detention time and subsequent gasification.
The action(s) to be taken should include a determination of
sludge blanket depth and a visual estimate of the thickened
solids concentration. If the problem is related to an excessive
sludge retention time, the thickened sludge concentration will
be thicker than normal and the depth of the sludge blanket will
be higher than usual.

To correct the problem, the operator should increase the
rate of sludge withdrawal from the bottom of the thickener or
lower the feed rate, if possible. Once a change of this nature is
made, the operator should periodically check the condition of
the effluent and the thickened (underflow) solids so as not to
completely remove the sludge blanket and drastically reduce
the thickened sludge concentration.

If the sludge blanket depth and solids concentrations are not
high enough to be considered for causes of gasification, the
operator should investigate the speed of the sludge collectors
and the influent charactenstics. Sludge collection equipment
may be equipped with a variable speed mechanism. If the
scrapers are operating at too low of a speed, gasification may
develop because pickets are not stirring the sludge and releas-
ing the gas. Another common cause of gasing in gravity thick-
eners is the age of the influent sludge. If the sludge is held too
long in the primary and/or secondary clarifiers, it may be well
on its way to releasing gas before it enters the thickener. If
gasing in the thickener cannot be attributed to operation of the
thickener, the operator should observe the influent sludge and
adjust the rate of sludge to the thickener. Secondary effluent
can be recirculated to the thickener to freshen the influent
sludge.

If poor effluent quality cannot be attributed to gasification,
the problem may be the result of malfunctions in chemical
conditioning equipment or increased hydraulic loadings
Chemical conditioning will be covered in Section 22.31, but th,.
operator should be , tare that chemical underdosing or over-
dosing can lead to equipment inefficiencies and should inspect
the chemical addition equipment. Hydraulic loadings in excess
of design values also may lead to solids carryover and de-
creased efficiency. The operator should check the rate of
sludge pumping to the thickener, determine the hydraulic load-
ing according to the calculations presented in Example 4 and
adjust the thickener feed rate for successful operation.
Coagulating chemicals may be used if the effluent quality
needs improvement.
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3.1141 Thlckoned Sludge Concentreon. Even if the thick-
ener appears to be operating effectively as evidenced by
the lack of gas on the surface and solids carryover with the
effluent, the operator should periodically check the thickened
sludge concentration and the blanket depth. The main objec-
tive of sludge thickening is to produce as concentrated a
sludge as possible to effect volume reductions and cost sav-
ings in subsequent processes. If the thickened sludge concen-
tration is not as thick as desired, the operator should check the
blanket depth before making any adjustment to the withdrawal
rate. On occasion, sludge in primary sedimentation tanks and
gravity thickeners can become very thick and resistant to
pumping. If this happens, a "hole" (CON/NG") can develop in
the blanket and liquid from above the blanket can be pulled
through the pump. Lowering the rate of sludge withdrawal
would increase the amount of solids at the bottom of the thick-
ener and eventually result in SEPTICITY'7 and rising sludge. A
hole (cone) in the sludge blanket (indicated by a low tia;kened
sludge concentration and a high blanket level) can best be
corrected by: (1) lowering the flow to the affected thickener, (2)
increasing the speed of the collectors to keep the sludge at the
point of withdrawal, and (3) increasing the rate of thickened
sludge pumping. If both the blanket and the thickened sludge
solids concentrations are low, the operator should lower the
rate of sludge withdrawal in accordance with the calculations
outlined below.

With time and experience, the opeator should be able to
roughly estimate the concentration of the influent and thick-
ened sludges. This ability to "eyeball" concentrations coupled
with previous performance data should enable the operator to
control withdrawal rates.

EXAMPLE 8

Given: A 40-foot diameter by 10-foot SWD (Side Water Depth)
gravity thickener is used to concentrate 100 GPM of
primary sludge. The primary sludge enters the thick-
ener at approximate'y 3.5 percent based on the previ-
ous week's data. The sludge is withdrawn from the bot-
tom of the thickener at 40 GPM at a concentration of 7.0
percent. The thickener effluent has a suspended solids
concentration of 700 mg/L and the sludge blanket is 3
feet thick.

Find: 1. The sludge detention time in hours.

2. If the present influent and effluent conditions are
maintained, will the sludge blanket increase or de-
crease in depth?

3. What changes should be made if a higher concen-
tration of underflow (rl-qckened sludge) solids is de-
sired?

4. What changes would stop gasificatior? How would
these changes affect thickened sludge concentra-
tion?

Solution:

Known

Gravity Thickener

Diameter, ft = 40 feet

Side Water Depth, ft = 10 feet

Flow In, GPM = 100 GPM
(Primary sludge)

Sludge Out, GPM = 40 GPM

Primary Sludge = 3.5%
Conc., %

Sludge Out Conc., % = 7.0%

Thickener Effluent
Susp Sol, mg/L = 700 mg/L

% = 0.07%
Sludge Blanket, ft = 3 feet
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Unknown

1, Sludge - Volume Ratio,
days

2. Will sludge blanket in-
crease or decrease?

3. What changes would in-
crease underflow sludge
concentrations?

4. What changes would stop
gasification? How would
these changes affect thick-
ened sludge concentra-
tions?

/t
Y_

1. Calculate the Sludge - Volume Ratio (SVR) in days.

a. Determine the sludge blanket volume in gallons.

Sludge Blanket 7r 7 48 gal
Volume, gal

(Diameter, ft)2 x Blanket, ft x
4 cu ft

ft)2 7 48 gal

4 cu ft

= 28,200 gallons

b. Determine the sludge pumped in gallons per day.

Sludge Pumped, Sludge Out, GPM x 1440 al_
ycii/day day

= 40 gal x 1440 min
min day

= 57,600 gal/day

16 Coning (CONE-ing) Development of a cone-shaped flow of liquid, like a whirlpool, through sludge This can occur in a sludge hopper
during sludge withdrawal when the sludge becomes too thick. Part of the sludge remains in place while liquid rather than sludge flows out of
the hopper. Also called "coring."
Septicity (sep-TIS-it-tee), Septicity is the condition in which organic matter decomposes to form foul-smelling products assot ated with the
absence of free oxygen If severe, the wastewater turns black, gives off foul odors, contains little or no dissolved oxygen and creates a heavy
oxygen demand.
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c. Calculate the Sludge - Volume Ratio (SVR) in days.

SVR, days = Sludge Blanket Volume, gal

Sludge Pumped, gaVday

28,200 gal

57,600 gaVday

= 0.5 days

2. Will the sludge blanket increase or decrease? If the quantity
of solids entering the thickener is greater than the quantity
leaving the thickener, then the blanket depth will increase. If
the quantity of solids entering the thickener is less than the
quantity leaving the thickener, the blanket thickness will
decrease. The solution to this problem is based on mass
balance calculations, as shown below:

a. Determine the pounds of sludge solids entering the
thickener daily.

Sludge Solids = Flow In, GPM x 1440 minx
. 8.34

Entering, day gal 100%
lbs/day

gal 1440 min 8.34 lbs 3.5%

min day gal 100%

= 42,034 lbs/day

b. Determine the pounds of sludge solids withdrawn in the
thickener underflow daily.

Sludge Solids = Sludge Out, GPM x 1440 min x 8.34
Withdrawn,
lbs/day

c.

day gal 100%

= 40 gal x 1440 min x 8.34 lbs 7 0%

min day gal 100%

= 33,627 bs/day

Determine the pounds of solids lost in the thickener
effluent daily.

Solids Lost in
EM, lbs/day

min lbs Effl %= Flow, GPM x 1440
day gal 100%

= (100 GPM-40 GPM) x 1440 min x 8.34 lba x 0.07%

day gal 100%

= 60 g2_11 x 1440 minx 8.34 lbs 0.07%

min day gal 100%

= 504 lbs/day

d. Determine total pounds of solids removed daily.

Solids Out, Sludge Solids + Solids Lost in
lbs/day Withdrawn, lbs/day Effl, lbs/day

= 33,627 lbs/sNy + 504 lbs/day

= 34,131 lbs/day

e. Compare the sludge solids in with the solids out

Sludge Solids = 42,034 lbs/day
Entering,
lbs/day

Solids Out,
lbs/day

= 34,131 lbs/day

Therefore, since the solids entenng (42,0.34 lbs/day)
are greater than the solids out (34,131 lbs/day), the
sludge blanket al increase in depth.

3. What changes would increase the thickened sludge con-
centrat a? Higher thickened sludge solids concentration
will normally result if the depth of the sludge blanket is
increased. To increase the blanket depth, the flow rate of
the thickened sludge should be decreased somewhat. The

thickened sludge is at a rate of 40 GPM AND THE RATE
SHOULD NOT BE CHANGED AT INCREMENTS OF
GREATER THAN 2C PERCENT WHEN STEADY STATE
CONDITIONS EXIST. DRASTIC CHANGES SHOULD BE
AVOIDED and a close watch should be kept over the depth
of the blanket after such changes are made. To increase
the sludge blanket depth and the thickened sludge concen-
tration, the sludge withdrawal rate should be decreased to
approximately 40 GPM - (40 GPM x 20%/100%) = 40
GPM 8.0 GPM = 32 GPM.

Another approach to regulating the sludge blanket depth
is to sound (measure) the depth of the sludge blanket. In
general, if the depth is greater than 7 feet (2.1 m), increase
the underflow withdrawal rate and if the depth is less than 5
feet (1.5 m), decrease the withdrawal rate.

4. What changes would stop gasification? How would these
changes affect thickened sludge concentrations?

If gasification develops as a result of excessive sludge
retention times, the rate of the sludge withdrawal should be
increased so as to lower the sludge blanket depth with mi.--
sequent lowering of the sludge retention time. The net ef-
fect on thickener performance will be a decrease in thick-
ened sludge concentration and a possible improvement in
effluent quality. Another alternative may be to recirculate
secondary effluent to freshen the sludge.

EXAMPLE 9

Given: The thickener from Example 8 has just been restarted
following routine maintenance shutdown. The influent
concentration is "eyeballed" at approximately 3.0 per-
cent sludge solids. The influent flow is 150 gpm and the
sludge withdrawal pump is set at 15 gpm. After a few
hours of continuous operation, the sludge blanket depth
is measured and found to be 2 feet thick. The underflow
concentration is estimated to be approximately 6 per-
cent.

Find: Should the operator increase, decrease, or maintain
the current rate of withdrawal?

Solution:

Known

Knowl information from Example 8

Intl SI Conc,

Intl Row, GPM

Sludge Withdrawal
Pump, GPM

Sludge Blanket = 2 ft
Depth, ft

Thickened SI Ccnc, % = 6.0% SI Sol

= 3.0% SI Sol

= 150 GPM

= 15 GPM

Unknown

Should rate of sludge
withdrawal be increased,
decreased, or not
changed?

1. Calculate the sludge solids entering in pounds per minute.

Solids Entering, lbs SI Sol In, %Intl Flow, GPM x 8.34
lbs/min gal 100%

= 150 gal/min x 8.34 lbs/gal x 3.0%/100%

= 37.5 lbs/min

2. Calculate the sludge solids leaving the thickener in pounds
per minute.

Solids Withdrawn, Underflow, GPM x 8.34 lbs Unfl SI, %
lbs/min gal 100%

is gal 0.34 lbs 6.0%

min gal 100%

= 7.5 lbs/min
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The number of pounds exiting with the effluent can be ne-
glected if the effluent is clear (less than 500 mg/L suspended
solids) and little solids carryover is observed.

Based on the visual estimations of sludge concentration and
the above calculations, sludge is being stored at the rate of
30.0 lbs/min (lbs enter-lbs exit). The sludge blanket depth is 2
feet but le; us assume typical operation for this thickener indi-
cates that a blanket depth of 5 feet can be maintained. The
operator should therefore determine the time required to fill the
thickener with 3 additional feet of sludge at the present condi-
tions. The calculations are shown below.

Storage 62.4 lbs Unfl SI %
Storage = Volume, cu ft ft
Time, min 100%

Sludge Storage Rate, lbs/min

rr (40 ft)2 3 ft 62.4 lbs 6.0%

4 cu ft 100%

30 lbs/min

= 470 min

Storage 470 min
Time, hrs 60 mftor

= 7.8 hours

If the unit is left as is, the blanket will reach a depth of 5 feet
in approximately 8 hours. However, at the end of the 8 hours,
the operator will again have to adjust the withdrawal rate to
avoid even greater buildup of sludge blanket. Drastic changes
in withdrawal rates are not desirable and can be avoided by
making a slight adjustment at the start of the 8-hour period.
This adjustment should be made based on the ratio of volume
stored to total storage volume as shown below.

Sludge Storage (Stored Sludge Height, ft) Solids Entering,
Rate, lbs/min lbs/minTotal Storage Height, ft

= _2 ft x 37.5 lbs/min
5 ft

= 15 lbs/min
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We, therefore, want to store solids at a rate of 15 lbs/min
instead of the current 30 lbs/min. To obtain this storage rate,
the desired sludge withdrawal rate must be determined in
pounds per minute.

Sludge Withdrawal Solids Entering, Sludge storage
Rate, lbs/min lbs/min Rate, lbs/min

= 37.5 lbs/min - 15 lbs/min

= 22.5 lbs/min

The sludge withdrawal pumping rate must be increased in
order to remove underfiow solids at a rate of 22.5 pounds per
minute.

Sludge Withdrawal Sludge Withdrawal, lbs/min
Pumping Rate, GPM 8.34 lbs/gal x Unfl SI, %/100%

22.5 lbs/min

8.34 lbs/gal x 6.0%

100%

= 45 GPM

The sludge withdrawal pumping rate should therefore be
increased from 15 GPM to 45 GPM at this time. This change
represents a 200 percent increase in withdrawal rate which is
substantially greater than the 20 percent change outlined in
Example 8. In Example 8, the thickener was operating under
steady state (lbs in = lbs out) conditions and under such condi-
tions the withdrawal rate should not be changed by increments
greater than 20 percent. For this example, the thickener is not
at steady state and the formulas outlined above should govern
the withdrawal rate changes. Approximately 4 hours after the
above change s made the operator should re-check the blan-
ket depth, sludge concentrations and effluent quality, rerun the
above calculation and change the withdrawal rate, if required.

Table 3.3 summarizes the operational problems that may
develop and lists the corrective measures that might correct
such problems.

TABLE 3.3 TROUBLESHOOTING GRAVITY THICKENERS

Operational Problem Possible Causes Check or Monitor Possible Solutions

1. Liquid level clear but sludge 1. a. Gasification
nsing and solids carry-over b. Septic feed

c. Blanket disturbances
d. Chemical inefficiencies
e. Excessive loacgings

2. Thin (dilute) underflow sludge 2. a.
and clear effluent b.

3. Thin (dilute) underflow sludge, 3. a.
liquid level clear but sludge
rising with solids carryover b.

4. Thin (dilute) underflow sludge, 4. a.
liquid surface laden with solids b.
and solids carryover

Low blanket
Sludge withdrawal rate too
high

Collector speed too low or
inoperative
Hole or cone in sludge
blanket

Hydraulic loading high
Chemical system inopera-
tive

' If solids carryover is caused by gasification, increase collector speed.

1. a. Sludge blanket and sludge
detention

b. Charactenstics of feed
c. Sludge collector speed
d. Chemical equipment
e. Hydraulic flow rate

2. a. Blanket level

3. a. Collector mechanism and
speed

b. Blanket level

4. a. Loadings. Influent sludge
b. Chemical equipment

15'7

1. a. Increase sludge with-
drawal rate

b. Increase sludge pumping
from clarifier

c. Lower collector speed'
d. Increase chemical feed

rate
e. Lower flow if possible

2.a. Decrease sludge withdrawal
rate

3. a. Turn on and/or increase
collector speed

b. Increase collector speed
and increase withdgawal
rate

4. a. Lower influent sludge flow
b. Increase chemical rate
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 248 and 249.

3.11G Why should the operator make routine visual
checks on gravity thickeners as well as any other
equipment?

3.11H What is the meaning of the term "hole" in the blanket
and how can it be corrected?

3.111 A gravity thickener has been operating successful-
ly. On a routine check the operator notices that
solids are rising to the surface. List the possible
causes and outline the procedures the operator
should follow to correct the problem(s).

3.12 Dissolved Air Rotation Thickeners

The objective of flotation thickening is to separate solids
from the liquid phase in an upward direction by attaching air
bubbles to particles of suspended solids. Four general
methods of flotation are commonly employed. These include.

1. Dispersed air flotation where bubbles are generated by
mixers or diffused aerators.

2. Biological flotation where gases formed by biological activ-
ity are used to float solids.

3. Dissolved air 'vacuum) flotation where water is aerated at
atmospheric pressure and released under a vacuum.

4. Dissolved air (pressure) flotation where air is put into solu-
tion under pressure and released at atmospheric pressure.

Flotation by dissolved air (pressure) is the most commonly
used procedure for wastewater sl Jges and wilt be the topic of
discussion in this section. Flotatic .1 units may be either rectan-
gular or circular in design. The dissolved air system employs
either a compressed air supply or an ASPIRATOR-TYPE18 air
injection assembly to obtain a pressurized air-water soiution.
The key components of dissolved air flotation thickener (DAF)
units, as shown in Figure 22.3, are (1) air injection equipment,
(2) agitated or unagitated pressurized retention tank, (3) recy-
cle pump, (4) inlet or distribution assembly, (5) sludge scrap-
ers, and (6) an effluent baffle.

The sludge to be thickened is either introduced to the wilt at
the bottom through a distribution box and blended with E pre-
pressurized effluent stream or the influent stream is satul*,tor:
with air, pressurized, and then released to the inlet distribution
assembly. Total waste stream pressurization may shear floccu-
lent type sludges and seriously reduce process efficiency. Di-
rect saturation and pressurization of the sludge stream is not
the preferred mode of operation where primary sludges are to
be thickened. Primary sludges often contain stringy material
that can clog or "rag-up" the aeration equipment in a pres-
surized retention tank. Flotation thickening of excess biologi-al
solids may use air saturation and pressurization of the waste
stream with less possibility of clogging the air addition and
dissolution equipment.

The preferred mode of operation from a maintenance
standpoint is the use of a recycle stream to serve as the air
carrying medium. Referring again to Figure 3.3, the oper-
ation of dissolved air flotation (DAF) units which incorporate
recycle techniques are as follows. A recycled primary or
cacondary effluent stream is introduced into a retention tank
to dissolve air into the liquid. The retention tank is main-
tained at a pressure of 45 to 70 psig (3.2 to 4.9 kg/sq cm).
Compressed air is either introduced into the retention tank
directly or at some point upstream of the retention tank or an
aspirator assembly is used to draw air into the stream.

The pressurized air saturated liquid then flows to the distri-
bution or inlet assembly and is released at atmospheric pres-
sure through a back pressure-relief valve. The decrease in
pressure causes the air to come out of solution in the form of
thousands of minute air bubbles. These bubbles make contact
with the influent sludge solids in the distribution box and attach
to the solids causing them to rise to the surface. These concen-
trated solids are then removed from the surface. An effluent
baffle is provided to keep the floated solids from going into the
effluent. The effluent baffle extends approximately 2 to 3
inches (5.0 to 7.5 cm) above tha water surface and 12 to 18
inches (0.3 to 0.45 m) below the surtace. Clarified effluent
flows under the baffle and leaves the unit through an effluent
weir. If air is introduced or aspirated upstream of the retention
tank, it is usually done on the suction side of the recycle pump
to use the pump as a driving force for dissolving air into the
liquid. The main disadvantage associated with introducing air
to the suction side of pumps is the possibility of pump CAVITA-
TION19 and the subsequent loss of pump capacity. Systems
that add compressed air directly to the retention tank com-
monly use a float control mechanism to maintain a desired
air-liquid balance. A sight glass should be provided to periodi-
cally check the level of the air-liquid interface because if the
float mechanisms fail, the retention tank may either fill com-
pletely with liquid or with air. In either case, the net effect will be
a drastic reduction in flotation efficiency.

3.120 Factors Affecting Dissolved Air Flotation

The performance of dissolved crir flotation units depends on
(1) type of sludge, (2) age of tha feed sludge, (3) solids and
hydraulic loading, (4) air to solids (NS) ratio, (5) recycle rate,
and (6) sludge blanket depth.

As is the case th gravity thickeners, the type and age of
sludge applied to flotation thickeners will affect the overall per-
formance. Primary sludges are generally heavier than excess

le Aspirate (ASS-per-RATE). Use of a hydraulic device (aspirator or eductor) to create a negative pressure (suction) by forcing a liquid
through a restnction, such as a Venturi. An aspirator (the hydraulic device) may be used in the latn,atory in place of a vacuum pump,
sometimes used instead of a sump pump.

19 Cavitation (CAV-/-TAY-shun). The formation and collapse of a gas pocket or bubble Oa the blade of an impeller The collapse of this gas
pucket or bubble drives water into the impeller with a terrific force that can cause pitting on the impeller surface
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biological sludges and are not as easy to treat by flotation
concentration. If enough air is introduced to float the sludge
mass, the majority of the primary sludge solids will float to the
surface and be removed by 'he skimming mechanisms. Gritty
or heavy primary sludge particles will settle and be deposited
on the floor of the flotation unit and provisions should be made
to remove these settled solids. If a flotation unit is used for
primary sludge thickening, the flotation cell is usually equipped
with sludge scrapers to push the settled solids to a collection
hopper for periodic removal. Problems will arise when concen-
tratinj primary sludges or combinations of prir. ary sludge and
waste activated sludge if the flotation chamber is not equipped
with bottom sludge scrapers and sludge removal equipment.
Solids buildup will result in a decrease in flotation volume and a
rat. lion in thickener efficiency.

Excess biological sludges are easier to treat by flotation
thickening than primary sludges because they are generally
lighter and thus easier to float. Bottom sludge scrapers should
still be incorporated in the design of units used solely for biolog-
ical sludge because a small fraction of solids will settle. These
settled solids will eventually become anaerobic and rise due to
gasification. If these solids are deposited at the effluent end of
the unit, solids may be carried under the effluent baffle and exit
the unit with the effluent.

Sludge age usually does not affect flotation performance as
drastically as it affects gravity concentrators. A relatively old
sludge has a natural tendency to float due to gasification and
this natural buoyancy will have little or no negative effect on the
operation of flotation thickeners. Howev9r, rising sludge does
create problems in primary and final sedimentation processes
and should be avoided by controlling the sludge withdrawal
rate from these unit processes.

Solids and hydraulic loadings, NS (air to solids) ratios, recy
cle rate and sludge blanket depth are normal operational
guidelin,3s and are discussed in the following paragraphs.

3.121 Operating Guidelines

The size of dissolved air flotation units is determined by the
engineers who design them. The operator has control over NS
ratio, recycle rate and the blanket thickness and can optimize
performance by properly adjusting these variables. Before dis-
cussing the control variables, the operator should be familiar
with determining applied loading rates.

3.1210 Solids and Hydraulic Loadings. Solids hydraulic
loadings for flotation units are based on the same calcula-
tions used to determine loading rates for gravity thickeners. If
either the solids or hydraulic loading becomes excessive,
effluent quality declines and thickened sludge concentrations
are reduced. The following example shows how to calculate
loading rates.

EXAMPLE 10

Given. A dissolved air flotation unit receives 100 gpm of waste
activated sludge with a suspended solids concentration
of 8,000 mg/L. The rectangular flotation unit is 40 feet
long and 15 feet wide.

Find. The hydraulic loading (gpm/sq ft) and solids loading
(lbs/hr/sq ft).

Solution:

Known Unknown

Flow, GPM = 100 GPM 1. Hydraulic Loading, gpm/sq ft

Sus Sol, mg/L = 8000 mg/L 2. Solids Loading, lbs/hr/sq ft
= 0.8%

Flotation Unit
Length = 40 ft
Width = 15 ft

1. Determine the hydraulic loading, gpm/sq ft.

Hydraulic Loading,
gpm/sq ft

2. Determine the

Solids Loading. =
lbs/hr/sq ft

Flow, GPM

Liquid Surface Area, sq ft

100 gal/min

40 ft x 15 ft

100 gal/min

600 sq ft

= 0.2 gpm/sq ft

solids loading, lbs/hr/sq ft.

Flow, GPM x 60 min 8.34 lbs x SS %

hr gal 10U%

Liquid Surfac, Area, sq ft

100 gal 60 min 8.34 lbs 0.8%

= min hr gal 100%

40 ft x 15 ft

400 lbs/hr

600 sq ft

= 0.67 lbs/hr/sq ft

3.1211 Air to Solids (A/S) Ratio. The QV NTITY OF AIR
INTRODUCED and dissolved into the recycle or waste stream
IS CRITICAL to the operation of flotation thickeners. Enough
air has to be added and dissolved to float the sludge solids.
The most effective method of accomplishing this is to introduce
air into a pressurized retention tank along with the waste
stream to be thickened or along with a portion of the thickener
effluent stream. Air also can be dissolved in primary or sec-
ondary effluent, thus avoiding solids spin around in the DAF
unit. MIXING OF THE RETENTION TANK CONTENTS
SHOULD ALSO BE USED TO INCREASE THE AMOUNT OF
AIR THAT CAN BE PUT INTO SOLUTION. In unmixed pres-
sure retention tanks, only about 50 percent of the injected air
will dissolve while 90 percent saturation can be obtained by
vigorous agitation of the tank contents. As previously dis-
cussed, following a short detention time in the pressurized
retention tank, the saturated-air-liquid stream is pumped to the
inlet side of the flotation unit wh3re it enters a distribution as-
sembly via a back pressure-relief valve The release of the
saturated air stream to atmospheric pressure causes the air to
come out of solution in the fo m of very small bubbles.
Thousands of these minute bubo' as attach to particles of sus-
pended solids allowing the solids to float to the surface, con-
centrate and be removed by the sludge skimming mechanism.
The more air you have dissolved in the retention tank, the
greater the numoer of minute air bubbles that will be released
in the distribution assembly. And, the more bubbles you pro-
duce in the distribution assembly, the more efficient your oper-
ation will be.

The amount of air supplied to the unit is usually controlled by
an air rotameter and compressor assembly which are activated
by a liquid level indicator in the retention tank. THE MOST
IMPORTANT OPERATIONAL CONCERN IS TO INSURE

160



THAT THE AIR ROTAMETER, COMPRESSOR AND THE
FLOAT MECHANISM TO ACTUATE AIR INJECTION ARE IN
PROPER WORKING ORDER.

The quantity of air applied to the system is determined accord-
ing to the following calculations.

EXAMPLE 11

Given: An air rotameter and compressor provide for 10 cubic
feet per min (SCFM)20 of air to be injected into a
pressurized retention tank.

Find: The pounds of air applied to the unit per hour (lbs/hr).

Solut .m:

Known Unknown

Air Flow, SCFM = 10 SCFM Air Applied, lbs/hr

Calculate the air applied in pounds of air per hour.

Air Applied, = Air Flow, cu ft 60 min x 0.075 lb air
lbs/hr min hr cu ft air

= 10 cu ft 60 min x 0.075 lb

min hr cu ft

= 4:.. lbs/hr

NOTE: The conversion factor of 0.075 po"nds of air per cubic
foot of air will change with temperature and elevation or
barometric pressure.

The ratio between air supplied and the quantity of solids
applied to the flotation unit is then the air-to-solids (A/S) ratio.
The following example illustrates the determination of air/solids
(NS) ratio.

EXAMPLE 12

Given: A dissolved air flotation unit receives 100 gpm of waste
activated sludge at a concentration of 9000 mg/L (0.9%
solids). Air is supplied at a rate of 5.0 cu ft/min.

Find: The air-to-solids (A/S) ratio.

Solution:

Known

Solids Flow, GPM

SI Conc, mg/L

Air, cu ft/min

= 100 GPM

= 9000 mg/L
= 0.9% Solids

= 5.0 cu ft/min

Unknown

Air-to-Solids (A/S)
Ratio

Calculate the air-to-solids (f S) ratio.

Air, lbs Air, cu ft/min x 0.075 lbs/cu ft

Solids. lbs Solids, GPM x 8.34 1 bs x SI Conc,

gal 100%

5.0 cu ft/min x 0.075 lbs/cu ft

100 gal 8.34 lbs 0.9c/0

min gal 100%

0.375 lbs air

7.5 lbs solids

= 0.05 lbs air/lb solids

22 1212 Recycle Rate and Sludge Blanket. Both the rate of
effluent recycle and the thickness of the sludge blanket are
operational control3 available to optimize DAF performance.
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Typically, the recycle rates of 100 to 200 percent are used. A
recycle rate of 100 percent means that for every gallon of
influent sludge there is one (1) gallon of DAF effluent recycled
t.") the DAF inlet works.

The following example illustrates the determination of recy-
cle rate.

EXAMPLE 13

Given: A dissolved air flotation unit receives waste activated
sludge flow of 50 GPM. The recycle rate is set at 75
GPM.

Find: Percentage of recycle.

Solution:

Known Unknown

Waste Flow, GPM = 50 GPM Percentage of recycle.
Recycle Flow, GPM= 75 GPM

Calculate the percentage of recycle.

Recycle, Recycle Flow, GPM 100%c/o=
Waste Flow, GPM

= 75 GPM x100%
50 GPM

= 150%

The optimum recycle rate for a particular unit will vary from
one treatment plant to the next and it is impossible to define
that rate for every application. The important point is that the
recycle stream carries the air to the inlet of the unit. Obviously,
as the rate of recycle increases, the potential to carry more air
to the inlet also increases. The term "potential" is used here
because the recycle rate and the quantity of air dissolved and
released in the inlet assembly are dependent on one another
by virtue of what happens in the retention tank. DAF recycle
pumps are usually centrifugal pumps which means that as the
pressure upstream (retention tank) increases, the output (flow)
decreases. Therefore, the rate of recycle s directly dependent
on the pressure maintained within the retention tank. As stated
previously, retention tank pressures of 45 to 70 psi (3.2 to 4.9
kg/sq cm) are commonly used. As the pressure within the re-
tention tank is increased or decreased by closing or opening
the back pressure-relief valve, the recycle rate will decrease or
increase. The optimum recycle rate and retention tank pres-
sure are usually determined by experimentation.

The thickness of the floating sludge blanket can be varied by
increasing or decreasing the speed of the surface sludge
scrapers. Increasing the sludge scrapers speed usually tends
to thin out the floated sludge while decreasing the scrapers
speed will generally result in a more concentrated sludge.

3.122 Normal Operating Procedures

Typically, the flow through the thickener is continuous and
should be set as constant as possible. Monitoring of the in-
fluent, effluent, and float sludge streams should be done at
least once per shift and composite samples should be taken for
later laboratory analysis.

Under normal operating conditions, the effluent stream
should be relatively free of solids (less than 100 mg/L sus-
pended solids) and will resemble secondary effluent. The float
solids will have a consistency resembling that of cottage
cheese. The depth of the float solids should extend approxi-
mately 6 to 8 inches (15 to 20 cm) below the surface. The

SCFM. Cubic Feet of air pp:- Winute at Standard conditions of temperature, pressure and ,tumidity.

161



144 Treatment Plants

surface farthest from the float solids collection and the dis-
charge point should be scraped clean of floating solids with
each pass of the sludge collection scrapers. If the sludge blan-
ket is allowed to build up (too thick) and drop too far below the
surface, thickened (floated) solids will be camed under the
effluent baffle and contaminate the effluent.

Normal start-up and shutdown procedures are outlined be-
low:

Start-Up

Open the inlet and discharge valves on the recycle pt. -,!p
and turn on the recycle pump only when thickener is full.

Adjust the retention tank pressure to the desired pressure
(45 to 70 psig or 3.2 to 4.9 kg/sq cm) by opening or closing the
pressure regulating valve.

Open the inlet and discharge valves on the reaeration
pump and turn on the reaeration pump. if a mechanical
mixer is used instead of a reaeration pump, turn on the mixer
in the retention tank. Mixing in the retention tank may be
accomplished by methods other thz-n the use of mechanical
mixers.

Open the appropriate air injection valves and tun on the air
compressor.

Open the appropnate chemical addition valves and turn on
the chemical pump if chemicals are used.

Open the inlet and discharge valves on the sludge feed
pump and start the feed pump.

Alloy, floated sludge mat to build up, then turn on sludge
collection scrapers.

If the thickener is not operated in a continuous mode and
daily or frequent shutdowns are required, the following proce-
dures should be followed:

Shutdown

Turn off the sludge inlet pump and close the appropriate
valves.

Turn off the chemical pump and dose appropriate val ?s

Turn on the fresh water supply to the unit AND ALLOW IT
TO RUN ON FRESH WATER UNTIL THE SURFACE IS FREE
OF FLOATING SLUDGE

Turn off the air compressor and close appropriate air
valves.

Turn off the reaeration and recycle pumps and close
appropriate valves

Turn off the sludge collectors.

Hose down and clean up as required.

3.123 Typical Performance

Typical operating guidelines as well as thickened sludge
concentration and suspended solids removals for waste
activated sludge are presented in Table 3.4

TABLE 3.4 OPERATIONAL AND PERFORMANCE
GUIDEL:NES FOR FLOTATION THICKENERS

Solids Loading,
lbs/hr/sq ft

Hydraulic Loading,
GPM/sq II"

Without With
Polymer Addition Polymer Addition

0.4 - 1 1 - 2

0 5 - 1 5 0 5 - 2 0

Recycle, 00 - 200 100 200

Air/Solids, lb/lb 0 01 0 10 001 -010
Minimum Influent Solids 5000 5000

Concentration, mg/L

Float Solids Concen-
tration,

Solids Recovery,

2 - 4

50 - 90

3 - 5

90 - 98

lbs/hr/sq ft x 4.883 = kg/hr/sq m
GPM/sq ft x 0.679 = L/sec/sq m

The determination of solids recovery in the operation of the
DAF unit is based on laboratory analysis and the following
calculations.

EXAMPLE 14

Given: A 100-foot diameter dissolved air flotation unit receives
750 GPM of waste activated sludge at a concentration
of 0.75% (7500 mg/L) sludge solids. The effluent con-
tains 50 mg/L of suspended solids. The float or thick-
ened sludge is at a concentration of 3 3 percent.

Find: The solids removal efficiency (%) and the concentration
factor (cf).

Solution:

Known Unknown

Dissolved Air Flotation Unit 1. Solids Removal Efficiency. %

Intl Solids, mg/L = 7500 ii.g/L 2 Concentration Factor (cf)

or = 0.75%

Eft' Solids, mg/L = 50 mg/L

Effi Sludge, % = 3.3%
(Thickened Sludge)
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1. Determine the solids removal efficiency, %.

Solids Removal (Inf Solids, mg/L Effl Solids, mg/L) 100%
Efficiency, % Infi Solids. mg/L

(7500 mg/L 50 mg/L) 100%

7500 mg/L

= 99.3%

2. Calculate the concentration factcr (cf) for the thickened
sludge.

Concentration Thickened Sludge Concentration. %
Factor. (cf) Influent Sludge Concentration, %

3.3%

0.75%

= 4.4

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 249 and 250.

3.12A List the main components of dissolved air flotation
(DAF) systems.

3.12B Discuss the function of the distribution box, the re-
tention tank and the effluent baffle.

3.12C Why should a sight glass be provided on the reten-
tion tank?

3.12D List the factors that affect the performance of DAF
thickeners.

3.12E What effect does sludge age have on DAF thicken-
ers?

,? Determine the hydraulic loading (gpd/sq ft) for a
20-foot diameter DAF unit. The influent flow is 100
GPM.

3.12G For the above problem, determine the solids load-
ing, NS ratio and recycle flow rate (GPM), if the
influent sludge has a suspended solids concentra-
tion of 0.75% (7500 mg/L), and is supplied at a rate
of 2.5 cu ft/min. Air is supplied at a rate of 0.75 cu
ft/min and a recycle ratio of 100 percent is required.

3.12H Determine the suspended solids removal efficiency
(%) and the concentration factor (cf) if a DAF unit
receives an influent sludge at 1.0 percent (10,000
mg/L) suspended solids. The effluent is at 50 mg/L
suspended solids and the float or thickened sludge is
at a concentration of 3.8 percent.

3.124 Troubleshooting

VISUAL INSPECTION of the dissolved air flotation unit in
conjunction with a working knowledge of the operating teen-
rogues is the operator's biggest asset in assuring efficient op-
eration. The specific areas that the operator should be con-
cerned with are: (1) effluent quality, and (2) thickened sludge
(float) characteristics. The effluent from DAF units should be
relatively dear (less than 100 mg/L suspended solids). Well
operated units should produce effluents equivalent in appear-
ance to secondary clarifier effluent. If an unusually high
amount of suspended solids are exiting the unit with the
effluent, the problem may be related to: (1) sludge blanket
thickness, (2) chemical conditioning, (3) NS ratio, (4) recycle
rate, (5) solids and/or hydraulic loading or any combination of
the above.
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If the float solids appear to be well flocculated and concen-
trated (resembling cottage cheese), the speed of the sludge
scrapers should be increased. Poor effluent quality in conjunc-
tion with a concentrated float sludge usually results from allow-
ing the sludge blanket to develop too far below the surface.
When this happens, the undermost portions of the blanket will
break off and be carried under the effluent baffle. Increasing
the sludge collector speed will result in a decrease in blanket
thickness and prevent solids from flowing under the baffle.

If the scrapers are already operating at full speed and the
blanket level is below the effluent baffle, the unit is probably
overloaded with regard to solids. In this case, the influent flow
rate and concentration should be checked and the flow rate
shculd be decreased, if possible.

High solids carryover with the effluent, in conjunction with
lower than normal float solids concentrations, usually indicate
that problems exist with the air system, chemical conditioning
system and/or the loading rates. The operator should sys-
tematically check the retention tank pressure and sight glass,
the recycle pump, the air compressor assembly, the re-
aeration pump, the chemical conditioning equipment, and the
influent flow.

Equipment malfunctions are quickly revealed by checking
the retention tank pressure and the sight glass. Higher than
desired pressures will result in decreased recycle rates and the
back pressure-relief valve should be opened somewhat to de-
crease the pressure and increase the recycle rate. Lower than
normal pressures will result in higher recycle rates. In this
case, the pressure-relief valve should be closed somewhat to
decrease the recycle rate, and allow more time for air to dis-
solve in the retention tank.

Malfunctions in the retention tank liquid level indicator and
air compressor activation assembly will also cause drastic de-
creases in flotation efficiency. The liquid level rated on the
sight glass is the best indicator of this problem.

If the liquid level in the retention tank is lower or higher than
normal, either the float mechanism to activate the air inlet valve
or control is malfunctioning or the air compressor and solenoid
vaives are not operating correctly. If the liquid level in the reten-
tion tank is not at the desired level, the operator should shut
the DAF unit off, open the hatch on the retention tank, and
clean the liquid level indicator probes.

If everything (air, recycle, and retention pressure) seems to
be in proper order, but the DAF effluent is still high in solids and
the float solids are at a low concentration, the operator should
check the retention tank mixer (re-aeration pump), the cheiri-
cal conditioning system and e loading rates.

If chemical conditioners a Jsed, they must be prepared
properly and applied at the at.,ired dosage. Chemical condi-
tioning is covered in Section 3.3. The operator should be
fully aware that proper operation of the chemical condition-
ing system will not only greatly help the performance of the
DAF, but it should be carefully watched and calibrated
because of the high cost of chemicals.

If all the equipment is operating properly and the problem
still exists, the operator should check the hydraulic and solids
loading according to Example 10 and adjust flow rates as re-
quired.

Table 3.5 summarizes problems that may arise and the
corrective measures that might be taken.
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TABLE 3.5 TROUBLESHOOTING DISSOLVED AIR FLOTATION

Operational Problem Possible Causes Check or Monitor Possible Solutions
1. Solids carryover with effluent 1. Float blimket too thick 1.a. Flight speed 1.a. Int.rdase flight speed

but good float concentration b Solids loading b. Lower flow rate to unit if pos-
sible

2. Good effluent quality but float 2. Float blanket too thin 2.a. Flight speed 2.a. Decrease flight speed
sludge thin (dilute) b. Solids loading b. Increase flow r if possible

3. Poor effluent quality and thin 3.a. NS low 3.a. Air rate 3.a. -Increase air input
(dilute) float sludge b. Pressure too low or too high Compressor -Repair and/or tum on cot

c. Recycle pump inoperative b. Pressure gage pressor
d. Reaeration pump inoperative c. Pressure gage and pump b Open or close valve
e. Chemical addition inadequate d. Pump pressure c. Turn on recycle pump
f. Loading excessive

QUESTION

e. Chemical system
f. Loading rates

d. Turn on re-aeration pump
e. Increase chemical dosage
f. Lower flow rate

Write your answers in a notebook and then compare your
answers with those on page 250.

3.121 On a routine check of a dissolved air flotation unit,
the operator not': es :!icih suspended solids in the
effluent and a thinner than normal sludge. DISCUSS
the possible .auses and solution to the problem.

3.13 Centrifuge Thickeners

Centrifugal thickening of wastewater sludge results from
sedimentation and high centrifugal forces. Sludge is fed at a
constant feed rate to a rotating bowl. Solids are separated from
the liquid phase by virtue of the centrifugal forces and are
forced to the bowl wall and compacted. The liquid and fine
solids (CENTRATE)21 exit the unit through the effluent line.

Three centrifuge designs are commonly installed today.
They are (1) basket centrifuges, (2) scroll centrifuges, and (3)
disc-nozzle type centrifuges. The mechanical operation of the
three centnfuges vanes significantly and separate descriptions
of each will follow.

BASKET CENTRIFUGE. The basket centrifuge is a solid
bowl which rotates along a vertical axis and operates in a
batch manner. A schematic of a typical basket centrifuge is
shown in Figure 3.4 Feed material is transported by a pipe
through the top and ,troduced at the bottom cf the unit.
This sludge is accelerated radially outward to the basket wall
by centrifugal force. Cake continually builds up within the
basket until the quality of the centrate, which overflows a
weir at the top of the unit, begins to deteriorate. At that point,
feed to the unit is stopped and a nozzle skimmer cinters the
bowl to remove the innermost and wettest portion of the
retained solids. The inner solids are generally coo wet for
conveyor belt transport through the system. Upon comple-
tion of the skimming sequence, which takes about one-half
minute, deceleration of the bowl takes place followed b/
knife or plow insertion. As the knife moves toward the bowl
wall, retained solids are scraped out and fall through the
bottom of the basket for conveyance to a discharge point as
cake. Upon retraction of the knife, the solids discharge cycle
is completed.

When basket centnfuges are used as thickening devices,
full-depth skimming is commonly practiced with the nozzle
skimmer while the basket is revolving at WI' speed, and the
deceleration and knife insertion sequences aria eliminated from
the operation.

SCriOLL CENTRIFUGE. The scroll centrifuge is a solid
bowl which rotates along a horizontal axis and operates in a

continuous manner. A schematic of this type of centrifuge is
shown in Figures 3.5 and 3.6. The newest de in scroll
centrifuges is a tapered bowl which employs an inner scroll
to evenly distribute the feed sludge. Sludge is fed to the unit
through a stationary tube along the center line of the inner
screw which accelerates the sludge and minimizes turbu-
lence. Sludge passes through ports in the inner conveyor
shaft and is distributed to the periphery (outer edge) of the
bowl. Solids settled through the liquid pool in the separating
chamber are compacted by centrifugal force against the
bowl and are conveyed by the outer screw conveyor to the
discharge point. Separated liquid (centrate) is discharged
continuously over an adjustable weir.

DISC-NOZZLE CENTRIFUGE. The disc-nozzle centri-
fuge is a solid bowl which rotates along a vertical axis and
operates in a continuous manner. A schematic of the centri-
fuge is shown in Figure 3.7. Feed material is introduce.] at
the top of the unit and flows through a set of some 50 conical
discs which si e used for stratifr,ation (separation into lay-
ers) of the waste stream to be clarified. The discs are fitted
quite closely together and centrifugal force is applied to the
relatively thin film of liquor and solids between the discs.
This force throws the denser solid material to the wall of the
centrifuge bowl where it is subjected to additional centrifugal
force and concentrated before it is discharged through
nozzles located on the periphery. Clear liq Jid continuously
flows over a well at the top of the bowl and exits via the
centrate line. The bow! is equipped with twelve nozzle
openings, but various numbers and sizes of discharge
nozzles can be used depending on feed liquor characteris-
tics and the desired results. The number and size of dis-
charge nuzzles used directly controls final sludge concen-
tration for any given feed condition.

3.130 Factors Affecting Centrifuge Thickeners

The performance of centnfugal thickeners depends on (1)
type of sludge, (2) age of the feed sludge, (3) solid:: and hy-
draulic loading, (4) bowl speed and resulting gravitational I 'g")
forces, (5) pool depth and differential sad! speed for scroll
centrifuges and (6) size and number of nozzles for disc. cen-
trifuges.

Centrifuges are lot commonly used to thicken primary
sludges because each of the three designs have sludge inlet
assemblies that are highly subject to clogging. For this reasol,
there will be no discussior cf centrifugal thiclerning of primary
sludge

Secondary sludges are more suited to centrifugal thickening
because of their lack of stnngy and bulky matenal and the
potential for plugging is minimal. Centrifuges are less affected

21 Centrate. The water leaving a centrifuge after most of the solids have been removed
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by sludge characteristics such as age of sludge and bulking or
rising conditions due to the high centrifugal forces developed
Usually, centrifugal forces of 600 to 1400 "g's" or 600 to 1400
times the force of gravity are developed and fluctuations in
sludge thickening characteristics can generally be overcome.
However, in all cases, if the sludge is fresh and exhibits good
settling characteristics, it would more readily be thickened than
an old sludge. Every attempt should be made, regardless of
the thickening system used, to feed a consistent and fresh
sludge to the thickening facility. Solids and hydraulic loading,
bowl speed, differential scroll speed, and nozzle sizes will be
discussed in the following paragraphs.

3.131 Operating Guidelines

The physical size and number of centr'`ugal thickeners
needed depends on the anticipated sludge volume and its de-
watering properties. For a specific plant, the operator usually
has a variety of operational controls to optimize centrifuge per-
formance. Prior to a discussion of these control strategies, the
operator should be familiar with determining hydraulic and sol-
ids loadings.

3.1310 Hydraulic and Solids Loadings. Unlike gravity and
flotation thickeners, the loading rates for centrifuges are not
related to unit areas (gpm/sq ft or gpd/sq ft). The accepted
loading unit terminology for centrifuge loadings are gal/hr/unit
or lbs/hr/unit. This type of terminology is used because of the
various sizes available from different manufacturers and the
variations in design from one unit to the next unit.

The loading rates of scroll centrifuges and disc centrifuges
are straightforward and illustrated in the following sample cal-
culations.

EXAMPLE 15

Given: A scroll centrifuge was selected to thicken 120,000
GPD of waste activated sludge with an initial sludge
solids (SS) concentration of 0.80 percent (8,000 mg/L).

Find: 1. The hydraulic load (gal/hr).
2. The solids load (lb SS/hr).

Solution:

Known

Scrod Centrifuge

Flow, GPD = 120,000 GPD

Sludge Solids, mg/L = 8,000 mg/L
, °A = 080%

1. Determine the hyaraulic load in gallons per hour.

Hydraulic Load, = Flow, GPD

gal/hr 24 hr/day

120,000 gal/day

24 hr/day

= 5,000 gal/hr

2 Calculate the solids load in pounds of sludge solids per
hour.

Unknown

1. Hydraulic Load,
gal/hr

2. Solids Load,
lbs SI Sol/hr

oolids Load, = Flow, gal/hr x 8.4 lbs SI Sol, %
lbs/hr gal 100%

= 5000 gal x 8.34 lbs x 0.80%

hr gal 100%

= 334 lbs/hr

These same calculations would apply for disc-nozzle cen-
trifuges. The determination of loading rates for basket cen-
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trifuges is more complicated because they operate in a batch
manner and the down time required to remove the thickened
solids must be incorporated in the loading calculation as fol-
lows.

EXAMPLE 16

Given. A basket centrifuge is fed 50 GPM of waste activated
sludge at a sludge solids concentration of 0.8%. The
basket run time is 20 minutes for the unit to fill com-
pletely with solids. After the unit is full, the solids are
skimmed out. The skimming operation takes 11/2 min-
utes.

Find: 1. Hydraulic Load (gal/hr)
2. Solids Load (lbs/hr)

Solution:

Known

Basket Centrifuge

Flow, GPM

Sludge Solids, %

Run Time, min

Skimming Time, min

= 50 GPM

= 0.8%
= 20 min

= 1.5 min

Unknown

1 Hydraulic Load, gal/hr

2. Solids Load, lbs/hr

1. Determine the hydraulic load in gallons per hour.

Hydraulic = Row, gal Run Time, min
Load,

min (Run Time, min + Skm Time, min)gal/hr
60 min

hr

50 gal 20 min x 60 min

min (20 mm + 1.5 min) hr

= 2,790 gal/hr

If the unit were fed continuously at a rate of 50 GPM, the
hydraulic loading rate would be 3,000 galihr (50 galimin A
60 min/hr).

2. Calculate the solids load in pounds of sludge solids per
hour.

Solids Load, Flow, gal 8.34 lbs SI Sol, %
lbs/hr hr gal 100`v

2790 gal 8.34 lbs 0.8%

hr gal 100%

= 186 lbs/hr
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3.1311 Bowl Speed. Regardless of the type of centrifuge
(basket, scroll, or disc) used, increasing the bowl speed (RPM)
will result in higher gravitational forces and thicker sludge con-
centration. -, nis is because gravitational forces are directly
proportional to the bowl diameter and revolutions per minute.
For a given machine, the bowl diameter is fixed and cannot be
changed. If r sore or less "g" force is desired, the bowl speed
should be increased or decreased but IN NO WAY SHOULD
THE BOWL BE OPERATED AT SPEEDS OUT OF THE MAN-
UFACTURER'S RECOMMENDED RANGE. Operation out of
the rIconmended range can lead to bearing failures and
costly repairs.

3.1312 Feed Time. This section deals with the basket-type
batch operated centrifuges only. The actual feed time (run
time) for basket centnfuges will depend on the influent sludge
solids concentration (% SS), the flow rate (GPM), and the av-
erage concentration of the solids retained in the basket. The
solids storage volume within a basket is fixed. If the feed is
shut off prior to filling the storage area with solids, the portion of
retained sludge farthest from the basket wall will be extremely
wet. The net effect of not filling the basket completely with
solids is an overall decrease in the cake solids concentration
because large volumes of water are carried out during the
skimming sequence.

Conversely, if the feed time exceeds the time required to fill
the storage area with solids, the effluent quality will decrease
drastically after the bowl is full. This is because once the bas-
ket is filled with solids, no more storage area is available for
additional incoming solids.

The following example illustrates the feed time required to fill
a 48-inch diameter basket centrifuge with concentrated solids.
ALL 48-INCH DIAMETER BASKETS HAVE SOLIDS STOR-
AGE VOLUMES OF APPROXIMATELY 16 CUBIC FEET.

EXAMPLE 7

Given: A 48-inch diameter basket is used to thicken waste
activated sludge at a concentration of 0.75 percent
sludge solids. The applied flow rate is 50 GPM and the
average concentration of solids within the basket is 7.0
percent.

Find. The timt required to fill the storage volume with thick-
ened sludge.

Solution:

Known Unknown

48-inch cliarr..ter basket centrifuge

Flow, GPM = 50 GPM

Intl Solids, % = 0.75%

Basket Solids, % = 7.0%
Sohts Storage Vol, = 16 cu ft

cu ft

1 Time required to fill
storage volume, min

1. Calculate the amount of stored solids in pounds.

Solids, lbs Storage Vol, cu ft x 62.4 lbs Bkt Sol, %

cu ft

16 cu ft x 62.4 lbs 7.0%

cu ft 100%

= 70 lbs

100%

Therefore, under these conditions the centrifuge could
store 70 pounds of dry solids.

2. Determine the time required to fill the storage volume or the
feed time in minutes.

Feed time,
min

=

Stored Solids, lbs

Flow, GPM x 8.34 lbs x Int Sol, 0/0

gal 100%

70 lbs

50 gal x 8 34 lbs x 0.75%

min gal 10%
70 lbs

3.13 lbs/min

= 22 minutes

For the conditions given in the above example, feed times
less than 22 minutes will result in wetter discharge solids and
feed times greater than 22 minutes will result in poorer effluent
quality.

3.1313 Differential Scroll Speed and Pool Depth. This sec-
tion deals with scroll-type centrifuges only. In addition to
being able to adjust the bowl speed, the operator can adjust
the differential or relative scroll speed and the liquid depth
(pool) ..ithin the bowl. As previously discussed, scroll cen-
trifuges have an inner screw (scroll) which rotates at a different
speed than the bowl. The difference between the bowl speed
and the speed of the inner screw is termed the "differential"
(relative) scroll speed. As the differential scroll speed is in-
creased, the solids that are compacted on the bowl wall are
conveyed out of the centrifuge at a faster rate, resulting in a
decrease in the concentration of tnese solids. Lower concen-
trations result because as the solids are moved out at a faster
rate, they are subjected to centrifugal forces for shorter periods
of time. Likewise, as the relative scroll speed is decreased, the
solids at the bowl wall are moved out at a slower rate and are
more compact because they are subjected to the centrifugal
forces for longer times.

The liquid depth (pool depth) within the bowl can be varied
by adjusting and/or changing the effluent weirs. As the bowl
depth is increased, the effluent quality will also increase be-
cause the liquid level and consequently the hydraulic detention
time within the bowl increases. Longer retention times result in
increased suspended solids capture because these solids
have a better opportunity to be thrown to the bowl wall. Con-
versely, as the pool depth decreases, the suspended solids
removal and effluent quality also decrease due to shorter de-
tention times within the bowl. However, in regard to cake sol-
ids, changing the pool depth has just the opposite effect. As
the pool depth is increased, solids recovery increases but the
cake solids get wetter. As the pool depth is decreased and
solids recovery decreases, the cake solids get dryer. Thus the
operator must adjust the pool depth to get the recovery and
cake solids desired, realizing that a high recovery will usually
result in the wettest cakes, while thy cakes are normally ac-
companied with lower solids recovery.

3.1314 Nozzle Size and Number. This section deals only
with disc-nozzle type centrifuges. The degree of sludge thick-
ening can be controlled somewhat by increasing or decreas-
ing both the number of nozzles and nozzle openings. Nozzles
are located at the periphery (outer edge) of the disc centrifuge
bowl and are used to discharge the thickened sludge from the
unit. If the size of the nozzles is incrE !sed, the dryness of the
compacted sludge will decrease b.. .ause the sludge will exit
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the unit at a faster rate and will not concentrate to its highest
degree. This principle is much like that of the scroll speed
where increasing differential scroll speeds result in wetter
sludge. If the nozzle openings are reduced and/or the number
of nozzles is decreased, the sludge will remain subjected to
centrifugal forces for longer times and will dry or become
thicker.

3.132 Normal Operating Procedures

Typically, the flow through centrifuges is continuous and
should be set as constant as possible. Even though the basket
centrifuge is a batch process, the flow rate during the feeding
time should be as constant as possible. Routine Ionitoring of
the influent, effluent, and thickened sludge streams should be
done at least once per shift and samples collected for pertinent
solids analysis. Normal start-up and shutdown procedures for
the three centrifuge types varies and each is outlined below.

BASKET CENTRIFUGE

Retract the skimmer and plow.

Turn on the drive motor.

When the centrifuge reaches approximately 80 percent full
speed, open appropriate chemical and sludge inlet valves and
tum on the pumps.

When the centrate "breaks" (high solids in effluent), tum off
the sludge and chemical pumps.

While the machine is operating at full speed, activate the
skimmer to advance towards the wall and remove solids.

If full-depth skimming cannot be used (sludge is too thick),
retract the skimmer and push and deceleration button.

When the bowl is rotating at approximately 50 to 70 RPM,
activate the plow.

After all the solids are removed, retract the plow, accelerate
the bowl and proceed as above.

For any prolonged machine shutdown, fresh water should be
pumped into the bowl while the knife is inserted to clean the
wall. Following clean-out, the knife is retracted and the drive
motor turned off.

SCROLL CENTRIFUGE

Turn on drive motor.

When the bowl is at full speed, open appropriate chemical
and sludge valves and turn on the respective pumps.

Adjust differential (relative) scroll speed as required.

Rush centrifuge after each use to prevent solids from cak-
ing uu inside of bowl.

For prolonged machine shutdown, the feed and chemical
pumps are t ned off and fresh water is introduced into the unit
for approximately 20 to 30 minutes. The drive motor is then
turned off.

DISC NOZZLE CENTRIFUGE

Tti on drive motor.
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Activate the pre-screens.

When the unit is at full speed, open appropriate chemical
and sludge valves and tum on the respective pumps.

For prolonged machine shutdown, the feed and chemical
pumps are turned off and water is introduced into the cen-
trifuge for 20 to 30 minutes. The main drive motor is then
turned off.

3.133 Typical Performance

Typical operating guidelines as well as thickened sludge
concentrations and sludge solids removals for various types
are presented in Table 3.6.

TABLE 3.6 OPERATIONAL AND PERFORMANCE
GUIDELINES FOR CENTRIFUGAL THICKENERS

TREATING WASTE ACTIVATED SLUDGE

Centrifuge
Type

Capacity,
GPM*

Feed
Solift%

Thickened Solids
Sludge, % Recovery, %

Basket 33 - 70 0.7 9 -10 70 - 90

Scroll 75 - 100 a4-0.7 5- 7 80 - 90

Disc 30 - 150 a7-1.0 5 - 5.5 90 +

GPM x 0.063 = L/s

The variations in solids loading are due to the many
different sizes of centrifuges available from various manu-
facturers. The performance data reflect no chemical condi-
tioning prior to centrifugation. The addition of polymers
normally improves the recovery of suspended solids much
more than the recovery of cake solids. For example, look at
the solids recovery and cake solids vs polymer dosage
curves for both a basket and scroll centrifuge shown in
Figures 3.8, 3.9, 3.10, and 3.11. For the basket centrifuge, it
can be seen that with no polymer addition, the thickened
sludge solids were 4.5 percent and the suspended solids
recovery was 75 percent. At a polymer dosage of approxi-
mately 5 lbs/ton (2.5 gm/kg), the thickened sludge solids
were increased to 6 percent and the solids recovery leveled
off at 95 percent. For the scroll centrifuge, the thickened
sludge solids remained fairly constant at 7 percent regard-
less of the polymer dosage. However, with no polymer
addition, the solids recovery was at 25 percent and could not
reach 90 percent until the polymer dosage exceeded 11 lbs/
ton (5.5 gm/kg). In all, the operator must realize that when
using polymers, a great deal of experimentation and "tinker-
ing" with both the dosage and point of application must be
done to obtain the best results and minimize chemical costs.
A more detailed discussion of the basics of chemical condi-
tioning will be presented in Section 3.31.

The determination of centrifuge performance is based on
laboratory solids analysis and the following calculations.

EXAMPLE lb

Given: A 22-inch diameter by 60-inch long scroll centrifuge is
used to thicken 80 GPM of waste activated sludge
(WAS). The WAS has an initial sludge solids concentra-
tion of 0.80 percent (8,000 mg/L). The centrifuge
effluent (centrate) has a sludge solids concentration of
0.20 percent (2,000 mg/L).
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Find: The sludge solids removal efficiency.

Solution:

Known Unknown

22-inch diameter by 60-inch long Sludge Solids Removal
scroll centrifuge Efficiency, %

Flow, GPM = 80 GPM

Infl SS, % = 0.80%
, mg/L = 8,000 mg/L

Effl SS, % = 0.20%
, mg/L = 2,000 mg/L

Determine the sludge solids removal efficiency as a percent

Efficiency.Efficiency. % = 'In SS, % Ettl SS, %) x 100%

Infl SS, %

(0.8CN 0.20%) x 100%

0.80%

0.60 x 100%

0.8

= 75%

The determination of thickened sludge concentrations (%
TS) for scroll and disc centrifuges is based on collecting
thickened sludge samples and analyzing for total soiids
content (% TS) according to procedures outlined in Chapter
16, Volume II, OPERATION OF WASTEWATER TREAT-
MENT PLANTS. Tho determination of thickened sludge
concentrations of basket centrifuges is more complicated
because samples of the skimmed portions and the knifed
portion of the retained solids have to be collected, analyzed,
and the composite (average solids) have to be calculated
based on the relative quantity of skimmed and knifed solids.

EXAMPLE 19

Given: A 48-inch diameter basket centrifuge with a total sludge
storage volume of 16 cu ft (120 gal) is used to thicken
WAS at an initial suspended solids concentration of
0.800/0 (8,000 mg/L). Approximately 13 cu ft of solids in
the basket bowl were skimmed out and the average
total solids concentration of the skimmed portion was
determined to be 4.0 percent thickened sludge (TS).
Tha remaining 3 cu ft was removed by inserting the
knife (plow) and the average concentration of these
solids was 7.5 percent total solids.

Find: The average (composite) total solids concentration of
the thickened sludge removed from the basket.

Solution:

Known Unknown

48 -inch diameter basket centnfuge Average Total Thickened
%

Storage Volume, cu ft = 16 cu ft Sludge Solids Removed,

, gal = 120 gal

Intl SI Sol, % = 0.80%
, mg/L = 8,000 mg/L

Skimmed Volume, cu ft = 13 cu ft

Skimmed SI, % = 4.0%

Knife Volume, cu ft = 3 cu ft
Knife Solids, % = 7 5%

Calculate the average thickened sludge solids as a percent

Thickened Sk Vol, cu ft x Sk SI, % + Kn Vol, cu ft x Kn Sol. %
Sludge. % Sk Vol, cu ft + Kn Vol. cu ft

11 ^Li ft x 4 0% + 3 cu ft x 7.5%=
13 cu ft + 3 cu ft

52 + 22.5

16

= 4.66%

You must realize that this mathematical calculation assumes
perfect mixing of the skimmed and knifed solids. In actual prac-
tice, perfect mixing is very difficult to achieve.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on pages 250 and 251.

3.13A List the three centrifuge types. Which ones are con-
tinuous and which operate in a batch (intermittent
feed) mode?

3.13B List tht factors that affect centrifugal thickening.

3.13C Why are centnfuges not commonly used to thicken
primary sludges?

3.13D Determine the solids and hydraulic loading for a 20-
inch by 62-inch scroll centrifuge. The feed rate is 30
gpm and the influent solids concentration is 1.1 per-
cent (11,000 mg/L) suspended solids.

3.13E Determine the hydraulic and solids loading for a
48-inch diameter basket centrifuge. The feed rate
is 30 gpm, the feed time is 25 minutes and 3
minutes are required to receive the solids and
restart the feed. The influent solids concentration
is 1.1 percent.

3.13F How does differential scroll speed affect perform-
ance of scroll centrifuges?

3.13G A 20-inch disc centrifuge receives 25 gpm of waste
activated sludge with a suspended solids concentra-
tion of 0.65 percent. The effluent (centrate) contains
0.03 percent SS (300 mg/L) and the thickened
sludge concentration is 4.9 percent. Determine the
percent efficiency and the concentration factor (cf)
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3.134 Troubleshooting

Since the operating characteristics of the three centrifuges
are quite different, the operating problems and corrective
measures also are different. Each of the centnfuges will be
discussed for troubleshooting and it should be remembered
that CLOSE VISUAL MONITORING IS THE OPERATOR'S
BEST INDICATION OF OPERATIONAL PROBLEMS.

3.1340 Basket Centrifuge. The operator should be con-
cerned with the concentration of the thickened excess
biological sludges. The entire volume of sto'ed sludge can
usually be skimmed out without having to J.3e the decel9ra-
Von and knife insertion sequences when chemical conditicn
ers are not used. If you noticed that the initial skimmings
(stored solids farthest from basket wall) contain large quanti-
ties or relatively clear water, check the feed time and/or the
influent sludge flow. Start feed times and/or low flows wilt
result in only partial filling of toe storage volume. !f the
storage volume is not completely filled with solids prior to
discharge, the sludge will be thinner than desired because of
dilution with the water discharged. The operator should
monitor the centrate quality with time for one complete run,
then adjust (increase) the feed time and/or flow rate so that
the centrate quality "breaks" when the feed sequence is
finished Conversely, if the thickened sludge concentrations
appear to be in a desirable range but the overall centrate
quality is poor, the cperatcr should monitor the efflue 14 for
one complete run and ddi y st (decrease) the feed time arr.',1or
sludce flow rate If the feed time Lnd/cr sludge flow e..ceed.,
the time required to fill the storage vciurre the majority of
the solids entering the unit beyond the "break" .,r ,nt will exit
with the centrate.

If POLYMERS22 are ac.ssfsd for :anditioi, ^2, the net effect
will be an increase in feed time, suspended 5oiids recovery
and thickened sludge concentrations. If thz conditions de-
scribed above are evident, the operator hould check the
polymer addition system in addition to procedures mentioned
The use of polymers may also pose an additional problem
because the sludge will thicken to a higher degree and the
skimmer may not be able to travel all the way to the basket
wall. The skimmer will usually proceed towards the wall until it
encounters ,uope in excess of approximately 6 percent thick-
ened sludge (T3). At this concentration, thickened biological
sludges are usually not fluid enough to flow through the skim-
mer and flow through downstream piping To remove the re-
maining stored solids, the deceleration and knife insertion se-
quence must be used. The problems that may arise could be
plugging of the skimmer if it proceeds too far into the thickened
sludge, or wet and sloppy discharged solids upon deceleration
aod knife insertion if the skimmer does not proceed far enough
into the sludge. The distance that the skimmer travels is ad-
justable by set screws on the skimming mechanism This dis-
tance of travel should be set by monitoring a few runs and
adjusting as reqwed to obtain a firm and conveyable knifed
sludge.

Another problem which may develop with the use of
baskets is vibration failures due to plugging of the feed parts
anu/or uneven solids distribution. This problem usually
develops only when dewatering primary sludges and will be
discussed in Section 3.4.

3 1341 Scroll Centrifuge The operational controls for
scroll centrifuges on a day-to-day basis usually include
relative scroll speed, pool depth, sludge flow, and chemical
conditioning when used. Unless the centrifuge is equipped
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with a hydraulic backdrive, the bowl speed cannot be
changed without changing the belt sheaves. In addition,
once the optimum bowl 4.aed has been determined and set,
there is usually no point in changing it for a given sludge. The
same can oe said regarding the pool depth because maxi-
mum pool depths are commonly used when thickening
sludges This is because in thickening processes it is usually
desirable to recover as much of the influent sludge solids as
possible.

The performance breardowns that . -.:- commonly encoun-
ered are detenorations in centrate quality and decreases in
discharge or cake total solids concentrations. For any given
celitnfuge, there are upper limits for hydraulic and solids load-
ings. if these limits are exceeded, both the centrate and cake
solids will tall below the desired range. If the centnfuge is oper-
ated within its loading limits, the most common problem is a
decrease in centrate quality and/or cake dryness. When this
problem is evident by visual observation, the operator should
adjust the relative scroll speed, monitor the centrate and cake,
and readjust the relative scroll speed until the desired results
are achieved. If the centrate quality is poor but the cake is
within a desired range, increasing the relative scroll speed
should result in a cleaner centrate. As the scroll speed is in-
creased, the centrifuged solids are conveyed out at a faster
rate and the solids ara not given the opportunity t:, entirely fill
the bowl and flow over the effluent weir. To achieve good
solids recovery, polymers are usually required when thickening
biological solids via scroll centrifugation unless the centrifuge
I; operate., well below its loading capacities. Thickened biolog-
ical solids are plastic in nature and tend to slip within the bowl
as the screw or scroll conveyor tries to move them out. In order
to successfully move these solids out of the centrifuge and
produce a desirable centrate, polymers are often required. The
operator should, tnereiore, check the polymer conditioning
equipment in conjunction with relative scrol' speed to optimize
centrate quality and thickened sludge concentrations.

3 1342 Disr Nozzle Centrifuge_ Disc-nozzle centrifuges
are higher speed units and usually develop centrifugal
forces in excess of 3,000 "g's" Because of " )se high "g"
forc -., suspended solids recoveries are almost always in
excess of 90 percent Centrate quality usually poses no
operational concerns unless the thickened sludge is not
adequately removed The solids will eventually build up and
contaminate the centrate. If this happens, the size and/or
number of the discharge nozzles should be increased to
facilitate sludge discharge On a day-to-day basis, the noz-
zles do not have to be changed and the operator should
check the hydraulic flow rate if the centrate contains a high
amount of suspended solids Operating at loadings in ex-
...ess of the recommended range will almost always result in
less than optimum performance.

One of the major mechanical problems associated with
disc-nozzle centrifugation is plugging of the nozzles be-
cause of the relatively small openings (0 07 to 0.08 inch or
1 75 to 2 00 mm). When this occurs, pre-screening of the
sludge has to be incorporated into the process sequence.
Unless the sludge is adequately screened, the nozzles will
continuously plug and interrupt operation of the unit. Plug-
ging will be evident by excessive machine vibrations due to
an uneven distribution of solids along the bowl wall. All
centrifuges are equipped with vibration switches for auto-
matic shutoff iii the event of excessive vibration. If a nozzle
becomes plugged, the operator should disassemble the
bowl assembly and remove and clean the nozzles prior to
restarting the centrifuge.

22 Polymer (POLY -rner) A high-molecular-weight substance that is formed by either a natural or synthetic process Nat4,,ai polymers may be
of biological origin or derived from starch products, cellulose denyatives, and alignates Synthetic polymers w,sist of sib le substances
that have been made into complex, high-molecular-weight substances. Ott n called a "polyalactrolyte.-
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Table 3.7 lists operational problems that may develop and corrective measures the operator may take.

Operational Problem

Basket

1. Centrate quality good but dis-
charge solids dilute

2. Centrate quality 'poor during
the end of the run, but dis-
charge solids o.k.

3. Centrate quality poor and dis-
charge solids dilute

4. Vibrations

Scroll

1. Centrate quality good but dis-
charge solids dilute

2. Centrate poor but discharge
solids o k.

3. Centrate poor and discharge
solids dilute

TABLE 3.7 TROUBLESHOOTING CENTRIFUGAL THICKENERS

Possible Causes

1.a. 1-eed time too short
b. Flow rate too low

2.a. Feed time too long
b. Flow rate too high
c. Incorrect chemical dose

3.a. High loadings
b. insufficient chemicals

4.a. Mechanicai malfunctions
such as beanngs, drive unit,
or base support

b Plugged feed port

Check or Monitor

1.a. Time for centrate to break
b. Sludge flow rate

2.a. Time for centrate to break
b. Sludge flow rate
c. Chemical system

3.a. Flow rate and break time
b. Chemical system

4.a. lrspect all mechanical
equipment

'.a. Scroll speed too high 1.a.
b. Pool depth too high b.

2.a. Scroll speed too slow
b. Hydraulic load too high
c. Pool depth too low
d. Incorrect chemical dose

3.a
b
c.
d.

Bowl speed too low
Loading too high
ri-,mical inefficiencies
Scroll speed and pool depth
not optimum

2a
b.
c.
d

3.a.
b.
c.
d.

Scroll rpm
Pool depth

Scroll rpm
Flow rate
Pool setting
Chemical system

Bowl rpm
F low rate
Chemical system
Scroll rpm and pool depth

Disc-Nozzle

1. Centrate good but discharge 1.a. Size and number of nozzles 1.a. Nozzles
sulids dilute too large

2. Centrate poor but discharge 2.a. Size and number of nozzles 2 a Nozzles
solids o.k. too large b. 9ow rate

b. Hydraulic load too high

3. Vibrations 3.a Mechanical malfunctions 3.a. Inspect all
such as beanngs, drive unit, equipment
or base support b. Nozzle

b Plugged nozzle

QUESTIONS
Write you answers in a nctebouk and then compa -6 your

answers w ' 'hose on page 251.

3.13H A t ?.entrifuge is used to t. acken waste activated
sludge On a routine check, the °pc. ator notices a
poor centrate quality. The discharge solids are good.
What should the operator check and what action
should be take -,

3.131 How can the conce. ation of thickened sludge be
increased from a disc Gcntrifuye and how can the
changes affect centrate quality?

Possible Solutions

1.a. Increase feed time
b. Increase flow rate

2.a. Lower feed time
b. Lower flow rate
c. Increase chemical dosage

3.a Lower flow rate
b. Increase chemical dosage

4.a. Mechanical repairs
b. Unplug as required

1.a. Decrease scroll speed
b. Lower pool depth

2.a
b.
c
d.

3.a
b.
c
d.

Increase scroll speed
Decrease flow
Increase pool
Increase chemical dosage

Increase bowl speed
Decrease flow rate
Increase chemical dosage
Vary scroll speed and pool
depth

1.a Decrease number and/or
size of nozzles

2 a Increase number and/o noz-
zle size

b. Decrease flow rate

mechanical 3.a. Mechanical repairs
b. Unplug as required

3.14 Thickening Summary

The successftil operation of any thickening device is depen-
dent on the operator's knowledge of the operating guidelines,
the consistency of the influent sludge, maintaining loading
rates within th3 recommended and design values, and when
used, effective polymer addition.

For optimum cneration of subsequent sludge processes
(stabilization, dewatering), the thickener should be operated so
as to produce as thick a sludge as possible with maximum
sludge solids reco ery.

179



DISCUSSION AND REVIEW QUESTIONS
Chapter 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 1 of 5 Lessons)

At the end of each lesson in this chapter you will find some
discussion and review questions that you should work before
continuing. The purpose of these questions is to indicate to you
how well you understand the matenal in the lesson. Write the
answers to these questions in your notebook before continu-
ing.

1 Why is the handling and disposal of sludge such a compli-
cated problem?

2. List the major types of alternatives available for processing
sludges.

CHAPTER 3.

3.2 STABILIZATION23
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3. What are the advantages normally associated with sludge
thickening?

4. How does temperature affect the operation of gravity thick-
eners?

5. The performance of dissolved air flotation thickeners de-
pends upon what factors?

6. What is the most important operational con .ern when
operating a dissolved air flotation thickener?

7. What is the best way for an operator to detect operational
problems in a centrifuge?

SLUDGE HANDLING AND DISPOSAL
(Lesson 2 of 5 Lessons)

3.20 Purpose of Sludge Stabilization

Pnor to the disposal of wastewater treatment plant sludges,
federal, state and local regulatory agencies require that they
be stabilized. Stabilization converts the volatile (organic) or
odor-causing portion of the sludge solids to none-Jorous end
products, prevents the breeding of insects upon disposal and
reduces the pathogenic (disease carrying) bactena content.

Unit processes commonly used for stabilization of wastewa-
ter sludges include: ( I) anaerobic digestion, (2) aerobic diges-
tion, and (3) chemical treatment.

Anaerobic digestion has been , plained in great detail in
Chapter 12, "Sludge Digestion ante Solids Handling," Volume
II, OPERATION OF WASTEWA1 ER TREATMENT PLANTS,
and only a brief review cf the process will follow. The
remain lei of this section will discuss aerobic digestion and
chemical treatment.

3.21 Anaerobic Digestion

The most widely used method of sludge stabilization is
anaerobic digestion, in which decomposition of organic matter
is performed by microorganisms in the absence of oxygen.
Anaerobic digestion is a complex biochemical process in which
several groups of anaerobic and facultative (survive with or
without oxygen) organisms break down organic matter. This
process can be considered a two-phase process; in the first
phase, facultative acid-forming organisms convert complex or-
ganic matter to volatile (organic) acids. In the second phase,
anaerobic methane-forming organisms convert the acids to
odorless end products of methane gas and carbon dioxide.

The performance of anaerobic digesters in converting vol-
atile (organic) matter to methane and carbon dioxide depends
on (1) sludgu type, (2) digestion time, (3) digestion tempera-
ture, and (4) mixing In general, as the concentration of sludge
solids fed to anaerobic digesters increases, the performance

or efficiency in converting volatile sludge solids also increases
due to lower sludge volumes and longer digestion times. In
addition, tne methane-forming bacteria are highly sensitive to
temperature changes and anaerobic digesters are usually
heated '.o maintain temperatures of 94 to 97°F (34 to 36°C). If
the temperature falls below this , ange and/or if the digestion
time falls below 15 days, the digester may become upset and
require close monitoring and attention. Refer to Chapter 12,
"Sludge Digestion and Solids Handling," for a detailed discus-
sion of operating procedures and corrective measures re-
quired during upset conditions.

3.22 Aerobic Digestion

Aerobir; digestion involves the conversion of organic sludge
solids to odorless end products of carbon &oxide and water by
aerobic minorganisms. This process essentially evolved
from the extended-aeration version of the activated sludge
process, arid may be used for either primary sludge, second-
ary sludge, or mixtures of the two types of sludges.

Sludge to be stabilized is delivered to the aerobic digester
on a continuous or an intermittent basis. A few aerobic
digesters are operated on a batch basis. Figure 3.12 shows
a typical aerobic digestion process in a schematic fashion.
When operated in a continuous mode, t ^kened sludge is
fed continuously to the digester inlet. The digester is
equipped with blowers and air diffusion equipment to supply
oxygen to the system and to provide for mixing of the
diester contents. Digested sludge continuously exits
trough an effluent line and is either pumped directly to
dewatering facilities or may flow to a gravity thickener prior
to dewatering. The use of thickening equipment following
digestion is to concentrate the sludge and reduce the
hydraulic loadings on subsequent dewatering equipment.
The overflow (effluent) from the thickener is usually pumped
back to t slant headworks for more treatment. The under-
flow (soli om the thickener is pumped to the dewatering
facilities. .. thickeners are not us'd, the digested sludge is
pumped directlw to the dewatering facilities.

23 Stabilization Conversion to a form that resists change Organic material is stabilized by bacteria which convert the material to gases and
other relatively inert substances Stabilized organic material generally v 711 not give off obnoxious odors.
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RAW SLUDGE

FLOATING SURFACE
AERATOR

CLARIFIED
EFFLUENT

AEROBIC DIGESTER

RETURN SLUDGE

Frg. 3.12 Aerobic sludge digestion process

In the intermittent or batch mode of operation, the digester
receives thickened sludge for a portion of the day. After the
digester is fed, the blowers and air diffusion equipment remain
in operation until approximately 2 to 3 hours before the next
feeding. At 2 to 3 hours before the ,xt feeding, the blowers
are tumed off and the digester contents are allowed to settle
for approximately 11/2 to 21/2 hours. A portion of the settled
solid.; are then with&awn and pumped to sludge dewatering
facilities. A portion of the supernatant (top) liquor is also with-
drawn for either recycle to the plant influent or further tre .trnent
with the plant secondary effluent. The blowers are then turned
on and thickened sludge is again pumped to the aerobic di-
gester to replace the volume of sludge withdrawn. From an
operations standpoint, the continuous mode of feeding is pre-
ferred because it tenth. to minimize operator attention and to
reduce associated operational t-osts.

3.220 Factors Affecting Aerobic Digestion

The operation and performance of aerobic digesters are af-
fected by many variables These inuiude. (1) sludge type, (2)
digestion time, (3) digestion temperatures, (4) volatile
loading, (5) quantity of it supplied, and (6) dissolved oxygen
(DO) concentrations within the digester.

The sludge type deals with the influent characteristics of the
waste stream to be stabilized. The operator has little, if any,
control over the chemical and biological rnake-up of the in-
fluent sludge. As stated earlier, aerobic digestion may be used
for either primary sludge, secondary sludge, or mixtures of the
two. The process has found its widest application with sec-
ondary sludges. Secondary sludges are composed primaril,,, of
biological cells that are produced in the actuated sludge and, or
trickling filter processes as a by-product of degrading organic

matter. In simplified terms, by the firm secondary sludges
leave the biological treatment process, settle in final clarifiers,
concentrate iii sludge thickening units, and are delivered to
aerobic digest-Ns, the quantity of available food (organic mat-
ter) is substantially reduced. In the absence of an external food
source, tiiese microorganisms enter the ENDOGENOUS24 or
death phase of their life cycle. Wnen no food is available (en-
dogenous phase), the biomass begins to self-metabolize
(self-destruct), which results in a conversion of the bijmass to
end products of carbon dioxide and water and a net decrease
in the sludge mass.

When primary sludge is introduced to an aerobic digester,
food becomes availab:e to the microorganisms In the pres-
ence of an external food source (the primary sludge). the
biomass will convert the food to end produ-ts of carbon dioxide
and water and will unction in the grow phase of .ileir life
cycle until the food supply is exhausted. During this growth
phase, the biomass will reproduce resulting in a net increase in
the sludge mass. Aeebic digestion times are long enough to
allow the food to be deple' ,d and the biomass to eventually
enter the endogenous or death phase. The main orawback to
aerobically digesting primary sludge is that more air has to be
sunolied to maintain a desirable DO level because the bactena
are more active when food is available

Digestion time, temperature, volatile solids loading and air
supply are considered operational controls and are discussed
below.

3.221 Operating Guidelines

3 2210 Digestior. Time In general, as the digestion time is
increased, the efficiency or effectiveness of aerobic digesters
in achieving the goals of stabilization ,s also increased. The

24 Endogenous (en-DODGE-en-us) A reduced level of respiration (breathing) it which otganisins break down cxnpounds within their own
cells to produce the oxygen they need
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physical size of aerobic digesters is determined by engineers
and the operator has no control over the digester volume after
it is constructed. The operator does have control over the di-
gestion time by controlling the degree of sludge thickening
prior to digestion. The digestion time is direciiy proportional to
the thickened sludge flow according to the following equation:

DIGESTION TIME, days DIGESTER VOLUME, gal=
SLUDGE FLOW, gal/day

As the flow to the digester increases, the time of digestion
decreases; as the flow decreases, tht: digestion time in-
creases. The following example illustrates the effect of sludge
concentration and the resulting sludge volume on digestion
time.

EXAMPLE 20

Given: A 40-foot diameter by 10-foot side-wall-depth (SWD)
aerobic digester receives 10,000 GPD of thickened
secondary sludge. The thickened sludge concentration
is 2.5 percent (25,000 mg/L) sludge solids (total sol-
ids).

Find: 1. The time of digestion.
2. What effect thickening the sludge to 3.5 percent

sludge solids will have on digester performance.

Solution:

Known

Aerobic Digester

Diameter, ft = 40 ft
Depth (SWD), ft = 10 ft

Flow, GPD = 10,000 GPD

Thickened
Sludge, % = 2.5% Sludge Solids

mg/L = 25,000 mg/L

1. Calculate the digestion time in days.

a. Calculate the digester volume.

Volume, gal IT X (Diameter, ft)2 x SWD, ft x 7 48 gal

Unknown

Digestion Time, days
Effect of Increasing

Sludge Solids to 3.5%

4 cu ft

rr x (40 ft)2 x 10 ft x 7.48 gal

4 cu ft

= 94,000 gal (approximate)

b. Determine the digestion time in days.

Digestion = Digester Volume, gallons

Flow, GPD

94,000 gal
=

10,000 gal/day

= 9.4 days

NOTE: The digestion time in days based on the solids in the
digelter is more important than the hydraulic digestion
time.

Time, days

Digestion Time, days Digester Solids, lbs
(solids) Sludge Wasted lbs/day

2. Determine the effect of increasing the sludge solids from
2.5 percent to 3.5 percent sludge solids. The total sludgt:

-'volume pumped to the aerobiccligester will be decreasF i
and the digestion time will be increased. Calculate the new
digestion time in days.

a. Determine the new flow to the aerobic digester in gallons
per day.
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Flow, GPD Flow pt 2.5% SS, GPD x SS, %

SS, %

10,000 GPD x 2 5%
3.5%

= 7,143 GPD

b. Calculate the new digestion time.

Digestion
=

Digester Volume, gallons

Flow, GPD

94,000 gal
=

7,143 gal/day

= 13.2 days

Tne overall impact of thickening the sludge to 3.5 percent
Mudge solids is an increase in digestion time and a potential
increase in digester efficiency.

The above example illustrates the need to THICKEN
SLUDGE AS MUCH AS POSSIBLE PRIOR TO STABILIZA-
TION TO OBTAIN MAXIMUM DIGESTION TIMES.

3.2211 Digestion Temperature. Aerobic digestion, like
the activated sludge process, depends on groups of micro-
organisms performing specific functions. These mi-
croorganisms, as every living creature, require favorable envi-
ronments to function properly. An important environmental
condition is the maintenance of desirable temperatures. As the
temperature of the system decreases, the rate of biological
activity also decreases. In the case of aerobic digestion, a
decrease in biological activity will result in a de,:reased rate of
destruction of the biomass and the potential for unstabilized
sludge exiting the digester. Desirable aerobic digestion tem-
peratures are approximately 65 to 80°F (18 to 27°C) and in
colder climates, provisions may have to be made to heat the
digester to maintain temperatures in the above range. In addi-
tion, if aerobic digesters are fabricated with steel and erected
above ground, sufficient insulation should be provided to pre-
vent excess heat loss and reduce heating costs. Actual tem-
peratures in aerobic digesters depend on the temperature and
volume of sludge fed to the digester and also the temperature
of the air coming from the alowArs to the digester.

3.2212 Volatile Solids Lc acting. Volatile sludge solids load-
ing is an estimate of the quantity of organic matter applied to
the digester. Procedures of calculating sludge solids con-
centration are outlined in Chapter 16, "Laboratory Procedures
and Chemistry." The cptimum volatile solids loading for
aerobic digestion (and anaerobic digestion) depends on the
treatment plant and is generally determined by pilot and/or full
scale experimentation. In general, volatile sludge solids (VSS)
loadings for elective aerobic stabilization vary from 0.07 lb
VSS/day/cu ft to 0.20 lb VSS/day/cu ft, depending on the tem-
perature and type of sludge.

The operator should be familiar with the calculations re-
quired to determine volatile suspended solids loading rates.
The following example outlines these calculatiors and it s:' could
be noted that the determination of volatile sludg solids loading
is identical for aerobic and anaerobic stabilization processes.

Time, days

EXAMPLE 21

Given. A 40-foot diameter by 10-foot SWD aerobic digester
receives 7,140 GPD of secondary sludge. The thick-
ened secondary sludge is at a concentration of 3.5 per-
cent sludge solids and :3 75 percent volatile matter.

Find: The olati:s sludge solidi loading (lb VSS/day/cu ft).
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Solution:

Known

Aerobic Digester

Diameter, ft

Depth (SWD), ft

Flow, GPD

Sludge Solids, %

Volatile Matter, %

= 40 ft

- 10 ft
= 7,140 GPD

= 3.5%

= 75%

Unknown

Volatile Sludge Solids
Loading, lo VSS/day/cu ft

Calculate the volatile sludge solids (VSS) loading in pounds
of VSS per day per cubic foot of aerobic digester.

a. Determine the digester volume in cubic feet.

Volume, cu ft ='r x (Diameter, ft)2 x Depth, ft

4

IT x (40 ft)2 x 10 ft

4

= 12,566 cu ft

b. Calculate the volatile sludge solids (VSS) loading in
pounds of VSS per day per cubic foot.

VSS Loading, = VSS Added, lbs/day
lbs VSS/
day/cu ft

Digester Volume, cu ft

Flow, GPD x 8.34 lbs x SS, % x VM, %

= gal 100% 100%

Digester Volume, cu ft

1,140 gal x 8 34 lba x 3.5% x 75°L
day gal 100% 100%

12,566 cu ft

1,563 lbs VSS/day

12,566 cu ft

= 0.12 lbs VSS/day/cu ft

The VSS loading is affected by the concentration and vol
ume of sludge introduced into the digester. In general, the
volatile portion of a sludge from a particular plant will not vary
from day to day. If the digestion capacity is fixed, the daily
sludge flow in combination with the degree of hickening will
determine the VSS loading.

3.2213 Air Requirements and Dissolved Oxygen. Oxygen
is supplied to the sludge by using air diffusers or mechanical
aerators. Air requirements are usually expressed as cfm air/
1000 cu ft of aerobic digester capacity for diffuser systems,
and as horsepower per 1,000 cubic feet for mechanical
aerators. Air requirements also are expressed as 1.5 to 2
pounds of oxygen per pound cf volatile sludge solids de-
stroyed. The air requirements are governed by a desire to keep
the digester solids in suspension (well mixed) and to maintain
a dissolved oxygen (DO) concentration of 1 to 2 mglL within
the digester.

Depending on the sludge hi,. e, temperatt....-3, and concentra-
tion and the activity of biomass within the digester, the quar.tity
of air required to maintain a residual DO of 1 to 2 mg/L will
vary. Obviously, as the concentration and/or activity increases,
more air is required to sati$4y the oxygen requirements of the
biomass. The residual DU is a measure of the quantity of
oxygen supplied beyond that used by the biomass. For exam-
ple, if the biomass requires 3.0 mg/L of oxygen and 5.0 mg/L
are suppled via the blowers or mechanical aerators, then 2.0
mg/L of oxygen are left over. The quantity left over is called the

residual DO. The residual DO within the digester should al-
ways be greater than 1.0 mg/L. If the digester DO falls below
1.0 mg/L, FILAMENTOUS OFM7ANISMS25 may grow. Fila-
mentous organisms are undesirable because they can lead to
sludge bulking and/or foaming which will negatively affect di-
gester operation.

Typical air rates required to maintain a residual DO of 1.0
to 2.0 mg/L, are discussed in Section 3.223, "Typical Perfor-
mance." You should realize that values in any book are esti-
mates and that the exact air supply requirements are usually
determined in the plant by experimentation. The following
example illustrates the determination of air rates for aerobic
digesters.

EXAMPLE 22

Given: A pilot-scale digestion study showed that 0.040 CFM of
air was required per cu ft of digestion capacity to satisfy
the biomass oxygqr. requirements. Based on these pilot
studies, a full-scale digester with dimensions of 100 ft
long by 25 ft wide by 10 ft SWD has been constructed.

Find: The quantity of air (CFM) to be delivered to the full-
scale digester.

Solution:

Known

Aerobic Digester

Air Required,
CFM/cu ft

Length, ft

Width, ft

SWD, ft

0.040 CFM air

cu ft digester

= 100 ft

= 25 ft
= 10 ft

Unknown

Air Rate, CFM

Determine the rate of air that must be delivered to the
aerobic digester in cubic feet of air per minute (CFM).

a. Calculate the digester volume in cubic feet.

D.:,crster = '.ength, ft x Width, ft x SWD, ft
Volume, cu ft 100 ft x 25 ft x 10 ft

= 25,000 cu ft

b. Determine the rate of air that must be supplied in CFM.

Air Rate, CFM = Air Required, CFM air _ Vol, cu ft
cu ft Digester

0.040 CFM air
25,000 ,-,.0 ft

cu It digester

= ;,000 CFM air

3.222 Normal Ope sting Procedures

The sludge feed to aerobic digesters should be as continu-
ous and consistent as possible. This is best achieved by
proper operation of the sludge thickening facilities and by
pumping the thickest possible sludge. Aerobic digesters
should be routinely checked at least once per shift and ccm-
posite samples of the influent and effluent should be collected
daily for laboratory analysis. Daily laboratory analysis on the
influent and effluent streams should include suspended solids,
percent volatile matter, and pH measurements. Alkalinity, total
and soluble CO., ammonia-nitrogen, nitrite and nitrate should
be determined on the influent and effluent weekly. In addition
to these laboratory analyses, the residual dissolved oxygen
(DO) in the digester should be measured at least once per
shift. Digester temperature should be measured daily.

'5 Filamentous Organisms (FILL-a-MEN-Lass). Organisms that grow in a thread or filamentous form Common types are thiothrix and ac-
tinomyees.
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Digester temperature measurements are straightforward
and simply involve the Jse of a thermometer. The determina-
tion of dissolved oxygen (DO) in the digester and oxygen (02)
uptake rates require the use of a membrane-type electrode
commonly called a DO probe. Membrane electrode instru-
ments are commercially available in some variety and it is
impossible to formulate detailed operational instructions that
would apply to every instrument. Calibration p: )cedures and
readout are included in manufacturer's instructions and they
should be followed exactly to obtain the guaranteed precision
and accuracy.

Residual DO in the digester can simply be measured by
lowering the probe into tho aigester, gently raising and lower-
ing the prc.be approximately 6 to 12 inches (15 to 30 cm) and
recording the readout measurement after the readout has sta-
bilized. Depending on the instrument readout measurement
and the temperature of the digester, the DO can be determined
in mg/L with the aid of charts supplied by the electrode manu-
facturer. DO measurements should be obtained from at least 3
points within the digester to obtain an average dissolved oxy-
gen concentration. These measurements should be obtair9d
at the influent and effluent ends of the digester and approxi-
mately midway along the length of the digester.

Oxygen uptake measurements are an indication of the activ-
ity of the aerobic digester biomass. Accurate OXYGEN (02)
UPTAKE MEASUREMENTS are of importance to the operator
because they will readily indicate IF THE PROCESS IS FUNC-
TIONING PROPERLY OR IF UPSET CONDITIONS EXIST.
Oxygen uptake measurement requires the use of a sealer'
container into which a DO probe and a mixer can be inserted to
measure the oxygen concentration with time. Approximately
one liter of digested sludge should be collected in a wide-
mouth container, the top sealed and the container vigorously
mixed. Vigorous mixing will saturate the sample with oxygen.
Following approximately 14-, to 1 minute of mixing, the oxygen-
saturated sample is placed into the oxygen uptake container,
the DO probe inserted and 'he mixer turned on. The DO con-
centrations are then recorded with time for 10 to 15 minutes or
until zero DO is recorded. The uptake measurement is then
calculated according to the following equation:

Oxygen Uptake, (D0,, mg/L D02, mg/L) x 60 min
mg/L/hr (Time2, min Timer min) hr

The following example illustrates the determination of 02
uptake:

EXAMPLE 23

Given: An operator measures the dissolved oxygen (DO) con-
centraticn with time on an air-saturated sample taken
from an aerobic digester The following measurements
were recorded:

Time D.O. (mg/L)

0 Min 7.1
1 Min 6.0
2 Min 5.2
3 Min 4.5
4 Min 3.9
5 Min 32

Find: The oxygen uptake in mg/L/hr.

Solution:

Known Unknown

Aerobic Digester Oxygen Uptake, mg/L/hr

DO Measurements with Time
for an Air-Saturated Sample
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Ca culate the origeri uptake for the air-saturated sample
from an aerobl:. aigester in mg/L/hr. Generally the 2-minute
DO reading 's used in order to allow the DO probe and the
sample time to stabilize. The 5-minute DO reading also is used
in the calculation.

Oxygen Uptake, (D0,, mg/L D02, mg/L)

(Time2, min Time,, min)

(5.2 mg/L 3 2 mg/L)

(5 min 2 min)

2.0 mg/L 60 min

3 min hr

= 40 mg/L/hr

If the uptake measurement and residual DO measurements
are significantly different than those values usually rteasurea,
the operator should be aware that something may be wrony
(see Section 3.2240). Change in oxygen uptake rates could
indicate the presence of substances capable of inhibiting the
activities of the organisms treating the sludge.

Like a well-operated activates sluogo system, a well-
operated aerobic digester should be relatively free of odors.
The surface will contain a sn.-111 accumulation of foam due to
the turbulence created by the diffusers or mechanical aerators
and the operator should be aware of changes in the physical
appearance of the system. The operator soon comes to think
of an aerobic digester as a living organism. Th a organisms
thrive and enjoy gooe, health or become upset ai id refuse to
function properly. By combining careful observation with expe-
rience, you may determine what is happening and what
adjustments, if any, are required. Section 3.224 deals with
troubieshooting.

3.223 r pica! Performance

1 able 3.8 shows typical cperating guidelines for aerobic
digestion and includes a summary of performance to be
expected.

TABLE 3.8 OPERATIONAL AND PERFORMANCE
GUIDELINES FOR AEROBIC DIGESTION

mg/L/hr
60 min

hr

60 min

hr

Sludge
Typo

Primary
Secondary

Digestion Air Rate VSS
Time Destruction,
days

, Air, Mechanical, VSS Load,
CFM/cu fta HP/1000 cu ftb lb VSS/day/cu

15-20 0 015-0 06 0 05-1 25 08. 20 25-50
10-15 0 0.5-0 04 005.125 06 -20 25-40

a CFM/cu ft x 1 0= Cu M/min/Cu M
b HP/1000 cu ft x 26 34 = W/cu m
C lb VSS/day /cu ft x 10 02 = kg/day/cu m

The efficiency of aerobic digesters is usually measured by
the quantity of suspended and volatile (sludge) solids con-
verted to end products of CO2 and H20.

The following example illustrates how to calculate the effi-
ciei 4 of aerobic digesters.

EXAMPLE 24

Given- An aerobic digester receives 9,000 GPD of secondary
.sludge at a concentration of 3.6 percent sludge solids
(SS) and 74 percent volatile solids (matter). The di-
gester effluent is at a concentration of 2.6 percent
sludge solids and 64 percent volatile matter.

Find: 1. Pounds of sludge solids (SS) and pounds of volatile
sludge solids (VSS) entering the digester.

2. Pounds of sludge solids and pounds of volatile
sludge solids exiting the digester.

1 8,1 3. Efficiency of digester in destroying sludge solids, %.
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4. Efficiency of digester in destroying volatile sludge
solids, `)/0.

Solution:

Known

Aerobic Digester

Flow, GPD

Unknown

1. Sludge, Solids, In,
lbs/day
Volatile Solids In,

= 9,000 GPD lbs/day

Sludge Solids In, = 3 6%

Volatile Solids In, % = 74%

Sludge Solids Out, % = 2.6%

Volatile Solids Out, % = 64%

2. Sludge Solids Out,
lbs/day

Volatile Solids Out,
lbs/day

3. Sludge Solids Re-
moval Eff, %

4. Volatile Solids Re-
moval Eff, %

1. Determine the sludge solids and volatile solids entering the
aerobic digester in pounds per day.

Sludge Solids
Entering, lbs/day

Volatile Solids
Entering, lbs/day

= Flow, GPD x 8.34 lbs SS In,

gal 100%

= 9,000 gal x 8.34 lbs x 3.6%
day gal 100%

= 2,702 lbs SS/day

= Sludge Solids, lbs VSS, %

day 100%

lbs SS x 74%

day 100%

= 2,000 lbs VSS/day

2. Determine the sludge solids and volatile solids exiting the
aerobic digester in pounds per day.

Sludge Solids Flow, GPD x 8.34 lbs SS Out, %
Exiting, lbs/day gal 100%

9.000 gal x 8.34 lbs 2.6°/c,

day gal 100%

= 1,952 lbs SS/day

%= Sludge Solids, x VSS,

day 100%

1,952 lbs SS 64%

day 100%

= 1,249 Ibs VSS/day

3. Calculate the efficiency of the sludge solids destruction as a
percent.

Volatile Solids
Exiting, lbs/day

SC Destruct.3,1
-ttic.oncy, %

(SS Entering, lbs/day SS Exiting, Ibs/day) x 100%

SS Entenng, lbs/da)

(2702 tbs SS/day - 1952 lbs SS/day) x 100%

2702 tbs SS/day

27 8%

4. Calculate the efficiency of the volatile sludge solids destruc-
tion as a percent

(VSS Entering, VSS Exiting,) x 100%
VSS Destruction = lbs/day lbs/day

VSS Entering, lbs/day

(2,000 lbs VSS/day 1249 lbs VSS/day)x100%

2,000 lbs VSS/day

Efficiency, °70

7.6%

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 251 and 252.

3.20A What are the goals of stabilization?

3.20B List the unit processes comn;only used for stabiliza-
tion.

3.21A Explain the two-step process of anaerobic digestion.

3.22A Briefly explain the aerobic digestion process.

3.22B Why is continuous feeding of aerobic digesters pre-
ferred over batch draw-and-fill systems?

3.22C List the factors affecting aerobic digestion.

3.22D Briefly exp:ain why aerobic digestion is more suitable
for treating secondary sludges than treating pnmary
sludges.

3.22E How can an operator control the digestion time?

3.22F A digester with an active volume of 140,000 cubic
feet receives 110,000 gpd of primary sludge. What is
the digestion time (days)?

3.2'n If the sludge from problem 22.22F is thickened from
2.7 percent to 3.5 percent, what will happen to the
digestion time?

3.22H How does temperature affect aerobic digester per-
formance?

3.221 An aerobic digester with dimensions of 120 ft in
length, 25 feet wide, and 11 feet SWD receives
24,000 gpd of secondary sludge at a concentration
of 3.1 percent and 73 percent volatile matter. What
is the digestion time (days) and the VSS loading
(lbs/day/cu ft)?

3.22J Why should the DO in aerobic digesters be main-
tained at concentrations greater than 1.0 mg/L?

3 22K Explain how the DO level is determined in aerobic
digesters.

3.22L Determine the 02 uptake rate for the following field
measurements:

Time (min) DO (mg/L)

0 6.3
1 4

2 4.2
3 3.4
4 2.6
5 1.8
6 1.0

3.22M A .,000,000 gallon aerobic digester receives 91,000
gpd of primary sludge at a concentration of 5.1 per-
cent SS and 76 percent volatile matter. The digester
effluent is at a concentration of 3.7 percent SS ane
67 percent volatile matter. Determine the digestion
time (days), VSS loading (lbs/day/cu ft) and percent
VSS destruction.

3.224 Troubleshooting

Aerobic digesters, like all biological systems, are subject to
upsets. These upsets may resuit from equipment malfunctions,
changes in the influent characteristics and/or operation out of
the range of recommended operating guidelines.
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Even before sample analyses are available from the labora-
tory, the operator may become aware of process inefficiencies
by careful observation of the physical appearance of the di-
gested sludge and routine monitoring of the residual dissolved
oxygen.

3.2240 Dissolved Oxygen and Oxygen Uptake. After an aer-
obic digester reaches steady state, that is, the concentration of
solids within the digester is fairly constant, the 02 uptake
rate and residual DO should be relatively constant from day to
day. If the residual DO increases significantly, the operator
should be aware that either the air rate is excessive or the 02
uptake rate and activity of the biomass has decreased. The 02
uptake should be checked immediately. If the 02 uptake is in
the range normally encountered, then the biomass is function-
ing properly and the increase in DO is mcst likely due to high
air rates to the digester. The operator should check the air rate
and adjust as required to maintain a DO of 1 to 2 mg/L. Exces-
sive air rates are not desired because they may cause high
turbulence within the digester which may adversely affect
sludge settleability and may lead to foaming problems. If the
02 uptake rate is significantly lower than normal, the operator
should be aware that something may be inhibiting the biomass.
The operato should check the temperature and pH of the
digester contants. A significant decrease in the temperature; or
pH will reduce the activity of the biomass. If the temperature is
low, the operator should try to determine what could have
caused the dry in temperature and how the temperature can
be returned tr the normal operating range. If the pH is signifi-
cantly lower ,han normal (6.8 to 7.3), the operator may have to
add causk. or lime for pH adjustment. A decline in the pH may
be c.c::ised by nitrification in the digester or by changes in the
'-.:went sludge characteristics. If the decline is caused by nitri-
fication, the decrease in pH will be gradual over about a week's
time. A review of the daily pH measurements will indicate
whether the decline was gradual or not. If nitrification is the
cause of a decrease in pH, the operator may lower the air rate
somewhat and/or decrease the hydraulic detention time
somewhat to suppress the growth of nitrifying bacteria. In any
case, the pH should not be allowed to drop below 6.0. If the pH
is below or close to 6.0, the operator should take immediate
action to neutralize the digester contents. The safest and
easiest way to determine the quantity of lime (Ca(Ol-02) or
caustic (1NIP'11-1) to be added is to conduct jar tets (see page
171, JAR PEST PROCEDURE) or the digested sludge
according to the following example.

EXAMPLE 25

Given. The pH of an aerobic ounester has declined to 6 1 The
operator wishes to raise the pH to 7.0 with the addition
of sodium hydroxide

Find How much caustic must be added if the digester vol-
ume is 100,000 gallons

Procedure: The operator should run jar tests on the digested
sludge and determine how much must be added to a 1
liter sample to raise the pH to 7.0. ASSUME the
operator determines that 20 mg OF CAUSTIC added to
1 LITER of sludge raises the pH to 7.0. The quantity that
must be added to the full-scale plant must oe calculated
according to the following solution.

Solution.

Known

Aerobic Digester

pH down to
Up pH to

Digester Vol, gal

= 6 1
= 7 0

= 130,000 gal

Unknown

Amount of Caustic
(NaOH) to be added,
lbs
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Jar Test Results,
Caustic Added,
mg/L = 20 mg Na0H/L

Determine the amount of caustic (NaOH) to be added in
pounds.
Caustic Added,

lbs
NaOH to Jar, mg x Dig Vol, gal x 3.78 L/gal

Sludge Sample Vol, L x 454 gm/lb x 1000 mg/gm

20 mg x 100,000 gal x 3.78 L/pal

1 L x 454 gm/ib x 1000 mg/gm

= 16.7 lbs NaOH

If a significant rise in DO along with a decrease of 02 uptake
is definitely not being caused by low temperatures or low pH,
the operator should check the sludge flow and volatile sludge
solids loading to the digester during the previous seven days.

Excessive sludge flows will reduce tne time of digestion and
may increase the volatile sludge solids loading to the point
where the digester is operatir.) out of the recommended range
of operation. The operator should adjust the flows and volatile
sludge solids loading so as to operate within the range nor-
mally used for good operation.

The discussion thus far has dealt with a residual DO higher
than normal, but the reverse may be noted. If the DO drops
significantly, the operator should check the air rate and adjust
as required to increase the residual DO to 1.0 to 2.0 mg/L. If
higher than normal 02 uptake rates are also noted, the
operator should be aware that the volatile sludge solids loading
rate to the digester may be higher than normal. As long as
sufficient air capacity exuts to meet air requirements at higher
loading rates, the system can still operate but the operator
should still check critical operating guidelines such as tempera-
ture, pH, and digestion time. If low DO exists and the blower is
operating at full capacity. the operator should decrease the
flow and loading to the digester or obtain additional blower
capacity if the loadings cannot be decreased.

3.2241 Foaming. Aerobic digesters often develop foaming
problems. If excessive foam develops, the operator should
check the a rate and residual DO If the DO is :lig!) and the
remaining critical factors (02 uptake, pH, temnerature) are
satisfactory, the problem may be related to excessive turbu-
lence In this case, you should lower the air rate. If the DO is
low, the operator should increase the air rate and observe a
sample of digested sludge under r microscope. Low DO en-
courages filamentous growth. If filamentous growths are ob-
served, the problem may be related solely to DO and the pre-
dominance of filamentous growths. On occasion, foaming will
develop even with high DO. If this occurs, the problem may be
related to influent characteristics and the operator should add
defoaming agents to the digester to suppress the foam. Foam-
ing in biological systems can be caused by a variety of condi-
tions and generally indicates a rather complex problem. If the
procedures given in this section will not cure a foaming prob-
lem, a consultant may be helpful.

3 2242 Loadings. Both the digeston time as governed by
the hydraulic flow rate (GPD) and the volatile sludge solid6
loading (lbs VSS/day/cu ft) should be maintained in the
ranges summarized in Table 3 8 (page 163). Operation
outside of the recommended range may lead to decreased
digester efficiency. A review of daily influent and effluent
pounds of volatile sludge solids will indicate whether or not
the digester is efficiently converting volatile (organic) matter
to stabilized end products. A decrease in volatile suspended
solids destruction should indicate to the operator that either
digestion times are too short or volatile sludge solids load-
ings are too high.

Table 3.9 summarizes operational problems that may be
encountered and corrective measures that might be taken.
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Operational Problem

1. High residual DO and normal
uptake rate

2. High residual DO and low up-
take rate

3. Foaming

4. Reduced VSS destruction

5 Poor settling sludge

TABLE 3.9 TROUBLESHOOTING AEROBIC DIGESTERS

Possible Causes Check or Monitor Possible Solutions
1. High air rates 1. Air rate

2. a. Low digester temperature
b. Low digester pH
c. VSS loading too high or too

low
d. Digestion time too high or

too low
e. Toxicity

3 a. Filamentous growir,
b. Excessive turbulence

4. a. Low digestion time
b. High VSS Loading
c. Low temperature
d. Low DO
e. Low pH
f. Toxicity

5 Digestion time too high or too
low

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 252 and 253.

3.22N What routine checks can the operator make to indi-
cate aerobic digestion process inefficiencies?

3.220 A 15,000 gallon aerobic digester has been operating
successfully with a sludge flow of 1000 GPD. The
influent sludge is normally at a concentration of 3.6
percent with a volatile content of 74 percent. The
operator determines the residual DO in the digester
to be 4.0 mg/L. Normally the digester operates at a
DO of 1.5 mg/L. What should the operator do?

3.22P List the potential causes of foaming and the correc-
tive measures that should be taken.

3.23 Chemical Stabilization

Sludges which are not biologically digested or thermally sta-
bilized can be made stable by the addition of large dosages of
lime or &donne. THE ADDITION OF LIME OR CHLORINE to
sludge to prepare it for ultimate disposal IS NOT A COMMON
PRACTICE. Chemical additioi is usually considered to be a
TEMPORARY STABILIZATION PROCESS and finds applica-
tion at overloaded plants or at plants experiencing stabilization
facility upsets. The main drawback to chemical stabilization is
the cost associated with the large quantities of chemical re-
quired.

3.230 Lime Stabilization

time stabilization is accomplished by adding sufficient quan-
tities pf lime to the sludge to raise the pH to 11.5 to 12.0.
Estimated dosages to achieve a pH of 11.5 to 12.0 are gener-
ally 200 to 220 pounds of lime per ton for primary sludge solids
(100 to 110 grams of lime per kg of solids). Waste activated
sludge (WAS) will require doses from 400 to 800 pounds of
lime per ton of sludge solids (200 to 400 grams of lime per kg of

2. a. Temperature
equipment

b. pH. Check for nitrification
c. Flow rate and feed concen-

tration
d. Flow rate
e Toxic trace constituents in

the influent sludge

and heating

3. a. Residual DO and mi-
croscopic exam

b. Air rate and residual DO

4. a. Flow & concentration of
feed

b. Same as 4. a.
c. Temperature
d DO
e. pH
f. Toxic trace constituents in

the influent sludge

5 Flow rate and solids wasting

1. Lower air rate

2. a. Increase temp.
b. Neutralize pH. Lower air

rate & digestion time
c. Adjust to obtain recom-

mend( d loading
d. Adjust to obtain recom-

mended detention time
e. Control of industrial waste

discharges

3. a. Increase air rate. Add de-
foamant

b. Lower air rate. Add de-
foamant

4. a. Decrease flow
b. Decrease flow
c. Adjust temperature
d. Increase air rate
e. Neutralize pH
f. Control industrial waste

discharges

5. Run jar test to determine op-
timum dosage of alur iime or
polymer

solids). An indication of the quantity required for a medium-size
wastewater treatment plant is given in the following example.

EXAMPLE 26

Given: A 3.0 MGD secondary treatment plant produces 3,400
lbs/day of primary solids and 1,700 lbs/day of second-
ary sludge solids. Lime stabilization requires the addi-
tion of 210 lbs/ton to raise the pH to 12 0.

Find: The lbs of lime required per day.

Solution:

Known

Secondary Treatment Plant

Flow, MGD = 3.0 MGD

Prim Sol, lbs/day = 3,400 lbs/day

Sec Sol, lbs/day = 1,700 lbs/day

To increase pH to 12.0, = 210 lbs lime
add lime, lbs/ton ton SI Sol

Unknown

Lime Required, lbs/day

Calculate the amount of lime required in pounds of lime per
day.

Lime Req'd , Dose, lbs .ime Sludge, lbs/day
lbs/day Ton Sludge 2000 lbs/ton

210 lbs lime (3400 lbs/day + 1700 lbs/day)

Ton Sludge 200 lbs/ton

= 536 lbs lime/day

An important consideration and Jrawback of lime stabiliza-
tion is that the Mudge mass is not reduced as with other stabili-
zation processes (digestion, oxidation). In fact, the addition of
lime adds to the overall quantity of solids that must be ulti-
mately disposed.
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3.231 Normal Operating Procedures

Lime as it arrives from the supplier in powder form cannot
be added directly to sludge. The powdered lime must be
made into a SLURRY26 with the additio' of water prior to
blending with the sludge. Slurry concerr tons (lb lime/gal
water) are discussed in Section 3.3, "Conditioning." A lime
stabilization system must incorporate the use of a slurry or
mixing tank to mix the lime with water; a slurry transfer pump
and a sludge mixing tank to mix the Sludge and lime slurry.
The process may be either continuous or batch and the
slurry-sludge mixing tank must be of sufficient size to allow
the mixture to remain at least 30 minutes at a pH of 11.5 to
12.0 before disposal. The pH of the slurry-sludge mixture
should be measured either maoually or automatically to
ensure proper pH adjustment. The process of lime stabiliza-
tion produces an unfavorable environment and destroys
pathogenic and nonpathogenic bacteria. If the pH is not
adjusted to the above range, the goals of stabilization will
not be achieved.

3.232 Troubleshooting

The usual problem that is encountered with lime stabilization
is improper pH adjustment and subs lquent disposal of unsta-
bilized sludge. Routine pH measurements on the slurry- sludge
mixer will inform the operator of process inefficiencies. If the
pH is lower than desired, the operator should check the slurry
tank, slurry transfer pump and the flow and concentration of
solids to the slurry sludge mixing tank. If an insufficient amount
of lime was slurried or the slurry transfer pump is inoperative,
the desired pH rise will not be acheived. If the lime slurry
equipkient and accessories are operating properly, the
operator should cti,.ck the flow rate and solids concentration to
the mix tank. If either the flow or concentration is higher than
rormal, the total pounds of sludge solids also will be higher. In
this case, the operator should increase the rate of flow of the
lime slurrry to the mixing tank until the desired pH is obtained.

3.223 Chlorine Stabilization

Chlorine stabilization is accomplished by adding sufficient
quantities of chlorine to the sludge to kill pathogenic and non-
pathogenic organisins. Estunated dosages to achieve disinfec-
tion are generally 100 to 300 lbs chlorine/ton of sludge sords
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(50 to 150 gm chlorine/kg sludge solids). Waste activated
sludge (WAS) requires higher doses than primary sludge. As is
the case with lime stabilization, there is very little reduction of
the sludge nass with chlorine stabilization. Therefore, the
quantity of solids that remain for ultimate disposal are signifi-
cantly greater than with digestion processes. The addition of
the large quantities of chlorine required for stabilization will
result in an acidic (pH < 3.5) sludge and neutralization with
lime or caustic may be required prior to dewatering due to the
corrosive condition of the mixture.

3.234 Normal Operating Procedures

Sludge to be treated enters the chlorine-sludge retention
tank (Fig. 3.13) through a feed or recirculation pir rip. The
retention tank is normally operated at a pressure of 35 to 45
psig (2.5 to 3.2 kg/sq cm) and detention times of 10 to 15
minutes. After :baying the reactor, the flow splits without
about 10 percent discharged for further solids processing
and 90 percent passing through an eductor and recycled
back to the reactor. The passage of the sludge through the
eductor creates a vacuum which causes the chlorine gas to
move from the chlorine supply container into the sludge line.

Chlorine stabilization systems are completely autoated
with shutdown switches in the event of equipment malfunc-
tions. The operator should refer to manufacturer's literature for
routine operating procedures and troubleshooting techniques.
In general, since these systems are fully automated, the
operator need only be concerned with maintaining desired
flows, replenishing chlorine supplies as needed, adjusting the
chlorine addition rate, and checking equipment operation ac-
cording to manufacturers recommendations.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 253.

3.23A List two chemicals used to stabilize sludges.

3.236 What are two major limitations of using chemicals to
stabilize sludges?

3.23C Under what circumstances are chemicals mos often
used to stabilize sludges?

ENO OF t.erivow
OF 5 L.64170t44

414% o&e:t.Sgt4

014 PO4A1.

26 Slurry (SLUR-e). A thin watery mud or any substance resembling it (such as a grit slurry or a lime slurry).
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DISCUSSION AND REVIEW QUESTIONS

Chapter 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 2 of 5 Lessons)

Wnte the answers to these questions in your notebook be-
fore continuing. The problem numbering continues from Les-
son 1.

8. Why do wastewater treatment plant sludges have to be
stabilized before disposal?

9. What variables affect the operation and performance of
aerobic digesters?

3.3 CONDITIONING

Solids Disposal 169

10. What laboratory tests should be performed on aerobic di-
gester influent and effluent samples?

11. What factors could upset an aerobic digester?

12. What problems are commonly encountered with the lime
stabilization process',

CHAPTER 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 3 of 5 Lessons)

3.30 Purpose of Conditioning

Conditioning is defined as the pretreatment of sludge to
facilitate the removal of water in subsequent treatment pro-
cesses. Solid particles in sludge usually require conditioning
because they are fine in particle size, hydrated (combined with
water) and may carry an electrostatic charge. Sludge condi-
tioning reduces mutually repelling electrostatic charges on
suspended sludge particles, decreases the ability of biological
sludges to entrain (hold) water and promotes COAGULA-
TION27 (gathenng together) of the sludge solids. Sludge condi-
tioning methods include: (1) chemical treatment, (2) thermal
treatment, (3) wet oxidation, (4) ELUTRIATION28 and (5)
others such as freezing, electrical treatment and ultrasonic
treatment. Of these, only chemical treatment, elutriation, ther-
mal treatment and wet oxidation are practiced on a full-scale
basis and the following discussion will focus on these four
methods only.

3.:.11 Chemical Conditioning

Thb most commonly used chemical(s) for sludge condition-
ing is ferric chloride either alone or in combination with lime. In
recent years, a group of synthetic organic chemicals, known as
POLYELECTROLYTES29 or polymers, have been developed
and their use is rapidly gaining popularity and acceptance
Polymers are usually classified in three general types: anionic,
cationic, or nonionic. Anionic polymers have a negative charge
and are normally used as coagulant aids with positively
charged alum and femc chlonde. Cationic polymers are posi-
tively charged and can serve as the sole coagulant or in com-
bination with an inorganic coagulant such as alum. The use of

cationic polymers is most common in sludge dewatering.
Nonionic polymers are normally comprised of equal portions of
cationic and anionic polymers, and have a charge that can vary
with the pH of the solution. Nonionic, anionic and cationic
polymers are all used as a coagulant aid. A seasonal fluctua-
tion has been noted in chemical conditioning requirements so
that many plants can successfully condition using cationic
polymers dunng the summer u. - anionic polymers during the
winter.

A detailed review of the chemistry involved when chemicals
are used for conditioning is beyond the scope of this chapter.
Essentially, the addition of chemicals reduces natural repelling
forces and allows the solids to come together (coagulate) and
gather (FLOCCULATE)" into a heavier solid mass.

The optimum chemical(s) type and dosage fog a particular
sludge is highly dependent on the characteristics of that
sludge. Calculation of chemical requirements is usually based
on ON-SITE EXPERIMENTATION and TRIAL AND ERROR
PROCEDURES. This is because sludge types and characteris-
tics vary from one treatment plant to the next and there is no
one chemical or dosage that can be applied to all plants and
sludges.

3.310 Chemical Requirements

In selection of chemical types and the determination of
chemical requirements, it is Important that the operator be very
.amilia, with the selection procedures and be able to compare
the efficiency and cost of one product or chemical with other
products.

27 Coagulation (co-AGG-you-LAY-shun). The use of chemicals that cause very fine particles to clump tigether into large, particles This
makes it easier to separate the solids from the liquids by settling, skimming, draining, or filtering

" Elutnation (e-LOO-tree-A-shun) The washing of digested sludge in plant effluent The objective is to remove (wash out) fine parts .ulates
andior the alkalinity in sludge. This process reduces the demand for c._iditiorung chemicals ald improves settlin9 or filtering characteristics
of the solids.

29 Polyelectrolyte (POLY-electro-light). A high-molecular-weigh: substance that is formed by either a natural or synthetic process Natural
polyelectrolytes may be of biological origin or denved from starch products, cellulose denvatives, and ahgnates Synthetic polyelectrolytes
consist of simp.e substances that have been made into complex, high-molecular-weight substances Often called a 'polymer

3° Flocculation (FLOCK-you-LAY-shun). The gathenng together of fine panicles to form larger particles.
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Chemical requirements are usually determined by prelimi-
nary laboratory-scale "jar tests" (page 171) followed by pilot
or full-scale trial experiments.

Jar tests are effective in indicating the RELATIVE quantity of
chemicals) required, but should be followed by on-site dewa-
tering experiments to more accurately determine the required
chemical dosage.

Chemicals are available in either liquid or solid (powder,
crystals) form and the best way to equate one product to the
next is to express the quantity required (lbs) per unit (tons) of
dry sludge solids. The quantity required per unit of dry sludge
solids (lb/ton) can then be multiplied by the chemical cost per
pound ($Ilb) to give you the cost in dollars per ton (r/ton) of
sludge processed for each type of chemical.

EXAMPLE 27

Given: Jar tests indicate that a waste Pctivated sludge flow of
30,000 GPD with a solids concentration of 1.5 percent
sludge solids will require 18 pounds per day of Polymer
A or 165 pounds per day of Polymer B for successful
gravity thickening. Polymer A is a dry product and costs
$2.00 per dry pound. Polymer B is a liquid product and
costs $0.21 per liquid pound.

Find: 1. The polymer dosage in pounds polymer/ton of solids
for Polymer A and Polymer B.

2. The unit cost in $/ton.

Solution:

Known Unknown

Jar Tests on Waste Activated Sludge 1 Polymer dosage in lbs
polymer per ton of sol-
ids for both Polymer A
and B.

Flaw, GPD

SI Sol, %

Polymer A, lbs/day

Polymer B, lbs/day

Polymer A, $/lb

Polymer B, S /lb

= 30,000 GPO

= 1.5%

= 18 lbs/aay

= 165 lbs/cloy

= $2.00/dry ib

= $0.21/liquid lb

2. Unit cost in dollars per
ton .'or both Polymer A
and B

1. Determine the polymer dosage in pounds of polymer per
ton of sludge for both Polymer A ar,d B.

a. Calculate the tons of dry sludge solids per day treated
by the polymers.

Flow, GPD x 8.34 lbs x SI Sol. %

Sludge, =
tons/day

=

gal 100%

2000 lbs/ton

30,000 gal x 8.34 lbs x 1 5%

day gal 100%

2,000 lbs/ton

= 1.88 tons/day

b. Calculate the dosage for Polymer A in dry pounds of
polymer per ton of sledge solids.

Amount of Polymer A, lbs/day
=Polymer A Dose,

lbs polymer Sludge, tons/day

ton sludge
=

18 lbs Polymer Nday

1.88 tons/day

- 9.6 lbs dry Polymer A/ton sludge

c Calculate the dosage for Polymer B liquid pounds of
polymer per ton of sludge solids.

Polymer B Dose, =
lbs polymer

ton sludge

Amount of Polymer B, lbs/day

Sludge, tons/day

165 lbs Polymer B/day

1.88 tons/day

= 88 lbs liquid Polymer B/ton sludge

2. Determine the unit cost in dollars per ton for both Polymer A
and B.

a. Calculate the unit cost for Polymer A in dol;ars of
polymer per ton of sludge solids treated.

Unit Cost, $/ton = Dose, lbs polymer x Polymer Cost, $

ton sludge lb

9.6 lbs polymer x $2.00

ton sludge lb polymer

= $19.20/ton of sludge

b. Calculate the unit cost for Polymer B in dollars of
polymer per ton of sludge solids treated.

Unit cost, $/ton = Dose lbs polymer x Polymer Cost_$
ton sludge lb

lbs polymer $0.21= 88
ton sludge lb polymer

--, $18.50/ton of sludge

This example illustrates the need to equate polymers on a
cost per ton of solids ($/ton) basis rather than on a pound of
product per ton of solids (lb/ton) basis. Even though more
pounds of Product B were required, it yielded a lower cost than
Product A.

Successful jar test and pilot or full-scale chemical addition
requires that the chemicals be "prepared" prior to application.
Liquid and powder or crystal polymers and lime must be mixed
with water prior to using as a sludge conditioner. Ferric
chloride can be added directly to sludge as it arrives in either
bulk tanks or 55- gallon drums.

Typically, dry polymers are mixed with water to produce a
solution strength of 0.05 to 0.25 percent. Liquid polymers are
usually diluted to 1 to 10 percent polymer solutions as product,
while lime is mixed to create 5 to 30 percent lime solutions
THESE SOLUTION STRENGTHS ARE ALL BASED ON THE
RATIO OF PRODUCT WEIGHT TO THE WEIGHT OF WATER.
Sample calculations to determine the pounds of product re-
quired per gallon of solution are illustrated below:

EXAMPLE 28

Given: Twenty five gallons of a 0.1 percent polymer solution is
to be prepared by an operator at a wastewater treat-
ment plant.

Find: The pounds of dry polymer to be added to the 25 gal-
lons of water.

Solution:

Known

Volume of Solution, gal = 25 gal Dry Polymer Added, lbs

Polymer Solution, % = 0.1 %

Unkncwn
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Determine the pounds of dry polymer to be added by setting
up the problem as a proportion.

Polymer Solution, % Dry Polymer, lbs

100% Vol of Sol, gal x 8.34 lbs/gal

0.1% Dry Polymer, lbs

100% 25 gal x 8.34 lbs/gal

Rearrange the terms in the above equation and solve for the
pounds of dry polymer.

Dry Polymer, lbs = 25 gal x 8 34 ibs/gal ,, 0.1%

100%

= 0.21 lbs of Dry Polymer

In the above example, if 0.21 lbs of dry Polymer are mixed
with 25 gallons of water, the sc'ution strength would be 0 10
percent.

EXAMPLE 29

Given: Six pounds of dry polymer are added to 480 gallons of
water.

Find: The strength of the polymer solution.

Solution:

Known Unknown

Volume of Solution, gal = 480 gal Strength of Polymer
Solution, %

Dry Polymer Added, lbs = 6 lbs

Calculate thE. strength of the polymer solution as a percent.

Polymer Solution, % Dry Polymer Added, lbs x 100%

Vol of Sol, gal x 8.34 lbs/gal

= 6 lbs polymer x 100 %

480 gal x 8 34 lbs/gal

= 0.15%

EXAMPLE 30

Given. A lime solution is prepared by adding 250 pounds of
lime to 100 gallons of water.

Find. The strength of the lime solution as a percent.

Solution:

Known Unknown

L.me Solution Strer,gth of Lime Solution, %

Lime Dose, lbs = 250 lbs

Water Volume, gal = 100 gal

Calculate the strength of the lime solution as a percent

Lime Solution, % = Dry Lime Dose, lbs x 100%

Volume of Water, gal x 8.34 lbs/gal

250 lbs lime x 100%

100 gal water x 8.34 lbs/gal

= 30%

EXAMPLE 31

Given: Five gallons of a liquid polymer are added to 395 gal-
lons of water.

Find: The strength of the polymer solution as a percent.

Solution:
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Known Unknown

Liquid Polymer, gal = 5 gal Strength of Polymer
Solution, %

Volume Water, gal = 395 gal

Calculate the strength of the polymer solution as a percent.

Polymer _ Liquid Polymer, gal x 8.34 lbs/gal* x 100%
Solution, % Total Volume, gal x 8.34 lbs/gal

= 5 gal x 8.34 lbs/gal x 100%

(395 gal + 5 gal) x 8.34 lbs/gal

= 1.25%

Most liquid polymers are heay.er than 8.34 lbs/gal.

The procedures for jar tests are outlined below and again, it
should be noted that these tests only indicate the relative effec-
tiveness of sludge conditioners. JAR TESTS SHOULD BE
FOLLOWED BY PILOT OR FULL-SCALE TESTS TO DETER-
MINE THE EXACT CHEMICAL REQUIREMENTS.

JAR TEST PROCEDURE

1. Collect approximately one (1) gallon (approximately 4 liters)
of e representative sample of sludge to be tested.

2. Prepare chemical solutions according to the manufacturer's
recommendation. Only a small amount of chemical solution
is needed for the jar test as compared with actual doses for
wastewater being treated.

3. Save approximately 1/2 liter of the sludge sample for the
sludge solids determination.

4. Fill a 1-liter beaker up to the 1-liter mark with the sludge to
be tested.

5. Pipet a portion of the prepared chemical solution into the
beaker containing the sludge. Polymer dosages should be
increased by increments of 5 lbs/ton (2.5 gm/kg) or less for
dry polymers, 25 lbs/ton (12.5 grn/kg) or less for liquid
polymers, 100 lbs/ton (50 gm/kg) or less for femc chloride
and 200 lbs/ton (100 gm/kg) or less for lime.

6 After the chemical is placed in the beaker containing the
sludge sample, the entire contents should be poured
SLOWLY into a second 1-liter beaker and then poured
slowly back to the original 1-liter beaker. This slow pouring
action allows the chemical to mix with the sludge and
coagulate and flocculate the sludge solids. If the chemical is
effective, large floc particles will develop and free water will
be observed. If the floc does not develop, add another por-
tion of the chemical solution and slowly pour from one
beaker to next. Continue adding portions of the chemical
followed by gentle pouring until floc formation and clear
water or a supernatant are observed.

7. Instead of pouring the chemical and sludge sample back
and forth from one beaker to another, a stirring apparatus
can be used as descnbed in Chapter 23, Section 23.130,
Jar Test." The chemical mixing, flocculation, and settling

conditions used in the jar test should be similar to the actual
conditions in the treatment plant in order to obtain realistic
results.

8. Record the volume of chemical solution required for floc
formation.

9. After the solids analysis is performed on the initial sludge
sample, determine the chemical dosage and associated
costs.

The following example illustrates the incremental procedure
and calculations for jar testing.
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EXAMPLE 32

Given: A 1-gallon (4 liter) sample of digested primary sludge is
to be collected and jar tests run using Polymer A, a dry
polymer, and Polymer B, a liquid product. A 1/2-liter
sample of the digested sludge was analyzed far sus-
pended solids concentration. The sludge solids .::oncen-
tration was found to be 2 percent (20,000 mg/L).

Find: The quantity and approximate cost of Polymer A and
Polymer B required.

Polymer Preparation:The solution to this problem is a series of
je,r tests. The first step is to prepare the polymer solu-
tions. Polymer A is a dry polymer, therefore, mix a 0.05
to 0.25 percent solution. For jar tests, a 0.1 percent
solution is desirable. Approximately 1 liter of solution
should be prepared. The quantity of dry polymer to be
added to 1 liter of water is determined based on the
calculation in Example 29.

Solution:

Known Unknown

Jar Tests Run on Quantity and Cost of Polymer
Polymers A and B A and Polymer B

Sludge Solids, % = 2 %
mg/L = 20,000 mg/L

Polymer A is a dry powder
0.05 to 0.25 percent solution

Polymer B is a liquid mix
1 to 10 percent volution

1 liter = 1 Met = 0.265 gal
3.78 L/gal

To dose the jars, prepare 1 liter of a 0.10 percent solution of
the dry polymer.

Dry Polymer = Volume, gal x 8.34 lbs/gal x Solution,

100%

= 1 L 0.265 gal x 8.34 lbs x 0.10%

L gal 100%

= 0.0022 lbs of dry polymer

Convert the dose in pounds to grams.

Dry Polymer, = 0 0022 lbs x 454 grams/lbs
grams

= 1 00 grams

OR

Calculate the polymer dose in grams directly,

Dry Polymer,
grams

Volume, L x 1000 gm Solution, °A,=
L 100%

1 L x 1000 gm 0.10%=
L 100%

= 1.00 grams

Therefore, 1.00 gram of dry polymer mixed with 1
water will produce 0.10 percent polymer solution.

To dose the jars, prepare 1 liter of a 2.5 percent solution
the liquid polymer.

Convert the dose in gallons to milliliters.

Liquid Polymer, 0.0065 gal x 3780 ml
ml ga,

= 25 ml

OR

Calculate the liquid polymer dose in milliliters directly,

Liquid Polymer,
ml

Volume, L x 1000 ml Solution, %

L 100%

= 1 L x 1000 ml x 2 5%

L 100%

= 25 ml

Determine the amount of water to be mixed with the liquid
polymer.

Volume Water, = Total Volume, inl Liquid Polymer, ml
ml = 1000 ml 25 ml

= 975 ml

Therefore, 25 ml of liquid polymer mixed with 975 ml of water
will produce a 2.5 percent solution.

Following polymer preparation, the jar tests should be con-
dueled and the results recorded according to the following for-
ma,

Polymer

Product % ml
Stud:, Type Type Form Solution Added Observation

Dig Primary A dry 0 10 15 No floc formed

Dig. Primary A dry 0 10 30 Small floc formed

Dig Primary A dry 0 10 50 Large floc and
'leer supernatant

Dig Primary B liquid 2.5 15 No floc formed

Dig. Pnmary B liquid 2 5 30 Small floc formed

Dig Primary B liquid 2 5 50 Large floc and
clear supernatant

Based on the amount of polymer added and the observa-
tions made for the above tests, approximately 50 ml of Polymer
Solution A and 50 ml of Polymer qolution B are required to
coagulate and flocculate the solids The dosage (lb/ton) can
then be calculated as follows:

POLYMER A (DRY)

Determine the dosage of Polymer A in pounds of polymer
per ton of sludge solids treated.

Sol, % Polymer. ml 1 gal 8 34 lbs 2000 lbs

Dosage, lbs = 100% (Added) 3780 ml gal ton

ton SI Vol, L 1 gal 8 34 lbs SI Sol, 9,0

liter of 3 78 L gal 100%

Liquid Polymer,
gt!

%Volume, gal x Solution

100%

= 1 L x 0.265 gal 2.5%

L 100%

= 0.0065 gal

of By cancellti g out similar terms, the equation can be reduced
to:

Dosage, lbs Sol, % x Polymer Added, ml x 2

ton SI Vol, L x SI Sol, %

0.10 x 50 x 2

19 4

1 0 x 2.0

= 5 lbs dry Polymer/ton sludge solids



POLYMER B (LIQUID)

Dosage,
lbs Sol, % x Polyme, Added, ml x 2

ton SI Vol, L x S! Sol, %

2.5 x 50 x2
1.0 x 2.0

= 125 lbs liquid Polymer /IL.. sludge solids

Calculate the cost per ton to use Polymer A if the dry Polymer
costs $2.00 per pound.

Cost, $ 5 lbs Polymer $2.00

ton ton sludge solids lb Polymer

= $10/ton sludge solids

Calculate the cost per ton to use Polymer B if the liquid
Polymer costs $0.21 per pound.

Cost, = 125 lbs Polymer Si) 21

ton ton sludge solids lb Polymer

= V16.25/ton sludge solids

Based on these jar tests, Polymer A would cost abo.lt one
half as much as Polymer B.

Following jar test experiments, the polymer or any other
chemical should be evaluated on pilot or full-scale equipment
The determination of polymer dosages is identical to calcula-
tions used for the jar test examples except that larger values of

chemical and sludge are used. The following example illus-
trates the calculation on a cull -scale basis.

EXAMPLE 33

Given: A waste activated sludge flow of 200 gpm at 0 90 per-
cent (9000 mg/L) solids is to be conditioned w;th 20
gpm of a 0.05 percent dry polymer solution

Find: The pounds of dry polymer to be mixed with 5000 gal-
lons of water to produce a 0.05 percent solution and the
resulting dosage in lbs/ton

Solution:

Known

Waste Activated Sludge

Sludge Flow, GPM = 200 GPM

SI Sol, % = 0 90%

, mg/L = 9,000 mg/L

Polymer Flow, GPM = 20 GPM

Polymer Solution, % = 0 05%

1. Determu
5,000 galk.

Dry Polymer
Required, lbs

Unknown

1. Pounds of dry polymer
to be mixed with 5000
gallons to producc a
0 05 percent polymer
solution.

2 Dosage in pounds
polymer per ton of
sludge solids.

pounds of dry polymer to be mixed with
1 produce a 0 05 percent polymer solution

Polymer Sol, °o x Vol, gal ,k 8 34 lbs,'gal

100%

0.05% x 5000 gal x 8 34 lbs

100% gal

= 20 9 lbs
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2. Calculate the dosage in pounds of polymer per ton of
sludge solids.

Dosage, lbs Sol, % x Polymer Added, GPM 2000 lbs

ton SI Flow, GPM x SI Sol, % ton

0 05% x 20 GPM 2000 lbs

200 GPM x 0.9% ton

11 1
lbs polymer

=
ton sludge solids

An extensive amount of time and discussion was devoted to
the determination of chemical solution requirements and chem-
ical dosages because many times the proper amount(s) of
chemicals are not added in routine operation. In order to chem-
ically condition sludge at the required dosage, the operator
must be able to determine the quantity to be prepared and
added to the sludge.

QUESTIONS
Wade your answers in a notebook and then compare your

answers with those on page 253 and 254.

3,30A Why do solid particles present in sludge usually re-
quire conditioning?

3 30B List the different types of conditioning methods avail-
able.

3.31A Briefly explain how chemical addition conditions
sludge.

3.31B Explain why chemical types and dosage require-
ments vary from plant to plant.

3.31C Briefly explain how chemical requirements are de-
termined for a particular sludge.

3.31D Three pounds of dry polymer are added to 360 gal-
lons of water. What is the solution strength of the
mixture?

3.31E Ten pounds of lime are added to 100 gallons of wa-
ter. What is the solution strength of the mixture?

3.31F Ten gallons of liquid polymer are added to 790 gal-
lons of water What is the solution strength of the
mixture?

3.31G Five gallons of commercially available ferric chloride
is added to 50 gallons of water. What is the solution
strength of the mixture?

3.31H A jar test has been conducted on digested primary
sludge. The sludge has a concentration of 3.0 per-
cent SS (30,000 mg/L) and 60 ml of a 0.15 percent
solution of polymer was required to flocculate the
sludge. Determine the polymer dosage in lbsiton and
the cost in $/ton if the polymer costs $1.5011b.

3 311 A polymer solution of 2.5 percent is prepared from a
liquid polymer and added at a rate of 3 GPM to a
sludge flow of 30 GPM. The sludge has a solids con-
tent of 4 percent sludge solids Determine the dos-
age (lbs/ton) and the cost ($/ton) if the liquid polymer
costs $.20/1b.
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3.311 Chemical Solution Preparation

ONE OF THE KEYS TO SUCCESSFUL CHEMICAL CON-
DITIONING IS THE PREPARATION OF THE CHEMICAL SO-
LUTION. Depending on the solution strength to be made, the
proper amount (Ibs) of dry polymer or time must first be
weighed out and then added to a predetermined amount of
water and mixed. THE WEIGHING CONTAINER SHOULD BE
DRY, AND THE DRUMS OR BULK STORAGE TANKS OF
DRY CHEMICALS SHOULD NOT BE ALLOWED TO ABSORB
MOISTURE. If these chemicals are stored in a dry place, there
should be no problems with handling and transferring to a
weighing container. If the chemicals absorb moisture or be-
come wet, balls or cakes of chemicals will form and prevent
easy handling and transferring.

If the quantity of chemical used exceeds approximately 25 to
50 lbs per day (11 to 22 kg/day), automatic chemical feed
systems are commonly used. Such equipment usually includes
a storage hopper to hold bulk supplies of the themical and a
screw conveyor system to measure out and transfer the dry
chemical to the mixing chamber. These automatic systems are
usually activated by liquid-level indicators in the mixing tank.
When the liquid level falls below the bottom pro.,e, a signal is
automatically sent and water is delivered to the mix tank. After
the water level reaches a predetermined point, a second signal
activates the screw conveyor system and dry chemical is de-
livered to the tank. The length of time the screw feeder is
operated depends on the number of pounds per minute the
feeder can deliver to the mix tank, the solution desired, and the
volume of the mix tank. The most common problems encoun-
tered with automatic feed systems are plugging of the screw
conveyor and the build up of chemicals at the discharge side of
the screw. These problems can usually be traced back to pre-
mature wetting of the chemicals by water sprays coming from
the mix tanks or from not having a water tight storage and feed
system. If moisture can be prevented from entenng the storage
hopper and screw conveyor, smooth operation should result.
Lime is somewhat easier to put into solution than dry polymers.
Automatic dry polymer feed systems are sometimes equipped
with wetting mechanisms to prewet the polymer as it falls into
the mix tank. If the polymer is not properly wet as it falls into the
mix tank, a poor mix will result and will be evident by balls or
"fish eyes" of undissolved polymer in the tank. Another method
of mixing dry polymers is to use an aspirator or EDUCTOR3' to
put the dry polymer into solution.

For smaller systems requiring less than 25 to 50 lbs/day (11
to 22 kg/day), manual batching can successfully be used The
procedure to prepare and apply batch chemicals manually is
as follows:

1 Weigh out the desired quantity of dry product in a dry con-
tainer.

2. Partially fill the mix tank with water until the impellers on the
mixer are submerged.

3. Turn on the mixer.

4. Add the premeasured dry product to the mix tank. Lime can
be poured directly into the tank Dry polymers have to be
added through an eductor for wetting purposes.

5. Fill the tank to the desired level

6. Allow tank contents to mix thoroughly before use to suffi-
ciently "cure" the solution.

7. Turn off the mixer.

The curing or mixing time after the dry chemical has been
added to the tank should be 45 to 60 minutes for polymers and
approximately 30 minutes for lime. If adequate mixing times
are not allowed for curing, the chemical will not be as effective
as it should be because it will not fully dissolve and chemical
requirements for successful conditioning will increase.

The preparation of chemical solutions from liquid polymers
and liquid ferric chloride is not as difficult as for dry polymers
and lime because these liquids go into solution more rapidly
and prewetting is not required.

Automatic batching systems are commonly used for han-
dling quantities in excess of 55 gallons/day (208 liters/day) of
product. These systems incorporate the use of bulk storage
tanks, bulk solution transfer pumps and mixing tanks. Manual
preparation incorporates the same procedures outlined for dry
chemicals except that eductors are not used and the curing
time can usually be reduced to approximately 20 to 30 min-
utes.

After the chemicals are cured, they can either be pumped to
another tank or pumped to the sludge stream to be con-
ditioned. The us of a second holding tank provides for a mix
tank to be available at any time to prepare another batch of
chemicals Both the mix tank and transfer tank, if used, should
be covered and protected from the sun's rays and extreme
heat. Covenng of the tanks should prevent foreign matenal
from entering and possibly clogging equipment. When poly-
mers are used, covering should be mandatory because the
ultraviolet sun rays deteriorate the polymer molecules and can
rapidly decrease the effectiveness of the solution. The same is
true if the tank contents are allowed to approach temperatures
of 120 to 130°F (49 to 34°C). At these temperatures, the
polymer molecules can be broken down and the effectiveness
of the solution deteriorates To ensure protection against ul-
traviolet rays and extreme heat, all chemical tanks should be
covered and insulated or painted white to reflect heat.

3.312 Chemical Addition

Once the chemical has been prepared and the approximate
dosage and addition rate determined, the solution can be
added to the sludge for conditioning. The point(s) of application
for the different chemicals will vary and is dependent on the
chemical type and the specific mechanical equipment (DAF,
centrifuges) used. In general, polymers are added directly into
the feed assemblies of the various equipment types. Polymers
should not be added to the suction side of sludge feed pimps
because the shearing forces through such pumps tend to
shear any floc formation. After conferring with the equipment
and polymer manufacturers, application points for polymers
should be determined by field experimentation. The use of lime
and ferric chloride generally requires a blending tank to mix
these chemicals with the sludge prior to dewatenng. Lime and
ferric chloride are generally not used for OAF thickening or
centrifugation. Their use is usually limited to gravity thickening
and vacuum and pressure filtration. Again, application points
and blending requirements can best be determined by field
experimentation and discussions w;th the equipment and
chemical manufacturers.

3.313 Typical Chemical Requirements

cable 3.10 summarizes typical chemical dosages required
for various sludge types Remember that the actual chemical
requirements vary not only with the actual sludge, but also
with the dewatenng device. The optimum chemical dos-
age(s) is usually determined by on-site experimentation.

3' Eductor (e-DUCK-tor). A hydraulic device used to create a negative pressure (suction) by forcing a liquid through a restriction, such as a
Venturi An eductor or aspirutor (the hydraulic device) may be used in the laboratory in place of a vacuum pump, sometimes used instead of
a suction pump.
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TABLE 3.10 TYPICAL CHEMICAL CONDITIONING
REQUIREMENTS'

Ferric
Chloride, Lime, Polymer,
ibs/tonb lbs/tonb lbs/tonbSludge Type

Primary

Primary, WAS

WAS

Digested Primary

Digested Primary and WAS

Digested WAS

Digested Elutnated Primary

Digested Elutnated Primary
and WAS

20 - 40

30 - 50

80 - 200

30 - 100

30 - 200

80 - 200

40 - 80

120 - 200

140 - 180

300 600
300 600
300 600

4 -24
10 - 20

4 -30
5 -40

15 - 50

15 - 40

10

40- 80 - 15 - 30

a SLUDGE PROCESSING AND DISPOSAL A STATE OF THE ART
REVIEW, LA/OMA Project, County Sanitation Districts of Los

Angeles County, Whittier, California, April 1977.
b Expressed as pounds of chemical/ton of dry sludge solids
lbs/ton x 0.5 = gm of chemical/kg of dry sludge solids

3.314 Troubleshooting

If decreases in thickening and/or dewatering equipment per-
formance cannot be traced to equipment malfunctions, then
the operator should check the chemical mixing (preparation)
end addition equipment. With automatic feeding systems, the
operator should check (1) the level of dry product in the stor-
age hopper and replenish if necessary, (2) the screw conveyor
and unplug if necessary, (3) the quality of the solution (are
there large balls of undissolved chemical?), and (4) the chemi-
cal addition pump Many times these chemical pumps are al-
lowed to run dry due to inoperative level indicators and shut off
mechanisms. If pumps are run dry, the interior components
may wear and the pump will not deliver at its rated capacity.
The operator should recalibrate the chemical feed pump and
repair if necessary, because the pump may be the only means
of measuring the chemical feed rate. The best indication of a
failure in the chemical preparation and/or the chemical feed
rate is to run a jar test on the sludge with a laboratory prepared
batch of the chemical If these jar tests indicate substantially
less polymer than that supposedly added at full scale, there is
usually a problem with the quality of the full-scale solution or
the application rate

Table 3.11 summarizes the problems that may arise
during chemical conditioning and the action that might be
taken.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 254.

3.31J Why should dry chemicals be kept in a dry place?

3.31K What is the purpose of wetting dry polymers?

3.31L Outline the procedures to prepare a batch solution of
dry and liquid chemicals.

3.31M Why is curing time important?

3.31N Why should chemical tanks be covered?

3.310 Why are polymers generally n- t added to the suction
side of sludge pumps?

3.31P Outline the areas to be checked if sludge thickening
or dewatering inefficiencies cannot be traced back to
equipment failures.

3.32 Thermal Conditioning

Wastewater sludges, and biological sludges in particular,
may have large quantities of bound water associated with
them. The cell mass of biological sludges contains water along
with other soluble and particulate matter. Outside the cell wall
is a gelatinous sheath (cover) composed of PROTEINACE-
OUS32 and POLYSACCHARIDE33 material along with an addi-
tional quantity of water referred to as "bound water." Subject-
ing these sludge particles to extreme heat at elevated pres-
sures hydrolizes (decomposes) the surrounding sheath and
bursts the cell wall allowing bound water to escape. The net
effect of releasing the cell water is a substantial increase in the
dewaterability of the sludge.

When used for conditioning, thermal treatment facilities are
usually operated in the heat treatment or low pressure wet
oxidation (LPO) modes. The process descriptions for heat
treatment and LPO conditioning are basically identical to that
for the wet oxidation process outlined in Section 22.33. The
major differences are that (1) air is not introduced into the
reactor for heat treatment conditionong and only a limited or
small quantity of air is introduced for LPO conditioning and (2)
the reactor temperatures are lower than those sustained for
wet oxidation. Reactor temperatures for heat treatment and
LPO conditioning are typically 350°F to 400"F (177°C to 204°C)
with reactor detention times of 20 to 40 minutes

TABLE 3.11 TROUBLESHOOTING CHEMICAL CONDITIONING PROCESSES

Problem Possible Causes

Effluent quality and/or sludge
concentrations from thickening or
dewatering equipment deteriorat-
ing

1 Poor solution mixture

Check or Monitor

la Automatic feed system

lb Mixer operation

1 c. Run jar test on sludge with a
fresh laboratory solution of
chemical

2 Chemical dosage inadequate 2 Chemical feed pump opera-
tion

Possible Solutions

la. Fill storage hoppers and
batch tanks

lb Allow for adequate curing
time

1 c Batch a new supply of chem-
icals

2 Turn on pump, open appropri-
ate valves. Calibrate pump
and increase rate or solution
strength of the chemical.

32 Proteinaceous (PRO-ten-NAY-shus). Materials containing proteins which are organic compounds containing litrogen
33 Polysaccharide (polly-SAC-a-ride) A carbohydrate such as starch, insulin or cellulose
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3.320 Factors Affecting Thermal Conditioning

The performance and efficiency of thermal conditioning sys-
tems are dependent on: (1) the concentration and consistency
of the influent sludge, (2) reactor detention times, and (3) reac-
tor temperature and pressure. For conditioning purposes, the
introduction of relatively small quantities of air (LPO) results in
little, if any, difference in sludge dewaterability. The advantage
usually associated with adding air is a reduction in fuel re-
quirements because of increased thermal efficiencies within
the reactor. This potential fuel savings may be offset by the
power requirements needed to supply the air. For all practical
purposes, however, heat treatment and LPO conditioning will
be regarded as equivalent in this discussion.

The solids concentration of the influent sludge will have sig-
nificant effects on the overall heating requirements and the
reactor C 'tention times. The physical size of thermal condition-
ing systems is based on hydraulic and solids loadings. If the
concentration of the influent sludge decreases significantly, the
olume of water pumped to the reactors will increase. This will

cause a decrease in the detention time within the reactor and
an increase in the heating requirements due to the increased
water volume. The following example illustrates the effect(s)
that sludge concentration has on operation of thermal systems.

EXAMPLE 34

Given: A thermal conditioning system is designed to process
200 GPM of waste activated sludge at a concentration
of 3.5 percent. The thermal reactor has a golume of
8,000 gallons.

Find: 1. The reactor detention time under design conditions.

2. The reactor detention time if the sludge enters at a
concentration of 2.5 percent

3. The effect of reduced concentration on heat re-
quirements.

Solution.

Known

Thermal Conditioning System 1.

Treat Waste Activated Sludge 2

WAS Flow, GPM = 200 GPM
Reactor Vc'. gal = 8000 gal 3.

Sludge Solids. % = 3 5%

1

Unknown

Reactor Detention Time

Reactor Detention Time if
Solids at 2 5%

Effect of 2 5°., Solids on
Heat Requirements

Calculate the reactor detention time in minutes

Detention Reactor Volume, gal
Time, min Flow, GPM

8000 gallons

200 galimin

= 40 min

2. Calculate the reactor detention time if the sludge solids
concentration drops from 3.5% to 2.5%. A reduction in sol-
ids concentration causes an increase in WA,1 flow.

New Flow,
GPM = Old Flow. GPM x

= 200 GPM x 3 5%

= 280 GPM

2.5%

Old SI Sol, %

New SI Sol, %

Detention Reactor Volume, gal
Time, mm Flow, GPM

8000 gallons

280 gal/min

= 29 min

3. What is the effect on heat requirements of a decrease in
WAS concentration from 3.5°'o to 2.5% sludge solids?

A specific amount of heat is required to raise a volume of
water from one temperature level to the desired level. If the
volume of water increases (as it will when WAS concentration
drops to 2.5% sludge solids), the amount of heat required to
raise the temperature of the increased volume of water also
increases.

In the above example, the reactor detention time decreased
from 40 minutes to 29 minutes when the sludge concentration
decreased from 3.5 to 2.5 percent. This is not necessarily de-
sirable. In general, as the reactor detention time increases
from 20 to 40 minutes, the dewaterability of the sludge also
increases somewhat and it is important to CONSISTENTLY
PUMP A THICKENED SLUDGE to the thermal unit to ensure
effective and efficient operation.

The temperature and pressure within the reactor also con-
tributes to the degree of conditioning obtainable As the reactor
temperature is increased from 350 to 400°F (177 to 204°C), the
general trend is an increase in the dewaterability of the con-
ditioned sludge. Pressures are increased with temperature to
prevent sludge from boiling s these two factors are dependent
on each other.

3.321 Operating Guidelines

The key operating guidelines that the operator has some
control over on a day-to-day basis are: (1) inlet sludge flow, (2)
reactor temperature and detention time, and (3) sludge with-
drawal from the decant tank.

As discussed, the inlet sludge flow and reactor detention
time are dictated by the concentration of the thickened feed
sludge and the total pounds of solids processed. If the operator
maintains a consistently thick feed by closely monitonng and
operating the thickening equipment, the sludge inlet volume
will be minimized, reactor detention times will be maximized,
and optimum thermal conditioning should result. The control of
reactor temperature between the normal range of 350 to 400°F
(177 to 204°C) will depend on how the sludge dewaters in
subsequent dewatenng facilities. In general, the sludge de-
waters better following conditioning at higher temperatures but
the temperature should be maintained so as to achieve the
desired dewatenng results. The degree of dewatenng required
will vary from one treatment plant to the next and the operator
should maintain operating temperatures according to the de-
waterability desired and achieve°. If it is found that a reactor
temperature of 350°F (177°C) provides sufficient conditioning
to satisfy the dewatenng requirements, the operator should not
increase the conditioning temperature. if on the other hand, a
temperature of 350°F (177°C) is not adequate from a dewater-
ing standpoint, the operator should increase the reactor tem-
perature. Any decisions to vary reactor temperatures and/or
pressures should be based on consultation between the
operator and supervisors

The operator also has the ability to control the concentration
of the underflow solids from the decant tank by controlling the
rate of sludge withdrawal. The decant tank is a gravity thick-
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ener and the same operating procedures outlined in Section
22.1 should be applied in operating the decant tank. In most
instances, gasification is not a problem in thermal conditioning
decant tanks because of the lack of biological activity. The high
temperatures sustained in the thermal reactors should stenlize
the sludge and biological activity with subsequent gas produs:-
tion should not occur.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 254.

3.32A Biiefly explain how thermal conditioning improves
the dewaterability of sludge.

3.32B List the factors that affect thermal conditioning.

3.32C Determine the reactor detention time for a reactor
volume of 1,000 gallons and a sludge flow of 33 GPM
with a concentration of 4.0%

3.32D If the sludge concentration from problem 22 22C de-
creases to 2.5%, determine the reactor detention
time assuming the same total pounds are processed.

3.32E Bnefly discuss the operating controls available to op-
timize thermal conditioning facilities.

3.32F Why is gasification not usually a problem with gravity
thickening of thermally treated sludge?

3.322 Normal Operating Procedures

Thermal conditioning units can be operated in the continu-
ous or batch modes. Continuous operation is the preferred
mode because energy is riot wasted in allowing the heat ex-
changer and reactor contents to cool down and be heated back
to the desired temperature each day vt0.ien operated as a batch
process.

Under the batch operation mode the following steps should
be followed:

1. Fill the reactor and heat exchangers with water if the water
is drained after the previous day's shutdown.

2. Turn on the boiler make-up water pump and open valve to
the steam boiler.

3. Open the required steam valves to the thermal reactor and
start the boiler.

4. After the reactor has reached its desired operating tempera-
ture, open the sludge inlet and outlet valves.

5. Turn on the sludge gnnder and the stirring mechanism in
the decant (gravity thickener) tank.

6. Tum on the vent fan from the decant tank and activate the
appropnate odor-control equipment.

7. Turn on sludge feed pump. If LPO conditioning is used, turn
on air compressor.

The above procedures should be followeo in reverse for
shutdown operation. For continuous operation, these proce-
dures are followed whenever the operation is interrupted for
mechanical or routine shutdowns.

Whether operating in the continuous or batch mode, fuel
levels for the steam generating system should be routinely
checked and replenished as required and daily records of the
pressure drop across the heat exchangers should be kept. The
heat exchangers are subject to clogging due to the formation of
scale. Periodic acid flushings are therefore required to remove
these deposits and to unplug the heat exchangers. The best
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indication of scaling and the time at which an acid flushing
should be conducted is the oressure drop across the heat
exchangers. Pressure drop is determined by measuring the
pressures at the heat exchanger inlet and outlet and calculat-
ing the pressure differential (.gyp) according to the following
equation:

Ap = P outlet P inlet

When the pressure difference (Op) reaches a certain mag-
nitude, the system should be taken out of service and an acid
flushing should be done. The pressure drop at which an acid
flushing is required is determined by the manufacturer and in
no case should the pressure differential be allowed to develop
beyond the manufacturer's recommended figure. Routine
and/or periodically required acid flushings should be con-
ducted according to the manufacturer's procedure.

3.323 Typical Performance

Typical operating guidelines are presented in Table 3.12.
The overall evaluation of tnermal performance is based on
subsequent mechanical dewatering of the conditioned
sludge. Performance data for various conditioning and
dewatering schemes will be presented in Section 3.4. The
degree of dewatering obtainable is indicated in Table 3.12
from a qualitative standpoint.

TABLE 3.12 DEGREF OF DEWATERING FROM
VARIOUS SLUDGE TYPES

:isactor
Ut=tIon

Sludge Type
Thermal

Mode *Fa PbiGb
Time,

DewaterabIllty

Pt mary LPO or HT 350-400 350-400 20-60 Excellent

Secondary LPO or HT 350.400 350-400 2U-60 Good-Excellent

Dig Primary LPO or HT 350-400 350.400 20-60 Good Excellent

Dig Primary LPO or HT 350-400 350-400 20.60 Good
& Secondary

a (°F 32°F) x 5/9 =
b psi x 0.07 = kg/sq cm

3.324 Troubleshooting

Thermal conditioning systems are nigh temperature and
high pressure processes and incorporate the use of soph'sti-
cated instrumentation and mechanical equipment All of the
mechanical, electrical, and performance difficulties that might
arise cannot be summarized in this section. In the event of
complicated mechanical and/or electrical malfunctions, the
operator shc.ild not attempt to locate and/or to correct these
problems without the assistance of qualified mechanics, elec-
tricians, or instrument personnel. The following discussion will
be limited to malfunctions typically encountered on a day-to-
day basis.

3.3240 Reactor Temperature. If the reactor temperature
cannot be maintained at the desired temperature, the operator
should check: (1) the fuel supply to the steam boiler, (2) tem-
perature sensor and boiler accuator assembly, and (3) boiler
make-up water suppl.,. If the boiler fuel system and make-up
water supply are adequate but the reactor temperature fluc-
tuates significantly, the problem may be related to instrumenta-
tion malfunctions and the operator should seek the assistance
of qualified electricians or instrumentation personnel.

3.3241 Reactor Pressure If the high pressure feed pump
is inoperative, the desired pressure will not be maintained.
The usual problem with the feed pump is loss of prime due to
a plug on the suction side or clogging of the sludge guide.
Loss of prime will result in low or no flow through the
system.
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3.3242 Heat Exchanger Pressure Differential. Increases
in the pressure drop across the heat exchangers indicates
the buildup of scale. In the event of an excessive pressure
drop, the operator should schedule a shutdown and acid
flush the system according to the manufacturer's recom-
mended procedure.

3.3243 Sludge Dewaterability. A decrease in the dewa-
terability of the thermally conditioned sludge may be attribut-
ed to operational difficulties with the specific dewatering
equipment and/or the maintenance of less than optimum ther-
mal conditioning criteria. If the deterioration in dewaterability
cannot be attributed to dewatering ec )ment !inefficiencies,
the operator should check: (1) the flow through the thermal
system, (2) reactor temperature, and (3) operation of tile de-
cant (gravity) thickener.

An increase in the flow rate due to introducing a thin feed
sludge will result in decreased reactor detention times and
possible decreases in dewaterability.

If the problem is attnbuted to low reactor detention times, tht
operator should check and optimize the sludge thickening
equipment. Decreases in reactor temperatures will also result
in inferior dewatering characteristics and the operator should
check and adjust the temperature as required.

The operation of the decant tank will also affect dewaterabil-
ity. In general, the operator should provide for as thick a decant
underfiow sludge as possible to the dewatering facility. This is
controlled by monitoring ,,:1 controlling the underlow sludge
withdrawal rate. Be careful that the sludge does not become so
heavy that it cannot be moved out of the decant tank. Decant
stirring ploy s should be operated continuously. Operation of
the decant tank should follow the same procedures outlined for
gravity thickeners.

Table 3.13 summarizes operational problems that might
be encountered and criteria that should be checked.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 254 and 255.

3.32G Why is continuous operation of a heat treatment unit
desirable?

3.32H Outline the start-up and shutdown procedures for a
heat treatment unit.

3.321 Why should a leg be kept on the pressure drop
across the heat exct angers and what action should
be taken to correct excessive pressure drops?

3.32J Over the course of a week, the dewaterability of a
thermally conditioned sludge decreases drastically.
What operating criteria should be checked and what
corrective measures can be taken')

3.33 Wet Oxidation

Wet oxidation is a thermal treatment process that stabilizes
organ.c matter and results in a net reduction in the sludge
mass and a total destruction of pathogenic organisms.

Three modes of wet oxidation exist low-pressure wet oxida-
tion (LPO), intermediate-pressure wet oxidation (IPO), and high
pressure wet oxidation (HPO). Figure 3.14 is a schematic of the
process. Sludge to be processed is first passed through a
grinder to reduce the particle size of the sludge
solids and thereby reduce the potential for clogging inside the
wet oxidation unit. The sludge may then be pumped to the
oxidation unit by a high-pressure positive-displacement pump
along with air which is supplied by an air compressor. A high-
pressure feed pump is used to produce and maintain required
pressures in the oxidation unit. Sludge and air are then passed
through heat exchangers and delivered to the thermal reactor.
Stabilization takes place within the reactor. The stabilized
sludge leaving the reactor is cooled in the heat exchangers
against the entering cold sludge and then released to a decant
(gravity) thickener for separation and compaction of the stabi-
lized sludge solids. Off gases from the decant tank are vented
to gas scrubbers and carbon adsorbers or to a catalytic com-
bustion unit for (icor control. Overflow from the decant tank
may be returned to the plant headworks while the underfiow
(thickened) solids are pumped to subsequent dewatenng units.
The decant tank overflow may require additional treatment
prior to recycling to the plant headworks. Heat is added to the
reactor from an external source, usually a steam generator, to
maintain desired reactor temperatures.

Under LPO conditions, feed sludge is reacted with approxi-
mately 15 SCR.' air/lb solids (0.94 SCM35 air/kg solids), while
temperatures around 400°F (204°C) and pressures of 400 pig
(28 kg/sq cm) are maintained. IPO treatment requires the addi-
tion of approximately 45 SCF air/lb solids (2 C1 SCM air/kg

TABLE 3.13 TROUBLESHOOTING THERMAL CONDITIONING PROCESSES

Problem Possible Causes

1. Reactor temperature not 1 a. Fuel exhausted
maintained b. Temperature sensor and ac-

tuators inoperative
c. Make-up water supply in-

adequate

2. Reactor pressure not main- 1:a Feed pump inoperative
tamed

3. Heat exchanger Ap excessive 3a. Scaling

4. Reduction in sludge de- 4a. Low temperature
waterability b. Low detention time

c. Poor operation of decant

Check or Monitor

la. Fuel supply and fuel lines
b Instrumentation
c. Water supply

2a Gnnder, pump suction and
discharge valve and sludge
supply

3a. Inlet and outlet pressures

4a. Reactor temperature
b. Sludge flow
c. Thickness of blanket and

sludge concentration

SCF. Standard cubic feet of air at standard conditions of temperature, pressure and humidity.
SCM. Standard cubic meters of air at standard conditions of temperature, pressure and humidity.

u 0

Possible Solution

la.
b.
c.

Replenish
Clean and repair or replace
Replenish

2a Unplug gnncter and pump
suction. Open suction and
discharge valves Provide
thickened sludge

3a Acid flush exchangers

4a.
b
c.

Same as 1
Thicken feed sludge
Thicken underfiow sludge



SLUDGE

- -11111.

Et---- Ilia'
I

____,L___Li

GRINDER

AIR

REACTOR
HEAT

EXCHANGER IN
SLUDGE PUMP

1

AIR COMPRESSOR

SIDESTREAM LIQUID
TO TREATMENT

201

STEAM

GASES TO ODOR ODOR CONTROL SYSTEM
CONTROL SYSTEM

SOLIDS

SEPARATION

t

WATER SCRUBBERS

vAPOR--_,Qu D

SEPARATORI
THICKENED SLUDGE

TO DEWATERING
Fig. 3.14 Wet-air oxidation system

BOILERI
BOILER
FEED

WATER

GASES TO
ATMOSPHERE

ACTIVATED

CARBON

-QUID STREAMS
TC TREATMENT

202

i

-a.
".4
CD



180 Treatment Planta

solids) and reactor temperatures and pressures of 450°F
(232°C) and 500 to 600 psig (35 to 42 kg/sq cm), respectively
Under HPO conditions, feed sludge is reacted with approxi-
mately 100 SCF air/lb solids (6.24 SCM air/kg solids) while
reactor temperatures and pressures approximate 500°F
(260°C) and 1,000 to 1,500 psig (70 to 105 kg/sq cm), respec-
tively. For each of the three modes of wet oxidation, reactor
detention times usually vary from 20 to 40 minutes.

3.330 Factors Affecting Wet Oxidation

The performance and efficiency of wet oxidation units are
dependent on: (1) the concentration and consistency of the
feed sludge, (2) reactor detention time, (3) reactor temperature
and pressure, and (4) quantity of air supplied.

The effects of feed sludge, reactor temperature and pres-
sure, and reactor detention times are covered in Section 22.32,
"Thermal Conditioning." The major difference between we'
oxidation and thermal conditioning is that air is introduced for
wet oxidation. As wet oxidation progresses from the LPO to
HPO mode of operation, the degree of oxidation or conversion
of the sludge solids to volatile gases also increases. Thus, an
increase in oxidation is due primarily to reacting the sludge
with greater quantities of oxygen at elevated temperatures and
pressures.

The OPERATING CRITERIA, NORMAL OPERATING
PROCEDURE and TROUBLESHOOTING are the same as
those discussed in Section 22.3 (22.321, 22.322, and 22.323;
for thermal conditioning except that reactor temperatures and
pressures are higher for IPO and HPO. In addition, the quantity
of air supplied (SCF per pound of sludge solids) is also higher
for IPO and HPO when compared to thermal conditioning.

3.331 Typical Performance

Typical operating guidelines and the degree of oxidation for
the three modes of wet oxidation are presented in Table 3 14.

TABLE 3.14 OPERATIONAL AND PERFORMANCE
GUIDELINES FOR WET OXIDATION UNITS

Reactor

Mode of
Operation `F

Detention
Time,

PSIG° Min

Air,
SCF/lb
Solidsc

% Reduction

Total
Solids VSS

Total
COD

LPO 350-400 350- 400 20-60 15 20 25 25-40 25-40

WO ASO 500. 600 20 60 45 30-50 40-60 40-60

HPO 500 1000-1500 20-60 100 70-75 75-85 75-85

(°F 32°F) x 5/9 = °C
psi x 0.07 = kg/rq cm
SCF/lb x 0 0624 = SCM/kg

In addition to reducing the sludge mass and total COD, wet
oxidation should generally result in si.erilization (total destruc-
tion of pathogenic and nonpathogenic organisms) of the
sludge because of the elevated temperatures and the reactor
detention times used. The thermally oxidized sludge which is
thickened and withdrawn from the bottom of the decant tank
usually exhibits excellent dewatering characteristics as will
be discussed in Section 3.4, "Dewatering.'

One of the drawbacks of wet oxidation or thermal condi-
tioning is the production of noxious odors and high-strength
liquid sidestreams. The odors closely resemble that of
burned plastic and are produced by volatilizing or converting
the organics in the sludge to complex organic gases. The
production of odors requires that the off gases from the
decant tank be deodorized prior to atmospheric discharge.
Therefore, thermal treatment systems must he equipped

with gac scrubbers and carbon adsorbers or catalytic com-
bustion units. The operator should become familiar with the
operation and maintenance of the air pollution control equip-
ment by reviewing the manufacturer's literature.

The liquid sidestream's (decant tank overflow and dewater-
ing equipment) effluents are extremely high in soluble organics
and the operator should be aware that recycling these liquids
to the treatment plant headworks may result in operational
problems in secondary treatment processes. If problems
develop because of the recycling of thermal liquors, sepaiate
aerobic or anaerobic treatment may be required.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 255.

3.33A Explain the differences between LPO, IPO, and
HPO.

3.33B List the factors affecting wet oxidation.

3 33C Why is air pollution control equipment required on
thermal treatment units?

3.34 Elutriation

3.340 Process Description

Elutriation is basically a washing process which may not
actually improve the dewatering charactenstics of digested
sludge, but does reduce chemical conditioning requirements.
The reduction in chemical conditioning requirements has been
related to a reduction in sludge alkalinity and subsequent re-
duction in lime requirements for pi I adjustment. While dilution
of digested sludge with fresh water and/or plant effluent results
in a dilution and an apparent reduction in alkalinity, THE
MAJOR nEASON FOR IMPROVED DEWATERABILITY IS
MOST PRO9ABLY THE RESULT OF WASHING OUT OF
FINE, DIFFICULT TO DEWATER SOLIDS.

discussed in Section 3.0, fine, low density solids have
!also surface areas with possibly high electrostatic charges
and are more difficult to dewater than larger and coarser
solids. If these fine solids are taken out of the sludge mass, the
remaining sludge solids would naturally be easier to dewater.
The problem with elutriation is that the fine solids removed
from the sludge stream are recycled back to the plant head-
works. Sometimes these fine solids may pass through the
plant and leave in the plant effluent.

Various case histones testify to the fact that elutnation low-
ers chemical demands and improves dewaterability, but as
much as 50 percent of the digested solids may be lost to the
plant effluent with the elutnation effluent (elutnate). The loss of
these fine solids into the plant effluent will deteriorate the
effluent quality while recycling to the plant headworks gener-
ally results in operational problems due to the buildup of fine
solids throughout the system.

In general. elutnation is not a preferred or efficient method of
sludge conditioning in light of the eve: increasing federal, state,
and local effluent discharge requirements.

3.341 Operating Guidelines

The simplest and most common method of elutnation is the
single-stage method which uses a single contact between the
solids and elutnating liquid (elutnate,. In this system, the
sludge and elutnant make contact in ;,n elutnating tank and are
vigorously mixed for 30 to 60 seconds. The mixer is then
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turned off and the contents allowed to settle from 4 to 24 hours
under batch operation, or the contents are delivered to a grav-
ity thickening tank under continuous operation. After the
sludge and elutriant are vigorously mixed and settled or deliv-
ered to a gravity thickener, the operation becomes one of
gravity thickening and the reader should refer to Section 3.1
for operating strategies.

Solids Disposal 181

QUESTION
Write your answers in a notebook and then compare your

answers with those on page 255.

3.,,4A How does elutriation improve the de4aterability of
sludge? Discuss the problems associated with the
process.

DISCUSSION AND REVIEW QUESTIONS

Chapter 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 3 of 5 Lessons)

Write the answers to these questions in your notebook be-
fore continuir,g. The problem numbering continues from Les-
son 2.

13 How is the optimum type of chemical and dose to condi-
tion a particular sludge determined? Why?

14. What are the most common problems encountered with
automatic dry chemical feed systems? List the cause of
each problem

15. How would you attempt tc ,dentify the cause of a decrease
in the performance of sludge thickening or dewaterug
processes when the problems appear to be with the chem-
ical conditioning facilities?

16 List the types of problems typically encountered on a day-
to-day basis with a thermal conditioning system.

17 How are odors contra !led from thermal treatment sys-
tems?
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CHAPTER 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 4 of 5 Lessons)

3.4 DEWATERING

3.40 Purpose of Dewatering

Following stabilization, wastewater sludges can be ulti-
mately disposed of by a variety of methods or they can be
dewatered pnor to further processing and/or ultimate disposal
In general, it is more economical to dewate- sludge followed by
disposal than it is to pump or haul !qui° sludge to disposal
sites. The pnmary objective of dewatenng is to reduce sludge
moisture and consequently sludge volume to a degree that will
allow for economiLal disposal. Unit processes most often used
for dewatenng are. (1) pressu filtration, (2) vacuum filtration,
(3) centnfugation, and (4) sand drying beds.

3.41 Pressure Filtration

Basically, there are two types of pressure filtration systems
used for sludge dewatering These are: (1) plate and frame
filter press, and (2) belt filter press The operating mechanics
of these two filter press types are totally different and each will
be discussed.

3.410 Plate and Frame Filter Press

The plate and frame filter press operates in a batch manner
and consists of vertical plates which are held ngidly in a frame
and pressed together. A schematic diagram of a typical plate
section is shown in Figure 3 15. Sludge is fed into the press
through feed holes along the length of the press. A filter cloth is
mounted on the face of each individual plate. As filtration pro-
ceeds, water (filtrate) passes through the fibers of the cloth, is
collected in drainage ports provided at the bottom of each
press chamber and is discharged. Sludge solids are retained
on the filter cloths and are allowed to build up until the cavities
between the plates are completely filled with solids (cake). As
the cake builds up between the plates, the resistance to flow
increases because the water has to pass through a thicker
layer of compacted solids. As the cake builds up and the re-
sistance increases, the volume of sludge fed to the filter and
consequently the volume of filtrate decreases. When the fil-
trate flow is near zero, the feed is shut off and the plates are
disengaged. As the plates are pulled away from each other,
the retained cakes are discharged by gravity and fall into a
hopper or conveyor. The diaphragm press or variable volume
type filter presses have expandable membranes on the plate
faces to further dewater the cake and to ease cake removal
After the cakes are discharged, the plates are pulled back
together and the feed restarted.

3.4100 Factors Affectmg Pressure Filtration Performance.
The degree of dewatering and sludge solids removal effi-
ciency are affected by. (1) sludge type, (2) conditioning, (3)

filter pressure, (4) filtration time, (5) solids loadings, (6) filter
cloth type, and (7) PRECOAT36.

Both the sludge type and conditioning methods used will
drastically affect the operation and performance of filter
presses. PRIMARY SLUDGES DEWATER MORE READILY
AND REQUIRE LESS CHEMICAL CONDITIONERS THAN
SECONDARY SLUDGES. Chemicals used to condition
sludge prior to plate and frame filtration generally are lime or
ferric chloride. As the quantity of ch mica' conditioners
increases, the dryness of the discharge... ake solids and the
sludge solids removal also increase. As -.iscussed in Sec-
tion 3.3, the optimum chemical dosages are determined by
jar-test experiments followed by pilot or full-scale tests
Experience has shown that various combinations of lime,
ferric chloride, ash and/or polymer can be used to condition
sludge prior to plate and frame filtration. If the chemical
dosages are less than optimum, the performance of the filter
press also will be less than optimum. Thermal conditioning
or wet oxidation of wastewater sludges followed by gravity
thickening yields a readily dewaterable sludge. The operat-
ing criteria maintained in the thermal conditioning system will
have definite effects on sludge dewaterability. As discussed
in Section 3.32, the thermal conditioning system should be
operated so as to obtain the desired degree of dewatering
by pressure filtration The operating criteria and their effects
on filter performance are discussed below.

3 4101 Operating Guidelines. The operator has the ability to
control filter press performance to a certain degree by control-
ling the pressure, time of filtration and the solids loading.
Selection of a particular type of filter cloth for a specific sludge
is generally done by pilot or full-scale testing with various cloth
types Once a filter cloth is selected and installed, the operator
must control the frequency and duration of media cleaning

PRESSURE

". he feed to filter presses is initiated at low pressure and high
flow rates. As the cake builds up and the resistance to flow
in;reases, a pneumatically or hydraulically driven positive dis-
placement feed pump Provides increasing pressure as the flow
drops off. Generally, the initial pressure is maintained at ap-
proximately 25 psi (1.75 kg/sq cm) for 5 to 10 minutes then
increased at intervals approximating 5 psi/min (0 35 kg,'sq
cm/min) until the terminal operating pressure is reached Final
operating pressures usually vary from 100 to 225 psi (7.0 to
15.8 kg/sq cr. depending on the manufacturer of the press
Some presses are designed to operate at 100 to 125 psi (7.0 to
8.8 kg/sq cm). In general, higher pressures should result in
somewhat dner discharge by forcing niore water from the
sludge mass The most effective pressure for a particular
sludge is determined by experimentation and i" cperator

36 Precoat. Application of a free-draining, noncohesive material such as diatomaceous earth to a filtering media Preco3ting reduces the
frequency of media washing and facilitates cake discharge.
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should be aware that increased cake dryness may result from
increased operating pressures. For some sludges, particularly
secondary sludge, the reverse might happen. That is, as the
pressure is increased, the sludge retained on the filtering
media may compress to a higher degree and reduce the poros-
ity (openings) of the sludge cake that is formed. If the openings
in the sludge formation are reduced, fine low-density solids
may be captured and incorporated in the sludge cake. The
inclusion of fine solids generally results in wetter cakes be-
cause these solids have large surface areas and relatively
large quantities of water associated with them.

FILTRATION TIME AND SOLIDS LOADING

The time of filtration is actually controlled by the physical
size of the filter and solids loading rate applied. As discussed,
when the cavities between the plates are filled with solids and
the filtrate flow is almost zero, the filtering sequence is com-
plete. Obviously, for a given cavity volume, the filtration time
will vary as the solids loading rate and the dewaterability vary.
If the time of filtration is not adequate to completely fill the plate
cavities with dewatered solids, large volumes of water will be
discharged when the plates are disengaged and the cakes
discharged. The operator should control filtration time based
on the filtrate flow rate. If on the other hand, the filtration tuna
exceeds the time required to fill the cavity volume, the cakes
will be firm and dry upon discharge but the quantity of solids
processed per hour or per day ( solids loading) will decrease

The solids loading is determined by dividing the pounds of
solids applied per hour by the surface area of the plates. Since
filter presses are batch systems, time is lost in disengaging the
plates, discharging the cakes and re-engaging the plates prior
to restarting the feed pump The incorporation of down time
into the solids loading equation results in a net filter yield The
following example illustrates the determination of solids load-
ing and net filter yield.

EXAMPLE 35

Given: A particular filter press with a plate surface area of 100
sq ft is used to dewater digested primary sludge. The
digested sludge is at a concentration of 3.0 percent
sludge solids. The filtration time is 2 hours and the total
volume of sludge processed is 700 gallons. The time
required to discharge the cakes and restart the feed is
20 minutes.

Find. 1. The solids loading (lbs/hr/sq ft)

2. The net filter yield (lbs/hr/sq ft).

3. If the feed solids concentration decreased to 2 per-
cent sludge solids and the filtration time remained at
2 hours, what problems might develop?

Solution:

Known Unknown

Plate Area, sq ft = 100 sq ft 1 Solids Loading, 1:-.5/hr/sq ft

SI Sol, % = 3 0% 2 Net Filter Yield,

Filtration Time, hrs = 2 hrs

Sludge Volume, gal= 700 gal

Discharge and = 20 min
Restart, mm

lb: /hr/sq ft

3 If sulids drop to 2% SI Sol,
what problems might
develop9

1. Calculate the solids loading in pounds per hour per square
foot.

SI Vol, gal x 8.34 lbs x SI Sol, %

Solids Loading, = gal 100%

lbs/hr/sq ft Filt. Time, hr x Area, sq ft

700 gal x 8.34 lbs x 3.0%

gal 100%

2 hr x 100 sq ft

= 0 88 lbs/hr/sq ft

2. Calculate net filter yield in pounds per hour per square foot

Loading, lbs/hr x Filt Time, min

= sq ftNet Filter
Yield,
lbs/hr/sq ft

Filt Time, min + Down Time, min

0.88 lbs/hr/sq ft x 120 min

120 min + 20 min

= 0.75 lbs/hr/sq ft

3. What would happen if the feed concentration decreasea to
2 percent sludge solids?

If the feed solids concentration decreases to 2 percent
sludgy solids, the cake MAY be wetter upon discharge if the
filtration time is not increased. The operator should check the
filtrate flow and adjust the filtration time so that the filtrate flow
is near zero when the feed pump is turned off.

FILTER CLOTH ANC RECOAT

The selection of a particular cloth type is done by experi-
mentation in conjunction with the manufacturer's recom-
mendation. Once a cloth is selected and installed, the operator
must determine the frequency of media cleaning by inspecting
the condition of the cloth and monitoring filter performance.
After repeated use, the cloth media may BLIND37 and ad-
versely affect filter performance. If the cloth is clogged, water
will not drain as readily and the discharged cakes will be wet
and sloppy upon release from the plates. Also, as the cloth
becomes clogged, a longer time will be required to dry the
cake Some presses are furnished with media washing equip-
ment and the media can be cleaned in place. If a washing
system is not furnished with the press, the operator wiI have to
remove the filter cloths, wash them according to the manufac-
turer's recommended procedure, then re-install them. To re-
duce the frequency of media washing and to facilitate cake
discharge, a precoat may be applied before each batch is
loaded for filtenng. Precoating is an optimal operation and
uses a free-draining, non-cohesive material such as
diatomaceous earth (a fine siliceous earth consisting mainly of
the skeletal remains of diatoms). This is made into a slurry and
is applied to the filter so as to leave a thin layer on the filter
cloth. When the sludge is applied, the precoat material pre-
vents the sludge solids from sticking to the filter cloth. The net
effect is that when the filter press is opened, the cake will
readily discharge and solids remaining on the cloth will be
minimized. The operator can improve operation and perform-
ance of filter presses by using precoats; however, precoating
adds to the solids load to be disposed of.

3.4102 Normal Operating Procedure The specific oper-
ation of different pressure filters will vary somewhat, but the
basic operational procedures are similar. The filtration cycle
can be divided into various steps: (1) preparation of precoat
and chemical conditioners, (2) chemical conditioner and
sludge mixing, (3) precoat application, (4) sludge application,
and (5) cake discharge.

37 Blind. A condition that occurs on the filtering medium of a microscreen or a vacuum filter when the holes or spaces in the media become
clogged or sealed off due to a buildup of grease or the material being filtered.
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The procedures for normal operation are outlined belo'v.

1. Sluny (add water to) the precoat mix in a separate precoat
tank.

2. Slurry the lime, if used, in a separate lime slurry tank.
3. Transfer the lime to a separate tank containing the sludge

to be filtered and provide gentle stirring. Add the appropri-
ate quantity of ferric chloride, if used. Usually either lime or
femc chloride is used as a chemical conditioner.

4. Apply the precoat material to the filter.
5. Introduce the conditioned sludge to the filter.
6. Wnen the filtrate flow decreases to near zero, turn off the

feed pump.
7. Disengage and open the press for cake discharge.
8. Close the press and repeat the above procedures.

Full-scale filter press installations are generally automated
or semi-automated so as tr reduce operator attention. Even
with fully automated systen,s, the operator should routinely
check the operation of the various equipment and should make
adjustments as required.

3.4103 Typical Performance. Operating guidelines, con-
ditioner requirements, and filter press performance for var-
ious sludge types are summarized in Table 3.15. Note that
when thermal conditioning is used, precoat material and
chemical conditioners are often not required.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 255.

3.40A What are the primary objectives of sludge dewater-
ing?

3.40B What unit processes are most commonly used for
sludge dewatering?

3.41A Why does the flow through plate and frame filter
presses decrease with filtration time

3.41B List the factors that affect pressure filtration perform-
ance.

3.41C Increasing the operating pressure might result in wet-
ter cakes. Why?

3.41D How should the time of filtration be controlled?

3.41E What purpose does precoating serve?

3.41F List the NORMAL operation procedures for filter
presses.

TABLE 3.15
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3.41G The typical performance data presented in Table
3.15 indicates that secondary sludges do not
dewater as readily as primary sludges. Why is this
so?

3.4104 Troubleshooting. The operator should be con-
cerned with the characteristics of the cakes discharged at
the end of the filtration cycle. Generaly, filter presses consis-
tently produce excellent effluents (filtrate) unless the filtering
media is torn or not properly installed. Routine monotoring
of both the filtrate and cake is required for continued
successful operation.

Depending on the operation and performance of filter press-
es, the discharge cakes will be. (1) firm and dry throughout, (2)
firm and dry at the outer sections with wet and sloppy inner
sections, or (3) wet and sloppy throughout.

A firm and dry cake indicates good filter press operation and
no adjustments are necessary. If the cakes are firm and dry at
the ends but are composed of liquid centers, the operator
should check filtration time and chemical dosages. The filtra-
tion time should be checked by monitoring the filtrate flow on a
subsequent filter run. If the filtration time is not adequate, the
cavities between the plates will not fill completely with solids
and the innermost portions of the cakes will be wet. The
operator should increase the filtration time so as to obtain near
zero filtration flow at the end of the feed cycle. If the cakes are
wet throughout, either the filtration time should be increased if
necessary or the pressure should be monitored during a sub-
sequent run. If the desired pressure is not being developed,
the operator should check the condition and operation of the
high-pressure feed pump and the condition and installation of
the filter cloths. A tear in the filtering media or misalignment of
the cloths will cause a lot of the sludge to pass through the filter
without building up between the plates, and will usually result
in poor effluent quality. The operator also should check to de-
termine if the poor effluent quality is related to a clogged cr
dirty filter cloth. If the pressure is as desired and the filtrate
quality is good, inconsistent and wet cakes could develop from
a low chemical dosage. The operator should check all aspects
of the chemical conditioning system and adjust the chemical
dosage to achieve the desired degreo of dewatering.

If precoats are used to aid in discharge of the dewatered
solids, the operator should check the precoat system if rela-
tively large quantities of solids remain on the filter cloths upon
discharge.

Table 3.16 summarizes potential operational problems
and corrective measures to assist in maintaining effective
filter press dewatering.

TYPICAL PERFORMANCE OF PLATE AND FRAME FILTER PRESS

Chemical Conditioners Thermal Pressure, Yield,
Cake

Solids, Solids
Sludge Type Lime (Ib/ton)a or FeCI3 (lb/ton)a Treat. psigb lbs/hr/sq fta % TSd Recovery, %

Primary 100 - 200 100 - 200 100-200 0.5 - 1.0 40-50 90 - 99
Primary LPO 100-200 0.5 - 1.2 40-50 90 - 99
Secondary 200 - 500 100 - 400 100-200 0.1 - 0.3 20-30 90 - 99
Secorvir ry LPO 100-200 0.1 - 0.4 20-40 90 - 99
Dig. Primary 100 - 400 100 - 200 100-200 0.5 - 1.0 40-50 90 - 99
Dig. Primary LPO 100-200 0 5 - 1.0 40-50 90 - 59
Dig. Primary 200 - 600 100 - 400 100-200 0 1 - 0.3 20-30 90 - 99
Dig Secondary 200 - 600 100 - 400 100-200 0 1 - 0.3 20-30 90 - 99
Dig. Secondary LPO 100-200 C , - 0.4 20-30 90 - 99

alb chemical/ton dry solids. lbs/ton x 0.5 = gm chemical/kg dry solids
bpsi x 0.07 = kg/hr/sq m
clbs/hr/sq ft x 4.883 = kg/hr/sq m
dThickened sludge
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TABLE 3.16 TROUBLESHOOTING PLATE AND FRAME FILTER PRESSES

Operational Problem Possible Causes

1. Inner portions of 1 a. Low filtration
cakes wet and time
sloppy upon
discharge b. Low pressure

2. Cakes wet
throughout

c. Chemical
inefficiencies

2a. Low filtration
time

b. Low pressure

c. Chemical
inefficiencies

3. Solids remain on 3a. Precoat
cloth upon discharge inefficiencies

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 255.

3.41H What measures should be taken if the discharge
cakes from a filter press are wet throughout?

3.411 Why do solids occasionally cling to the filtenng media
when the cakes are discharged?

3.411 Belt Filter Press

Belt filter presses operate in a continuous manner and
consist of two endless belts that travel over a series of
rollers. Variations in belt fiter designs are available from
different manufacturers, but the basic principles are the
same for all belt filters. A schematic of a typical belt filter
press is presented in Figure 3.16. Sludge to be dewatered is
pre-conditioned, usually with polymers, then applied to the
free-water drainage zone of the filter belt. This portion of the
belt is so named because it allows for most of the free water
to drain through the filter and to be collected in a trough on
the underside of the belt. The main differences between
different brandname filter types are the method of introduc-
ing and mixing chemicals with the sludge and the type of
drainage zone used. Some presses use in-line polymer
mixing where the polymer is added directly to the feed line
and mixed with sludge by passing the flow through a
Venturi-type restnc on to create mild turbulence. With this
type of chemical mixing system, the conditioned sludge is
applied to a horizontal "drainage zone" as shown in Figure
3.16.

Mixing chambers also can be used to ensure adequate
polymer and sludge contact. Such -;hambers are cylindncal in
design and slowly rotate to allow tne polymer to mix with the
sludge. Mixing chambers simply replace the Venturi-type re-
striction for creating mild turbulence. When the conditioned
sludge moves out of the mix chamber, it can be applied directly
to a horizontal drainage zone as discussed above or it can be
delivered to a cylindrical "reactor chamber." The reactor
chamber replaces the horizontal drainage zone and consists of
a screen around the outside edge of the chamber which allows
most of the free water to drain out.

Regardless of the polymer mixing and "drainage zone de-
watering used, the partially dewatered solids are carried to a

Check or Monitor

1 a. Filtrate flow for
an entire run

b. Pressure
developed

c. Chemical dosages

2a. Filtration flow

b. Pressure developed.
Check media for
tears or
misalignment

c. Chemical equipment
and dosage

3a. Precoat application
and dosage

Possible Solutions

la Increase filtration
time

b. Repair and/or unplug
feed pump. Align
filter media

c. Increase chemical
dosage

2a. Increase filtration
time

b Repair feed pump.
Replace and/or
realign media

c. Increase chemical
dosage

3a. Increase precoat
dosage

point on the unit where they are trapped between two endless
belts and further dewatered as they travel over a series of
perforated and unperforated rollers. This zone is known as the
"press" or "dewatering zone." In this zone, the entrapped sol-
ids are subjected to shearing forces as they proceed over the
rollers. Water is forced from between the belts and collected in
filtrate trays while the retained solids are scraped from the two
belts when they separate at the discharge end of the press.
The two endless belts then travel through respective washing
chambers for the removal of fine solids to decrease the possi-
bility of plugging.

3.4110 Factors Affecting Belt Pressure Filtration. The
ability of belt filter pressues to dewater sludge and to
remove suspended solids is dependent on: (1) sludge type,
(2) conditioning, (3) belt tension or pressure, (4) belt speed,
(5) hydraulic loading, and (6) belt type.

Sludge type, consistency of the feed, and chemical condi-
tioning will affect the performance of belt filters. Polymers are
generally used for chemical conditioning in conjunction with
belt filter operations. Polymer dosages must be optimized to
ensure optimum dewatering. Unlike plate and frame filter
presses which can consistently handle secondary sludge if
properly conditioned with chemicals, the belt filter might not be
able to handle secondary or waste activated sludges consis-
tently. Even with adequate polymer addition to flocculate and
to cause a separation of solids from the liquid, the belt press
might not be suitable for dewatenng secondary sludges. Sec-
ondary sludges gererally lack fibrous matenals and exhibit a
plastic or jello-like nature. When these sludges are trapped
between the two belts and pressure is applied by the rollers,
they tend to slip towards the belt sides and eventually squeeze
out from between the belts. The net effects are that these
solids contaminate the effluent by falling into the filtrate trays
and continued housekeeping is required. If this problem is evi-
dent, pnmary sludge may have to be blended with the second-
ary sludge to add fibrous material necessary to contain the
sludge between the belts. This procedure has produced sludge
cakes in the range of 24 to 26 percent solids with the use of
polymers.

The operating guidelines available to vary the degree of de-
watering are discussed below.

3.4111 Operating Guidelines. A well-operated belt filter
press should result in a high degree of dewatenng provided
the operator is aware of the important operatic:, lr.Introls.
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BELT TENSION PRESSURE

The operator can increase or decrease the pressure applied
to the sludge by adjusting the tension rollers to take up slack
on the two endless belts. As the belt tension is increased, more
water is generally squeezed from the belt resulting in drier
cakes. The pressure variations available on each manufactur-
er's belt press are different and the operator should consult the
manufacturer's literature to determine the range of operating
pressures. Although pressure increases usually result in drier
cakes, some undesirable conditions may develop as a result of
increasing the tension between the belts. These are: (1) sludge
may be forced from between the belts due to increased shear
forces, or (2) sludge may be forced through the belt. Both of
these conditions will result in filtrate contamination and in-
creased housekeeping requirements. The optimum operating
pressure should be selected by the operator so as to produce
the driest cake possible while containing the sludge between
the belts.

BELT SPEED AND HYDRAULIC LOADING

The belt speed can be varied from approximately 2 to 10
feet/minute (0.6 to 3 m/min). The speed at which the belt
should be operated depends on the sludge flow rate to the belt
and the concentration of the influent sludge. Since most of the
water associated with the sludge is removed in the drainage
zone, sufficient belt area has to be provided to allow the water
to drain. As the belt speed is increased, the rate of belt area
contacting the influent sludge also increases and allows for
greater volurtds of water to drain from the sludge. If the belt
area is not sufficient enough to allow the free water to drain, a
"washing out" of the belt will occur. Washing out means that
large quantities of free water unable to be released in the
drainage zone will travel to the dewatering zone and flow out
from between the belts and drastically reduce effluent quality.

The belt speed should be controlled so that the sludge deliv-
ered to the dewatering zone has a minimum amount of free
water. The experienced operator will be able to optimize belt
speed by observing the dryness of the solids delivered to the
dewatering zone. Obviously, as the concentration of influent
sludge increases, less water is associated with the sludge
mass and reduced belt speeds can be used. THE IDEAL
OPERATING BELT SPEED IS THE SLOWEST THE
OPERATOR CAN MAINTAIN WITHOUT "WASHING OUT"
THE BELT. As the belt speed decreases, cake dryness in-
creases because the sludge is subjected to pressure and
shearing forces for longer periods of time.

Hydraulic loadings are based on the flow rate applied per
unit of belt width. Belt presses range in width from approxi-
mately 1.5 feet to 7.0 feet (0.45 to 2.1 m). Manufacturers gen-
erally recommend loadings of 10 to 25 GPM per foot (180 to
450 cu rn/day/m) of belt width The ideal loading for a particular
belt press and a specific sludge should be determined on the
basis of dewatenng performance and consistency of operation.
If a belt press is operated close to the upper hydraulic limit,
frequent "washing out" may result due to slight variations in
sludge characteristics and/or chemical dosages. An example
for the calculation of the hydraulic loading follows.

EXAMPLE 36

Given. A 6-foot-wide belt press receives 100 GPM of primary
sludge at a concentration of 5 percent

Find: The hydraulic loading, GPM/ft

Solution:

Known Unknown

Belt Filter Press Hydraulic Loading, GPM/ft

Belt Width, ft = b ft

Flow, GPM = 100 GPM

SI Sol, °X, = 5%

Determine the hydraulic loading in gallons per minute per foot.

Hydraulic = Flow, GPM

Loading, Belt Width, ft
GPM/ft 100 GPM

=
6 ft

= 16.7 GPM/ft

BELT TYPE

Belts are availnble in a variety of materials (nylon, polypro-
pylene), each wit i various porosities. Porosity is a measure of
fiber openings. As the porosity increases, the resistance to
flow decreases and larger volumes of water are able to be
drained. If the porosity (fiber openings) is too large, sludge
solids may pass through the belt and result in poor filtrate
quality. If the porosity is too low, the belt may blind or plug
which will produce frequent "washouts." The right belt for a
particular application is determined by experimentation in con-
junction with manufacturer's recommendations. After a belt is
selected and installed, the operator should provide for
adequate belt cleaning by maintaining the belt-washing
equipment in proper working condition and by adjusting the
washwater volume as required.

3.4412 Normal Operating Procedure. The operation of
different belt filters will vary somewhat, but the following
procedures will be applicable for most cases:

1. Prepare an adequate supply of an appropnate polymer
solution.

2. Turn on the washwater sprays and the belt drive.

3. Adjust the belt speed to its maximum setting and allow the
washwater to wet the entire belt.

4. Turn on the mix drum and reactor drum if applicable.

5. Open appropriate sludge and polymer valves.

6. Turn on the polymer pump and adjust the polymer rate as
required to achieve the desired dosage.

7. Turn on the sludge feed pump.

8 Lower the belt speed as low as possible without running
the risk of "washing out."

9. Adjust the belt tension as required.

10. Turn on the dewatered sludge conveyor.

212



The operator should routinely check the operation of the belt
press and make adjustments as required to produce a dry cake
ana good filtrate quality.

3.4113 Typical Performance. Operating guidelines, poly-
mer requirements, and typical performance data are pre-
sented in Table 3.17.

TABLE 3.17 TYPICAL PERFORMANCE OF BELT
PRESS FILTRATION UNITS

Polymer, Cake, SS Recovery, Hyd. Load,
Sludge Type lbs/ton° % TSB' % GPM/ftc

Primary 4 8 25-35 95 . 99 10 - 25
Secondary 9.20 17-20 90 - 99 5.15
Dig. Primary 4 - 8 25-30 95. 99 10 - 25
Dig. Secondary 15 - 30 17-20 90 - 99 5.15

a lb of dry polymer/ton dry sludge solids. lbs, ton A 0.5 = gm
polymer/kg dry sludge solids

b Thickened sludge
c GPM/ft x 0.207 = L/sec/m

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 256.

3.41J What ^urpose does the drainage zone serve?

3.41K What is the function of mix chambers used on some
belt presses?

3.41L What is the purpose of reactor chambers used on
some belt presses?

3.41M Describe the function of the press or dewatering
zone."

3.41N List the factors affecting belt filter performance.

3.410 What problems might be expected when using a belt
press to dewater secondary sludge?

3.41P How does pressure acct belt press operation?

3.41Q Explain how low belt speed affects belt press per-
formance.

3.41R Wilat does the term "washing out" mean?

3.41S What is the ideal belt speed?

3 41T How does belt type affect belt press performance
and what problem may develop if the porosity is too
low?

3 4114 Troubleshooting. A close watch over belt press
operation in combination with field experience should enable
the operator to optimize performance. n addition to mechani-
cal reliability and maintenance, the operator should be con-
cerned with the filtrate quality and dryness of the dewatered
sludge. The most frequent problem encountered with belt
presses is 'washing out Usually this problem is indicated by
large volumes of water carrying onto the dewatenng zone and
overrunning tne sides of the belt. When this happens the
operator should check: (1) the polymer dosage, (2) adequate
mixing in reactor, (3) hydraulic loading, (4) drum speed, (5) belt
speed, and (6) helt washing equipment.

If the polymer dosage is too low, the solids will not flocculate
and free water will not be released from the sludge mass, If the
polymer dosage is adequate as evidenced by large floc parti-
cles and free water, the operator should increase the belt
speed so as to provide more belt surface area for drainage, If
the belt is already at its maximum setting, the operator should
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check the flow rate to the press and reduce it if the rate is
higher than normal. If the polymer dosage, belt speed, and
hydraulic loading are set properly but "washing out" still per-
sists., the problem may be related to blinding of the filter media.
The operator should check the appearance of the belts as they
leave their respective washing chambers. If the belts appear to
be dirtier than normal, the operator should increase the wash-
water rate and turn off the pe;ymer and feed pumps and allow
the belts to be washed until they are clean. Belt blinding often
develops because of polymer overdosing. If too much oolymer
is added, the belts can become coated with a film of e,:.-ess
chemical which will prevent drainage and result in washing
out" of the belt. The operator should check the polymer addi-
tior rate and adjust the rate as required so 3S not to grossly
overt.lose the sludge.

Poor effluent quality will generally result from "washing out"
or from sludge being forced either through or from the sides of
the belt. If sludge is forced from the belts, the operator should
check the belt tension and condition of the belts. Again, if the
belts are dirty and water is prevented from draining, the sludge
and water will squeeze from the belt side when they are sub-
jected to pressure in the dewatering zone. The operator can
reduce belt tension somewhat and clean the belts to eliminate
the problem.

If the unit is working as expected, that is the sludge is con-
tained between the belts and filtrate quality is good but the
discharge cakes are not as dry as desired, the operator can
reduce the belt speed and/or increase the tension somewhat to
achieve drier cakes. After a change in belt speed is made, the
operator should observe the operation for at least 15 minutes
to make certain 'hat a "wash out" will not occur.

Table 3 18 summarizes typical operational problems and
corrective measures that could be taken to optimize belt
press performance.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 256.

3.41U What steps should the operator take if "washing
out" of the belt develops.

3.41V How can blinding of the belt be corrected?

3.412 Vacuum Filtration

A vacuum filter consists of a rotating drum which contin-
ously passes through a trough or pan containing the sludge
to be dewatered. A typical rotary-drum vacuum filter is
shown in Figures 3.17 and 3.18, with an operation schematic
in Figure 3.19. The cylindrical drum, which is covered with
some type of cloth media is submerged about 20 to 40
percent in the trough. The trough is usually equipped with an
agitator to keep the chemically conditioned sludge well
mixed and to keep sludge from settling in the trough. The
filter drum is divided into compartments, In sequence, each
compartment is subject to vacuums ranging from 15 to 30
inches (38 to 75 cm) of mercury. As the vacuum is applied to
the compartment of the drum submerged in the trough,
sludge is picked up on the filter media and a sludge mat is
formed. This is known as the "mat formation" or "sludge
pick-up zone." As the drum rotates out of the trough, the
vacuum is decreased slightly and water is sucked from the
sludge mat, through the filter media and discharged through
internal pipes to a drainage system, This is known as the
"drying zone" of the cycle. Just prior to the point where the
media separates from the drum, the vacuum is reduced to
zero. The dewatered solids remaining on the filter media are

213



190 Treatment Plants

then r';srtargei to a slu-rIge hopper or conveyor via scrap-
ers -iischa-g6 roller:, The cloth then regulates with the
drum arid is reintroduced into th3 sludge t ough for another
cycle.

3.4120 Factors Affecting Vacuum Filtration. The 'c ....2w-
ing factors can have pronounced effect- on the oparatior,
and performance of vacuum filters. (1) sludge t;.)e, (2)
conditioning, (3) applied vacuum, (4) drum speed o- cycle
time, (5) depth of submergence, and (6) media type and
condition.

The sludge type and the conditioning methods used will
drastically affect filter operation. In general, STRAIGHT
(ONLY) SECONDARY SLUDGES (DIGESTED OR UNDI-
GESTED) ARE NOT EASILY DEWATERED BY VACUUM
FILTRATION because they do not dewater enough to readily
discharge from the belt; however, THERMALLY CON-
D:TIONED secondary sludges can be effectively dewatered
with c vacuum filter. Even with extremely high dosages of lime
and ferric chlonde, secondary sludges that have not been
the-mally conditioned will generally not dewater effectively.
Such sludges usually require blending with pnmary sludges
prior to vacuum filtration for successful dewatenng.

TABLE 3.18 TROUBLESHOC TINS BLLT FiLTER PRESS

Operational Problem Possible Cause

1. Washing out of belt

2. Poor filtrate quality

3. Cake solids too wet

1a. Polymer dosage
insufficient

b. Hydraulic load too
high

c. Belt speed too low
d Belt blinding

2a. Washing out
b Sedge squeezed

from belt

3a. Belt speed too high
b. Belt tension too low

Check or Monitcr

lb. Polymer flow rate
and solution

b. Sludge flow
rate

c. Belt speed
d. Washing equipment and

polymer overdosage

2a Same as 1
b. Belt tension

Washing equipment

3a. Belt speed
b. Belt tension
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Possible Solution

la. Increase dose
rate

b Lower flow

c. Increase speed

d. Increase washwater
rate. Turn off sludge and
polymer and clean belts.
Reduce polymer if
overdosing

2a. Same as 1
b. Decrease tens,on.

Wash the belt

3a. Reduce belt speed
b. Increase belt tension
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As discussed in Section 3.3, sludge conditioning must be
optimized to achieve the desired degree of dewatering
regardless of the sludge type and type of dewatering equip-
ment used. To ensure successful vacuum filtration, the
operator should follow the procedures outlined in Section
3.3 to condition and prepare the sludge for dewatering. The
vacuum filter operating guidelines and their effects on filter
performance are discussed below.

3.4121 Operating Guidelines. The applied vacuum will af-
fect the degree and rate of sludge pick-up in the "formation
zone" and will affect the quantity of water withdrawn from the
sludge in the drying zone. In general, reduced vacuums will
result in wetter cakes and less than optimum discharge charac-
teristics. The operator should attempt to maintain AS HIGH A
VACUUM AS POSSIBLE to obtain high degrees of dewater-
ing.

The drum speed or the time required to make one com-
plete cycle also controls the degree of dewatering. Typically,
cycle times vary from 2 to 6 minutes and THE LONGER THE
CYCLE TIME THE HIGHER THE DEGREE OF DEWATER-
ING. Cycle time as controlled by drum speed affects sludge
dewatering in two ways. First, it controls the rate of sludge
pick-up and the thickness of the sludge mat in the "formation
zone: and second, it controls the length of time the sludge
remains in the "drying zone." As the cycle time is increased,
the opportunity to pick up sludge from the trough and the
time the sludge mat is subjected to a vacuum in the "drying
zone" are increased. This generally results in drier cakes
and improved discharge characteristics. The operator
should maintain as low a drum speed as possible to obtain
the highest degree of dewatering. The cycle time is depen-
dent on the solids loading or net filter yield and the minimum
speed that can be used depends on the filter area and the
quantity of sludge to be processed. Obviously, if the number
and/or size of the filters is not adequate to handle the entire
sludge load at the lowest drum speed, the operator will have
to maintain higher drum speeds. In addition to controlling the
degree of dewatering, the drum speed also controls the net
filter loading. As the drum speed increases, the net filter
loading and the total quantity of sludge processed per day
increases. The following example illustrates the determina-
tion of filter loading and filter yield.

EXAMPLE 37

Given: A 6-foot diameter by 1G-foot long vacuum filter with a
total surface area of 188 sq ft Or x 6 foot x 10 foot)
dewaters 4,500 lbs/day of primary sludge solids. The
fitter is operated for 7 hours per day at a drum cycle
time of 3 minutes and produces a dewatered sludge of
25 percent thickened sludge (TS) with 95 percent solids
recovery.

Find: The filter loading in lbs/hr/sq ft and filter yield in lbs/hr/
sq ft.

Solution:

Known Unknown

Vacuum Filter
Diameter, ft = 6 ft
Length, ft = 10 ft
Surface Area,

sq ft.
SI Sol Loading,

lbs/day
Filter Operation

hrs/day
Drum Cycle Time,

min 3 min
Dewatered Sludge Sol, `Ye= 25%
Solids Recovery, `Ye = 95%

= 188 sq ft

= 4500 lbs/day

= 7 hrs/day

1. Filter Loading,
lbslhrlsq ft

2. Filter Yield,
lbs/hr/sq ft

Calculate the filter loading in pounds per hour per square
foot.

Filter Loading, = SI Sol Loading, lbs/day

lbs/hr/sq ft Fil Operation, hrs/day x Area, sq ft

4500 lbs/day=
7 hrs/day x 188 sq ft

= 3.4 lbs/hr/sq ft

Calculate the filter yield in pounds per hour per square foot.

SI Sol Loading, lbs x Recov,

Filter Yield, = day 100%

lbs/hr/sq ft Fil Op, hr/day x Area, sq ft

4500 lbs x 95%
day 100%=

7 hr/day x 188 sq ft

= 3.2 lbs/hr/sq ft

EXAMPLE 38

Given: Based on previous expenmentation with the filter and
sludge from Example ;.7. the operator knows that lower-
ing the drum cycle to 2 minutes will produce a 30 per-
cent dewatered sludge with 95 percent solids capture
or recovery, but the filter yield will decrease to 1.7 lbs/
hr/sq ft.

Find: The time the filter must be operated to process 4,500
pounds of primary sludge solids.

Solution:

Known 'Jnknown

Information given in Example 37

If drum cycle time reduced to 2 min,

Dewatered SI Sol, `)/0 = 30%

Solids Recovery, `Ye = 95%

Filter Yield
lbs/hr/sq ft = 1.7 lbs/hr/sq ft

Time filter must be
operated in hours
per day

Calculate the time the filter must be operated to process
4,500 pounds per day of primary sludge solids.

SI Sol Loading, lbs x Recov, `)/0

Filter Yield, day 100%
lbs/hr/sq ft Fil Op, hr/day x Area, sq ft

Rearrange the terms.

SI Sol Loading, lbs x Recov, `)/0

Filter Opera-
tion, hr/day

day 100%

Fil Yield, lbs/hr x Area, sq ft

sq ft

4500 lbs x 95%
day 100%=

1.7 lbs/hr x 188 sq ft
sq ft

= 13.4 hours/day

Therefore, the filter must be operated for 13.4 hours per day
to produce a dewatered sludge cake of 30 percent solids when
using a 2-minute cycle time.

The exact response (filter yield and dewatered sludge as
percent sludge solids) of a particular sludge depends on the
treatment plant. Experimentation is required to determine the
filter yields and degrees of dewatering at different cycle times.
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The depth of submergence of the drum within the trough
affects the formation of the sludge mat on the media. In gen-
eral, as the depth of submergence increases, more sludge
solids are picked up and filter yields may increase somewhat.
The depth of submergence should always be within the manu-
facturer's recommended range. In addition, the liquid level in
the trough should never be maintained below a level which will
cause a loss in vacuum. If the liquid level in the trough is too
low, air will be pulled into the vacuum compartments and will
result in a loss of vacuum and a subsequent loss of mat forma-
tion and sludge dewatering.

The material of construction for the filter media is selected
based on experimentation with various cloth types. As the
porosity (openings) of the media increases, the ability to cap-
ture suspended solids decreases because fine, low-density
solids can pass directly through the media. Regardless of the
type and size of media selected for a particular application, tile
operator must ensure adequate media cleaning via the wash-
water zone. If the media blinds with fine solids or chemical
coatings, sludge will not be picked up in the trough (vat) in the
sludge blanket formation zone and the vacuum filter will be-
come inoperable

3.4122 Normal Operating Procedure. The specific oper-
ation of a particular vacuum will vary somewhat, but the
following procedures will be applicable for most operations:

1. Prepare chemicals in appropnate chemical tanks.

2. Transfer lime, if used, to a mixing tank to provide contact
with the sludge and/or add the required amount of ferric
chloride, if used.

3. Turn on the filter drum and the washwater to wet the entire
belt.

4. Pull up tension.

5. Fill the trough to the operating level wits the conditioned
sludge.

6. Turn on the sludge mixer in the trough.

7. Turn on the vacuum pumps and filtrate pumps.

8. Adjust the drum speed and vacuum until the desired results
are achieved.

Sludge Type

Primary

Primary and
Tnckling
Filter

Primary and
Air-Act.

Digested
Pnmary
and Tr.
Filter

Digested
Primary
& Air-Act.

Lime,
lbs/tons

50-150

200-600

TABLE 3.19

FeC13,
Ibslton'

25-50
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Whenever the unit is shut down, the cloth should be thor-
oughly cleaned to reduce the possibility of plugging during
subsequent operation. After shutdown, release cloth tension.

3.4123 Typical Performance. Table 3.19 summarizes
typical vacuum filter operation and performance criteria for
various sludge types.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 256.

3.41W What purpose does the agitator or mixer in the trough
serve?

3.41X Explain what happens in the "mat formation" and
"drying zones."

3.41Y Why does the filter media pass through a washing
zone?

3.41Z List the factors that affect vacuum filtration.

3.41AA What vacuum should the operator maintain?

3.41AB Explain how cycle time or drum speed affects vac-
uum filter dewatering.

3."1AC Determine the FILTER YIELD (lbs/hr/sq ft) for a vac-
uum filter with a surface area of 300 sq ft. Digested
sludge is applied at a rate of 75 GPM with a sus-
pended solids concentration of 4.7 percent. The filter
recovers 93 percent of the applied suspended solids.

3.41AD How does the putosfty of the filter media affect vac-
uum filter performance?

3.4124 Troubleshooting. Successful vacuum filtration will
result in a relatively clear filtrate and a relatively thick sludge
mat that will readily discharge from the filter media. The most
common problems that develop with vacuum filters are deterio-
rations in filtrate quality and wet cakes that are difficult to dis-
charge from the belt.

If the filtrate quality is note) to contain more than the usual
amount of solids, the operator should check the vacuum and

TYPICAL PERFORMANCE OF VACUUM FILTERS

Thermal
Conditioning

LPO

LPO

.._

LPO

LPO

Vacuum, Cycle, Yield, Cake, Solids
In. Hgb kiln. lbs Sol/ht./so ftc % T50 Recovery, %

15-30 2-6 4-12 24-40 85-95

15-30 2-6 4-8 30-45 85-95

15-30 2-6 4-5 25-40 85-95

15-30 2-6 4-8 25-35 85-95

15-30 2-6 4-5 25-40 85-95

15-30 2-6 4-5 25-30 85-90

a lbs of chemical/ton of dry sludge solids. lbs/ton x 0.5 = gm of chemical/kg of dry sludge solids
b in. Hg x 2.54 = cm Hg
C lbs solids/hr/sq ft x 4.883 = kg/hr/sq m
d Thickened ge
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the condition of the filter media. The filter media can easily
move out of alignment and often work their way free of the
drum. If this happens, a proper seal will not develop between
the media and drum and unfiltered sludge will be sucked from
the trough and contaminate the filtrate. If the seal is broken
between the media and drum, a loss of vacuum will develop
when the unsealed point on the drum is subjected to a vacuum.
The operator should check the vacuum gages for losses of
vacuum and realign the filter media as required. If the filter
media (cloth blanket) is misaligned, this is a major repair job
and will require the unit to be shut down. A tear in the filter
media will have the same effect as misalignment and the
operator should repair or replace the media if it is defective.

A substantial reduction in cake dryness and/or discharge or
filtrate characteristic will result from (1) inadequate chemical
conditioning, (2) cycle times too low (drum speed too fast), or
(3) media blinding. The operator should check the condition of
media and increase the washwater rate, or tum off the sludge
feed and wash the belt if it is laden with solids as it exits tho
washing zone. A clogged media will usually develop when poor
mat formation occurs in the pick-up zone. Whatever solids are
picked up will not effectively drain in the drying zone and a wet
cake will develop.

If the media is clean and a good seal is developed, a de-
crease in sludge dryness and discharge characteristics coulr.!
result from high drum speeds or improper conditioning. It pos-
sible, the drum speed should be lowered to afford mrs e drying
time, and the chemical mixing and addition system should be
checked for malfunctions. The operator should also be aware
that drastic changes in the influent sludge characteristics could
affect the chemical dosage and the degree of dewatering. If the
influent sludge appears to be thicker than normal, the operator
must increase the rate of chemical addition to match the in-
crease in influent solids.

Table 3.20 summarizes the most common operational
problems and the usual corrective measures taken to main-
tain good vacuum filter dewatering.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 256 and 257.

3.41AE What can cause a loss in vacuum and how will such
a loss affect filter performance?

3.41AF If the sludge is not picked up in the mat formation
zone, what should the operator do?

3.41AG How can the operator increase cake dryness?

Operational Problem

1. Loss of Vacuum

3.42 Centrifugation

3.420 Process Description

Centrifuge designs for dewatering sludge include batch-
operated basket centrifuges and continuous-flow scroll cen-
trifuges. Factors affecting centrifugation, operating criteria
and troubleshooting were described in detail in the thicken-
ing section (3.1) of this manual. The reader should refer to
Section 3.1 for a review of the mechanics of centrifugation.
The main differerees between centrifugal thickening and
centrifugal dewatering are that the concentration of feed
sludge is somewhat higher for dewatering than for thicken-
ing, and that a drier cake is the usual goal for dewatering.
The operator may therefore have to maintain a higher
differential (relative) scroll speed when dewatering because
of the higher solids loading, but the principles of centrifuga-
tion remain the same as previously discussed.

3.421 Typical Performance

Table 3.21 summarizes typical centrifuge operating crite-
ria, conditioning requirements, and performance data for
various sludge types.

Usually, the physical size of the centrifuge will govern the
maximum through put for a particular sludge and, in general,
the exact response of a particular sludge depends on the
treatment plant.

Troubleshooting techniques for basket and scroll centri-
fuge dewatering are identical to those already outlined in
Section 3.1.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 257.

3.42A Why are higher scroll speeds usually required to de-
water sludges as compared to sludge thickening?

3.42B A scroll centrifuge is used to dewater 60 GPM of
digested primary sludge at a concentration of 3.0
percent s'udge solids. A liquid polymer is used for
conditioning. The polymer solution is 2.5 percent and
2 GPM are added to the sludge stream. What is the
hydraulic loading (GPH), II solids loading (lb SS/hr)
ar,d the frolyilior dusayt, Cit, lio,/tori)?

3.42C A 48-inch diameter basket centrifuge is used to de-
water 50 GPM of digested primary sludge. The feed
is at a concentration of 2.7 percent sludge solids and

TABLE 3.20 TROUBLESHOOTING VACUUM FILTERS

Posisii3ie Causes Check or Monitor

1. a. Filter media misaligned 1.

b. Tear in filter media
c Trough empty
d. Vacuum pumps inopera-

tive

2. Poor filtrate quality 2 a Same as la and lb
b. Insufficient conditioning

3. Wet cake and poor discharge 3. a. Same as la, 1 b and ld
b. Drum speed too high
c. Insufficient conditioning

4. Poor mat formation . a. Same as 1, 2, and 3
b. Clogged media

a Media alignment
b. Media condition
c. Level in trough
d. Operation of vacuum

pumps

2. a Same as la and lb
b. Conditioning system

3 a. Same as 1
b. Drum speed
c. Conditioning system

4. a. Game as 1, 2 and 3
b. Media condition
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Possible Solution

1. a.
b.
c.
d.

Realign media
Repair/replace media
Fill trough
Repair and/or turn on
pumps

2. a. Same as la and lb
b. Increase dosage or degree

of conditioning

3. a. Same as 1
b. Lower drum speed
c. Increase dosage or degree

of conditioning

4. a. Same as 1, 2, and 3
b. Clean media



polymers are added tc achieve 95 percent sus-
pended solids recovery. The average concentration
of solids stored within the basket is 23 percent. The
feed time is automatically set at 17 minutes. Is the
feed time too long, too short, or OK? Assume the
basket has a solids storage capacity of 16 cubic feet

3.42D A basket centrifuge is used to dewater digested sec-
ondary sludge. On a routine check, the operator
notices that the centrate quality is poor but the dis-
charge solids are dry. What should the operator
check arid what action should be taken to produce
clean centrate?

3.43 Sand Drying Beds

The use of sand drying beds to dewater wastewater sludges
is usually limited to small or medium-sized plants (less than 5
MOD or 19,000 cu m/day) because of land restrictions. Drying
beds usually consist of 4 to 9 inches (10 to 23 cm) of sand
placed over 8 to 20 inches (20 to 50 cm) of graded gravel or
stone. Sludge is placed on the beds in 12 to 18 inch (30 to 45
cm) layers and allowed to dewater by drainage through the
sludge mass and supporting sand, and by evaporation from
the surface exposed to the atmosphere. An underdrain system
composed of a lateral network of perforated pipes or trenches
can be used to collect the filtrate for subsequent recycle to the
plant headworks. After drying, the dewatered sludge is re-
moved by manual shoveling (forks) for further process ig or
ultimate disposal. Sludge drying beds are usually not used for
sludges that have been stabilized or conditioned by wet oxida-
tion because of the odorous nature of th malty heated sludge

3.430 Factors Affecting Sand Drying Beds

The design, use, and performance of drying beds are af-
fected by many factors Th( se include (1) sludge type, (2)
conditioning, (3) climatic conditions, (4) sludge application
rates and depths, and (5) dewatered sludge removal tech-
niques.

As is the case with mechanical dewatenng devices, the type
of sludge applied and the effectiveness of chemical condition-
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ers can determine the degree of dewatering and the operation
of the beds. Since the majority of dewatering is by drainage
through the support sand, the sludge has to be adequately
conditioned to flocculate the sludge solids and release free
water. Care must be taken to prevent chemical overdosing for
two reasons, (1) media (sand) blinding with unattached
polymer may develop, and (2) large floc particles that settle too
rapidly may also blind the media. Whatever the mechanism for
blinding, the net result will be the same. The liquid portion of
the sludge will be unable to drain through the bed and dewater-
ing will be by evaporation only The time required to evaporate
water is substantially greater than the time required to remove
water by a combination of evaporation and drainage.

Chemical requirements, pre-screening requirements, and
the response of sludges to sand drying operations are gener-
ally determined by laboratory, pilot and/or full-scale experi-
mentations.

Climatic conditions are Very important to an efficient sand
drying bed operation. After all the water that can be removed
by drainage is complete, evaporation is the only mechanism
available for further dewatering. As climatic conditions vary
from inclement and humid to dry and arid, so does the rate of
evaporation and consequently the time required to achieve the
desired degree of dewatenng In wet or cold climates, the sand
beds are usually covered with greenhouse-types of enclosures
to protect the drying sludge from rain and to reduce the drying
period during cold weather. Such enclosures should be well
ventilated to promote evaporation. They also can serve to con-
trol odors and insects.

The operator has little, if any, con: il over the sludge type
and characteristics, no control over cl,.natic conditions and
physical size of the sand beds, but can control, to some extent,
the depth of sludge application and dewatered sludge removal
techniques.

3.431 Operating Guidelines

The physical size of sand drying beds is based on the
amount of sludge to be dried each year In general, sand beds
are loaded at rates of 10 to 35 lbs of sludge solids,"yr'sq ft (50 to

TABLE 3.21 TYPICAL PERFORMANCE OF CENTRIFUGES

Sludge Type
Centrifuge

Type

Conditioning

Flow,
GPMb

solids Load,
lbaihrc

Polymer,
lbs/tons Thermal

Primary Scroll 0-5 20.150 200-1500

Primary Scroll 0-5 LPO 20-150 200-1500

Secondary Scroll 0.15 20.150 100.700

Secondary Scroll 0.7 LPO 20.150 100.700

Secondary Basket 0-10 20.70 70-350

Secondary Basket 0.4 LPO 20.70 70.350

Dig Pri. Scroll 0-15 20.150 200-1500

Dig Pri. Scroll 0.5 LPO 20.150 200-1500

Dig Pri. Basket 0.15 35.50 200.500

Dig. Sec Scroll 0.40 20.150 200.1500

Dig. Com e Scroll 0.20 20.150 200.1500

Dig. Com.° Basket 0-20 35.50 200.500

a lbs of dry polymer/ton of dry sludge solids lbs/ton x 0.5 = gm of polymer /kg of dry sludge solids
b GPM x 5.45 = cu m/day
c lbs/hr x 0.454 = kg/hr
d Thickened Sludge
b Digested Primary + Digested Combined 224

Cake,
% TSd

SollGs
Recovery, %

25-35 30.95

25.40 50.95

6.9 30.95

2,)-30 70-95

6-9 50-95

20.30 70.95

20.25 30.95

20.30 70.95

20.25 70.95

6.12 30.95

10.25 30.95

10-20 50.95
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170 kg/yr/sq m) for open drying beds and 20 to 45 lbs of sludge
solids/yr/sq ft (100 to 220 kg/yr/sq m) for covered drying beds.
Obviously, as the loading rate decreases, the time required to
dewater the sludge decreases as does the potential for blind-
ing of the bed. The operator should control loading rates ac-
cording to the total area of bed available and the estimated
quantity of sludge production. The operator should also pro-
vide for a standby capacity of 10 percent additional area, if
possible, to meet unexpected increases in sludge loads and to
allow for down time for operational problems. If sufficient bed
area is not available to allow for standby capacity, auxiliary
mechanical dewatering equipment or liquid sludge haulers
should be available for emergency situations.

EXAMPLE 39

Given. An operator at a treatment plant has two sand beds
available for dewatering experiments. Each bed has
dimensions of 200 feet long by 25 feet wide. Sludge is
applied to Bed A to a depth of 3 inches and to Bed B to
a depth of 9 inches. Bed A requires six (6) days to dry
and one (1) day to remove the sludge for another appli-
cation. Bed B requires 21 days to dry and one (1) day to
remove the sludge for another application. The applied
sludge is at a concentration 3 percent sludge solids.

Find. 1 The total gallons and lbs of sludge applied per appli-
cation for Bed A and Bed B.

2. The loading rates (lbs/yr/sq ft) for Bed A and Bed B
assuming repeated applications are made on each
bed with no operational or maintenance down time

3. Which application depth should be used.

Solution:

Known

Two Sand Beas

Length, ft = 200 ft

Width = 25 ft

SI Depth, in = 3 in (Bed A)

SI Depth, in = 9 in (Bed B)

Drying Time
Bed A, days = 6 days
Bed B, days = 21 days

Sludge Removal,
days = 1 day

Sludge
Solids, % = 3%

Unknown

1 Sludge Applied,
gallons/application and
pounds/application for both
Beds A and B

2 Loading Rates, lbs, yr sq ft for
both Beds A and B

3 Which application depth
should be used")

1. Determine the sludge applied in gallons per application and
pounds per application for both Beds A and B.

BED A

Sludge Applied, L, ft x W, ft ;< D, in/apl
gallapplication

x 7 48 gal

12 in/ft cu ft

200 ft x 25 ft x 3 in,apl x 7,48 gal

12 in/ft cu ft

= 9,350 gal/application

Sludge Applied, SI Appl, gal x 8.34 lbs x SI Sol, %
lbs/application apl gal 100%

9,350 gal x 8 34 lbs x 3 0%
apl gal 100'o

= 2,340 lbs/application

BED B

Sludge Applied. = L, ft x W, ft x D, in/apl x
gal/application 12 in /ft

Sludge Applied,
lbs/application

7 48 gal

cu ft

200 ft x 25 ft x 9 in/apl x 7 48 gal

cu ft12 in/ft

= 28,050 gal / application

SI Appl, gal x 8 34 lbs x SI Sol, %

apl gal 100%

28,050 gal x 8.34 lbs x 3 0%
apl gal 100%

= 7,018 lbs/application

2 Determine the loading rates for the sludge applied in
pounds per year per square foot for both Beds A and B.

BED A

Loading Rate,
lbs/yr/sq ft

BED B

Loading Rate,
lbs/yr/sq ft

SI Appl, lbs/apl x 365 days/yr

L, ft x W, ft x Cycle, days/apl

2340 lbs/apl x 365 days/yr

200 ft x 25 ft x (6 aays + 1 day)/apl

= 24 4 lbs/yr/sq ft

SI Appl, lbs/apl x 365 days/yr

L, ft x W, ft x Cycle, days/apl

7018 lbs/apl x 365 days/yr

200 ft x 25 ft x (21 days + 1 day)/apl

= 23.3 lbs/yr/sq ft

3. Which application depth should be used?

Based on the data given and the above analysis, there is no
substantial difference in the amount of solids that can be
applied per year for application depths of 3 inches and 9
inches. The operator should choose the 9-inch application be-
cause it will result in less operator time. A 3-inch application
would require the operator to refill and possibly remove solids
every 7 days while a 9-inch application will require operator
attention every 22 days.

The preceding example ONLY illustrates the calculations
necessary to determine loading rates and it should NOT be
misinterpreted that high application depths are more efficient
than low application depths as a result of these calculations.
The operator should go through the above analysis for a par-
ticular sludge and specific data to determine the optimum
depth of application. Usually, greater depths of digested
sludge are applied and the drying times are longer than used in
this example.

Sludge removal from sand drying beds should be done so as
to remove as little of the sand media as possible and care
should be taken to avoid compacting the sand bed. Heavy
equipment should not be allowed on the bed. Provisions
should be made to remove dewatered sludge by surface
scrapers or collectors that are mounted on the vertical walls of
the bed or on the access road between the beds. Compaction
of the bed will result in reduced drainage rates, longer drying
times and may increase the potential for plugging.

3.432 Normal Operating Procedures

The sludge should be applied to the bed as evenly as possi-
ble and should be done with minimal upsetting of the bed
surface. This is best accomplished by applying the sludge
through an inlet distribution inbly which may consist of
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troughs and weirs to apply the sludge evenly and with as little
turbulence as possible. Be sure to flush the sludge out of the
pipe and leave one end open for any gas produced by
anaerobic decomposition to escape. Some operators make a
large two-wheel "pizza cutter" out of disc harrows, or a tine-
type drag device, either of which is dragged across the sludge
as soon as it begins to "fetch up." This promotes cracking
along these lines which allows operators to fork out easily
handled sized pieces of dried sludge. Remove the sludge from
the bed when it reaches a dryness that will allow for easy
removal. Scrape and smooth the surface of the bed with a rake
to prepare the drying bed for more sludge.

3.433 Typical Performance

Table 3.22 summarizes typical operating guidelines and
performance data for d drying of wastewater sludges.

The final concentration to which the sludge can be dried is
dependent on the climatic conditions and time the sludge re-
mains in the bed after the majority of water nas drained
through the sand. In general, the sludge is cfrie/"... to the point
where it can easily be removed from the bed. If the sludge is
removed when it is relatively wet and sticking to the bed sur-
face, large quantities of sand also will be removed.

TABLE 3.22 TYPICAL PERFORMANCE OF SAND BEDS

Loading, lb SS/sq

0;4., Bed Covered Bed
Cake,

Tsb
Solids

Recovery, %

Digested Primary 20 35 20 45 30-70 95 - 99
Digested Secondary 10 - 20 10 25 30.50 95.99
Digested Combined 10 25 10 35 30-70 95 - 99

alb/so ft x 4 883 koq m
bThickened sludge

Sand bed operations are more of an art than a science be-
cause of the large number of uncontrolled variables Even
though sand beds are a common method of sludge dewater-
ing, it is difficult to list typical operation and performance data
with a reasonable degree of certainty.

3.434 Troubleshooting

Sand drying beds are relatively simple to operate and the
only problem that appears to develop at most installations is
plugging of the media (sand) surface. When sludge is app'ied,
the majority of water should drain within the first 3 to 10 days
after the application. If poor drainage is evident by small filtrate
quantities and a slow rate of drop of the liquid surface, the
operator can assume the media is plugged. If sufficient area or
standby capacity is available, the affected bed(s) should be
allowed to dry by evaporation. After the sludge is dried and
removed, the operator should rake the surface of the bed and
might remove the upper 2 to 3 inches (5 to 8 cm) of sand and
replenish with fresh sand if excessive blinding is evident. If
sufficient capacity is not available to allow time for the sludge in
the affected bed to dry by evaporation, the operator should
pump the sludge out of the bed and clear or replace the upper
layer of sand.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 257 and 258.

3.43A Why are sand drying beds not commonly used for
wet oxidized sludges?

3.438 List the factors that affect sand drying bed perform-
ance.
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3.43C Why should overdosing with chemicals, particularly
polymer, be avoided?

3 43D Why might primary sludge from the bottom of digest-
ers require pre-screening?

3.43E Why are drying beds sometimes covered?

3 43F A 150-foot long by 30-foot wide sand drying bed is
loaded at 15 lbs/yr/sq ft. One application of sludge is
made per month (12 applications per year). Deter-
mine the depth (in) of each application if the sludge
has a concentration of 3.0 percent sludge solids.

3.43G How should an operator determine the most desir-
able depth of sludge to be applied to sand beds?

3.43H Why should sand bed compaction be avoided?

3.431 Why should the sand bed surface be raked after
sludge is removed?

3.43J Wnat determines the final concentration to which
sludge is dewatered on sand beds?

3.43K What is the major problem that is encountered when
operating sand drying beds?

3.44 Surfaced Sludge Drying Beds

3.440 Need for Surfaced Drying Beds

Sludge drying beds using gravel and sand with an under-
lying pipe system for bed drainage have a limitation of manual
cleaning with forks or shovels to remove the dried sludge.
Equipment such as tractors with front end loaders cannot be
used to remove dry sludge from sand beds because the
equipment would break the pipe underdrains, compact the
sand bed, or mix the sand and gravel layers. Some operators
lay planks or mats on the sand bed surface to distribute the
weight of cleaning equipment. After the sludge removal opera-
tion is complete, the operator simply removes the planks or
mats leaving the sand bed undisturbed. Surfaced drying beds
of either blacktop or concrete have been used to facilitate
easier sludge removal by the use of skip loaders. One advan-
tage of a surfaced bed is the ability to speed up sludge drying.

3.441 Layout of Surfaced Drying Beds (Fig. 3.20)

Surfaced drying beds are designed to allow the use of me-
chanical sludge removal equipment. Other design consid-
erations include the application of digested sludge to be dried
and the drainage of water released from the sludge being
dried. Drying beds are rectangularly shaped with widths of 40
to 50 feet (12 to 15 m) and lengths of 100 to 200 feet (30 to 6
m). A two-foot high retaining wall around the outside of the bed
contains the sludge.

The actual size of a drying bed depends on the sludge pro-
duced by the treatment plant. A plant with small flows, less
than 2 MGD (7,570 cu m/day), and with secondary treatment
may require only four 40 by 100 feet (12 by 30 m) drying beds
for sludge handling purposes. However, a 10 MGD (37,850 cu
m/day) plant with activated sludge and no solids thickening
processes before sludge digestion may require 20 drying beds
50 by 200 feet (15 by 60 m) to provide adequate sludge han-
dling capabilities. The drying beds are usually sized so that
one bed can be filled with sludge from the digesters to an
18-inch (45 cm) sludge depth in an eight-hour period.

The drying bed is provided with a 4-inch (100 mm) or 6-inch
(150 mm) drain line down the center of the bed and 18 inches
(45 cm) to 30 inches (75 cm) below the surface of the drying
ben. The drain line is either a periorated pipe or a pipe with
pulled joints (space between joints) (Fig 3.21). The trench in
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which the drain pipe is placed is filled with gravel and sand that
serve as a media to fitter solids out of the drainage water.

The drying bed drain pipe to the plant headworks is
equipped with a valve outside of the bed fol isolation of the
drying bed. At the other end (high end) of the drain pipe, the
line is extended to the ground surface (grade) and a cleanout is
installed to allow cleaning of the drain line. Digested sludge is
usually applied to the drying bed birough a six-inch (150 mm)
sludge feed line with a control valve or a box arrangement as
shown in Figure 3.20.

Equipment access to the bed is through a 12-foot (3.6 m)
opening in the end wall. The opening is closed off with 2 x
12-inch (5 x 30 cm) planks (stop logs) to seal the opening
when the drying bed is being filled and in use.

3.442 Operation

When placing a sludge drying bed into operation the follow-
ing tasks should be performed:

1. Remove the drain line cleanout on the bed to be filled and
flush the drain line with water.

2. Close the valve on the drain line discharge after flushing the
drain line.

3. If the drain media is filled with gravel only, fill the drain line
and fitter area with water until the gravel is flooded. This will
prevent sludge from entering the voids (empty spaces) in
the gravel over the drain line during filling of the drying bed.
Beds with gravel and an overlying sand upper layer do not
require flooding before filling with digested sludge. How-
ever, the sand layer should be loosened and raked level
before applying sludge to the drying bed. After flooding the
drain media, make sure the cleanout cap is replaced and
secured.

4. Install the 2 x 12-inch (5 x 30 cm) stop logs in the equip-
ment entrance opening to the bed. To seal the ends where
the stop logs fit into the wall slot, use rags or burlap sacks
wrapped around Eau end of the stop log and along the
bottom of the stop log next to the paving. Sealing is neces-
sary to prevent sludge leaking from the bed during the filling
operation and the first days of drying. Sand or soil also may
be used to form a small dam to prevent leaking. If the drying
bed being filled has a gate for entrance to an adjacent bed
that is not to be filled, seal the stop logs in this gate to
prevent leakage.

WARNING: NEVER SMOKE NEAR A SLUDGE DRYING
BED THAT IS BEING FILLED OR HAS BEEN
FILLED RECENTLY BECAUSE THE GASES
FROM THE SLUDGE COULD FORM AN EX-
PLOSIVE MIXTURE.

5. Select the digester that sludge is to be withdrawn from and
dose feed valves to all drying beds except to the drying bed
to be filled. Start sludge flowing from the digester to the
drying bed by opening the proper valves.

Control the sludge feed to the drying bed at the drying
bed inlet valve. This allows you to observe the flow of
sludge and rate of sludge application. The sludge should
not be applied too fast to the bed because it may cause
coning in the digester. When coning occurs, only the
water will be drawn which will greatly extend the drying
time. Eight to 12 hours may be required to fill a bed 40 by
100 feet (12 by 20 m) 18 inches (45 cm) deep at the side
wall with sludge having a 6 to 8 percent solids content.

Samples should be taken of the applied sludge thirty
minutes after the start of the filling by placing 100 to 200 ml

of sludge in a 1,000 ml beaker. An additional 100 to 200 ml
sample is placed in the same beaker every hour thereafter
while filling the drying bed. Always use the same size sam-
ple. Upon completion of filling the bed, the 1,000 ml beaker
should be full of sludge from samples taken dunng the filling
time.

When the bed is filled to toe desired level (usually 6 to 18
inches (15 to 45 cm) deep at the side walls), close the
sludge feed valve at the digester. If no more sludge is to be
withdrawn for at least a week, the sludge line should be
cleared of sludge and flushed with water to prevent plug-
ging of the line. Always leave the valve open at the filled
drying bed, or another empty drying bed, to prevent gas
from building up in the line and damaging the pipes, valves,
or fittings.

6. Dewatering the drying bed. Mix the contents in the 1,000 ml
sample beaker. Remove a 200 to 300 ml portion for labora-
tory analysis. Leave the remaining portion of sludge and the
beaker sitting on the wall of the sludge drying bed. If the
wastewater plant is staffed for 24-hour operation, an
operator should check the beaker every four hours looking
for signs of water-sludge separation.

Water-sludge separation usually occurs in 12 to 24 hours
after the sludge has been applied to the drying bed. The
sludge will rise to the surface leaving a 10 to 40 percent
portion by volume of water under the sludge. When this
occurs, the drying bed drain line valve is partially opened to
drain off the water from the drying bed. The sample beaker
can then be returned to the laboratory. The water-sludge
separation will not continue for more than several hours
because the sludge will resettle to the bottom. If the sludge
resettles, a large percentage of the water will move back
into the sludge or to the surface of the sludge in pools.
These pools will take a considerable amount of time to
evaporate from the sludge. To hasten sludge drying, open
the drain valve when the sludge sample shows that the
water-sludge separation has occurred. This procedure has
reduced the sludge volume in a drying bed by as much as
30 percent during the first day of drying.

Sludge drying may be further hastened after a crust has
formed on the sludge surface and has started to crack. Mix
or break down the sludge by driving equipment through the
drying bed to expose new sludge to surface evaporation

3.443 Cleaning the Drying Bed

When the sludge on the bed has dried, the stop logs are
removed and a tractor equipped with a front bucket (skip
loader) is used to scoop up the sludge and remove it from the
drying bed. The equipment operator should not dnve on or
across the drain trench because it will damage the trench or
the drain pipe.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 258.

3.44A What is a limitation of using sand drying beds?

3.44B How would you start to fill a surfaced drying bed that
has gravel only in the drainage trench?

3.44C What should be done when water-sludge separation
is observed in a beaker containing digested sludge
that is sitting on the wall of the sludge drying bed?

229



3.45 Dewatering Summary

Successful dewatering requires that (1) the operator be very
familiar with the operation of the particular dewatering de-
vice(s) used, (2) sludge conditioning be optimum, and (3) the
influent sludge be as thick and consistent as possible.
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QUESTION
Write your answers in a notebook and then compare your

answers with those on page 258.

3.45A How can an operator have a successful sludge de-
watering plogram?

V.30 OF 1.-V014 OF 1.-Ec-i-JOW,
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DISCUSSION AND REVIEW QUESTIONS
Chapter 3. SLUDGE HANDLING AND DISPOSAL

(Lesson 4 of 5 Lessons)

Write the answers to these questions in your notebook be-
fore continuing. The problem numbering continues from Les-
son 3.

18. The degree of dewatenng and the sludge solids removal
efficiency for pressure filters are influenced by what fac-
tors?

19. How would you determine filtration tame for a pressure
filter?

20. What could be the cause or problem if a majority of the
sludge passes through the filter without building up be-
tween the plates?

3.5 VOLUMF. REDUCTION

21. How would you determine the speed of the belt on a belt
filter press?

22. How would you attempt to correct the cause cf poor filtrate
quality from a vacuum filter?

23. Why must care be taken to avoid chemical overdosing of
sludges applied to sand drying beds?

24. Why should no smoking tx allowed around drying beds
while digested sludge is being applied or shortly thereaf-
ter?

CHAPTER 3. SLUDGE HANDLING AND DISPOSAL
(Lesson 5 of 5 Lessons)

3.50 Purpose of Volume Reduction

Drying of wastewater sludges beyond the level attained by
normal dewateting methods usually results in a product that
can be marketed as a fertilizer or soil conditioner and may
improve the economy of subsequent processes. For example,
drying might be a feasible and required step to render sludges,
especially those that are difficult to dewater, suitable for landfill
disposal or may improve the overall efficiency of subsequent
incineration processes.

Drying or incineration of wastewater sludges results in a net
reduction of the sludge mass and are therefore termed VOL-

UME REDUCTION PROCESSES. The distinction between dry-
ing and incineration is that DRYING removes water from
sludge WITHOUT the COMBUSTION (buming) of solid mate-
rial.

Volume reduction is accomplished by a variety of methods
including composting, direct and indirect heat drying and incin-
eration. In addition to substantially reducing the volume of the
sludge mass, heat drying and incineration processes should
result in a complete destruction of pathogenic organisms due
to the high temperatures maintained.

3.51 Composting (Also see Section 3.6220)

Coming results in the decomposition of organic matter
3u
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by the action of THERMOPH1UC38 facultative aerobic mi-
croorganisms to sanitary, nuisance-free, humus-like matenal
Composting is a biological process and requires that a suitable
environment be established and maintained to ensure the sur-
vival and health of this group of bacteria. In order to create a
suitable environment, several criteria must be met.

First, composting of wastewater sludges requires that these
sludges be blended with previously composted matenal or
bulking agents such as sawdust, 5`. aw or wood shavings. This
blending process should produce a fairly uniform, porous struc-
ture in the composting matenal to improve aeration. The bulk-
ing material also provides control of the initial moisture content.
Second, aeration must be sufficient to maintain aerobic condi-
tions in the composting matenal. Third, proper moisture con-
tent and temperatures must be maintained. Microorganisms
require moisture to function, but too much moisture can cause
the process to become anaerobic and/or reduce the compost-
ing temperature below that which is suitable for the bactena.

Composting generally falls into two categones: (1) windrow
and (2) mechanical. The most common method of sludge
composting is by windrow operation (Figure 3.22) and will be
the only one discussed here. Mechanical composters are
relatively untned on wastewater sludges and sufficient data
do not currently exist for accurate evaluation and reliable
operating procedures.

Windrow composting is generally limited to digested sludge
and consists of collecting dewatered digested sludge, mixing ,t
with previously composted material or bulking agents, and
forming windrow piles. Typical windrow stack (pile) dimensions
and spacing between stacks are shown in Figure 3.23.
Specialized machinery such as "Flow-Boy--type trailers can
form windrows and at the same time mix dewatered sli.dge
with compost material or bulking agents.

The initial moisture content of the blend of the dewatered
sludge and bulking agents or compost should be approxi-
mately 45 to 65 percent moisture. After formation of the wind-
rows, the stacks should be turned once or twice daily dunng
the first five days to begin the compost action and to ensure a
uniform mixture. Thereafter, the windrows should be turned
anywhere from once per day to once a week to provide aera-
tion and to encourage drying by exposing the compost material
to the atmosphere. After the process is complete, the compost
product must be loaded onto trucks for disposal and/or recy-
cling. This can be accomplished by a vanety of equipment
including skip loaders and specially designed compost load-
ers.

Chemically stabilized and wet oxidized sludges are gener-
ally not suited for compost operations. Chemical stabilization
produces environments that are unsuitable for microorganism
survival and usually will not support the life of composting bac-
tena unless the sludges are neutralized and favorable condi-
tions exist. Sludge that has been stabilized by wet oxidation
can be composted, but noxious odors will more than likely

develop in and around the compost operation. Unless provi-
sions are made to house the compost area and scrub the
exhaust gases, a severe lowenng of air quality could develop
and lead to numerous odor ccmplaints.

3.510 Factors Affecting Composting

The time required to complete the composting process and
the efficiency of the operation depend on many factors. These
include: (1) sludge type, (2) initial moisture content and uni-
formity of the mixture, (3) frequency of aeration or window
turning (4) climatic conditions, and (5) desired moisture con-
tent of the final product.

The type of digested sludge to be treated in a compost facil-
ity can drastically affect performance and operation. Pnmary
and secondary sludges can be treated by compost processes,
but the plastic nature of dewatered secondary sludge and in-
creased moisture content make them more difficult to compost
thafl Oman/ sludge. The difficulties anse with secondary
sludge because greater efforts have to be put into mixing with
compost material or bulking agents to produce an evenly
blended, porous mixture. Dewatered secondary sludges tend
to clump together and form "balls" when they are blended with
compost material. The balls that are formed within the win-
drows readily dry on the cutz.lr surface but remain moist on the
inside. Occasionally, this creates anaerobic conditions leading
to odor production and a lower comoosting temperature. The
problem is further complicated when large quantities of
polymer are used in the dewatenng step because of the sticky
nature of polymers.

The initial moisture content and homogeneity (evenness) of
the mixture are important considerations in starting the com-
post process. These factors depend on sludge type, use of
polymers as discussed above, and the effectiveness of the
blending operation.

The quantity of compost product that must be blended wan
dewatered sludge to produce an initial moisture of 45 to 65
percent depends on the concentration of the dewatered sludge
and the moisture content of the recycled compost material
The following examples show how to calculate the amount of
compost required for blending purposes.

EXAMPLE 40

Given: A 5 MGD plant produces 4,100 lbsiday of dewatered
digested pnmary sludge. The dewatered sludge is at a
concentration of 30 percent thickened sludge (TS).
Final compost product at the plant has a moisture con-
tent of 30 percent.

Find: The total pounds of compost that must be blended with
the dewatered sludge to produce a moisture content of
the mixture of 50 percent

SOlution:

Known

Flow, MGD = 5 MGD

Sludge, Ibseday - 4100 lbsiday
(dewatered digested
primary sludge)

Dewatered SI Sol, % = 30% Solids

Final compost, % = 30% moisture
(70% solids)

Unknown

Pounds of compost
blended daily with
dewatered sludge to
produce a mix-
ture with 50 percent
moisture content

38 Thermophilic (thermo- FILL -hk). Hot temperature bacteria A group of bactena that grow and thrive in temperataes above 113 F (45 C)
The optimum temperature range for these bactena in anaerobic decomposition is 120°F (49`C) to 135°F (57°)

231



.
.

1.4!,t*' "'aid(

Fig. 3.22 Windrow composting

2 3 `)

Solids Disposal 205



233 rig 3.23 Windrow stack dimensions and spacing between stacks



Determine the moisture content of the dewatered sludge

Sludge = 100% - Dewaterd SI Sol,
Moisture, %

= 100% - 30%

= 70% moisture

Calculate the pounds of compost that must be blended daily
with the dewatered sludge to produce a mixture with 50 per-
cent moisture content.

Mixture Sludge, lbs/dry x SI Moist. % + Comp lbs/day x C Moist, %
Moisture. %

Sludge. lbs/day + Compost. lbs/day

Rearranging terms:

Compost. Sludge. lbs/day x g M. % - Sludge. lbs/day x Mix M. %
lbs/day

Mix M. % - Comp M. %

4103 lbs/day x 70% - 4100 lbs/day x 50%

50% 30%

4100 lbs/day (70% - 50%)

50% 30%

4100 lbs/day

EXAMPLE 41

Given: A 5 MGD plant produces 2700 lbs/day of dewatered
digested secondary sludge. The dewatered sludge is at
a concentration of 17 percent thickened sludge. Final
compost product is at a moisture content of 30 percent.

Find: The total pounds of compost that must be recycled to
produce an initial mixture moisture of 50%.

Solution:

Known

Flow, MGD

Sludge, lbs/day
(dewatered digested
secondary sludge/

Dewatered Sludge, %

Final Compost, %

= 5 MGD

= 2700 lbs/day

= 17% solids

= 30% moisture

Unknown

Pounds per day of
compost to produce
an initial mixture
of 50%.

Calculate the pounds per day of compost that must be recy-
cled to produce an initial mixture moisture of 50 percent

Sludge
Moisture. %

100% Dewatered SI Sol. %

= 100% 17%

- 83%

Compost Sludge. lbsday K SI M. % Sludge, lbsday Mix M, %
lbs/day

Mix M. % - Comp M. %

2700
lbs x 83% 2700_lbs x50%
day day

50% - 30%

-
= 2700 lbs/day

(83% 50%)

(50% - 30%)

= 4455 lbs/day

The proceeding examples illustrate the effect the degree of
sludge dewatering has on the quantity of compost that must be
recycled to obtain the desired initial moisture content of the
mixture. Even though fewer pounds of secondary sludge were
produced (Example 41), more pounds of compost had to be
recycled than for the primary sludge because of the differences
in the degree tat dewatering obtained.

The frequency of aeration or turning of the stacKr is deter-
mined by trial and error. Obviously, the stacks should be
turned frequently enough to prevent anaerobic conditions but
not so frequently that excessive heat loss occurs. If the stacks
are turned too often, excessive heat will be released and the
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temperature may drop to a point where it is unfavorable for the
thermophilic composting bacteria. To optimize the frequency of
tuming requires close monitonng of the windrows for various
turning frequencies. If the frequency of tuming is not optimized
as evidenced by anaerobic conditions or low temperatures, the
time required to complete the process will increase.

Climatic conditions play an important role in compost opera-
tions. Wet and cold climates generally require longer compost-
ing times than hot and arid regions. Wet weather is particularly
damaging to windrow composting because the piles can be-
come soaked and lose heat and the area generally becomes
inaccessible to heavy equipment.

The desired final moisture content of compost product af-
fects the time of composting because longer times are required
for higher degrees of drying. In general, a well operated wind-
row compost facility can dry sludge from an initial moisture
content of approximately 60 percent to a moisture content of
30 percent in about 15 to 20 days and to a final moisture of 20
percent in approximately 20 to 30 days. The final moisture
content at which the compost process is stopped depends on
whether the material is used as a fertilizer base, and/or the
economics of hauling the compost to final disposal.

3.511 Normal Operating Procedure

The required steps for successful composting are generally
the same from one operation to the next, although the
mechanisms for blending sludge with bulking agents or com-
post material and the method of aeration might vary depending
on the type of equipment used The procedures for successful
composting are listed below:

1. Dewater sludge to the highest degree economically practi-
cal.

2. Blend dewatered sludge with recycled compost or bulking
agents to produce a homogeneous (even blended) mixture
with a moisture of 45 to 65 percent.

3. Form the windrow piles and turn (aerate) once or twice daily
for the first 4 to 5 days after windrow formation.
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4. Turn the piles approximately once every two days to once a
week to maintain temperatures (130 to 140°F or 55 to 60°C)
and until the process is complete. The temperature of the
piles should be routinely monitored dunng this penod.

5. Load the compost onto trucks for dispose, and/or recycle
purposes.

3.512 Typical Performance

Typical performance and operational data for windrow
composting operations are summarized in Tab!, 3.23. Since
climatic conditions play an important role in windrow com-
posting, the data should be viewed with caution because it
reflects summertime operation. During wet weather periods
and in cold climates, the composting time may double or
triple those presented in Table 3.23.

A higher ratio of blend material and longer compost times for
secondary sludge are usually required because dewatered
secondary sludges are commonly wetter than dewatered pri-
mary sludges. As a result, it is more difficult to produce a
homogeneous blend when secondary sludges are composted.

TABLE 3.23 TYPICAL PERFORMANCE OF WINDROW
COMPOSTING

Sludg Blend Mated 1 initial Max Compost Final Compost
Type° Ratio, (113/1b)b Moisture, (%) Temp, MC Moisture, (%) Time, (days)

Fnmery 0 5 1 - 1 1 45 - 65 130
Secondary 1 1 1 5 1 45 65 130

- 140 30 - 25 8 15
140 30 25 15 25

a Sludge is digested and dewatered
b Assuming compost product is used for blending Ratio is lb Compost, lb Sludge or kg

Compost/kg Sludge
c CF 32) x 5/9 = 'C

QUESTIONS
Write your answers 'n a notebook and then compare your

answers with those on page 258 and 259.

3.50A What is the distinction between drying and incinera-
tion? What category .-.;oes composting fall into and
why?

3.51A Why does a suitable environment need to be estab-
lished in compost piles?

3.51B Why are chemically stabilized and wet-oxidized
sludges generally not composted?

3.51C List the criteria necessary to create a suitable com-
post environment.

3 51D List the factors that affect compost operations

3.51E Explain why secondary sludges are not as easy to
compost as primary sludges. Include a discussion of
the "balling" phenomenon.

3.51F A medium-size wastewater treatment plant produces
4700 lbs/day of dewatered digested primary sludge
with a solids concentration of 27 percent and 3300
lbs/day of dewatered secondary sludge with a solids
concentration of 15 percent. The sludges are
blended together and then composted in windrows.
Determine the total pounds of compost that must be
recycled and blended with the combined sludge to
produce a moisture of 60 percent. The final compost
product of the plant has a moisture content of 30
percent.

3.51G List the operational procedures required for windrow
composting.

3.51H Why does the data presented in Table 3.23 indicate
longer compost times for secondary sludge?

3.513 Troubleshooting

Windrow composting is a relatively simple and cost-effective
method to further reduce and stabilize the sludge, but difficul-
ties can arise which will render the process ineffective and
troublesome. Barnng climatic conditions, which the operator
has no control over but should plan for, the most common
problems that arise are anaerobic conditions and reductions in
compost temperatures.

Anaerobic conditions can prevail if the initial moisture con-
tent is greater than the optimum range (45% to 65%), the
stacks are not turned frequently enough, and/or balling occurs.
If anaerobic conditions develop, the operator should increase
the frequency of aeration and inspect the pile for balling. If
balling is not evident and a uniform mixture exists, then more
frequent turning should correct the problem. If balling is evident
and a non-homogeneous mixture exists, increasing the fre-
quency of turning may result in a decrease in the compost
temperature. The operator should monitor the temperature and
turn the stacks frequently enough to reduce the anaerobic
odors while maintaining thermophilic temperatures.

As discussed earlier, balling will occur if the dewatered
sludg ; is too wet and/or polymer over-dosing occur. The
operatui should optimize the performance of the dewatenna
facilities to eliminate future compost problems. If balling is not
evident and piles are turned frequently, anaerobic conditions
might develop if the moisture content of the stack is too high.
This condition will usually result in corresponding reduced
composting temperatures and can generally be traced back to
not blending enough compost or bulking agents with the
sludge prior to windrow formation. The stack will eventually
recover from too much moisture but if the odors are severe, the
operator might remix the stack with a sufficient quantity of
bulking agents or compost to bring the windrow to a desirable
moisture content.

Temperature decreases can be caused by high moisture
contents or too much aeration or turning. If the pile is
homogeneous and the moisture content is within the optimum
range, the operator should reduce the frequency of turning to
maintain thermophilic temperatures.

Table 3.24 summarizes usual operational problems and
corrective measures that may alleviate or eliminate ineffi-
ciencies.
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TABLE 3.24 TROUBLESHOOTING WINDROW COMPOSTING

Operational Problem Possible Causes

1. Anaerobic conditions

2. Low compost
temperatures

3. Sludge balling

1.1. Aeration frequency
too low

b Stack moisture too
high

c. Balling

2.a. Aeration frequency
too high

b. Stack moisture
c Balling

3.a. Dewatered sludge
too wet

b. Polymer over-
dosing

c. Ineffective blending

3.52 Mechanical Drying

Mechanical heat drying is a dehydration process that re-
moves water from sludge without combustion of the solid ma-
terial. Mechanical drying is either direct or indirect. In an indi-
rect drier, steam fills the outer shell of a rotating cylinder
Sludge circulates through the inner compartment and is dried
by the heat from the steam. Direct dners use the direct contact
of sludge with preheated gases.
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Check or Monitor Possible Solutions

1.a. Frequency of
aeration and stack
tempermure

b. Stack moisture and
temperature

c. See 3

2a

b.
c.

Frequency of
aeration and stack
moisture
Stack moisture
See 3

3.a. Dewatenng facility
b. Dewatenng facility
c. Blending operation

1.a. Increase aeration
frequency

b. Blend additional
compost or bulking
agents

c. See 3

2.a. Decrease aeration
frequency

b. Blend additional
compost or bulking
agents

c. See 3

3 a. Increase cake
dryness

b. Reduce polymer
dosage

c. Improve blending
operations

The most common types of driers include direct and indirect
rotary dners and modified multiple-hearth incinerators. Other
mechanical driers include flash driers, atomized-spray driers,
and fluidized-bed driers. Only the direct and indirect driers will
be discussed here. Drying by modified multiple hearth incin-
erators will be discussed in Section 3.53 of this section.

Rotary driers or rotary kilns consist of a horizontal cylin-
drical steel shell with flights (mixing blades) projecting from
the inside wall of the shell. A typical rotary drier is shown in
Section 3.53, Figure 3.27. The basic difference between
direct and indirect rotary driers is that indirect driers are
equipped with a jacketed hollow through which steam is
passed while hot gases are passed directly through the drier
for direct drying.

In both cases, the dewatered sludge is blended with previ-
ously dried material and continuously fed into the drier. The
cylindrical drum rotates about 5 to 8 rpm and the inlet end is
slightly higher than the discharge end. As the drier rotates, the
flights projecting from the shell wall elevate, tumble, and mix
the material (like a clothes drier) to provide frequent contact by
tumbling the wetted sludge. The rotation of the drier drum
causes the sludge to fall off the walls of the drum rear the top
or crown portion of the kiln. As the sludge falls it becomes drier
and is conveyed towards the outlet end of the drum. Also, the
speed of rotation of the drum will affect the moisture content of
the sludge being dried.

Blending of the sludge with dried product is generally prac-
ticed to improve the conveying characteristics of the sludge
and to reduce the potential for balling. This blending of wet
sludge with a previously dried sludge is accomplished in a
PUG MILL.39 As is the case with compost operations, the
sludge may clump together and form balls that readily dry on
the outer surface but remair wet on the inside if the blending is
not done properly.

3.520 Factors Affecting Mechanical Drying

The degree of drying obtained and the efficiency of rotary
driers depend on: (1) sludge type, (2) sludge detention witnin
the drier, (3) temperature, and (4) moisture content and ratio of
wet-to-dry sludge before being fed to the rotating kiln.

39 Pug Mill. A mecLanical device with rotating paddles or blades that is used to mix and blend different materials together
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Secondary sludges have a greater tendency to ball and con-
tain more water than primary sludges. Secondary sludges are,
'therefore, not as well suited to mechanical drying operations
as primary sludges. Obviously, any sludge should be dewa-
tered to the highest degree possible by centrifuges, filter
presses, or vacuum filters to reduce the volume of water deliv-
ered to the drier and to facilitate the drying process.

The length of time the sludge remains in the drier and the
temperature of the drying gas will affect the degree of drying
obtained. As drying time and temperature increase, the mois-
ture content of the dried product will decrease Drying time is
governed by the size of the drier, the quantity of sludge applied
and the speed of the drum. As the speed increases, the drying
time decreases because the sludge is picked up and tumbled
towards the outlet at a faster rate. To increase the drying time,
the operator should lower the drum speed and/or reduce the
quantity of sludge applied, if possible. The operator should be
aware that as the drum speed is reduced to increase the drying
time, the frequency of contact between wetted sludge particles
and the drying medium will also decrease.

A fine line exists between operating the drum at a speed to
maximize drying time while still prmiair.g frequent contact be-
tween wet sludge particles and hot gases or heated surfaces.
Trial and error procedures shouId afford the operator the best
opportunity to maximize the drum speed.

3.521 Normal Operation and Porfomionce

Operational data on heat driers is scarce since the process
is not routinely used at the pi }sent time. The use of mechan-
ical driers is uncommon because thin :5 d very expensive pro-
cess principally due to large energy demands.

Due to this relative lack of operating data, it is virtually ire-
posGible to list typical performance and operating data or to
outline specific operational procedures. In general. the sludge
to be dried should be dewatered to' highest degree possi-
ble, blended with previously dried material to produce a
homogeneous structure and adequately mixed or tumbled
within the drier to maximize contact with the drying medium
(gases or heated surfaces) and to minimize sludge balling.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 259.

3.52A Distinguish between direct and indirect drying

3.52B Would the multiple-hearth furnace be categonzed as
a direct or indirect drier? Why?

3.52C What purpose do the flights installed on rotary driers
serve?

3.52D Why is sludge blended with previously dned matenal
prior to rotary drying?

3.52E Why should sludge be dewatered to its maximum
degree prior to mechanical drying or incineration?

3.52F What affect does drum speed have on rotary drier
performance?

3.53 Sludge Incineration by Richard Best

3.530 Process Description

Sludge incineration is defined as the conversion of dewa-
tered cake by combustion to ash, carbon dioxide, and water
vapor. As a result of incineration, the volume of sludge is signif-

icantiy reduced (up to 90 percent by weight). This reduction in
volume is caused by the evaporation of the water in the cake
and the conversion of the volatile matter in the cake to carbon
dioxide and water. The only material remaining after the incin-
eration of a cake is some ash and the inert matter in the cake.

The most common type of sludge incinerator is the
multiple-hearth furnace (MHF) (Fig. 3.24) and will be the only
process discussed in detail in this section. Other incineration
designs include fluidized-bed reactors (Figs. 3.25 and 3.26)
and rotary kilns (Fig. 3.27).

Rotary kilns may be used to either dry or incinerate sludge.
They also have been used for refuse incineration and ore pro-
cessing. In Figure 3.27 a storage bin is located on the lower
left to hold the sludge for processing. The clam shell bucket
loads the sludge into the feed hopper A conveyor moves the
sludge to the inlet hopper to the rotary kiln. Inside the kiln the
sludge is either dried or incinerated. Dried sludge or eel is
remcved from the kiln into the hopper in front of the operator.

Hot gases flow through the scrubber on the e pt to remove
the particulate matter suspended in the gases. The stack in the
middle right serves as an emergency bypass stack in case of
system failure. Behind the stack is a clarifier that is used for
ash separation in liquid ash systems.

The MHF, in its simplest form, is a refractory-lined (high
temperature endurance bricks) steel cylinder equipped with
a centralized shaft and runners (Fig. 3.24). Inside the MHF
there are a number of levels called hearths. A center shaft
passes through the center of the hearths. Arms are attached
to this center shaft. Plows are attached to each arm which
are called rabble teeth. The hearths are "sprung" arches and
are not connected to the center shaft.

During incineration, sludge cake enters the top of the fur-
nace and is moved back and forth across the hearths by the
rabble teeth. The cake drops altematingly on each hearth
through an outer drop opening and then through a center drop
and works its way down through the hearths. As the cake
reaches the edge of one hearth it drops to the hearth below
until it reaches ignKion temperature and bums. Ash remaining
alter the sludge is burned is then rabbled (moved across the
hearths) until it reaches the bottom of the MHF and has been
cooled.

3.531 Furnace Description

Before attempting to understand the operation of an MHF,
the purpose of the var;ous parts of the furnace must be under-
stood.

3.5310 Fumace Refractory. The furnace shell is insulated to
prevent the loss of heat into the atmosphere and to protect
the equipment and workers from the high temperatures found
within the fumace. The outer steel shell is protected from the
internal heat by 9 to 13 inches (23 to 3:3 cm) of refractory (brick
resistant tc high temperature) on the inside.

The hearths or levels within the furnace are actually self-
supported arches. The weight of the arches or the thrust is
transmitted to the outside shell. The hearths are made of a
specially shaped refractory brick with castable insulation
poured into the odd-shaped spaces.

Figures 3.28 and 3.29 illustrate the two different types of
hearths installed within the MHF. The hearths on which the
cake drops to the next lower hearth from the center are
called "in" hearths. The hearths or which the cake drops
through holes on the outside of the furnace are called "out"
hearths.
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Out hearths (those hearths where the cake moves to the
outside edge of the hearth) have a circular cap ringing the
center shaft at the hearth/shaft meeting point. This is known as
the lute cap (Fig. 3.30). The purpose of this cap is to prevent
air and sludge from passing through the shaft opening
rather than through the drop holes.

The holes around the outside of the hearth are called "drop
holes." The sludge cake passes io the next lower or in hearth
(those hearths where the waste material moves toward the
inside of the furnace) through these drop holes.

When the furnace is in operation, cake enters the furnace
through a counterbalanced flap gate installed to prevent the
escape of gasses from the furnace and to limit the flow of cold
air into the top of the furnace.

Once the cake goes through the flap gate, it drops onto the
top hearth of the furnace. This is called "hearth No. 1." At this
point, the cake begins to be moved through the furnace by
action of the rabble teeth (Figure 3.30). This process is called
"rabbling."

Rabbling is a term used to describe the process of moving or
plowing the material inside a furnace by using the center shaft
and rabble arms. Rabbling forms spiral ridges of cake on each
hearth which aids with the drying and burning of the cake. The
surface area of these ndges varies with the side slope of the
cake (or the slope of the sides of the furrows). This angle may
vary widely from 20 degrees up to 60 degrees. Rabbling, in
addition to exposing the wet sludge cake surface to the furnace
gases, helps to break up large cake particles which increases
the surface area of the sludge available for drying.

Because of the ridges formed by rabbling, the surface area
of cake exposed to the hot gases is considerably greater than
the hearth area provided. During rabbling the cake falls
through the in hearth and the out hearth ports and the
counter-current flow of hot gases over the cake decreases the
drying time.

3.5311 Center Shaft The rotating shaft to which the rabble
aims and teeth are attached is called the "center shaft." The
center shaft has seals at the top and bottom called "sand
seals" (Fig. 3.31). These are stationary cups partially filled with
sand that surround the shaft. A cylindrical steel ring is
attached to the shaft and extends down into the sand to form
the seal. At the bottom of the shaft, the sand cup is attached to
the shaft and rotates while the steel ring is fixed to the furnace
bottom These seals are very effective if properly maintained
They prevent the escape of heat and gases from the furnace
and the entrance of air at these points. Gases escaping from
the furnace could cause potential air pollution problems Un-
planned entrance of air can cause draft changes and false
furnace conditions which will reflect on the control panel in-
struments. These seals also allow for the differential expansion
and contraction of the furnace body due to changes in temper-
ature.

Due to the extremely high temperatures within the MHF, the
center shaft and the rabble arms are hollow. This allows a fan,
installed at the bottom of the furnace, to blow cool air (ambielt
air) through the center shaft and rabble arms while the furnace
is in operation (Figures 3.30 and 3.32). This fan is called the
cooling air fan. The hot air exhausted at the top of the furnace
from the shaft is called cooling air.

Depending on the furnace design, the cooling air can either
he returned to the burning zone of the MHF or vented to the
atmosphere.

3.5312 Shaft Drive. The center-shaft drive mechanism on
an MHF is usually a combination of an electric variable-speed
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dnve and an independent gear reducer. Occasionally hydraulic
dnves are used instead of electric variable-speed dnves. Con-
nected to the output shaft of the gear reducer is a pinion gear
which drives the large bevel or bell gear attached to the bottom
of the furnace shaft.

3.5313 Top and Lower Bearing. Each MHF manufacturer
uses its own bearing design for the top and lower shaft
bearings. The operational principles are the same for all
manufacturers.

The lower bearing supports the entire weight of the center
shaft. In a larger furnace this could be 60,000 pounds (27,240
kg) or more. The top bearing maintains shaft alignment. The
shaft rotates within the bearing and the bearing housing main-
tains alignment.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 259.

3.53A What is sludge incineration?

3.53B What is the refractory?

3.53C What are rabble arms and rabble teeth?

3.53D The lute cap serves what purpose?

3.53E What is the purpose of the sand seal?

3.5314 Furnace Off-Gas System (Fig. 3.33). As the
sludge cake is incinerated, hot air and gases must be vented
from the MHF. To vent these gases, almost all incinerators
are equipped with an emergency by-pass damper located on
the top of the MHF. The function of the by-pass damper is to
vent the furnace gases to the atmosphere during emergency
conditions. This device protects equipment and operating
personnel.

CYCLONE SEPARATOR. Under normal operation of the
MHF, ;he furnace gases are vented into the off-gas system. As
the gases leave the furnace, the first unit that the gases may
enter is the cyclone separator.

Hot furnace gases which have fly ash and solid particles in
suspension are drawn through the furnace into the cyclone by
the induction draft (I.D.) fan. The cyclone is constructed so that
the gas flow sets up a separating current. This current causes
the fly ash and heavy particles to settle out into the cyclone bin
at the bottom. The cyclone bin has a flap gate which dumps the
ash into the recycle screw. The recycle screw returns the fly
ash and heavy particles to the furnace on a middle hearth. This
material is then carried out with the ash. A vibrator assists in
keeping the fly ash and particles moving downward in the cy-
clone bin. The hot gas and finer particles are drawn up out of
the cyclone and move on to the precooler.

PRECOOLER. The precooler is a section of furnace exhaust
ducting in which water is sprayed to cool the furnace exhaust
gases to saturation temperature and to wet the small particles
of light ash (particulate matter). The precooler lowers the tem-
perature of the exhaust to a point where it prevents damage to
the rest of the off-gas system components.

VENTURI SCRUBBER. Immediately below the precooler is
a constant or variable throat Venturi scrubber. The Venturi
scrubber is provided to clean the particulate matter from the
cooled furnace gases. Water is sprayed into the top of tne
Venturi for even distribution.
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The water and gases are mixed and accelerated in an ad-
justable, narrow Venturi throat. As the gases re-expand in the
exit portion of the Venturi, the water is split into tiny droplets in
which the particulate matter is entrapped and removed from
the gas stream.

The ducting directly below the Venturi scrubber usually
makes a sharp bend. Because of the high air speed, the water
droplets with their collected particulate matter cannot make the
tum and run into the bottom of the ducting. From there, the
water and particulate matter flow to a drain. Following the Ven-
turi scrubber there is usually an impingement scrubber.

IMPINGEMENT SCRIA5BER (Fig. 3.34). The impingement
scrubber consists of three sections:

1. The impingement baffles,

2. The lower sprays, and

3. The mist eliminator.
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Fig. 3.34 Impingement scrubber

The impingement plates are level. flat stainless steel plates
with thousands of tiny holes in them. The gas is drawn up
through the perforated impingement plates which have water
continually flowing across them. As the gas passes through the
holes, it collects water droplets while leaving any remaining
particles trapped in the flowing water due to impingement ac-
tion of the bars just above the perforations. The particle and
water slurry overflows the plates, is collected in the bottom of

the scrubber and is drained out. The gas carrying water drop-
lets is drawn up into the mist eliminator.

The fixed-bladed mist eliminator directs the gas stream to
the side of the scrubber shell where the droplets collect by
centrifugal action. The collected droplets drain back -iown to
the impingement plate section for reuse. The remaining cod,
clean gas is drawn out the top of the scrubber by the induced
draft (1.0.) fan.

INDUCED DRAFT (I.D.) FAN AND DAMPER. The I.D. fan
provides the suction or draft necessary to vent the furnace
gases and pull them through the off-gas system. Since the
quantity of these gases varies with the quar..ity and type of
cake burned in the MHF, a damper is installed immediately
before the I.D. fan. This damper is used to regulate the suction
or draft within the MHF.

ASH HANDLING SYSTEM. Ash is the inorganic material left
after the sludge cake is bumed. This material is disposed of in
a vanety of methods depending on the MHF installation. The
two most common are wet and dry ash systems which we will
discuss briefly. Other types of ash systems include pneuma-
tic ash transport, ash classification and ash eductors.

The wet ash system is the simplest of all ash handling sys-
tems. The ash drops out of the MHF into a mix tank where
effluent water is continuously added. This produces an ash
slurry which is pumped to an ash lagoon. The ash settles out in
the lagoon and the water is returned to the front end for treat-
ment. The ash is left to dry and ultimately removed from the
lagoon for disposal.

In the dry asn system, the ash drops from the MHF onto an
ash screw conveyor. This screw conveyor carries the ash to a
bucket elevator. the bucket elevator transports the ash to a
storage bin where it awaits disposal.

At the bottom of the storage bin is the ash conditioner. This
is a screw conveyor equipped with a series of water sprays.
The water sprays wet the ash so it does not create dust or blow
on a truck during transport.

3.5315 Burner System. Burners are provided on an MHF
to supply the necessary heat to ignite the sludge. Prior to
discussing the burner system, it is important to understand
combustion. In order for any combustion to occur, the three
'gradients of the fire triangle (Figure 3.35) must be present.

A I R TEMPERATURE

Fig. 3.35 Fire triangle

For complete combustion to occur, there must be a specific
ratio between the amount of fuel and the amount of air. The
burner system descnbed here is manufactured by the North
American Manufacturing Company. This type of system is
common to all burner systems supplied on MHF's although
component names may be different.
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COMBUSTION AIR FAN. This fan supplies the iltered
burner /combustion air for the burner system.

OIL PUMPS. Positive displacement pumps supply oil to the
burners (except for natural gas burners).

SAFETY VALVES. Electric solenoid valves are used to stop
the fuel flow during a burner shutdown.

PRESSURE REGULATORS Standard pressure regulators
are used to control the fuel pressure.

AIR-FUEL RATIO REGULATOR. A pressure regulator that
maintains a specific: ratio between fuel and air

COMBUSTION-AIR CONTROL VALVE. A butterfly valve
that governs the flow of com'austion air to the burner.

FLOW-UM/TING VALVE. A metering valve that allows a
specific flow of combustion air to the burner.

FUEL. MHF burners are fired by a variety of fuels. Natural
gas, number 2 fuel oil, and heavy oil. The fuel and air are
regulated to the proper pressure and injected into the burner.
At this point the fuel/air mixture is ignited by the pilot and the
resulting flame is sensed by the ultra-violet scanner which sig-
nals the burner control station that a flame-safe condition
exists.

The temperature and finng rate of the burner is then con-
trolled by the temperature indicator controller (T.I.C.).

3.532 Controls and Instrumentation

Usually, multiple hearth furnaces are equipped with the fol-
lowing controls to maintain temperature, draft, and oxygen.

LOW DRAFT SWITCH. This switch shuts down the MHF in
the event of an unsafe draft condition.

DRAFT CONTROLLER/INDICATOR. This is a controller that
opens and closes the induced draft damper in order to main-
tain the draft within the MHF.

OXYGEN ANALYZER/CONTROLLER. This instrument
measures the percent oxygen in the stack gas which is an
indication of complete combustion In some cases a controller
is attached to this instrument to control the oxygen level in the
furnace by regulating the combustion air.

TEMPERATURE INDICATOR CONTROLLER (T.I C.J. This
instrument controls the burner firing rate and the hearth tem-
perature.

TEMPERATURE RECORDING CHART. A strip recorder
used to record the temperatures throughout the furnace.

SCRUBBER DIFFERENTIAL-PRESSURE INDICATOR. An
instrument which indicates the pressure difference across the
scrubber. This pressure difference is the main operating vari-
able on the Venturi scrubbers.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 259.

3.53F List the parts of the furnace off-gas system and the
purpose of each part.

3.53G Why do multiple-hearth furnaces contain burners?

3.53H What three ingredients are necessary for combus-
tion to occur?
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3.533 MHF Operations

Operation of an MHF requires a person knowledgeable
enough in furnace theory and operations to keep the fire burn-
ing in the desired location and prevent damage to the equip-
ment. But more important, a furnace operator must be able to
look at the instruments, fire, and feed and be able to predict
what is going to happen. The operator makes the necessary
changes to maintain a stable burn and the most efficient burn
possible. The objective of an operator is to operate the furnace
at design conditions and to keep operating costs to an absolute
minimum.

3.5330 Furnace Zones. The furnace is generally consid-
ered to be separated into three distinct zones, drying,
combustion, and cooling. None of these zones are confined
to any specific hearth or hearths, but will always be in this
order. The area of each zone is determined by actual
conditions in the furnace.

The furnE,ce zones are as follows:

1. THE DRYING ZONE. In this area, generally the top one-
fourth of the furnace, the sludge is exposed to high temper-
atures while being continuously turned over by the rabble
teeth. The constant turning over of the sIL :Aje exposes
more surface area to the high temperature gases flowing
over the cake surface and increases the rate at which mois-
ture is driven out of the wet sludge. The wetter the cake
entering the furnace and the greater the feed rate, the more
hearths will be in the drying zone.

2 THE COMBUSTION ZONE. Ideally this zone is where the
actual burning of the volatile materials in the sludge takes
place. Usually the combustion zone will be confined to only
one hearth. Ideally, the actual burning should occur
approximately at the midpoint of an out hearth (Figure
3 36). At this location, all gases given off in the final
stages of the drying process, just prior to ignition, will be
destroyed. This happens since they must pass through
the flame, with very high temperatures, as the flame goes
through the drop hole around the shaft.

3. THE COOLING ZONE OR AIR PREHEAT ZONE is where
the ash is cooled. Any remaining carbon in the sludge is
burned off here before the ash falls into the ash hopper. At
the same time as the ash passes down the furnace, the air
admitted through the air ports, slide doors or shaft return-air
duct is flowing over the ;lot ash and being preheated.

3 5331 Auxiliary Fuel. The amount of fuel used will de-
pend on several factors

1. Conditions in the furnace.

Items such as shaft speed, number of slide doors, air
ports open, or forced air ducted to the furnace, and the
amount of shaft cooling air being returned to the furnace
influence conditions in the furnace.

Air for proper combustion should be added low in the
furnace. This allows the cool ambient air to pick up a great
amount of heat as it passes across the hot ash and also
cools the ash before disposal.

If air is added in the fire zone or above it, incoming air will be
much cooler and will serve to cod the air where it enters the
furnace. This will cause more fuel consumption. Air should be
added at or above the fire ONLY when absolutely necessary to
reduce the temperature or quench the fire.
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2. The moisture content of the sludge feed to the furnace.

The drier the cake being fed to the furnace, the less fuel
will be reqt, red to dry the sludge to maintain a good burn
Ideally, the MOISTURE content of the furnace feed should
not exceed 75 percent. Every bit of moisture entering the
furnace requires a great deal of fuel to be consumed in the
process of evaporation.

3. Ilia volatile content cf the solids in the sludge feed.

The higher the percent volatile material, the less fuel will
be required. Assuming, of course, a reasonable ,,ercent
solids in the sludge.

4. Cake feed rate.

A constant cake feed rate coupled with the above men-
tioned items helps to reduce the quantity of fuel required

3.5332 Air Flow. The draft or vacuum in the furnace is the
direct cause of all air flow within the MHF. The draft within
the furnace is caused by the induced draft fan and by the
convection flow caused by tne temperature differentials
between the interior of the furnace and the atmosphere.
Convection flows also explain why there is a draft within the
MHF when the induced draft fan is off and the by-pass

damper is open.

Fig. 3.37 Convection air flow in an MHF

-4-BURNER
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Convection air flow develops in the MHF as a result of air
being heated by the burners in the MHF (Figure 3.37). The air
flow within an MHF is from the bottom to the top. The flow
occurs because as the air in the MHF is heated and rises, it
creates a vacuum in the bottom of the furnace. This vacuum
causes cooler, outside air to flow into the bottom of the furnace
where the air is heated and rises. The term used to describe
this process is called "convection flow" and "draft" is the
measurement of the negative pressure or vacuum created by
this flow.

The draft in the furnace is measured either in tenths of
inches or millimeters of water column. Relating this height of
column to pounc'; per square inch or kilograms per square
centimeter, you must remember that 1 foot (304.8 mm) of
water column is equal to 0.434 psi (0.0305 kg/sq cm). There-
fore, one inch (25.4 mm) of water column equals 0.0378 psi
(0.00266 kg/sq cm) and one tenth of one inch (2.54 mm) water
column equals .0038 psi (0 00027 kg/sq cm). A very small
pressure.

We want only enough air in the furnace to allow for the
complete combustion of the volatile matter in the sludge cake.
Therefore, we must control the draft within the furnace care-
fully. The normal range of draft within the MHF is from 0.05 to
0.2 inches (1.3 to 5.1 mm) of water.

In the multiple-hearth furnace it is extremely important to
remember that an excess amount of air must be available at
all times. This excess air assures that all volatiles (combusti-
bles) can conte,A sufficient oxygen to insure complete combus-
tion. If there is inadequate oxygen present, there will be in-
comple e combustion, which means smoke. Smoke indicates
unburned hydrocarbons. While remembering that the human
;e cannot detect the ultra-violet spectrum of the flames, a

visual inspection ui the burning zone can give a good indica-
tion of the amount of excess air present.

1. A darker flame, ending in a curlicue of smoke, with a dull
smokey atmosphere means there is a lack of air (volatile
hydrocarbons are carbonizing).

2 A bright, sharp flame indicates excess air, but not how
much. Decrease the amount of excess air which will de-
crease the amount of fuel being burned, AS LONG as the
stack plume does not become smokey, black, light blue, or
brownish.

3. Short blue flames on the lower hearths indicate burning of
fixed carbon which mears there is adequate excess air.

There are two wa 3 of getting excess air into the furnace.
These are:

1. By evenly opening the smaller door., and possibly the big
doors a little on the BOTTOM HEARTH, or opening the
dampers of the air ducts, the incoming air rushes over the
hot ash and is preheated while the ash is being cooled.

2. Opening the center shaft cooling air return damper allows
the hot air to be returned if the furnace is so equipped.

Since air is approximately 21 percent oxygen, an oxygen
content of about 8 to 12 percent in the furnace gas indicates
that adequate excess air has been added to insure complete
combustion.

The oxygen analyzer is the operators tool for determining
the excess air in the furnace. Drawing samples from the
exhaust after the induced draft (I.D.) fan and using the
analyzer determines the amount of oxygen remaining after
combustion. The oxygen analysis is sent to the panel for the
operator's reaction. Fluctuation in the oxygen is an indication
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of change in the furnace. A rapidly decreasing excess oxygen
usually means that the fire is growing and is removing the
excess oxygen. This is a common occurrence during a burn-
out.

An increasingly excess oxygen reading can mean a reduc-
tion in fire. By adding air above the fire, a false indication of
excess oxygen will be given. Since it is a false reading, a visual
inspection of the bum for smoke should be made until the air
above the fire can be removed.

General rules for excess oxygen change are summanzed as
follows:

Oz Change Cause
Increase 02 - Decreasing fire ar/or

increasing air a .

fire zone.

Decrease 02 - Increasing fire
and temperatures.

The oxygen demand of the furnace changes with the amount
of combustion going on inside the furnace. Too much cool air is
a waste of fuel and too little air causes smoke. Control must be
maintained to provide the proper amount of air to fit the de-
mands of the furnace.

3.5333 Combustion. Combustion is a chemical reaction
which requires oxygen, fuel, and heat. In the furnace, air
provides oxygen, the primary fuel is sludge, and the heat comes
from the burning sludge. Fuel is burned as an auxilicy fuel in
the burners to help provide the heat needed to burn the sludge
and to preheat the furnace to combustion temperatures.

3.5334 Air Flow and Evaporation. Above the fire the
furnace has wet, cold sludge in it. As the hot, dry air and
combustion gases pass over the upper hearths, the heat is
transferred to the sludge. At the same time the moisture in
the skid- is evaporated, the dry gases pick up the moisture
and c out of the furnace.

Re. shaft cooling air (Figure 3.38) is the usable by-
prock. of the center shaft cooling air. The main shaft is
doublewalled and cast in sections. The sections have tubular
inner duct called a "cold air tube." The annular (ring shaped)
space between the inner tube and the outer shaft wall serves
as a passageway for hot air and is referred to as the hot au
compartment. The central shaft and rabble arms are cooled
by air supplii at a fixed quantity and pressure from a
blower which discharges air through a g into the
bottom of the shaft.

Two or more rabble arms are held in shaft sockets above
each hearth where the cold air tube as well as the outer shaft
wall provide support. Each rabble arm has a central tube which
conducts the cold air from the cold air tube to the extrei;le end
of the rabble arm (Figs. 3.30 and 3.32). From there, the air
goes through the outer air space in the arm, back toward the
shaft and through the openings into the hot air compart-
ments. Unused heated cooling air may be returned to the
atmosphere by other means depending on the design.

The hot air compartment may be vented to atmosphere or
the hot shaft air may be returned to the furnace for combustion
purposes. Shaft return air is sent below the normal burn zone
but still above the final ash cooling hearth.

114E 1-1AFT" AIR rV-AA P5f2A-rutZ6
1.40/41,17 NOT exceepamAximum

1 mAAPEt2A-rucz OF 01F(9frc)

When the preheated shaft cooling air is not required for fur-
nace operation, it is vented to the induced draft stack. This hot
air will prevent "stream" plume formation. As it exits the fur-
nace at the top of the center shaft, the operator may direct the
path of this heated air. By means of two mechanically linked
dampers (called proportional dampers), the operator at the
main control panel directs the heated air out into the atmos-
phere or back to the furnace as hot air return.

Hot air return should be used with some discretion. The hot
air return can: (1) provide a fast source of air (oxygen) within
the furnace; (2) use less fuel to heat the air; (3) reduce smok-
ing; or (4) increase the drying rate of sludge. Returning too
great a volume has the disadvantages of blowing "fly ash" as
well as "dumping" the return air into the furnace at one point
ratner than distributing it evenly around the hearths. Re-
member that as the air passes over the hot coals, some of the
oxygen is being removed before it gets to the fire.

3.5335 Recommended Furnace Operating Ranges. Ta-
ble 3.25 summarizes the general temperature and pressure
ranges maintained on the various hearths when burning
wastewater sludge.

TABLE 3.25

Location

Hearth #1 (Gas Exit)

Burning Hearth

Bottom Hearth

Scrubber Inlet

Furnace Draft

Furnace Oxygen

MHF OPERATING

Range

700 to 1.000 °Fa

1,300 to 1,700°Fa

200 to 800°Fa

100 to 300 °Fa

0.05 to 0.2
inchesb of water

8 to 12 percent

a (°F 32)5/9 = °C
b inches x 25.4 = millirnetars

RANGES

Optimum

As low as possible

1,600 °Fa

200°Fa or
As low as possible

150°Fa

0.1 inchb of water

10 percent

3.5336 Alarm Systems. Almost all MHFs are equipped
with an alarm system because of the speed at which the
system will react to changes. The alarm system informs the
operate of at ormal conditions. The operator should react
to an alarm as follows:

1. Understand what malfunction is causing the alarm before
pressing the acknowle, je button. Many times a group of
alarms will go off at one time. Find the alarm that is
downstream from the rest of the alarms (for example, the
ash bin is downstream from the center shaft).

2. Press the reset button to see if the alarm conditions still
exist.

3. Try to restart the equipment , sed the alarm at the
location of the equipment rathe. an from an alarm panel.
DO NOT FORCE IT TO RUN! If if starts, restart all equip-
meor that was shut down by the alarm Press reset button.

4 If it does not start, make a bnef visual inspection of the
malfunctioning equipment.

5. Make a decision as to whether or not you can safely correct
the problem.

6. Return to the panel and furnace and check he conditions. If
you can fix the problem, you still must control the furnace. If
you cannot fix the problem, burn out the remaining sludge
or maintain as stable a condition as possible. it you must
burn out the remaining sludge, try to control the burnout
temperature.
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3.5337 Burnouts. A burnout occurs when the sludge feed
has been stopped and the fire continues b burn. Eventually, the
final quantity of sludge is dry enough to burn and does.
This final rapid burning of the last sludge can cause high tem-
peratures in the furnace that can potentially cause damage to
the furnace and its related equipment. Operators must control
the burnout temperatures. The ideal burnout is to have only a
100 degree Fahrenheit (55 degree Celsius) increase in any
hearth temperature during a burnout. This requires concentra-
tion by the operator on the furnace's changing conditions: fire
position, sludge remaining in the furnace, snaft speed, tem-
peratures, excess oxygen, burner settings, and the ability to be
smarter than the furnace by anticipating the fire's next move
long before it happens. This way the operator makes adjust-
ments which limit the fire's final burnout.

The operator may choose to increase tea shaft speed ;n.
preparation for the burnout. The purpose is to move the last
sludge lower in the furnace before it burns. This results in
keeping the high temperatures away from the top of the fur-
nace. The operator must Le careful not to allow unburned
sludge to pass through the furnace. The high shaft speed will
also generate a higher furnace temperature because of the
increased rate at which fresh fuel is available to the fire.

There arr three basic adjustments that control the fire during
a burnout:

1. Opening doors at or just above the fire,

2. Stopping and restarting the shaft or changing the shaft
speed, and

3. Reducing or shutting off burners.

1. Opening doors. By opening the doors, a large volume of
cold air enters the furnace. This replaces the heat needed
for combustion and cools the fire. The draft must be main-
tained (.07 to .2 inches or 1.8 to 5 mm water column) by
opening the induced ore damper. To prevent an induced
draft fan overload, air ports and doors below the fire and the
hot air return can be closed to reduce the total air flow. The
air flew removed fror underneath can now be added di-
rectly at the fire for combustion and also above the fire
where it will have a cooling effect.

Cooling air will only provide short-term control The fire
will eventually generate more heat than can be compen-
sated by cooling air. Another control must be used
QUICKLY.

2. Stooping the center shaft. Stopping the center shaft will
remove the fresh fuel for the fire which will cLuse the fire to
die dc, n By starting and stopping the shaft the operator
controls the amount of fuel available for the fire to burn. The
shaft should be stopped no longer than three minutes.
When it is started again, a low shaft speed (0.4 to 0.7 rpm)
will help control the fire by turning over the fresh sludge at a
slower rate. When the temperature rises again, the shaft is
stopped again. This procedure is continued until the fire
does not cause a high temperature jump. Once the temper-
ature starts to drop with the shaft running, close up the
furnace doors to control the temperature change. Once the
fire has burned out completely, the operator can switch
from induced draft to natural draft to control the tempera-
ture.

00 1401. A551.1ME ME CAVE I-1AG BORNEO OUT 13Q
t,DOV01/41&AT TUE -MAAPEIZATURE2 c-MOWN INTI-1E.

TEMPERATURE REaoRPE 2. OPEN THE DOOR OM
EACI-1 HEARTH AND I-001Z IN CAREFUL-LS,

3. Reducing or shutting off the burners. During a burnout, the
sludge needs little or no heat from the burners. Once the
fire starts to increase the temperatures, reduce and then
shut off the burners. This will provide two advantages:

1. Temperatures will be reduced, and

2. Gases from the burner will be removed. This missing
gas volume can be replaced by cooling air above the
fh e.

Once the temperature starts to fall, the burners can be relit to
control the dropping temperatures.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those oil page 260.

3.531 List the three distinct zones in a furnace.

3.53J List the factors that influence the amount of fuel re-
quired.

3.53K What three factors are essential for combuF,tion and
what is the source of each fentor?

3 53L Shaft speed adjustment may be required ac a result
of changes in what factors?

3.53M What is a burnout?

3.534 General Operational Procedures (Start-Up,
Normal Operation, and Shutdown)

MHF operational procedures are based on consideration of
the interrelationships between air flow, shaft speed, and tem-
perature

The first step in starting an MHF is to set t:le water flows to
the scrubbers and then start the induction draft (I.D.) fan. Once
the I.D. fan is at the operational speed, you then want to set
your I.D. damper to maintain the desired draft (0.1 inch or 2.54
mm water column). At this point you begin the "purge cycle"
(removing unwanted gases from the furnace). The purge cycle
is usually controlled by a timer and will last from 3 to 10 min-
utes. At the end of the purge cycle (usually indicated by a panel
light), you start the shaft cooling air fan, the combustion air fan,
the ash system, and the center shaft You are now ready to
start heating up the MHF.

IMPocZTANIT
Oue TO THE NAi V2AL.C.PARAC-TERiTI Ch OF
REFRAcTo2 1Ec.) (I-I EART146), 14E MI-1P Ma 471- BE

HEATER LAP AT AN EXTRE.M1.-Q hl-OW RATE.
11-1Ea'eFORE.114E P01.-LovVIN6 D12Q DUI'

WW1- OE FOI.4-0w5V EXACTIR.

The first step in the warm-up of an MHF is to light the pilot
lights on the bottom hearth. The temperature is then brought
up to 200°F (93°C) DO NOT allow the temperature to exceed
200°F (93°C) at any point in the furnace. Hold the temperature
at 200°F (93°C) until the refractory is dry and warm. To check
this, open the door of the MHF and observe the refractory
where it meets the steel shell. The refractory and the shell
MUST be dry. If it is dry, carefully feel the refractory where it
joins the shell. The refractory at this point should be warm to
the touch. The time required for the dry-out/warm-up varies
depending on how long the furnace has been ou of service. If
the temperature of the hearth never dropped belc ry 200°F
(93°C), the dry-out/warm-up will not be required, but if the MHF
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has been off line for an extended period of time, the dry-out/
warm-up may take from several days to a week. If there is any
question as to whether the furnace is dry or warm, LET THE
FURNACE WARM-UP for an additional penod of time. Re-
member this is one of the most critical periods in MHF opera-
tion.

Once the refractory is warm, the operator may proceed to
heat up the unit at a rate of 50°F/hr (28°C/hr). This rate of
temperature increase must be maintained carefully, even at
the expense of adding air for coding.

Once the temperature on a giver' hearth reaches 1,000°F
(540°C) THAT HEARTH'S temperature may be raised at a rate
of 10TF/hr (56°C/hr). This procedure is followed until the burn-
ing zone of the furnace reaches 1,600°F (870°C) at which point
the feed to the furnace may be started.

NOTE: The same rate of temperature losses apply when the
furnace is taken out of service. Drop the temperature at
a rate of 100°F/hr (56°C/hr) to 1,000°F (540°C) and than
lower the temperature at 5r)'F/hr (28°C/hr) when the
temperature is below 1.000 °F (540°C).

When feed is introduced to the furnace, the temperatures
will initially drop. This is due to the cooling effect of the wet
cake. Once the cake reaches the burning zone, however, the
cake should start to burn and the temperature profile even
out. Once this profile is established, the profile should be main-
tained within a 200°F (110°C) range. The burn is then main-
tained by use of the shaft speed, retum air, and the burners.

The sludge cake has a very high heating value (approxi-
mately 10,000 BTU/lb volatile solids or 23,260 kilojoules/kg
volatile solids). In many cases the volatile content of the sludge
cake is high enough that the cake will burn without the aadi-
tional heat input from the burners. This condition is called an
autogenous (aw-TAW-jen-us) burn. To achieve this condition,
the sludge cake must generally exceed 25 percent total solids
and 70 percent total volatile solids. To maintain an autogenous
burn condition, a constant steady-state sludge feed is manda-
tory. An autogenous burn represents the most economical
mode of MHF operation.

Even when an autogenous burn cannot be established, fuel
usage is affected by the heat released by the burning volatile
material in the sludge cake. The MHF should be operated on a
continuous basis when the unit is in operation to take advan-
tage of the heat from the burning sludge Remember that all
the fuel used to maintain the temneratrue on a furnace at a
standby mode represents money addei to the total cost of
solids disposal.

Another benefit of continuous operation is an increase in
refractory life. As the MHF is qcled up and down in tempera-
ture, the refractory expand' and contracts with the tempera-
ture changes. As this expansion and contraction occurs, the
joints between the hearth bricks open and close. As these
joints open, ash falls into the joint. When the MHF is later
reheated, the surrounding brick expands and compresses the
ash and a tremendous pressure is exerted on the brick. This
process occurs repeatedly until the brick finally breaks

Ultimately there is a trade-off between fuel cost to maintain
furnace temperatures and the cost of refractory repair. As a
general rule, MHF operation is most economical when sched-
uled on as nearly a continuous a basis as possible

3.535 Common Operating Problems (Troubleshooting)

3.5350 Smoke. The most common cause of smoke or air
emissions from an MHF is low oxygen content. This me.ns
there is insufficient oxygen in the furnace to completely burn
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the hydrocarbons. The solution to this problem is to add air to
the furnace.

Air may be added to the furnace through the doors, air ducts,
or through the use of the shaft cooling air return. Just as impor-
tant as the excess air is where you add the air. Air generally
should be added at or below the fire.

0.14 Ac fIRE, UNPEg NoamAt. CONOt1i

3.5351 Clinkering. Many tines hard, rock-like clinkers will
form within the furnace. If this situation is allowed to continue,
the clinkers may grow to a point where the drop holes plug and
the rabble teeth become blinded (plugged). The solution to
clinkering lies in understanding how a clinker is formed.

A clinker is nothing more than melted ash that has cooled.
The only temperatures in the furnace high enough to melt the
ash are the actual flame temperatures of the bt iers and the
flame from the burning sludge. However, the sludge flame
temperature is rarely high enough. Therefore, as a general
rule, the solution to clinkering lies in distributing the burner
input into the MHF. An example of this would be running
burners on separate hearths at lower firing rates.

If this does not correct the problem, it will be necessary to
reduce the feed rate to the furnace and have the cake
analyzed for mineral content and for excessive levels of
polyelectrolyte.

3.5352 Inability to Stabilize Burn. If you cannot stabilize
the burn, the first place to look for a problem is your feed
calo,. The MHF loading must be constant with little or no
cnange in moisture or volatile content.

If the feed is constant, then the operator may be making
other process changes too quickly. The ultimate effect of any
process change to a furnace will show-up one hour after the
change was made Therefore, make one change a time and
WAIT for the results.

3.536 Safety

An MHF has several safety considerations above those in
the rest of the treatment plant. These considerations all revolve
around the fact that the MHF uses high temperatures to de-
stroy the solids. Therefore, TREAT EVERYTHING AS IF IT
WERE HOT!

Anytime you are in the furnace area, wear protective clothing
including heavy leather gloves, face shield, hard hat, long
sleeve shirt and long pants.

Never wear synthetic fabrics. The heat from the furnace can
cause synthetic fabrics to ignite and act like napalm on your
skin. Wear clothing made of cotton.

Never look directly into a furnace door when the furnace is in
operation Always approach the door from an angle and look in
at an angle.

A furnace, when out of operation, is a confined space. Treat
it accordingly, checking the atmosphere before entering for
toxic gases (hydrogen sulfide), explosive conditions, and an
oxygen deficient atmosphere.

Always check the temperature of the ash bed before entry.
Though the furnace may be cold, the ash bed may still be
several hundred degrees under the surface.

Always lock out the main fuel control valve and the control
power prior to furnace entry.

ck and verify the operation of all safety controls and
interlocks on a regular basis.
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QUESTIONS
Write your answers in a notebock and then compare your

answers with those on pagc 260.

3.53N At what rate of temperature increase do you bnng a
cold furnace up to temperature?

3.530 What is an autogenous bum?

3.53P Why is it desirable to perate an MHF on a continu-
ous basis?

3.53Q What is the cause of smoke from an MHF and how
can this problem be corrected?

3.53R What protective clothing should be worn when in the
furnace area?

L.:,.........,________A----

3.54 Facultative Sludge Storage Lagoons

Facultative sludge storage lagoons can serve three very im-
portant purposes:

1 Volume reduction Volatile solids can be reduced by 45
percent and solids concentrations can be increased from
two percent up to eight percent or more. Sludge concentra-
tions as high as 25 percent solids have been obtained in the
bottom layers of some lagoons.

2 Storage buffer Storage is frequently required when sludge
production is continuous and land disposal 's affected by
changing seasonal conditions.

3. Further stabilization. Anaerobically digested sludge is
further stauilized in the storage lagoon by continued
anaerobic biological activity.

Facultative sludge storage lagoons vary in depth from 10 to
16 feet (3 to 5 m). Surface areas are based on solids loadings
of 20 to 50 pounds of volatile sludge solids per day per 1000
square feet of surface area (0.1 to 0.25 kg VSS per day per
square meter). Surface aerators are commonly used to main-
tain aerobic conditions nrIr the surface in order to avoid odor
problems.

There should be enough lagoons to allow each lagoon to be
out of service for approximately six months. Stabilized and
thickened sludge can be removed from the basins using a mud
pump mounted on a floating platform.

QUESTION
Write your answers in a notebook and then compare your

answers with those on page 260.

3.54A List three purposes of facultative sludge storage
lagoons

3.6 LAND DISPOSAL OF WASTEWATER SOLIDS (by
William Anderson)

3.60 Need for Land Disposal

The alternatives for land disposal and/or utilization of
wastewater solids are shown in Figures 3.39, 3.40, and 3.41.
The alternatives for sludge are placed in either of two
categories based on the process used after stabilization
(digestion or chemical stabilization), (1) dewatenng to about
20 to 30 percent solids, or (2) concentration during liquid
storage to 6 percent solids.

Disposal and/or utilization of sludge following stabilization
without additional treatment to reduce water content is to be
avoided for the following reasons:

1. Water content (97 to 98 percent) of stabilized sludge is too
high to permit landfill or composting operations.

2. Sludge application and surface runoff probiems in the wet
season are difficult to handle.

3. Land requirements necessary to evaporate the excessive
moisture are unreasonable.

3.61 Regulatory Constraints

Wherever various methods of sludge disposal are evalu-
ated, consideration must be given to the requirements of vari-
ous regulatory and planning authorities of the local, state, and
federal agenices. Unfortunately, many of the requirements are
still in a formative stage. Important restraints include allowable
emissions to the atmosphere from furnaces, groundwater and
surface water limitations, and the health aspects of sludge
appl.ed to land involved in the food chain.

3.610 Regulation of Sludge Disposal

Sludge may be disposed of in a sanitary landfill at the treat-
ment plant site. Under these conditions, surface runoff must be
prevented. Also, percolatior of leachate to groundwater must
be carefully controlled or eliminated.

At dedicated land disposal (DLD) sites, stabilized sludge is
applied to the land and then ploughed under. At sites of this
type, sludge must be covered the same day it is applied. Public
access must be avoided be.zuse pathogens or parasites may
not ',aye been removed.

3.611 Regulation of ;Nudge Reuse in Agriculture

If sludge is to be reused 'or agricultural purposes, the treat-
ment plant owners should also own nearby land to assure
necessary monitoring and controls. Use of sludge on agricul-:
tural land rquires close monitoring of cadmium levels and any
other heavy metals, es well as toxic substances _ nd patho-
gens applied to the land. Because of the potential problems
from toxic substances, viruses and pathogens, tie application
of sludges on food crops should only be attempted at this time
when careful monitoring is involved.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 260.

3.61A1 What are two important restraints regarding the dis-
posal of sludge?

3.61B Why should sludges not be applied to food crops?
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TRACTOR SPREADER TANK TRUCK SPREADING

LIQUID SPRAYER

LIQUID SPRAYER

FLOTATION TRACTOR MOUNTED

SOIL INJECTION

CENTER PIVOT IRRIGATION

TRAVELING IRRIGATION STATIONARY IRRIGATION

I. Adapted from "Sludge Processing and Disposal LA /OMA Project"

Fig. 3.40 Typical liquid sludge application systems on land
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Fig. 3.40 Typical liquid sludge application systems on land
(continued)
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MANURE
SPREADER

SURFACE SPREADING

Fig. 3.41 Typical dewatered sludge application systems on
land
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3.62 Disposal Options

3.620 Stabilized Sludge Dewatered

STORAGE. Storage often must be provided in the sludge
treatment system to accommodate differences between dis-
posal rates and production rates. Sludge storage is effective
when part of a liquid treatment system, such as anaerobic or
aerobic digesters. Mechanically dewatered sludge is very dif-
ficult to store for any length of time. If lime and/or ferric chlonde
have been used to condition sludge for mechanical dewater-
ing, the sludge may be stored for a longer period than if poly-
mers were used. Three to five days are usually the limit for
successful storage of mechanically dewatered sLidge. Dewa-
tered sludge from drying beds or drying sludge lagoons often
can be stored for long penods of time in open stockpiles.

TRANSPORTATION. The number of trucks required to haul
the dewatered stabilized sludge cake to the disposal site must
be determined. Route possibilities should have been evaluated
in the Environmental Impact Report for the project. Round-tnp
travel, loading, and unloading time need to be estimated
(about 2-1/2 hours per 50 mile round-trip). Operating hours for
truck transport also must be considered. If the transportation
hours of operation are less than the hours of operation of the
dewatering facility, storage will have to be provided at the de-
watering facility. Usually it is not desirable to deposit sludge
cake at a landfill oil Saturdays, Sundays, or holidays. How-
ever, if the dedicated land disposal (DLD) site is located at the
treatment plant site, sludge cake may be deposited at any
time. On-site dedicated land disposal sometimes uses
pneumatic ejection pipelines for transporting material to the
disposal site. Agricultural reuse is often seasonal and trucking
must always be at the pleasure of the farmer, not the operator
of the treatment plant

3.6200 Sanitary Landfill Disposal. Sludge cake (20 to 30
percent solidsdischarged from the dewatering machines
(centrifuges, vacuum filters, or filter presses) or (50 to 60
percent solids) removed from drying beds or drying lagoons (see
Chapter 12, Section 12.7, "Digested Sludge Handling") can be
transported to a sanitary landfill for disposal with the municipal
refuse. The impact on the capacity of the landfill needs is de-
termined as shown by the following calculation:

Given. Rate of Municipal Refuse Deposit, D tons/day
Rate of Sludge Cake Production, P cu yd/day

Assume: A Compacted Density of 560 lbs/cu yd

Find. The percent of increased usage of landfill, U.

Usage, % = 560 lbs/cu yd x P, Sludge Cake, in yd/day x 100%

2000 lbs/ton x D, Refuse Deposit, tors/day

The additional water associated with the stabilized sludge
vc" provide better compaction in the landfill which will slightly
reduce the ^ercentage of increased usage The landfill
operator must be able to and willing to accept the sludge cake
A higher rate may be charged for sludge cake if special han-
dling is needed.

LANDFILL MOISTURE ABSORPTION CAPACITY. The
water balance of a landfill is important in minimizing leachate
format' In. The absorption capacity of the landfill should be
investigated when adding materials with large amounts of
water such as sludges. A GENERAL GUIDELINE IS THAT NO
MORE THAN 25 TO 40 GALLONS OF WATER PER CUBIC
YARD (125 TO 200 LITERS /CU M) OF REFUSE BE AL-
LOWED.

PLACEMENT OF SLUDGE IN A LANDFILL. Direct dumping
or tailgating of sludge cake on the working face of the landfill is
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the method used most often. However, the following factors
need to be considered for large-scale operations:

1. Operators must work in the immediate area.

2 Compaction must be achieved.

3. The general public discharging trash at the landfill must be
protected.

DURING DRY WEATHER, either open-air drying or mixing
with soil cover material prior to placement in the landfill would
improve the operation.

DURING WET WEATHER, direct disposal in trenches or pits
would probably be necessary to avoid surface runoff contami-
nation and extremely unpleasant working conditions.

3.6201 On-Site Dedicated Land Disposal (DLD). Sludge cake
(20 to 30 percent solids) discharged from the dewatering
machines (centrifugos, vacuum filters, or filter presses) and
cake (50 tc 60 percent solids) from drying beds and drying
lagoons can be moved to an area (DLD) on the treatment plant
site that has been dedicated to the disposal of sludge cake,
incinerator ash, and dewatered grit and screenings. To avoid
the potential problems of having future development im-
mediately adjacent to the sludge disposal areas, buffer land
adjacent to these areas snould be acquired by the treatment
plant.

Surface runoff control facilities must be provided.

1. Flood Protectior. The disposal site should be protected
from flooding by a continuous dike.

2 Existing Drainage The existing drainage into the disposal
site should be intercepted and directed outside the flood-
protection dike.

3 Contaminated Runoff. Runoff from the disposal site should
be collected in a detention basin and allowed to evaporate
dunng the summer or recycled to the treatment plant head-
works.

PLACEMENT OF SLUDGE CAKE IN A DEDICATED LAND
DISPOSAL SITE. Several methods of placement of sludge
cake in a DLD site can be used and are descnbed in the
following paragraphs.

TRENCHING. This method has been used in some areas for
many years.

1 Shallow trenches. Construct a trench about 4 feet (1.2 m)
deep Add sludge to a depth of about 2 feet (0.6 m). Backfill
the trench to its onginal grade. Substantial amounts of land
are required. Small treatment plants can use pits instead of
trenches.

2. Deep trenches. Construct a trench about 20 feet (6 m)
deep. Add sludge cake in 2-foot (0.6 m) lifts with a 1 foot
(0.3 m) soi, cover over each lift. When the trench is full,
place a 5-foot (1.5 m) soil cover on top and sow grass on
this cover. An average annual cake production of 50 tons/
day (dry) will require about 20 acres/year for disposal.

Trenching of sludge cake prevents rapid decomposition of
organic material and rapid removal of water, both of which
would reduce the sludge disposal volume. Also, the DLD site is
unsuitable for many purposes when tremning operations are
complete because the surface may not support mu, 1 weight.
Depending on the area available, a DLD site may not be suita-
ble for retrenching at the end of 20 years. Additional land would
then be required. Also, at the end of 20 years the ground
surface elevation may have been raised about 5 to 7 feet (1.5
to 2.1 m).
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Long-term effects of trenching on groundwater are unknown
and depend on soil conditions and level of groundwater table.
Water addition to the trench areas will be about 100 gal/cu yd
(500 liters/cu m) This is 21 times the 40 gatIcu yd (200 liters'
cu m) criteria for sanitary landfills. Specific site evaluation is
required to satisfy the regulatory agencies and trench liners or
leachate control facilities may be necessary.

Trenching operations are most difficult and sometimes im-
possible dunng extreme wet periods. No matter how the
sludge cake is moved to the DLD site, by truck or by pneumatic
ejection pipelines, it must be mixed with soil and/or buned daily
to avoid odor production. Bulldozers, roadgraders, or bucket
loaders have been successfully used to mix the materials be-
fore placement. To operate in wet weather, either paved areas
or a well prepared gravel base is needed. Also, rainwater that
collects in the trenches or other working areas will have to be
transported to a detention basin and allowed to evaporate dur-
ing the summer or be recycled to the treatment plant head-
works.

LANDFILL: VG Landfilling of sludge cake is an above-
ground operation of fixing or interlaying sludge with soil. Usu-
ally several feet is excavated beneath the existing ground sur-
face to obtain sufficient soil for final cover material. The exca-
vated site is used as a cell where the sludge is mixed with the
soil on a 1:1 ratio to aid in the placement of the material.

The problems and disadvantages of landfilling are similar to
those listed for trenching.

a. Continued use of land 20 ac/yr (8 hectaresyr) for a 50
ton/day (45,000 kg/day) cake production.

b. Large quantities of water are added to the DLD site cre-
ating potential leaching.

c. Large excavation operations could damage existing natu-
ral (clay soils) groundwater protection.

d Operations will raise the ground surface several feet.

e. Wet weather may prevent operations.

The advantages of landfilling sludge cake only are also simi-
lar to those for trenching.

a. Odor problems are minimized if sludge is covered each
day.

b. Operations eliminate off-site transport.

c. Operations are fully controlled by the treatment plant.

d. Operations will also provide for on-site disposal of in-
cinerator ash, dewatered grit, and screenings.

INCORPORATION INTO SURFACE SOILS. Mixing sludge
cake with surface soils is a method that minimizes the prob-
lems of trenching and landfilling while retaining the advantages
of on-site disposal. However, it is only recommended for use in
dry weather because of the inability to move equipment and
the odor-generation potential in wet weather. Extensive stor-
age facilities are required to successfully practice mis method
of sludge cake disposal.

About 200 dry tons/acre (450,000 dry kg/hectare) could be
applied in a 6-month dry season. Sludge could be re-
incorporated every few weeks after the soil/sludge mixture has
dried The DLD site may have a life of at least 40 years

Equipment required for this operation consists of dump
trucks or manure-type spreading equipment to haul dewatered
sludge from the dewatenng facility to the DLD. Since travel
time should be minimal to an on-site DLD, only relatively small
trucks are needed. Tractor, plow, and disking equipment also
are necessary.

3.6202 Agricultural Reclamation. The main reasons for
using wastewater solids for agriculture are to supply the
nutritional ; _quirements of crops and improve the tilth of the
soil by adding humus without adversely affecting the crop
produced, the soil, or the groundwater. Determining safe
loadings within the above limitations requires a complete
chemical and biological analysis of the wastewater solids
coupled with an evaluation of soil types, crops, and irrigation
practices.

APPLICATION RATE. The controlling factor for the sludge
application rate may be the nitrogen requirement of the crop.
Proposed long-term annual cadmium apnlication criteria (0.5
kg/ha/yr proposed by EPA in 40 CFR 257 3-5) would allow an
annual application of about 12.5 tons/acre (dry) (28,000 kg/ha)
if the cadmium concentration was 18 mg Cd/kg dry solids. The
following assumptions concerning nitrogen requirements and
losses result in a 3.3 ton/acre/yr (dry) (7,400 kg/ha) sludge
application rate.

1. Nitrogen content of 6 percent (dry weight basis of dewa-
tered sludge).

2. One application per season beore or between plantings
(this procedure will require sludge storage facilities).

3. Rate of nitrogen mineralization is assumed to be an annual
percentage of the remaining unmineralized portion. This
results in 67 percent of the nitrogen being mineralized in 20
years. Nitrogen must be mineralized by the crop.

4. Loss of 25 percent of mineralized nitrogen to the atmos-
phere via volatization (ammonia release) and denitrification
(nitrogen gas release). This loss is appropriate when sludge
is disked into soil after application.

5 Crop demand is 200 pounds nitrogen/acre/yr (255 kg
N/ha/yr) which is appropriate for many crops, including field
corn.

Average = Annual Crop Nitrogen Demand. lbs/acre
Annual N Content. % x N Mineral. % x N Remain, % x 2000 lbs/ton
Sludge
APPlice . 200 lbs/acre
bon
Rate, dry 6%i100% x 67%/100% x 75%,'100% x 2000 lbsiton
tons/acre

200 lbs/acre

0 06 x 0 67 x 0 75 x 2000 lbs/ton

= 3 3 dry tons sludge/acre

This analysis results in a low application rate that optimizes
the reuse of the sludge nitrogen If maximum nitrogen reuse
was not an objective, higher sludge application rates (7 5
tons/acre or 16,800 kg/ha) could be made without ir4uring most
crops Nitrogen not used by the crop is denitrified during the
winter when the soil becomes saturated with water In this
manner, nitrogen does not move downward in the soil to pol-
lute groundwater.

Double-cropping in some areas may permit additional
sludge application.

A zinc-to-cadmium (Zn/Cd) ratio lower than the EPA's
guideline of 1000:1 may not have an adverse effect on crops,
but monitonng of cadmium additions should be done on a regu-
lar basis.

METHOD OF APPLICATION. For low rates of sludge appli-
cation (3.3 tons/acre/yr or 7,400 kg/ha/yr), good control over
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spreading methods is necessary. Manure spreaders or similar
equipment are recommended for applying the sludge cake A
plowing and/or disking operation should follow closely to moor-.
porate the sludge into the soil and cover it. Application of
sludge to land controlled by the treatment plant affords
maximum matching of disposal rates to plant production rates.
Treatment plant agreements with individual land owners to
spread sludge at certain times is less desirable because it
reduces flexibility and reliability of operation Monitoring of
spreading sites will also be more difficult.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 260.

3 62A What methods are available for the disposal of me-
chanically dewatered digested sludge?

3.62B What kinds of surface runoff control facilit es must be
provided at an on-site dedicated land disposal opera-
tion?

3.621 Stabilized Sludge Liquid Process

Stabilized sludge can be disposed of in a liquid form (less
than 10 percent solids, by: (1) high-rate incorporation into the
surface soils of a site dedicated to land disposal (OLD); (2)
low-rate application to agricultural sites; or (3) confinement in
permanent lagoons.

STORAGE 1._:,,ig-term storage (about 5 years) of sludge in
facultative ponds immediately after digestion is recommended
in order to:

1 Separate the daily production of sludge by the wastewater
treatment process from the final disposal operation which
may be seasonal, sporadic, highly :anable in quantity, or
subject to changing regulatory requirements,

2 Achieve substantial additional destruction of remaining vci-
atile solids;

3 Maximize reduction of total volume by evaporation; and

4. Consolidate sludge to about 6 to 12 percent solids.

TRANSPORTATION. Liquid transportation of stabilized
sludge is usually best accomplished by pipelines. This is espe-
cially true when high-rate on-site dedicated land disposal is
used. Sludge concentrations much above four to six percent
can be difficult to pump if the pipeline designer did not realize
that the friction head 103S increases when the sludge concen-
tration increases.

For agricultural reuse of liquid stabilized sludges, trucks are
usually the best means of transportation. The main advantage
here is the flexibility of application sites. Sludge is dredged at 8
or 10 percent solids concentration and placed in large, spe-
cially designed tanker trucks on the order of 10,000 gallons (38
cu m) each or another type of truck. The material is flooded
onto the held and disked in. If 10 percent solids concentrations
are achieved bmaller open trucks with manure-type spreading
devices fitted onto them may be used. This allows a less
sophisticated operation and makes it easier for farmers to use
existing equipment.

3.6210 High-Rate Dedicated Land Disposal. This process
uses facultative sludge lagoons (FSLS) for storage and
further stabilization prior to disposal.
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Sludge is dredged from the facultative sludge lagoons and
transported by pipeline to a dedicated land disposal (DLD) site
which should be located adjacent to the facultative sludge la-
goons. The DLD site should be loaded at a rate of about 100
dry tons/acre/yr (224,000 kginalyr) and should be expected to
operate for at least 40 years. Several sludge-spreading tech-
niques have been tested for DLD operations, but shallow injec-
tion beneath the surface of the soil appears to be the most
cost-effective and environmentally acceptable operation at this
time

HATE OF APPLICATION. The disposal system should oper-
ate over the months with the greatest potential net evapora-
tion. Experiments indicate that an application of 100 dry tons/
acre (224,000 kg/ha) of sludge at six percent solids concentra-
tion would be feasible over a four to six-month period in some
areas.

The application rate results in a water loading rate of 1,570
tons/acre (3,520,000 kg/ha) for an average of 14 inches (36
cm) of water which must be evaporated. Despite the fact that
evaporation from wet soil will be less than lake evaporation,
there is no problem in meeting these evaporation needs in
most arid areas.

DISPOSAL TECHNIQUES. Techniques for spreading
slud3e at six percent solids concentration dredged from the
bottom of the facultative sludge lagoons include:

1. RIDGE AND FURROW. This technique could be very
cost-effective if sludge could be made to flow down furrows,
then after being applied, be coveted by splitting the ridges
and throwing the dirt over the top of the sludge in the fur-
rows The system seems to be unmanageable due to:

a Difficulty in maintaining the required relationship be-
tween the sludge viscosity (percent solids) and slope of
the furrows.

b Clogging of sludge debris in the individual furrow gates
of the distribution pipe.

c Cloddy, puddled soil that does not cover the sludge
adequately This may be due to soil characteristics.
(However, this type of soil is usually needed for protec-
tion of the groundwater.)

2 FLOODING This method consists of spreading the sludge
as evenly as possible over the surface of the disposal area
and then incorporating it with the soil. Flooding needs to be
controlled with low (6 to 8 inch or 15 to 20 cm) borders or
dikes running the length of the field in the directir n of flow.
The borders control the lateral movement of eh dge, thus
giving more uniform coverage After spreading ,o an aver-
age depth of 11/2 to 2 inches (3 8 to 5 1 cm), the sludge is
turned into the soil with a large disk At this application i ate,
the result is: a well aerated soil/sludge mixture At hea.,ar
applications, which may occur in some areas due to uneven
flooding, the mixture approaches saturation and results in
anaerobic conditions and some odors

A comparison of flooding with other methods produces
the following disadvantages:

a. Occasional odor problems from areas receiving exces-
sive sludge application.
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b. Difficulty of maintaining proper relationship between
slope of the land and sludge viscosity makes even or
uniform sludge application practically impossible.

However, the advantages of flooding over subsurface injec-
tion are:

a. Lower labor requirement and total cost. cost compan-
son of the two systems in early 1978 showed that flood-
ing would cost about $20/ton (2.2t/kg), while subsur-
face injection would cost about $25.50/ton (2.8°/kg).

b. Lower energy requirements since sludge woula not be
pumped through a small diameter hose and an injection
system (both have high head losses).

3. SUBSURFACF INJECT!nN. Subsurface injection is pres-
ently the preferred disposal technique because of its
ability to ensure consistent sludge application rates and
to avoid odorous conditions. This system uses an umbili-
cal cord (4 inch hose) tractor-mounted subsurface injec-
tor (Fig. 3.42) to distribute sludge at about 6 to 8 inches
(14 to 20 cm) beneath the surface of the soil. The sweep
on the injector unit opens a small cavity in the soil into
which the sludge flows. After the sweep passes, the soil
falls back into place leaving the sludge completely cov-
ered.

Sludge is transported from the dredge, operating in the facul-
tative sludge lagoons, hrough pipes to the DLD site. Booster
pumps may be needed at appropnate locations to move sludge
the required distance. A pipeline extends into the DLD site,
underground, and risers are appropriately located for hookup
with the injection system. A 4-inch (10 cm) diameter flexible
hose is attached to the. riser and the tractor-mounted injection
unit. Sludge application is directly beneath the surface of the
ground and there is no visible evidence of the sludge after the
injection unit moves on.

Problems may include:

a. Insufficient durability of the flexible supply hose.

b. Coordination of dredging and injection. When the tractor-
injector is being turned at the end of a row, the flow must
be stopped or relieved throw booster pump bypass
system. This requires good c .unication between tho
injector, Dooster pump and the dredge operators.

The cleanliness and odor-free operation of subsurface injec-
tion make it a desirable disposal technique despite its slightly
highor cost.

qT

SITE LAYOUTS

1. Each dedicated land disposal site layout should have a
gross area which includes area for drainage, road access,
and injector turning.

2. Each site sho Id be approximately 1,300 feet (400 m) wide.
This dimensioo is determined by the 660-foot (220 m)
length of the subsurface injector feed hose and the turn-
around space required at each side of the field.

3 Each site should be approximately 800 feet (240 m) in
length. This dimension is determined by the area required
to allow one injector to operate continuously (six hours/day,
five days/week during peak dry months Consideration also
must be given to the net evaporation during the dry month.
Peak dry-month operation assumes one pass is made over

the DLD site each week. During other harvesting months, d
is assumed maximum operation will be limited to one injec-
tor making one pass every four weeks.

4 Each DLD site should be graded so that runoff drains
(flows) from the center of the DLD to ditches on both sides.
Runoff from these ditches should collect in a runoff deten-
tion basin at the end of the field. To prevent e:osion, the
maximum field slope should be held to 0.5 percent and the
drainage ditches on the sides of each dedicated land dis-
posal site should be designed so that the runoff water veloc-
ity does not exceed rive feet per second. These field ditches
should be "V" ditches with minimum side slopes of 4:1.
These flat side slopes will permit vehicle ac ''as across the
ditches during the dry weather for each dedicated land dis-
posal site control. The collected runoff must be returned to
some point in the liquid treatment process.

5 Each dedicated land disposal sate should be surrounaed by
an isolation berm designed to keep uncontaminated sur-
face runoff out and contaminated DLD site runoff in. The
berm should be 15 feet (4.5 m) wide at the top and should
be provided with 3:1 side slopes. The top of the berm
should be finished with an all - weather gravel road.

6. Each dedicated land disposal site should be provided with
an all-weather gravel access road to assure light truck ac-
cess at all times to its isolation berm system.

7. Capability to purge sludge from the dedicated land disposal
piping without discharging excessive purge water on the
dedicated land disposal site must be provided.

SYSTEM OPERATIONAL CRITERIA

1 Dedicated land ..,isposal sites should be loaded at a
minimum of 100 tons (dry weight) per acre (224,000 kg/ha)
of harvested sludge per year.

2 Declica,_... ',Ind disposal sites should be disked as required
to assure all sludge is cover daily. Intermittent disking is
helpful in drying the fields c, ckly.

3 Harvested sludge piping sho,Ald be flushed and purged at
the end of each day's run. Sludge purged from piping
should be injected into the disposal site. When starting
each day's operation, liquid within harvested sludge
piping should be purged, as much as possible, back to
the facultative sludge lagoons.

EQUIPMENT NEEDS. The operation of the dredge is very
important to the efficient application of sluc ge to the DLD site.
This operation should be able to average 6 percent solids con-
centration, although even with a 41/2 percent average solids
content, the operation would still be quite effective. The greater
the solids content, the more efficient the operation becomes
since the system is limited by the amount of water which must
be evaporated Problems may be encountered trying to main-
tain a constant solids content in the dredged material since the
sludge mass in the facultative sludge lagoons shifts from time
to time.

3.6211 Agricultural Reclamation. This process uses fac-
ultative sludge lagoons, as described previously for sludge
storage, and further stabilization prior to its use on nearby
cropland. The purpose of this process is to maximize reuse
of the nutrient components of the sludge. Some degree of
control must be exercised over the land to be used for
sludge spreading in order to ensure that full sludge utiliza-
tion is guaranteed each year. Short of such a guarantee, a
backup dispose! system may be necessary.
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a.

Fig. 3.42 Sludge tractor and injector unit
(From Sewage Sludge Management Program, Wastewater Solids Processing and Dtsposal. Draft EIR, Sacramento MA Consultants, October, 1978)
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APPLICATION RATE. The controlling factor in the rate of
sludge application is the nitrogen requirement of the crop. The
same assumptions apply to agricultural reclamation as to liquid
sludge application rates. The slightly lower nitrogen content
(5.9 percent) allows a slightly higher application rate of 3.4 ton
(dry weight)/acre/yr (7,600 kg/ha/yr).

METHOD OF APPLICATION. For these rather low rates of
sludge application, good control over spreading nethods is
necessary. Several techniques are discussed hnefly in the fol-
lowing paragraphs.

1. SUBSURFACE INJECTION. The concentration of solids in
the sludge pumped from the storage ponds should be three
or four percent to allow pumping of sludge the requ:red
distances for umbilical cord injection systems. This also
keeps trucking costs down when subsurface injection tank-
ers are used. This would increase costs of operating an
injection system. Overall, costs of subsurface injection
would be rather high but it would provide a safe, non-
odorous application system with excellent control ever ap-
plication rate.

2. RIDGE AND FURROW OR CONTROLLED FLOODING.
Portable irrigation pipe is often used to take sludge from
fixed slejge feeder mains to the actual spread:1g areas. A
3 4 ton/acre (7,600 kg/he) sludge application at 3 percent
solids concentration would be about 1 inch (2.5 cm) of
liquid/sludge mixture Each spreading area is leveied
managed along contours Spreading can be done directiy
from :ne back of tanker trucks Sludge is disked into tn' gr II
after spreading to minimize odors. Tin ing and scheduling of
sludge application and crop planting must be propeiiy man-
aged.

3 SLUDGE MIXED WITH IRRIGATIO;: WATEi: This system
requires a tie-in between a crop irrigation system and the
sludge dredging system The advantage is tta! a separate
sludge distnbution system is unnecessary 'hough there
a-e costs associated with the intertir%s Sludge application is
spread over several irngation applications depending on
the crop type and other factors This helps to minimize the
problem of scheduling sludge applications and crop plant-
ing Disadvantages include the fact that the sludge is not
diked into the sot! immediately but dries as a layer of sludge
cake in the furrows This may produce additional odors.

3.6212 Permanent Lagoon.,. This process uses faculta-
tive sludge lagoons as described previously for further
stabilization and volume reduction prior to transfer to per-
manent lagoons for disposal, The land used for :agoons is
permanently dedicated to the disposal of sludge. Many
agencies operate permanent sludge lagoons, sending an-
aerobically digested sludge directly to them without the
intermediate step of long-term storage and stabilization in a
facultative pond. These types of lagoons typically have odor
problems. To minimize that problem, the facultative pond is
sometime... used as a highly controlled intermediate environ-
ment to achieve substantial additional volatile solids de-
struction. An obvious secondary advantage of facultative
ponds is their storage capacity which allows transferring
sludge to lagoons at the most advantageous times.

Permanent lagoons should be approximately 20 feet (6 m)
deep with a i 5-foot (4.5 m) working depth. Sludge is perma-
nentl/ stored at an aver-aye solids concentration of 12.5 per-
cent and an assumed solids loading of 2.900 tons (dry
weight)iacre /yr (6,500,000 kg/he/yr). Their construction is simi-
lar to facultative ponds without the mechanical and piping
equipment and electrical connections Such lagoons have to
be located on land dedicated in perpetuity (forever) for that

purpose and always .itaintained with a top cap layer of aerobic
liquid to minimize nuisance odors and VECTOR" problems.
Liquid levels are maintained with plant effluent and rainfall.
Bamers surrounding the lagoons aid in odor dispersion. Load-
ing is intermittent from facultative ponds.

Permanent lagoons provide additional odor-generation po-
tential. If odors become a problem wish the lagoons, surface
aeration equipment could be added, however, the increased
costs, both cap,:al and operational, are s.ibstantial.

3 622 Disposal of Reduced Volume Sludge

3.622C Composing Process. (Also see Section 3.51.)
Most stabilized, dewatered sludge is composted by either of
*yo methods. (a) windrows (Fig. 3.43) or (b) static pile (Fig.
3.44). Both pivaisses require the mixing of freshly dewa-
tered sludge or a bulking material like wood chips or rice
hulls to achieve 35 to 40 percent solids content at the start of
composting. This solids content is required to allow suffi-
cient voids and air passages for the aerobic composting
process to be sustained. Material will be at abo'it 60 percent
solids when composting :s complete.

Two problems are associated with WINDROW COMPOST-
ING: (1) odors released when windrow is turned anr.f mixed,
and (2) improved sludge dowatering resulting in finer solids
that maKe it rr ore difacult to maintain aerobic conditions in the
windrow with t! le same proportion (,f bulking material. These
proolems are causing more windrow operators tc shift to stew;
pile composting. Temperatures of 60°C are achieved in com-
posting vvhich is considered adequate for removal of patho-
gens. Temperatures within static piles are usually better con-
trolled than in windrowing.

In a STATIC PILE operation, a pug-mill might best be used to
achieve a uniform 35 percent solids mixture of dewatered sta-
bilized sludge and bulking material. This mixture is placed in a
pile containing lt,0 to 200 cu yd (115 to 150 cu m). A forced-air
system draws at, through the pile to a perforated pipe network
beneath the pile. Warm, moist air is drawn off and clown
through a small pile of prel,inusly composted ma.Crial to re-
duce The static pile is also covered with a layer of
composted material to contain odors. The process takes about
3 weeks to complete. The compost material is then typically
stored a month for curing. Open storage may have a slight
musty odor After curing, the material is ready for bulk use or it
can be dned further, pulverized and then bagged for sale.

3.6221 Mechanical Drying. Mechanical drying systems
usually consist of a cylindrical steel shell that revolves at five
to eight rpm. One end of the dryer is slightly higher than the
other end. Mechanically dewatered sludge is fed into the
higher end. Flights projecting from the inside wall of the shell
continually raise the sludge and shower it through the dryer
gas, moving the sludge toward the outlet Dry gas enters the

yer at 1,200°F (850°C) and usually flows in the same
direction as the sludge being dried. After the sludge has
been rotated in the dryer for 20 to 60 minutes, the dried
sludge is discharged at a temperature of 180 to 200°F (82 to
93°C). Exhaust gases are conveyed to a cyclone where
entrained solids are separated from the gases The dried
sludge either goes on to feather processing or to disposal

3.6222 Incinerator Ash. On-site landfilling of incinerator
ash is accomplished similar to a sanitary landfil. and pro-
vides good control over disposal of this material. Ash also is
disposed of on a dedicated and disposal site as long as it is
turned under the soil quickly and not -. bject to wind action.

40 Vector. An insect or other organism capable of transmitting germs or other agents of disease
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APPROXIMATE WINDROW SPACING
SEWAGE SLUDGE COMPOSTING
USING COBEY ROTOSHREDDER

SLUDGE VOLUME PER ACRE= 3900 YD3/ACRE

6' 6'

3.751

Fig. 3.43 Approximate windrow spacing
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SCREENED COMPOST

BULKING AGENT AND
SLUDGE MIXTURE

UNSCREENED COMPLI
OR BULKING AGENT

PERFORATED
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GENERAL LAYOUT

SUBSEQUENT PILES
FOR EXTENDED PILE
METHOD
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CROSS SECTION

Fig. 3.44 Typical static compost pile for 40 cubic meters of dewatered sludge
(from EPA Capsule Report, EPA 625/2.77.014)
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3.6223 Utilization Options. There are basically three op-
tions for use of the composted and mechanically dried
materials.

1. Provide a bagged commercial product for sale to the public
as a soil amendment.

2. Provide compost for agricultural land use. This would pro-
vide more of a marketing problem due to concern over
some materials used for bulking: for example, wood chips
have nitrogen demand and some tree leaves have toxic
effects. Coarse bulking agents, such as wood chips, are
usually screened out and reused.

3. Provide compost for nonagricultural land uses. This would
include use in parks, golf courses or other recreational
areas. There may be only a limited demand for this material
due to the established use of high-nitrogen fertilizer on golf
courses and turf farms, Pr...; the trend to more natural vege-
tation parks.

3.623 Screenings, G it and Scum

Screenings, gnt and scum are usually the most difficult sol-
ids to handle and dispose of because of odor and vector prob-
lems.

3.6230 Dewatered Screenings and Grit. Dewatered grit
and screenings can be placed in an on-site landfill as long as
they are buried the same day as produced to avoid odors.

3.6231 Dewatered Scum. Deweered scum should be
disposed of in a sanitary landfill. Another possibility is the
sale of the scum for recovery of groase and other potentially
useful byproducts.

3.6232 Dewatered Raw Sludge. Process incinerated ash
from dewatered raw sludge th same as incinerated ash
from grit, scum and screenings.

QUESTIONS
Write your answers in a notebook and then compare your

answers with these on page 260.

3.62C How can liquid digested sludge be disposed of?

3.62D How can liquid sludge be spread over land?

3.62E How can composted material be disposed of?

3.62F Why must the sunace layer of liquid on permanent
lagoons be aerobic?

3.63 Environmental Controls (Monitoring)

The size and lature of the d' posal facilities requires that
major attention be directed to proper operation arA control
Under such conditio s, a monitoring program is e >sential and
its elements are described here. An annual report should be
issued describing each year's operation and monitoring re-
sults. This report is important in communicating with regulatory
agencies and local citizens to ensure that pr.Olerrts which
develop are being resolved, and in documenting operating re-
sults for future enlargements of the system.

The recommended monitoring program for sludge disposal
systems is basically a data collection and analysis function
aimed at determining if permit conditions, operational and reg-
ulatory constraints, and deign objecti% es are being met.

Listed below is a typical recommended monitoring schedule
for sludges and other constituents of a liquid dedicated lend
disposal system with facultative sludge lagoons. Most of this
schedule is similar to monitoring that is routinely conducted by
treatment plant staff.
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Sampling
Sample Type Frequency Constituents

Raw and thickened sludge Daily Flow, TS. VS
(to digesters)

Digested sludge Daily Flow, TS, VS
(from digesters)

Facultative sludge Quarterly TS. VS
lagoon stored sludge Profiles

-acultative sludge Every two pH, temp, H2S, DO
lagoon supernatant days
ayer (each pond)

Recycled supernatant Daily when TKN, NH3-N, PO4-P,
(total of all ponds) operating COD, BOD, SS, pH

3.630 Odors

The following monitoring is recommended to prevent occur-
rences of odors and to assess and correct odor problems.

1. Meteorological monitoring for wind machine and general
operational control includes the following. It is expected that
this information will be continuously recorded.

Air temperature measurement at 25 feet (7.5 m) and 5
feet (1.5 m) above the ground. This pi °vides data to calcu-
late AT which indicates the strength of low-level inversion
conditions.

Wind direction. This is used primarily to calculate the rate
of change of wind direction.

Wind speed measurement.

These measurements are also necessary to provide a
historical record. If and when an odor complaint is recorded
at the treatment plant, the meteorology occurring at the time
or the problem is available to assist in assessing the prob-
lem and correcting it.

2. The best overall odor monitoring program is the number of
complaints received from nearby residents. it may be dif-
ficult to determine from complaints received which facility
was the problem. For this reason, a response team should
be available to immediately check on all odor complaints,
track them back to the source if possible, and provide a
written record. In this manner, problem areas can be iden-
tified and solutions undertaken.

However, in order to avoid pro. 'ems and determine if
the system is operating as intendt. -, odor reaaings (using
an olfactometer as described in Chapter 1, 'Odor Con-
trol") from the surface of the ponds should be taken
periodically, vorhaps for three consecutive days during
each quarter. Alsc, odor testing Pt the ponds should
involve qualitative operator judgements recorded daily.

3.631 Sludge/Dedicated Land Disposal Sites

Recommended monitoring of sludge removcd from the
facultative sludge legoons is intended mainly for operational
purposes, but also to determine if sludge chemical content is
compatible with future reuse options. Removed sludge s'Iould
be monitored for the following:

Sampling Frequer.o; Constituents

Daily each dredge

Two composites from each
pond dredged/season
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TS, Flow

Alkalinity, CI, NH3-N, Soluble
SO4, TP, TN, Ca, Mg, K, Na,
As, Be, Cd, Cr, Cu, Pb, Hg, Mn,
Ni, Se, Ag, Zn, PCB 1242, PCB
1254, Technical Chlordane,
DDE, TS, VS, pH, EC
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Daily records should be made of the location and quantity of
sludge spread on the DLD sites. Each DLD site should be
sampled in two locations at the end of each spreading season.
Soils should be sampled for pH, nitrogen, and heavy metals.

3.632 Groundwater

Potential degrading of groundwater is associated with
sludge disposal due to the substantial amount of water (80 to
98 percent) that would be buried with the sludge. This water
may travel laterally (side ways) as well as vertically.

Groundwater monitoring wells should be provided around all
the disposal facilities. There should be at least four test wells
for a DLD site. Two of these should not extend below the
confining soil layer and two should extend below this level. The
following sampling program should be used for groundwater
monitoring wells.

Type

Ponds

Sampling
Frequency

Quarterly

DLD/Landfill Annually

Constituents

Alkalinity (phenolphthalein and
me,. ,' orange), CI, TPO4, hard-
ness (Ca and Mg), pH, TKN,
NH3-N, NO2-N, organic-N, COD,
pH, EC

Same as above

3.633 Surface Water Monitoring

Surface water runoff which needs to be monitored includes
the OLD landfill contaminated runoff, which is designed to be
recycled to the plant, as well as any intermittent and continu-
ously flowing surface streams which pass through the plant
site. Following the first storm with substantial runoff, a sample
of DLD and landfill runoff water should be taken. At two or
three other times during the rainy season, additional samples
should be taken and analyzed. Runoff constitutents sampled
should include the complete list of items analyzed for the plant
influent.

Any surface streams which pass through the site require
monitoring. These samples should be taken periodically
throughout t le year. Constituents sampled should include the
complete list of items analyzed for plant effluent.

3.634 Pablic Health Vectors

A variety of disease-causing organisms an be found in un-
treated wastewater and wastewater solids. These include.

1. Bacteria such as SALMONELLA, SHIGELLA, STREP-
TOCOCCUS, and MYCOBACTERIUM which sire responsi-
ble for typhoio and paratyphoid fever, shigellosis, scarlet
fever, and tuberculosis.

2. Protozoans and their cysts such as ENTAMOE&A HIS -
TOLYTICA which induces amoebic dysentery.

3 Helminths and their ova which include both parasitic and
free-living rouncworms, flukes, and tapeworms which can
infect humans and animals.

4. Viral agents which can infect humans and animals.

5. Viral agents of human ar J animal origin which car, cause
infectious hepatitis, polio, meningitis, and a variety of other
diseases.

One of the basic goals of wastewater treatment processes is
to destroy pathogenic microorganisms. Sludge treatment pro-
cesses such as anaerobic digestion, incineration, composting
and disinfection have variable effectiveness in reducing
pathogenic microorganism concentrations.

Stabilization thstroys most of the pathogenic organisms.
Further destruction is accomplished with composting and
further anaerobic digestion in facultative sludge lagoons.
When appropriate precautions are taken, plant operators are
exposed to an undefinably low level of risk; public exposure
and risk are even less.

The potential for the propagation or attraction of birds, ro-
dents, and flies is discussed below bnefly.

1. BIRDS. Salmonella bacteria are known to be excreted by
birds which have fed on food material found in polluted
waters. Gull feces have been found to contain S. TYPHORA
and S. TYPNI even after they have been isolated from ac-
cess to polluted waters. Gulls have been implicated in
SALMONELLA contamination of a community surface
water supply in Alaska after feeding near a wastewater out-
fall.

Several species of birds have been observed feeding on
floatable materials on facultative sludge lagoons. This is a
common occurrence in most wastewater treatment plants
which have open basins in which edible organic materials
are concentrated. No cases of disease transmission by
birds in wastewater treatment plants have been r3ported.
None of the operations discussed pose any public health
problems due to birds. The potential aircraft hazard as-
sociated with attracting birds to the facultative sludge la-
goons is probably minimal. If you find a dead bird, pick it up
with a shovel and bury it. You could become infected with
lice if you pick up dead birds with your hands.

2. RODENTS. Rats, domestic mice, and other rodents which
can multiply in response to human activities that create a
favorable environment for their survival can serve as vec-
tors for a number of human diseases including lepto-
spirosis, plague, and the dwell tap,-morm HYMENOLEPIS
NANA. To date ( ;980), no cc- iditions associated with the
five years of operation of facultative sludge lagoons have
been observed which contribute to the propagation of ro-
dents. Sludge storage and disposal procedures can be
conducted so as to prev'nt tie propagation of rodents.

3. FLIES Flies are a known nuisance and vector of disease
which can propagate as a result of certain treatment plant
operations or disposal practices. Facultative sludge la-
gocns have not contributed to fly breeding.

If sanitary landfilling, agricultural reclamation, lagooning, or
composting are the disposal or reuse methods, proper man-
agement of the processes will minimize fly propagation or at-
traction. There is no evidence to indicate that anaerobically
digested sludge will support fly breeding.

3.64 Acknowledgment

This section Va..; reviewed by Warren Uhte who provided
many helpful comments and suggestions.

QUESTIONS
Write your answers in a notebook and then compare you-

answers with those on page 260.

3.63A What items should be measured in an odor-
monitorinn program?
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3.63B How many and where should the groundwater
monitoring wells be located for a dedicated land dis-
posal (DLD) site?

3.7 REVIEW Oi: PLANS AND SPECIFICATIONS

On occasion, operators will be asked to review and com-
munt on design drawings and specifications. Engineering
drawings generally contain much detail and can be rather
complicated to understand. When you are asked to review
design drawings, you should be concerned with those features
that will directly affect day-to-day operation, routine mainte-
nance and periodic repairs.

Day-to-day operation, maintenance and repairs are affected
oy effort(s) required to open and close valves; read meters,
lubricate equipment; repair pumps and drive motors; replace
equipment such as chains, sprockets, and bearings, unclog
and dean pipes and float control mechanisms, and wash down
the area.

Regardless of the equipment or process being installed, the
operator should be sure that the following provisions are incor-
porated into the design:

1. All valves are easily accessible and enough area is pro-
vided to facilitate turning of the valves;

2. All meters and gages are easily readable and located
where process adjustments can be made if so indicated by
the meters and gages;

3. Sufficient area is provided around pumps and drives to
facilitate routine maintenance and repairs; and

4 Suffirient area, wash water capacity and drains are pro-
vided around major pieces of equipment such as thickeners
and centrifuges to facilitate repairs and dean up operations.

In general, the operator needs to sit back and reflect on
those items or situations from past exp:nence that caused
trouble with daily operating and routine maintenance tasks.
The operator has to contend with the system(s) or unit pro-
cesses being installed and if given the opportunity to provide
input into the final design, you should take full advantage of
ensuring that equipment is accessible and enough working
area is provided.

vvrien reviewing plans and specifications, you must consider
what you will do if each particular treatment process breaks
down. You have to decide where to store the sludge and how
long you might have to store it. For example, if you have cen-
trifuges to thicken the sludge and then burn the sludge in an
incinerator, what will you do if the incinerator is out of service?
Can the sludge be hauled to a sanitary landfill' How many
truck loads would have to be hauled per day? Where would the
sludge be stored while the truck is traveling to and from the
dump? 1 ilese are the types of questions the operator must
answer, because they are the problems you will have to solve
when equipment fails. SimcIe alterations in the design before
facilities are built can make problems caused by equioment
failures easier to solve

Specific areas of concern for the unit processes described
in this chapter are sum, iarized in Table 3.26.

QUESTION
Write your answer in a notebook and then compare your

answer with the one on page 260.

3.7A List the important items you would consider when re-
viewing plans and specifications.
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TABLE 3..26 SPECIFIC 0 & M ITEMS CONSIDERED
WHEN REVIEWING PLANS AND SPECIFICATIONS

UNIT PROCESS RECOMMENDED PROVISIONS

Gravity
Thickening

Dissolved
Air
Flotation

Centrifugation
and Filtration
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1 Sludge collectors and surface scrapers
are equipped with variable-speed
motors.

2 Sludge withdrawal line is at LEAST 4
INCHES (10 cm) in diameter and valves
are provided on the suction side and dis-
charge side of the sludge withdrawal
pump.

3. A Tee with a valve is provided between
the suction valve described in Item 2 and
the sludge outlet io facilitate back-
flushing in the event of clogging.

4 A valve is provided on the suction side
and discharge side of the influent sludge
pump.

5 Sample taps and valves are provided on
me influent, effluent and sludge with-
drawal lines to facilitate sample collec-
tion.

1 Surface and bottom sludge collectors are
equipped with variable -speed motors.

2 Same as Item 2, Gravity Thickening.

3. Same as Item 3, Gravity Thickening.

4 Same as Item 4, Gravity Thickening.

5 Same as Item 5, Gravity Thickening.

6 A sight glass is provided on the retention
tank.

7 Level indicators in the retention tank are
accessible for cleaning or repairs.

1 Sludge hoppers are provided with move-
able catch troughs to ccllect and divert
wash water to a common drain.

2. A wash water supply and drains are pro-
vided in the area of sludge conveyors to
facilitate cleaning operations.

3. A permanent wash water line and valve
are provided on the influent to the unit.

4 Same as Item 4, Gravity Thickening.

5. Same as Item 5, Gravity Thickening.
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Chemical
Conditioning

Thermal
Conditioning

1. Dry chemical feeders are equipped with
Infra-reu heating lamps to prevent the
absorption of moisture.

2. An eductor-type dry chemical feeder is
provided to serve as standby for automat-
ic feeders.

3. A bulk storage tank is provided ;Jr liquid
chemicals.

4. Chemical feed pumps are equipped with
variable-speed motors.

5. Tne walking areas around chemical sys-
tems are t-oated with a non-skid type
paint.

1. A water softener is provided where ap-
propriate to remove hardness from the
boiler make-up water. Also provisions to
ue-aerate the water.

2. An acid resistent flushing system should
be incorporated for acid washing of reac-
tors and heat exchangers.

3. Sample taps and valves should be pro-
vided on the influent, nigh-rate, and de-
cant overflow and underflow lines.

4. The decant tank should be totally en-
closed and equipped with a vent fan.

5 Gas scrubbers and/or carbon absorbers
be provided to clean the vent gases

6. Same as Item 2, Gravity Thickening.

7. Same as Item 3, Gravity Thickening.

8. Same as Item 4, Gravity Thickening.

3.8 ADDITIONAL READING

1. Lk:0 APPLICATION OF SLUDGE. Obtain from National
Environmental Training Allocation, 8687 Via de Ventura,
Suite 214, Phoenix, Arizona 85258. Price $14.50 mem-
bers, $18.00 nonmembers.

2. SLUDGE DEWATERING, MOP 20. Obtain from Publica-
tions Order Department, Water Pollution Control Feder-
ation, 601 Wythe Street, Alexandria, VA 22314-1994.
Order No. M00160H0. Price 7)24.00 member, $32.00
nonmembers.

3 SLUDGE STABILIZATION, MOP i-D-9. Obtain from Publi-
cations Order Department, Water Pol'ution Control Fed-
eration, 601 Wythe Street, Alexandria, VA 22314-1994.
Order No. MFD9OHO Price $14.00 members, $32.00
nonmembers.

4 SLUDGE THICKENING, MOP FD-1. Obtain from Put-lica-
tions Order Department, Water Pollution Control Elder-
ation, 601 Wythe Street, Alexandria, vA 22314
Order No. MFD1OHO. Price $12.00 members, $16.00
nonmembers.

DISCUSSION AND REVIEW QUESTIONS
Chapter 3. SLUDGE HANDLING /AND DISPOSAL

(Lesson 5 of 5 Lessons)

Write the answers to these questions in your notebook be-
fore continuing. The problem numbering continues from Les-
son 4.

25 Why are chemically stabilize and wet oxidized sludges
generally not suited for compost operations?

26. How would you determine the frequency of turning com-
post stacks?

27 How does incineration reduce the volume of sludge?

28 Where should air be added to the furnace for proper com-
bustion?

29. How can you tell by looking at the flames in the burning
zone how much air is present?

'30 What happens if the incinerator shaft speed is too high or
too 310w9

31. Why should the disposal or utilization of sludge from di-
gesters in .hout addi'ional treatment be avoided?

32 What are the main reasons for using wastewater solids for
agricultural purposes?

33. What are the advantages of using trucks to spread di-
gested sludge in an agricultural reclamation project?

PLEASE WORK THE OBJECTIVE TEST NEXT.
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SUGGESTED ANSWERS

Chapter 3. Sludge Handling and Disposal

Answers to questions on pages 126 and 127.

3.0A The two types of sludges produced at a wastewater
treatment facility are primary sludge and secondary
sludge. Primer sludge includes all the solids which
settle to the tr,rtom of the primary sedimentation basin
and are removed from the waste stream. Primary
sludges are usually fairly coarse and fibrous, have
specific gravities greater than water anu are com-
posed of 70 to 80 percent volatile matter. Secondary
sludge is generated as a by-product of biological de-
gradation of organic wastes. Secondary sludges are
finer than primal/ sludge solids, less fibrous, have
specific gravities closer to that of water, and consist of
75 to 80 percent volatile matter.

3.0B Volumes of primary sludge depend on inflow, in-
fluem suspended solids, and efficiency of the prima-
ry sedimentation basin.

3.0C Known

Flow, MGD

Influent SS, mg/L

Effluent SS, mg/L

= 2.0 MGD

= 200 mg/L

= 120 mg/L

Unknown

Sludge, lbs/day

Determine the quantity of primary sludge in pounds
per day.

Prunary
Sludge,
lbs/day

Flow, MOO x (Intl SS, mg/L Effl SS mg/L) x 834 lbs/gal

2 0 MGO x (200 mg/L 1 v mg/L) x 8 34 lbs/gal

2 0 MOO x 80 mg/L x 8 34 lbs/gal

1,335 lbs/day

3.0D Variables that influence the production of secondary
sludges include the flow to the biological system, the
BOD loading to the biological system, the efficiency of
the biological system in removing BOD, and the
growth rate of the bacteria in the system.

3 OF Known

Flow, MGD --, 2.3 MGD

Sec Intl BOD, mg/L = 180 mg/L

Sec. Effl BOD, mg/L = 30 mg/L

Growth Rate, Y, lbs SI 0.5 lbs sludge

Unknown

Sec. Sludge, lbs/day

lb BOO rem 1 lb BOD removed

Estimate quantity of secondary sludge in pounds per
day.

Sec Sludge. = Flow, MGO x (Intl SOD, mg/L Effl Bod, mg/L) x
lbs/day

34 lbs/gal x 0 5 lbs sludge
9

1 lb BOO removed

2 0 MOO x (180 mg,/ - 30 mg/L) x 8 34 Os/gal x 0 5

1.251 lbs/daY
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3.0F Known Unknown

Conditions in Problem 3 OC Sludge, gal/day

Sludge, lbs/day = 1335 lbs/day

Susp Solids, % = 4 0%

Estimate the primary sludge volume in gallons per
day

Sludge, =
Sludge, lbs/day

gaVday 8.34 lbs/gal x (Solias, %/100%)

1335 lbs/day

8 34 lbs/g;.. x (4.0%/100%)

= 4,002 gallons/day

Answers to questions on page 131.

3.10A The primary function of sludge thickening is to re-
duce the sludge iolume to be handled in subsequent
processes.

3.108 Known Unknown

Sec. Sludge, gaVday = 12,000 gal Dry Sludge, lbs/day

Solids Conc., % = 1 0%

Determine the amount of dry sludge in pounds per
day.

Dry
Sludge

lbs

Sludge. gal/day x 8.34 x
Solids Conc %

100%

12,000 gal/day x 9 34 lbs/gal x 1%

100%

= 12,000 gal/day x 8 34 lbs/gal x0 01

1,000 lbs/day

3.10C Knovil Unknown

Sec Sludge, lbs/day = 1000 lbs/day Sludge Volume,

Solids Conc., % = 1 5% gal/day

Oeterm,ne sludge volume in gallons per day.

Sludge Vol = Sec. Sludge, lbs/day

gal/day 8 34 lbs/gal x Solids Conc.,
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1000 lbs/day

8.34 lbs/gal x 1 5%

= 8,000 gal/day

100%

100%
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Answers to questions on page 136.

3.11A Main components of gravity thickeners include:
1. net and distribution assembly,

Sludge rake,

3. Vertical steel members or "pickets" mounted cm
the sludge rake,

4. Effluent or overflow weir, and

5. Scum removal equipment.

3.11B 1. The inlet baffle causes the influent to flow down-
ward towards the bottom of the tank where the
solids settle. The inlet banle provides for an even
distribution of sludge throughout the tank and re-
duces the possibility of short-circuiting to the
effluent end of the thickener.

2. Sludge rakes cause the settled sludge to move
towards the center of the tank to be removed by a
sludge pump.

3. The vertical pickets provide for gentle stirring of
the settled sludge as the rake rotates. This gentle
stirring action opens up channels for the vertical
releas, of entrapped gases and free moisture
which promotes or enhances the concentration of
the settled sludge.

3.11C The age of the sludge to be thickened is very impor-
tant. Fresh pnmary sludge usually can be concen-
tretad to the highest degree. If gasification occurs
due to anaerobic conditions, sludges are difficult to
thicken. Secondary sludges are not as well suited for
gravity thickening as primary sludge. Secondary
sludges contain large quantities of "bound" water
which renders the sludge less dense than primary
sludge solids

3.11D As the temperature of the sludge (primary or sec-
ondary) increases, the rate of biological activity in-
creases and the sludge fends to gasify and rise at a
higher rate. During summer time operation, the set-
tled slur'ge has to be removed at a faster rate from
the thickener than during winter time operation when
the sludge temperature is lower and biological activ-
ity and subsequent gas produ, 'ion proceeds at a
slower rate.

3.11E Known Unknown
Diameter, ft = 30 ft H idraulic Surface Loading,

gpd/sq ft

Sludge Solids, % = 3% Solids Loading, lbs/day/
sq ft

Flow, GPM = 60 GPM

Determine the water surface area

Surface Area, = "_(Diameter, ft)2
sq ft 4

= 0 785 (30 ft)2

= 707 sq ft

Calculate the hydraulic surface loading.
Flow, gpd=

Surface Area, sq ft
Hydraulic

Surface
Loading,
gpd/sq ft 60 gal/min x 1440 min/day

707 sq ft

= 122 gpd/sq ft

Determine the solids applied to the thickener, lbs/
day.

Solids = Flow, gpd x 8 34 lbs/day x S914/S.°/°
Applied, 100%
lbs/day

= 60 gal/min x 1440 mm /day x 8 34 lbs/gal x _3°'°_
100%

= 21 ,617 lbsIday

Calculate the solids loading

Solids
Loading,
lbsiday/sq ft

3.11F Known

Flow, GPM

Solids Applied. lbs/day

Surface Area, sq ft

21,617 lbs/day

707 s:.", "

-= 31 lbs/day/sq ft

= 40 GPM
Unknown

Suspended Solids
Removal Elf ,

WAS Conc , % = 0.9%
, mg/L = 9,000 mg/L Concentration Factor

Underflew Sludge, % = 3%

Eff. Susp Sol , mg/L = 1,800 mg/L

Calculate the suspended solids removal efficiency,%.

Efficiency, % = (Intl , Mg/L Etti , mg/L) x 100%

Int , mg/L

(9,000 mgIL 1,800 mg/L) x 100%

9,000 mg/L

= 80%
Determine the concentration factor.

Thickened Sludge Concentration, %

Influent Sludge Concentration, %

= 3,0%

0 9%

= 3 33

Concentration
Factor

Answers to questions on page 140.
3 11G (Routine visual checks on gravity thickeners as well

as other equipment help the operator identify
equipment malfunctions and/or decreases in pro-
cess efficiency.

3.11H The term "hole" or coning refers to a cone-shaped
hole that can develop in the sludge blanket which
allows liquid from above the sludge blanket (rather
than sludge from the sludge blanket) to be pumped
from the thickener. A hole in the sludge blanket can
best be corrected by lowering the flow to the thick-
ener, increasing the speed of the collectors to keep
the sludge at the point of withdrawal and decreasing
the rate of underflow sludge pumping.

3 111 Possible causes of solids rising to the surface.

1 Gasification,

2. Septic feed,

3. Blanket disturbances,

4. Chemical inefficiencies, and

5. Excessive loadings.
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Procedures to correct the problem(s): 3.12G Known Unknown
Same as problem 22 12F Solids Loading,1. Increase sludge withdrawal rate, lbs/day/sq ft

2. Increase sludge pumping from clarifier, Influent Sludge, % = 0 75
, mg/L = 7,500 mgfL <VS Ratio, lb air /lb solids

3. Lower collector speed, Influent Sludge Recycle Flow Rate, GPM

4. Increase chemical feed rate, and Flow, cfm = 2 5 cu ft/min
Air, cfm = 0 75 cu ft/mm

5. Lower flow if possible. Recycle Ratio, % = 100%

Determine solids applied, lbs/day
Solids Applied, Flow, cu ft x 1440 min x 62 4 lbs x SS, %

Answers to questions on page 145. lbs/day min day cu ft 100%

3.12A The main components of dissolved air flotation 2 5 C.,J ft x 1440 min x 62 4 lbs x 0 75%
(DAF) units are: (1) air injection equipment. (2) agi-
tated or unagitated pressurized retention tank, (3)
recycle pump, (4) inlet or distribution assembly, (5)
sludge scrapers, and (6) an effluent baffle.

3.12B 1. The function of the distribution box is to allow the
air to come out of solution in the form of minute air
bubbles which attach to the solids and cause
them to rise to the surface.

2. The retention tank provides a location to dissolve
air into the liquid.

3. The effluent baffle is provided to keep the floated
solids from contaminating the effluent

3.12C A sight glass should be provided to periodically
check the level of the air-liquid interface because on
occasion the float mechanisms may fail and the re-
tention tank will either fill completely with liquid or fill
completely with air.

3.12D The performance of DAF thickeners depends on (1)
type and age of the feed sLidge, (2) solids and hy-
draulic loading, (3) air to solids (AIS) ratio, (4) recycle
rate, and (5) sludge blanket depth.

3.12E The age of the sluoge usually does not affect flota-
tion performance as drcstically as it affects gravity
concentrators. A relatively old sludge has a natural
tendency to float due to gasification and this natural
buoyancy will have little c: no adverse effects on the
operation of flotation thickeners.

3.12F Known Unknown

Diameter, ft = 20 ft Hydraulic Surface Loading,
gpd/sq ft

Flow, GPM = ICJ GPM

min day cu ft 100%

= 1,685 lbs/day

Calculate solids loading, lbs/day/sq ft.
Solids Loading, _ Solids Applied, lbs/day
lbs/day/sq ft Surface Area, sq ft

1,685 lbs/day

314 sq ft

= 5 4 lbs/day/sq ft

Determine the air supply in pounds pi hour.

Air Supply, Air Flow, cu ft x 60min x 0 075 lbs air
lbs/hr min hr cu ft

0.75 cu ft x 60nnin x 0.075 lbs

min hr cu ft

= 3 375 lbs/hr

Determine the solids applied in pounds per hour.

Solids Applied, Solids Applied, lbs/day
lbs/hr 24 hr/day

1685 lbsiday(fronn 22.20D)

24 hr/day

= 70.2 lbs/hr

Calculate the pounds of air to pounds of
(A/S) ratio.

Air, lbs Air Supply, lbs/hr

Solids, lbs Solids Applied, lbs/hr

3 375 lbs air/hr

Determine the liquid surface area, sq ft. 70 2 lbs solids/hr

Surface Area, 'n x (Diameter, ft)2 = 0 05 lbs air/lb solids
sq ft 4

= 0 785 x (20 ft:
= 314 sq ft Determine the recycle flow, GPM

Calculate the hydraulic surface loading, gpd/sq ft. Recycle Flow, Inflow, GPM x Recycle Ratio, %
Surface Flow, gpd GPM 100%
Loading, Surface Area, sq ft
gpd/sq ft 2 5 cu ft x 7.5 gal x 100%

100 gal /min x 1440 min /day min cu ft 100%

314 sq ft = 13.8 GPM

= 458 gpd/sq ft or = 19 GPM for pumping rate

2 83
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3.12H Known Unknown
OAF Unit SS Removal Eff , %

Intl. Sludge. % 1 0% Concentration Factor
, mg/L 10,000 mg/L

Effl. Sludge, % = 3 8%
(Thickened Sludge)

Effl Liquid SS, = 50 mg/L
mg/L

Determine the suspended solids removal effi-
ciency.

SS Efficiency, % = (SS Int , mg/L SS Eft mg/L) x 100%

SS Int mg/L

(10,000 mg/L 50 mg/L) x 100%

100,000 mg/L

= 99 5%

Determine the concentration factor for the thick-
ened sludge.

Concentration =
Factor, (cf) Influent Sludge Concentration, %

Thickened Sludge Concentration, %

3 8%

1 0%

= 38

Answers to questions on page 146.

3.121 PROBLEM. Poor effluent quality (high suspended
solids) and thinner than normal sludge.

Possible Causes Possible Solutions

a AIS low. a Increase air input.
Repair and/or turn on com-
pressor.

b. Pressure too low or b Repair and/or turn on corn-
too high. pressor.

c. Recycle pump mop- c Turn on recycle pump.
perative.

d. Reaeration pump in- d. Turn on reaeration pump.
operative

e Chemical addition in- e. Increase dosage
adequate

f Loading excessive f. Lower flow rate

Answers to questions on page 156

3.13A Three centrifuge designs commercially available
today are (1) basket centrifuges, (2) scroll cen-
trifuges, and (3) disc-nozzle type centrifuges. Basket
centrifuges operate in a batch mode, while scroll and
disc-nozzl type operate continuously.

3.13E Centrifugal thickening is affected by (1) type and age
of the feed sludge, (2) solids and hydraulic loading,
(3) bowl speed and resulting gravitational ("g")
forces, (4) pool depth and differential scroll speed for
scroll centrifuges, and (5) size and number A noz-
zles for disc centrifuges.

5.13C Centnfuges are not commonly used to thicken pri-
mary sludges because they have inlet assemblies
that are highly subject to clogging.

3.13D Known Unknown
20 in x 60 in scroll centrifuge Hydraulic Loading, gal/hr

Feed Rate. GPM = 30 GPM Solids Loading. lbs/hr
Intl Solids. % = 1 1%

, mg/L 11,000 mg/L

Calculate the hydraulic loading in gallons per hour.
Hydraulic Load, = Flow, GPM x 60 mm/hr

gal/hr = 30 gal/min x 60 mm/hr

= 1.800 gal/hr

Calculate the solids loading in pounds of solids
per hour.

Solids Load, = Flow, gal/hr x 8 34 lbs/gal x SSL°.±'
'bs/hr 100%

= 1800 gal/hr x 8 34 lbs/gai x 1 1%

= 165 lbs solids/hr

3.13E Known
43 -inch diameter basket centrifuge

Feed Rate, GPM = 30 GPM

Intl Solids, % = 1.1%
, mg/L = 11,000 mg/L

Feed Time, Min = 25 min
Down Time, Min = 3 min

100%

Unknown
Hydraulic Loading,

gal/hr
Solids Loading,

lbs/hr

Calculate the hydraulic loading in gallons per hour.
Hydraulic

Load.
gal/hr

Flow, GPM x min x Run Time, min

hr (Run, min 4 Down, min)

30 gat x 60 mm x 25 min

min hr (25 min + 3 min)

30 x 60 25

28

= 1,607 gal/hr

Calculate the solids leading in pounds of solids per
hour.

Solids Load,
lbs/hr

Hyd S

hr gal 100%

= 1,607 gal lbs 1 1 %

gal 100%

= 147 lbShsrsolids /hr

3.13F As the differential scroll speed is ihcreased, the
solids that z.re compacted on the bowl wall are con-
veyed out of the centrifuge at a faster rate, resulting
in a decrease in the concentration A these solids
Lower concentrations result because as the solids
are moved out at a faster rate they are subjected to
centrifugal forces for shorter periods of time.

3.13G Known

20-inch diameter disc centrifuge
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Flow, GPM

Intl SS, %

, mg/L

Effl, SS, %

, mg/L

Thick SI, %

, mg/L

= 25 GPM

= 0 65%

- 6,500 mg/L

= 0 03%

= 300 (AWL

= 4.9%

= 49,000 mg/L

Unknown

Efficiency, %

Concentration
Factor, (cf)



Calculate the efficiency of the disc centrifuge.

Efficiency, (In& SS, mg/L Eft SS, mg/L)x100%% =
Intl. SS, mg/L

(6500 mg(L 300 mg/L) x 100%

6500 mg/L

= 95.4%

Determine the concentration factor for the thick-
ened sludge.

Concentration Thickened Sludge Concentration, %
Factor (cf) Influent Sludge Concentration, %

4.9%

0.65%

= 7.5

Answers to questions on page 158.

3.13H PROBLEM: Scroll centrifuge has poor centrate
quality, but discharge solids are good.

Check Possible Solutions
1. Scroll rpm 1 Increase scroll speed

2 Flow rate 2. Decrease flow

3. Pool setting 3. Increase pool

4. Chemical system 4. Increase chemical dosage

3.131 The concentration of thickened sludge from a disc
centrifuge can be increased by decreasing the
number and/or size of the nozz'es. These changes
problably would have no effect on the centrate qual-
ity.

Answers to questions on page 164.

3.20A The goals of stabilization are to convert the volatile
(organic) or odor-causing portion (fraction) of the
sludge solids to nonodorous end products, to prevent
the proliferation (breeding) of insects upon disposal
and to reduce the pathogenic (disease-carrying) or-
ganism content.

3.20B Unit processes commonly used for sludge stabiliza-
tion include: (1) anaerobic digestion, (2) aerobic di-
gestion, and (3) chemical treatment.

3.21A In the two-step process of anaerobic digestion, first,
facultative acid-forming organisms convert complex
organic matter to volatile (organic) acids. Next, the
anaerobic methane-forming organisms convert the
acids to odorless end products of methane gas and
carbon dioxide.
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3.22A In the aerobic digestion process, thickened sludge is
fed to the digester inlet. Air from blowers is diffused
into the digester to provide oxygen for the organisms
and to cause mixing of the digester contents. Di-
gested sludge exists through an effluent line and is
either pumped directly to dewatering facilities or to a
gravity thickener pnor to dewetering.

3.22B Continuous feeding of aerobic digesters is preferred
over batch draw-and-fill systems because continu-
ous operation tends to minimize operator attention
and to reduce associated operational costs.

3.22C Factors affecting aerobic digesters include (1) sludge
type, (2) digestion time, (3) digestion temperature,
(4) volatile solids loading, (5) quantity of air supplied,
and (6) dissolved oxygen concentrations within the
digester.

3.22D Aerobic digestion is more suitable for treating sec-
ondary sludges than primary sludges because these
sludges are composed primarily of biological cells
that are produced in the activated sludge and/or trick-
ling filter processes as a by-product of degrading or-
ganic matter. In the absence of food, these mi-
croorganisms enter the endogenous or death phase
of their life cycle. When no food is available, the
biomass begins to self-metabolize (self-destruct),
which results in a conversion of the biomass to end
products of carbon dioxide and water and a net de-
crease in the sludge mass.

3.22E The operator can control digestion time by controlling
the degree or sludge thickening prior to digestion.
The thicker the sludge, the longer the digestion time.

3.22F Known Unknown
Digester Volume. = 140,000 cu h Digestion Time. days

cu ft

Flow. gpd = 110.000 gpd

Calculate the digester volume in gallons.
Digester Volume, = Digester Volume, cu ft x 7 48 gal/cu ft

gal = 140,000 cu ft x 7 48 gaticu ft

= 1,047.200 gallons

Determine the digestion time in days.

Digestion Time. = Digester Volume. gallons

days Flow, gpd

1,047.200 gallons

3.22G

110,000 gpd

= 9 5 days

Known Unknown

Known for problem 22 22F New Digestion Time, days

increase thickened sludge
from 2 7 to 3 5 percent
solids

Digestion Time. 9 5 days

Calculate the new digestion time in days.

Digestion - Old Digestion Time, days x haw Thickened Solids, %

Time. Old Thickened Solids. %
days

9 5 days x 3 5%

27%

- 12.3 days

3.22H Desirable aerobic digestion temperatures are ap-
proximately (65 to 80°F). As the temperature de-
creases from desirable temperatures, the rate of
biological activity decreases.
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3.221 Known Unkme 3.22M Known Unknown

Aerobic Digester Digestion Time, days Digester = 1,000,000 gal Digestion Time, days

Dimensions, ft VSS Loading, lbs/day/cu ft
Volume, Gal

Inflow gpd = 91,000 gptl VSS Loading,
L = 120 ft lbs/day/cu ft
W = 25 ft Intl. Sludge
SWD = 11 ft SS, % =- 5.1% VSS Destruction,

= 76%°A,
Row, gpd = 24,000 gpd VM,

Sludge Solids, % = 3.1% EM. Sludge
SS, °A, =3.7%

Volatile Matter, % = 73% VM, °A, = 67%

Calculate the aerobic digester volume in cubic feet
and gallons. Calculate the digestion time in days.

Volume, cu ft = Length, ft x Width, ft x SWD, ft Digestion Time, Digester Volume, gal

= 120 ft x 25 ft x 11 ft
days Inflow, gpd

= 33,000 cu ft 1,000,000 gal

Volume, gal = 33,000 cu ft x 7.48 gal/cu ft
91,000 gpd

= 246,840 gallons
= 11.0 days

Determine the digestion time in days.
Calculate the digester volume in cubic feet.

Digester Volume, gal Volume, cu ft =-
Volume, gal

Digestion Time, = 7.48 gal/cu ft
days Flow, gpd

1,000,000 gal
246,840 gallons

7.48 gai/cu it
24,000 gpd

10.3 Jays
= 133,700 cu ft

= ,

Calculate the VSS applied in pounds of volatile
Determine the volatile suspended solids applied

(entering) in lbs/day.
matter per day.

8.34 lbs SS, °/0 VM,VSS Applied, = F gpd x
lbs/day gal 100% 100%

8.34,5s 3.1% 73%= 24,000 gpd x
gal 100% 100%

= 4,530 lbs VSS/ia!

Determine the VSS loading in pounds perday per
cubic foot.

VSS Loading,
lbs/day/cu ft

VSS Applied, ;bs/day

Digester Volume, cu ft

4530 lbs VSS/day

33,000 cu ft

= 0.14 lbs VSS/day/cu ft

3.22J DO in aerobic digesters should be maintained at
concentrations greater than 1.0 mg/L to avoid the
growth of filamentous organisms which can lead to
sludge bulking and/or foaming.

3.22K DO is measured in aeroi digesters by lowenng a DO
probe into the digester, gently raising and lower-
ing the probe 6 to 12 inches and recording, the
readout measurement after the readnut has stabil-
ized.

3.22L Known Unknown

02 Uptake Data 02 Uptake Rate, mg/L/hr

Calculate the 02 uptake rate in mg/L/hr.
02 Uptake, (DO, D02) 60 min

mg/L/hr (Time, Time,) hr

(4.2 mg/L 1.6 mg/L) 60 min

5 min 2 min

= 48 mg/L/hr

hr

%
VSS Applied, = Inflow, gpd x 8 34 lbs SS, % VM,

lbs/day gal 100% 100%

8.34 lbs 5.1% 76%
= 91,000 gpd x x

gal 100% 100%

= 29,400 lbs/day

Calculate the VSS loading in pounds per day per
cubic foot.

VSS Loading, = VSS Applied, lbs/day

lbs/Jay/cu ft Digester Volume, cu ft

29,400 lbs/day

133,700 cu ft

= 0.22 lbs VSS/day/cu ft

Determine the volatile suspended solids exiting in
lbs/day.

VM,%
VSS Exiting Inflow, gpd x 8 34 lbs SS,

lbs/day gal 100% 100%

91,000 gpd 8.34 lbs x x3.7% 67%

gal 100% 100%

= 18,800 lbs/day

Calculate the VSS destruction as a percent

VSS oesitudinn = (VSS 49160. lbs,clay VSS Extfing, lbs,clay) 100%

VSS Appbed Ibslday

(29 40018s/clay 18 80018s/day). 00%

29 400 Ibslday

- 36 0%

Answers to questions on page 166.

3.22N Process inefficiencies can be detected by careful ob-
ServabOn of the physical sludge and routine monitor-
ing of the DO and 02 uptake rates. Laboratory
analyses of influent and effluent suspended solids (%
solids) and vc1,Atile matter content (% volatile matter)
also will reveal process inefficiencies.
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3.220 Normally digester DO is 1.5 mg/L. A DO residual of
4.0 mg/L is measured. The operator should verify the
DO and check the 02 uptake rates. If the 02 uptake
rate is normal, the air rate should be lowered. If the
02 uptake rate is low, the cause should be identified
and corrected. Possible causes include low digester
temperature, low digester pH, too high or too low a
VSS loading, and digestion time too nigh or too low.

3.22P Foaming problems.

Potential Causes

1 Filamentous growth

2. Excessive
turbulence.

Corrective Measures

Increase air rate.
Add defoamant.

Lower air rate.
Add defoamant.

Answers to questions on page 167.

3.23A Two chemicals used to stabilize sludges are lime
and chlorine.

3.238 Major limitations of using chemicals to stabilize
sludge include (1) costs, and (2) the volume of
sludge is not reduced.

3.23C Chemicals are used as a temporary stabilization pro-
cess at overloaded plants or at plants exper.ancing
stabilization facility upsets.

Answers to questions on page 173.

3.30A Solid particles present in sludge usually require con-
ditioning in order to separate from wastewawr be-
cause they are fine in particle size, hydrated (com-
bined with Hater) and may carry an electrostatic
charge.

3.30B Different types of sludge conditioning methods in-
clude: (1) chemical treatment, (2) thermal treatment,
and (3) elutnation. These are the most common.
Other types include: freezing, electrical treatment
and ultrasonic treatment.

3.31A The addition of chemicals to sludge reduces the nat-
ural repelling forces and allows the solids to come
together (coagulate) and gather (flocculate) into a
heavier solid mass.

3.318 Chemical types and dosage requirements vary from
plant to plant because sludge types and characteris-
tics vary from plant to plant.

3.31C Chemical requirements are determined for a particu-
lar sludge by the use of laboratory-scale "jar tests
Various amounts of a chemical are added to different
jars containing the sludge. The chemical require-
ments are based on the volume of chemical solution
required for floc formation.

3.31D
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Known Unknown

Polymer Added, lbs = 3 lbs Strength of
%Total Volume, gal = 360 gallons Solution,

Determine the strength of the polymer solution in
percent.

Solution, % = Polymer Added, lbs x 100%

Total Volume, gallons x 8 34 lbs/gal

3 lbs x 100%=

350 gallons x 8.34 lbs/gal

= 0.10%
3.31E Known Unknown

Lime Added, lbs = 10 lbs Strength of
%Total Volume, gal = 100 gallons Solution,

Determine the strength of the lime solution in per-
cent.

Solution, % =
Total Volume, gallons x 8 34 lbs/gal

10 lbs x 100%=

Chemical Added, lbs x 100%

100 gallons x 8.34 lbs/gal

= 1.20% lime
3.31F Known Unknown

Liquid Polymer, gal = 10 gal Strength of Solution, %

Volume Water, gal = 790 gal

Determine the strength of the polymer solution in
percent.

Solution, % Poly Added. gal x 100%

Total Volume, gallons

10 gal x 100%

(790 gal + 10 gal)

= 1.25%
3.31G Known Unknown

Ferric Chloride, gal = 5 gal Strength of Solution, %

Volume Water, gal = 50 gal

Determine the strength of the ferric chloride solu-
tion in percent.

Solution, % Ferric chloride, gal x 100%

Total Volume, gallons

5 gal x 100%

(50 gal + 5 gal)

= S 1%

3.31H Known

Sludge Conc ,
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0/0 = 3 0%
mg/L = 30,000 mg/L

Polymer,
Volume, ml = 60 ml
Strength, % = 0 15%
Cost, 5/1b = 51 50/lb

judge Volume = 1 liter
= 0 265 gal

Unknown

Polymer dose, lbs/ton

Polymer cost, 5/ton

Determine the dosagc in pounds cf polymer per
ton of sludge

Dosage, = Polymer Solution, % x Polymer Added, ml x 2

lb/ton Sludge Volume, L x Sludge Conc . %

0 15 x 60 x 2
1 x 3

= 6 lbs dry polymer /ton of sludge
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Determine the cost in dollars of polymer per ton of
sludge.

Cost, S /ton = Dosage, Ibiton x Polymer Cost. S/lb

6 lbs Polymer 51.50

ton of sludge lb Polymer

= $9.00/ton of sludge

3.311 Known Unknown

Polymer Solution. % = 2 5% Dosage, lbs/ton

Polymer Flow Rate, GPM = 3 GPM Cost, S/ton

Sludgo Flow, GPM = 30 GPM

Sludge Conc % = 4%

Polymer Cost, $/lb = S0.20/1b

Determine the dosage of polymer in pounds of
polymer per ton of sludge.

Dosage, lbs/ton
Poly Sol. % x Poly Flow. GPM x 2000 .trsiton

Sludge Flow. GPM x Sludge Conc

2 5% x 3 0 GPM x 2000 lbsiton

30 GPM x 4%

- 125 lbs/ton

Determine the cost in dollars of polymer per ton of
sludge

Cost, S /ton = Dosage, lb/ton x Polymer Cost, S /fb

= 125 lbs/ton x $0.20/1b

= $25/ton of sludge

Answers to questions on page 175.

3.31J Dry chemicals should be kept in a dry place to avoid
chemical handling and transferring problems If al-
lowed to get wet, the dry chemicals will not move
freely.

3.31K The purpose of wetting dry polymers is to produce a
properly mixed solution that will not have balls of
undissolved polymer.

3.31L Procedures to prepare a batch solution of dry
chemicals.
1. Calculate amount of dry chemical needed.
2. Weigh out dry chemical.
3. Partially fill mix tank until impellers are sub-

merged.
4. Turn on mixer.
5. Add product to mix tank.
6. Fill tank to desired level.
7. Allow to mix before use to sufficiently cure solu-

tion.
8. Turn off the mixer.

Procedures to prepare a batch solution of liquid
chemicals.

1. Calculate the volume of liquid chemical needed
2. Measure the volume of liquid chemical
3. Follow steps 3 through 8.

3.31M Curing time is important to allow the chemical to
fu"y dissolve and be as effective as possible.

3.31N Chemical tan`,: should be covered to prevent foreign
material from entering and possibly clogging equip -
men}. Polymers must be covered to protect polymers
from ultraviolet sun lays.

3.310 Polymers should not be added to the suction side of
sludge feed pumps because the shearing forces
through such pumps tend to shear any floe forma-
tion.

3 31P If sludge thickening or dewatering .nefficiencies can-
not be traced back to equipment failures, check the
chemical mixing (preparation) and addition equip-
ment. With automatic feeding systems, the operator
should check (1) the level of dry product in the stor-
age hopper and replenish if necessary, (2) the screw
conveyor and unplug if necessary, (3) the quality of
the solution, and (4) the chemical addition pump.

Answers to questions on page 177.

3.32A When sludge particles are exposed to P;;treme heat
at elevated pressures, the surrounding sheath hydro-
lyzes (decomposes) and ruptures the eel wall allow-
ing bound water to escape.

3.326 The performance and efficiency of thermal condition-
ing systems are affected by: (1) the concentration
anci consistency of the influent sludge, (2) reactor
detention times, and (3) reactor temperature and
pressure.

3.32C Known Unknown

Reactor Volume, gal =1,000 gal Detention Time, min

Sludge Flow. GPM =33 GPM

Sludge Conc., % =4.0%

Calculate detention time in minutes.

Detention Time, Reactor Volume, gal

Flow, GPM

1.000 gal

33 gal/min

= 30 min

3.32D Known Unknown

Information from 22 320 Reactor Detention Time. min

min

Sludge Concentration
Decreases to 2 5%

Estimate the reactor detention time in minutes

Detention Time, Old Detention Time, min k New Conc . %

mm Old Sludge Con^ . %

2 5%
- 30 min x

4 0%

- 19 mm

3.32E Operating controls available to optimize thermal
conditioning facilities include: (1) inlet sludge flow,
(2) reactor temperature and detention time, and (3)
sludge withdrawal from the decani tank.

3.32F Gasification usually is not a problem in gravity
thickeners with thermally treated sludge because
of the lack of biological activi.y.

Answers to questions on page 178.

3.32G Continuous operation is desirable because energy is
not wasted in allowing the heat exchanger and reac-
tor contents to cool down and be heated back to the
desired temperature each day when operated as a
batch process.

3 32H Start-up procedures:

1. Fill reactor and heat exchangers wit , water if
necessary.

2. Turn on boiler make-up water pump or open valve
to the steam boiler.

3. Open required steam valves.
4. After desired temperature is reached, open inlet

sludge and outlet valves.
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5. Turn on sludge grinder and stirring mechanisms.
6. Turn on vent fan and activate odor control equip-

ment.
7. Turn on sludge feed pump.
Reverse procedure for shutdown.

3 321 A log of the pressure drop across the heat exchang-
ers must be kept so the operator can determine when
the pressure drop is excessive. When the pressure
drop becomes excessive, the system should be acid
flushed to remove scale deposits and to unplug the
neat exchangers.

3.32J Loss of sludge de
Possible Causes

1 Low
Temperature

2. Low or Short
Detention Time

3 Poor Operation
of Decant

waterability.
Corrective Measures

1. Increase Temperature. Check
fuel supply and system,
instrumentation and make-up
water supply.

2. Thicken feed sludge.

3 Thicken underflow sludge.

Answers to questions on page 180.

3.33A The major difference between LPO, IPO, and HP01:.
the pressures (low, 400 psig; intermediate, 500 to
600 psig; high, 1,000 to 1,500 psig) in the reactor. As
the pressures increase, the amount of air reacted
witn the feed sludge and temperatures also increase

3.33B The performance and efficiency of wet oxidation
units are dependent on: (1) the concentration and
consistency of the feed sludge, (2) reactor detention
times, (3) reactor temperature and pressure, and (4)
the quantity of air supplied.

3.33C Air pollution control equipment is required on thermal
treatment units due to the production of noxious
odors.

Answers to questions on page 181.

3.34A Elutnation improves the dewaterability of sludge by
washing out the fine, difficult to dewater solids. Prob-
lems associated with the elutriation process result
from solids lost to the plant effluent with the elutna-
tion effluent (elutriat3). The loss of these fine solids
into the plant effluent will deteriorate the effluent qual-
ity while recycling to the plant headworks generally
ret'ults in operational problems due to buildup of fine
solids throughout the system.

et40 OF AN4W52
TO aLiEhTION4

IN tEtIA)ON
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Answers tc questions on page 185.

3.40A The pnmary objective of sludge dewatenng is to
reduce sludge moisture and consequently sludge vol-
ume to a degree that will allow for economical dis-
posal.

3.40B Unit processes most often used for sludge dewater-
ing are: (1) pressure filtration, (2) vacuum filtration,
'3) centrifugation, and (4) sand drying beds.

3 41A Flow through plate and frame filter presses de-
creases with filtration time because as the cake
builds up between the plates, the resistance to flow
increases as the water passes through thicker and
thicker layers of compacted solids

3.41B Pressure filtration performance is affected by (1)
sludge type, (2) conditioning, (3) filter pressure, (4)
filtration time, (5) solids loadings, (6) filter cloth type,
and (7) precoat.

3.41C Increasing the operating pressure might result in
wetter cakes when dewatering secondary sludges.
As the pressure is increased, the sludge retained on
the filtering media may compress to a higher degree
and reduce the porosity (openings) of the sludge
cake that is formed. If the openings are reduced, fine
low-density solids may be captured which result in
wetter cakes because these solids ,have large sur-
face areas and relatively large quantities of water
associated with them.

3 41D The time of filtration depends on the physical size of
the filter and applied solids loading rate. The
operator controls filtration time on the basis of the
actual filtrate flow rate. When the cavities between
the plates are filled with solids and the filtrate fiow is
almost zero, the filtering sequence is complete.

3 41E The purpose of precoating is to reduce the fre-
quency of media washing and to facilitate cake
discharge.

3.41F Norn,a1 operating procedures for a filter press are
as follows:
1. Slurry precoat mix.
2 Transfer slurry to tank containing sludge and

gently stir. Add ferric chloride if used.
3 Apply the precoat material to the filter.
4. Introduce the conditioned sludge to the filter.
5 When the filtrate flow decreases to near zero,

turn off the feed pump.
6 Disengage and open the press for cake dis-

charge.
7 Close the press and repeat the above proce-

dures.

3.41G Secondary sludges do not dewater as readily as
primary sludges because secondary sludges contain
fine, low-density solids that have large surface areas
and relatively large quantities of water associated
with them.

Answers to questions on page 186.

3.41H If discharge cakes from a filter press are wet
throughout, try to identify the cause and correct the
problem. Causes of wet cakes include: (1) low filtra-
tion time, (2) low pressure, and (3) chemical inef-
ficiencies.

3.411 Solids may cling to filtering media when the cakes
are discharged due to precoat inefficiencies.
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Answers to questions on page 189.

3.41J The purpose of the drainage zone (portion of the
belt) is to allow for most of the free water to drain
through the filter and to be collected in a trough on
the underside of the belt.

:3.41K Mix chambers can be used to ensure adequate
polymer and sludge contact.

3.41L Some belt filter presses use a reaction chamber in-
stead of the horizontal drainage zone to allow most
of the free water to drain out.

3.41M In the "press" or "dewatering zone" the entrapped
solids are subjected to shear forces created as the
two belts travel over rollers which bring them closer
and closer together. Water is forced from between
the belts and collected in filtrate trays while the re-
tained solids are scraped from the two belts when
they separate at the discharge end of the press.

3.41N The ability of belt filter presses to dewater sludge
and to remove suspended solids is depenaent on:
(1) sludge type, (2) conditioning, (3) belt tension or
pressure, (4) belt speed, (5) hydraulic loading, and
(6) belt type.

3.410 When using a belt press to dewater secondary
sludges, the sludges may tend to slip towards the
belt sides and eventually squeeze out from between
the belts. The net effects are that these solids con-
taminate the effluent by falling into the filtrate trays
and continued housekeeping is required.

3. 1P As the belt tension is increased, more water is gen-
err9y squeezed from the belt which results in drier
cakes.

3.41Q Low belt speed affects belt press performance be-
cause as the belt speed decreases, cake dryness
increases because the sludge is subjected to pres-
sure and shearing forces for longer periods of time.

3.41R Washing out means that large quantities of free
water unable to be released in the drainage zone will
travel to the dewatering zone and flow out from be-
tween the belts and drastically reduce effluent qual-
ity.

3.41S The ideal operating belt speed is the slowest the
operator can maintain without "washing out" the
belt.

3.417 Porosity of a belt depends on the belt type. As the
porosity increases, the resistance to iow decreases
and larger volumes of water are able to be drained. If
the porosity is too low, the belt may blind or plug
which will poduce frequent "washouts."

Answers to questions on page 189.

3.41U If "washing out" of the belt develops, check. (1)
polymer dosage, (2) hydraulic loading, (3) belt
speed, and (4) washing equipment.

3.41V Blinding can be corrected by reducing the polymer
dosage.

Answers to questions on page 195.

3.41W The purpose of the agitator in the trough is to keep the
chemically conditioned sludge well mixed and to pre-
vent the sludge from settling in the trough.

3.41X In :"Ie "mat formation" or "sludge pick-up zone," the
vacuum is applied to the compartments of the drum
submerged in the trough. This vacuum causes the
sludge to be picked up on the filter media and a
sludge mat is formed.

In the "drying zone" of the cycle, the drum rotates
out of the trough. When this occurs, the vacuum is
decreased slightly and water is sucked from the
sludge mat, through the filter media and discharged
through internal pipes to a drainage system.

3.41Y The filter media passes through a washing zone to
remove fine particles and to reduce the possibility of
media blinding.

3.41Z Factors affecting vacuum filtration performance in-
clude: (1) sludge type, (2) conditioning, (3) applied
vacuum, (4) drum speed or cycle time, (5) depth of
submergence, and (6) media type ana condition.

3.41AA The operator should maintain a vacuum of 15 to 30
in :hes (38 to 75 cm) of mercury.

3.41AB The lower the cycle time the higher the degree of
dewatering. Cycle time controls the rate of sludge
pick-up and the thickness of the sludge mat in the
"formation zone." Also cycle time controls the length
of time the sludge remains in the "drying zone."

3.41AC Known Unknown

VacLu.. .titer Filter Yield, lbs/hr/sq ft

Surface Area, sq ft = 300 sq ft

Sludge Flow, GPM = 75 GPM

Susper...:ed Solids, % = 4.7%

Filter Recovery, % = 95%

Calculate the filter yield in pounds per hour
applied per square foot of filter surface area.
Filter Yield, Flow, GPM x 8 34 lbs/gal x 60 rnn/hr
lbs/hr/sq ft Surface Area, sq ft

x Solids, % x Recovery %

x 100% x 100°A,

75 gal/min x 8 34 lbs/gal x 60 min/hr

300 sq ft

x 4.7% x 93%

x 1C)% x 100%

1640 lbs/hr

300 sq ft

= 5.5 Ibslhrlsq ft

3.41AD As the porosity (openings) of the media increases,
the ability to capture suspended solids decreases
because fine, low density solids can pass directly
through the media. If the porosity of the media de-
creases too much, the media can blind with fine sol-
ids or chemical coatings, sludge will not be picked up
in the formation zone and the vacuum filter will be
rendered inoperative.

Answers to question.> on page 196.

3.41AE A loss of vacuum can be caused by: (1) filter media
misaligned, (2) tear in filter media. (3) trough empty
and (4) vacuum pumps inoperative. A loss of vac-
uum will result in deteriorations of effluent quality
and wet cakes that are difficult to discharge from the
belt.
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3.41AF If sludge is not picked up in the formation zone, a
poor effluent quality will result. To look for the cause
of poor effluent quality, look for (1) a los;', of vacuum,
or (2) insufficient chemical corldiloning.

3.41AG To increase cake dryness, the operator could: (1)
increase vacuum, (2) reduce drum sneed, and (3
improve chemical conditioning.

Answers to questions on pages 196 and 197.

3.42A Higher scroll speeds are usually required to dewater
sludges as compared to sludge thickening because
the concentration of feed sludge is somewhat higher
for dewatering than for thickening.

3 42B Known

Sludge Flow, GPM

Sludge Solids, %

Unknown

= 60 GPM Hydraulic Loading, gal/hr

= 3.0% Solids Loading, lbs
solids/hr

Poly-ner Dose, lb
polymer /ton sludge

Polymer Solution, % = 2 5%

Polymer Flow, GPM = 2 GPM

Determine the hydraulic loading in gallons per
hour.

Hydraulic = Row, GPM x 60 min/hr
Loading,
gallons/hr = 60 gal/min x 6G min/hr

= 3,600 gal/hr

Calculate the solids loading in poulds per hour
Solids Loading = Flow, GPM x 8 34 lbs'gal x 60 min'hr x Solids, %

poundsihr 100%

= 60 gal,min x 8 34 lbs/gal x 60 mm/hr x 3 0%

100%

= 900 pounds solids'hr

Determine the polymer flow in pounds per hour
Polymer Flow, = Flow, GPM x 8 34 lbs,gal x 60 min nr Polymvf , %

lbs hr 100%

= 2 gal'min x 8 34 lbsigal x 60 mintr

100%

= 25 pounds polymer /hr

Calculate the pc!yme; dose in pounds of polymer
applied per ton of sludge treated.

Polymer Dose, Polymer Flow, lbs, hr x 2000 Ibs,ton
lbs/polymer

ton sludge
Solids Loading, lbs/hr

25 lbs polymer/hr x 2000 lbs/ton

900 pounds solids/hr

= 6 pounds polymer per ton sludge

3.42C Known Unknown

48-in. dram. basket centrifuge Is feed time ok9

Sludge Flow, GPM = 50 GPM

Sludge Feed, 0h = 2.7% Solids

Solids R.covery, % = 95%

Stored Solids, % = 23%

Feed Time, min = 17 min

Basket Capacity, cu ft = 16 cu ft

Determine the volume available to store solids in
pounds.

Solids Stored. =
lbs
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8 34 lbs Solids, %Volume cu ft x 7 48 gal
Cu ft gal 100%

16 cu ft x 7 48 gal
x x

8 34 lbs 23%

cu ft gal 100%

= 230 lbs solids

Determine solids retained in pounds per minute.

Solids Retained -
lbs/min

Flow, GPM x 8 34 Ibsigal x Solids. % Recovery, %

100% 100%

50 gal 8 34 lbs 2 7% 95%

min gal 100% 100%

10 7 lbs solids.Thin

Calculate feed time in minutes.

Feed Time, Solids Stored, lbs

Solids Retained, lbs/min

230 lbs solids

min

10.7 lbs solids/min

21.5 min

The feed time should be increased from 17 to 21
minutes.

3.42D If the centrate quality
are dry:

Possible Causes

1. Feed time too long.
2 Flow rate too high
3 Chemical imnicient

is poor, but discharge solids

Possible Solutions

1 Lower feed time.
2 Lower flow rate
3 Increase chemical dosage.

Answers to questions on page 199.

3.43A Sludge drying beds are usually not used for sludges
that have been stabilized via wet oxidation because
of the odorous nature of thermally heated sludge.

3.43B Factors affecting sand drying bed performance in-
clude: (1) sludge type, (2) conditioning, (3) climatic
conditions, (4) sludge application rates and depths,
and (5) dewatered sludge removal techniques.

3.43C Care mu3t be taken to prevent chemical overdosing
for two reasons: (1) media blinding with unattached
polymer may develop, and (2) large floc particles that
settle too rapidly may also blind the media.

3.43D Primary sludge from the bottom of a digester may
require prescreening because greases, hair-like and
stringy material can clog the sand bed.

3 43E Drying beds are usually covered in wet or cold cli-
mates to protect the drying sludge from rain and to
reduce the drying period during cold weather.
Covered drying beds should be well ventilated to
promote evaporation and the cover serves to control
odors and insects.

3.43F Known
Sand Drying Bed

Length, ft = 150 ft

Width, ft = 30 ft

Loading, lbs/yr/sq ft = 15 lbs/yr/sq ft

Applications, no./mo = 1 per month

Sludge solids, % = 3 0%

Determine the total pounds of sliidge hat can be
applied during the year.
Sludge Applied,- Loading. lbs/yr/sq ft x Length, ft x Width, ft

I bs/yr
= 15 lbs/yr/sq ft x 150 ft x 30 ft

= 67,500 lbs/yr

Unknown
Application Depth, in
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NOTE: Standby area not included in this calculation.

Calculate the total volume of sludge applied in gal-
lons per year.

Sludge Applied = Sludge Applied, lbs/yr

gallons/yr 8.34 lbs/gal x Sludge Solids, %/100%

67,500 lbs/yr

8.34 lbs/gal x 3.0%/100%

= 269,784 gaVyr

Calculate the depth of sludge in inches per appli-
cation.
Sludge Depth Sludge Applied, gaVyr x 12 inift

intapplic. 7.48 gaL'cu ft x Length. ft x Width, ft x AppI/yr

269,784 gaVyr x 12 in/ft

7.48 gal/cu ft x 150 ft x 30 ft x 12 appl/yr

u 8 in/application

3.43G To determine the optimum depth of sludge to be
applied to sand beds, the operator should apply dif-
ferent depths of sludge to different sand beds, allow
the sludge to dry and be removed, and then calculate
the loading rate in pounds of sludge per year per
square foot of drying bed area. The highest loading
rate indicates the optimum depth of sludge.

3.43H Sand bed compaction should be avoided to prevent
reduced drainage rates, longer drying times, and an
increased potential for plugging.

3.431 The sand bed surface should be raked after sludge is
removed to break up any scum or mat formations.

3.43J The final concentration to which the sludge can be
dried is dependent on the climatic conditions and
time the sludge remains in the bed after the maionty
of water has drained through the sand.

3.43K The only problem that appears to develop at most
sludge drying bed installations is plugging of the
media surface.

Answers to questions on page 202.
3.44A One limitation of using sand drying beds is that the

dried sludge must be removed manually with forks or
shovels.

3.44B To fill a surfaced drying bed that has gravel only in
the drainage trench, start by adding water until the
gravel is flooded. Digested sludge may be applied to
the drying bed after the gravel is flooded.

3.44C When water-sludge separation is observed in a
beaker containing digested sludge, partially open the
drying bed drain line valve to drain off the water from
the drying bed.

Answers to questions on page 203.

3.45A A successful sludge dewatering program requires
that: (1) the operator be very familiar with the opera-
tion of the particular dewatering device(s) used, (2)
sludge conditioning be optimum, and (3) the influent
sludge be as thick and consistent as possible.

END orAP6WER4,10 QUESTION N /0C-701.)*
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Answers to questions on page 208.

3.50A The distinction between drying and incineration is
that DRYING removes water from sludge WITHOUT
the COMBUSTION of solid material while INCINER-
ATION results in COMBUSTION OR BURNING of
solid material. Composting is a drying process which
removes moisture without the combustion of solid
material.

3.51A A suitable environment must be established in com-
post piles for the theimphilic facultative aerobic mi-
croorganisms.

3.518 Chemically stabilized or wet-oxidized sludges are
generally not suited for compost operations. Chemi-
cal stabilization produces environments that are un-
suitable fo. microorganism survival and will not sup-
port life of composting bacteria unless the sludges
are neutralized and favorable conditions exist.
Sludge that has been stabilized by wet oxidation can
be composted, but noxious thermal odors are likely
to occur in and around the compost operation.

3.51C Criteria necessary to -eate a suitable compost envi-
ronment include:

1. Sludges must be blended with previously com-
posted material or bulking agents such as saw-
dust, straw, wood shavings, rice hulls, or leaves.

2. Aeration must be sufficient to maintain aerobic
conditions in the composting material.

3. Proper moisture content and temperatures must
be maintained.

3.51D Factors affecting composting include: (1) sludge
type, (2) initial moisture content and homogeneity of
the mixture, (3) frequency of aeration or windrow
turning, (4) climatic conditions, and (5) desired mois-
ture content of the final product.

3.51E Secondary sludges are not as easy to compost as
primary sludges because of the plastic nature of de-
watered secondary sludge and its higher moisture
content. Dewatered secondary sludges tend to
clump together and form "balls" when they are
blended with compost matenal. The "balls" that are
formed within the windrows readily dry on the outer
surface but remain moist on the inside. The net effect
of this "balling" phenomenon is the occasional cre-
ation of anaerobic conditions with odor production
and a reduction in composting temperature.

3.51F Known Unknown
Dewatered Primary Compost, lbs/day

Sludge Solids, % = 2'7% (need to produce

Dewatered Primary 60% initial moisture

Sludge Solids, content of mixture)

lbs/day = 4700 lbs/day

Dewatered Secondary
Sludge Solids, % = 15%

Dewatered Secondary
Sludge Solids,
lbs/day

Combined Sludge
Moisture, %

Compost Moisture
Product, %

= 3300 lbs/day

= 60%

= 30%

Determine the moisture content of the dewatered
primary and secondary sludges in percent.

Primary Sludge = 100% - Primary Sludge Solids, %
Moisture, % = 100% - 27%
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SecLindary Sludge = 100% - Secondary Sludge Solids, %
Moisture, % = 100% - 15%

= 85%

Determine the moisture content of the dewatered
primary and secondary sludges in percent.
Primary Sludge = 100% - Primary Sludge Solids, %

Moisture, % = 100% - 27%

= 73%

Secondary Sludge = 100% - Secondary Sludge Solids, %

= 100% - 15%

= 85%

Determine the pounds per day of compost prod-
ucts that must be recycled and blended.

Mixture =
Primary, lbs/day x Pn. Moist, % + Sec, lbs/day x

Moisture, % Pnmary, lbs/day +

Sec. Moist. % + Compost, lbs/day, x Mix Moist, %

Moisture, %

60%

Sec, lbs/day + Compost, lbs/day

= 4700 lbs/day x 73% + 3300 lbs/day x

4700 lbs/day + 3300 lbs/day +

85% + Compost, lbs/day x 30%

Compost, lbs/day

Divide both sides by 100%:
3431 + 2805 + 0 30 Compost, lbs/day

8000 + Compost, lbs/day
060

0 60 (8000
+ Compost,
lbs/day)

4860 + 0.60
Compost,
lbs/day

= 3431 + 2805 + 030 Compost, lbs/day

6236 + 0 30 Compost, lbs/day

Subtract 0.30 Compost, lbs/day and 4800 from
both sides of equation.

0.30 = 1436
Compost,
I bs/day

Compost, = 4787 lbs/day
lbs/day

3.51G Operational procedures for windrow composting

1. Dewater sludge to highest degree practical.
2. Blend dewatered sludge with recycled compost or

bulking agents to a consistency that will stack.
3. Form the windrow piles and turn (aerate) once or

twice daily for the first 4 to 5 days after windrow
formation.

4. Turn the piles approximately once every two days
to once a week until the process is complete.

5. Load the compost onto trucks for disposal and
recycle purposes.

3.51H The higher ratio of blend material and the longer
compost times for secondary sludge develop be-
cause dewatered secondary sludges are wetter than
dewatered primary sludges and it is more difficult to
produce a homogeneous blend when secondary
sludges are composted.

Answers to questions on page 210.

3.52A Indirect dryers use indirect contact of sludge with
preheated gases by circulating steam through a
jacketed hollow in an outer shell of a rotating cylindri-
cal compartment. Direct driers use the direct contact
of sludge with preheated gases.
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3.52B The multiple-hearth furnace (MHF) is a direct drier
because the hot gases come in contact with the
sludge on the hearths.

3.52C Flights on rotary driers elevate and mix the sludge
being dried to provide frequent contact of all wetted
particles with hot gas streams or heated surfaces for
direct or indirect drying, respectively.

3.52D Blending of the sludge with the dried product is gen-
erally practiced to improve the conveying charac-
teristics of the sludge and to reduce the potential for
balling and bridging.

3.52E Sludge should be dewatered to the highest degree
practical to reduce the volume of water a-livered to
the drier and to facilitate the drying process.

3.52F As the drum speed increases, the drying time de-
creases because the sludge is picked up and tum-
bled towards the outlet at a faster rate. To increase
the drying time the operator should lower the drum
speed and/or reduce the quantity of sludge applied, if
possible.

Answers to questions on page 217.

3.53A Sludge incineration is the conversion of dewatered
sludge cake by combustion to ash, carbon dioxide,
and water vapor.

3.53B The refractory is a term for bricks resistant to high
temperatures.

3.53C On the center shaft there are arms to which plows
are attached. These arms are called rabble arms and
the plows are called rabble teeth.

3.53D The purpose of the lute cap is to prevent air and
sludge from passing through the shaft opening,
rather than the drop holes.

3.53E The purpose of the sand seal is to prevent the es-
cape of heat and gases from the furnace and the
entrance of air.

Answers to questions on page 223.

3.53F Furnace off-gas system.

Part Purpose

1. Emergency Vent gases to the atmosphere dur-
by-pass ing emergency conditions. This
damper device protects equipment and

operating personnel.

2. Cyclone Cause fly ash and heavy particles
separator to settle out into the cyclone bin.

3 Precooler Cool the furnace exhaust gases to
saturation temperature and to wet
the small particles of light ash.

4 Ventun Clean the particulate matter from
scrubber the cooled furnace gases.

5 Impingement Trap remaining particles in flowing
scrubber water.

6. Induced draft Pull gases through the off-gas sys-
fan tem and vent gases.

7. Induced draft Regulate suction or draft within the
damrar MHF.

8. Ash handling Remove ash for ultimate disposal.
system

3.53G Burners are provided to supply the necessary heat to
ignite the sludge.

3.53H The three ingredients necessary for combustion to
occur are fuel, air, and temperature,
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Answers to questior.s on page 228.

3.531 The three distinct zones in a furnace are the drying,
combustion, and cooling zones.

3.53J The factors that influence the amount of fuel required
include:

1. Conditions in the furnace,
2. Moisture content of the sludge,
3. Volatile content of the solids, and
4. Feed rate of the cake.

3.53K Combustion is a chemical reaction which requires
oxygen, fuel, and heat. In the furnace, air provides
oxygen, the primary fuel is sludge, and heat comes
from the burning sludge.

3.53L Shaft speed adjustment may be required for changes
in cake feed rate, moisture content of sludge cak 9,
heating value of dry solids, increase or decrease of
temperatures by burners, the number of burners
operating and the amount of excess air allowed into
the furnace.

3.53M A burnout occurs when the sludge feed has been
stopped and thc, fire continues to burn

Answers to questions on page 230.

3.53N To bring a coin furnace up to temperature:

1 Slowly increase the temperature until the temper-
ature is up to 200°F (93°C) throughout the fur-
nace.

2 Hold the temperature at 200°F (93°C) until the
refractory is dry and warm.

3. Increase the temperature at a rate of 50°F/hr
(213°C/hr) until the temperature on a given hearth
reaches 1000°F (540°C).

4. Once the temperature of a hearth reaches 1000°F
(540°C), the temperature of the hearth may be
increased at a rate of 100°F/hr (56°C/hr) until the
burning zone of the furnace reaches 1600°F
(870°C). At this point the feed to the furnace may
be started.

3 530 An autogenous burn occurs when the volatile content
of the sludge cake is high enough that the cake will
burn without the additional heat input from the burn-
ers

3 53P MHFs should be operated on a continuous basis to
extend refractory life. If operation is not continuous,
the refractory expands and contracts, ash gets into
the joints and when the MHF is reheated the bricks
expand and the bricks can break

3.530 Smoke is caused by too low an oxygen content in the
furnace. The solution to this problem is to add air at
or below the fire

3 53R When in the furnace area, wear protective clothing
in -Iuding heavy leather gloves, face shield, hard hat,
long sleeve shirt, and long pants

Answers to questions on page 230.
3.54A Three purposes of facultative sludge storage lagoons

are to:

1 Reduce volume of sludge,
2. Store sludge, and
3. Stabilize sludge.

Answers to questions on page 230.
3.61A Two important restraints on the ultimate disposal of

sludge include allowable emissions to the atmo-
sphere from furnaces and the health aspects of
si idge applied to land involved in the food chain.

3 61B Sludge should not be applied on food crops because
of the potential problems from toxic substances, vi-
ruses and pathogens

Answers to questions on page 237.
3.62A Mechanically dewatered sludge may be disposed of

by:

1. Sanitary landfill disposal,
2. On-site dedicated land disposal
3. Agricultural reclamation, and
4. Composting and utilization.

3.62B The following types of surface runoff control facilities
must be provided at an on-site dedicated land dis-
posal operation:

1. Flood protection. The disposal site should be pro-
tected from flooding by a continuous dike.

2 Existing drainage. The existing drainage into the
disposal site should be intercepted and directed
outside the flood-protection dike.

3 Contaminated runoff. Runoff from the disposal
site should be collected in a detention basin and
allowed to evaporate during the summer or recy-
cled to the treatment plant headworks.

Answers to questions on page 243.
3.62C Liquid digested sludge can be disposed of by:

1. High-rate incorporation into the surface soils of a
site dedicated to land disposal (DLD),

2 Low-rate application to agricultural sites, and
3 Confinement in permanent lagoons.

3.62D baud sludge can be spread over land by.
1 Ridge are furrow,
2 Flooding, and
3 Subsurface injection.

3 62E Composted material can be disposed of by:
1 Providing a bagged commercial product for sale

to the puhlic as a soil amendment,
2. Providing compost for agncultural land use, and
3 Providing compost for nonagricultural land uses

3.63F The surface layer of liquid on permanent lagoons
must be aerobic to minimize nuisance odors and vec-
tor problems.

Answers to questions on pages 244 and 245.
3 63A An odor-monitoring program should monitor.

1. Meteorological conditions (air temperature at 5
and 25 feet above the ground, wind direction, and
wind speed), and

2. Number of complaints.

3.63B There should be at least four test wells for a DLD site
Two of these should not extend below the confming
soil layer and two should extend below this level.

Answers to questions on page 2a5.
3.7A Important items to consider when reviewing plans and

specifications include.

1. Space for operation and maintenance of valves
and pumps,

2 Meters and gages easily readable and located for
ease in process adjustment if necessary,

3. Sufficient area, wash water capacity and drains to
maintain, repair, and dean up equipment and
areas, and

4 Provision for handling sludge when equipment
fails
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OBJECTIVE TEST

Chapter 3. SLUDGE HANDLING AND DISPOSAL

Please mark correct answers on the answer sheet as 10. Lime stabilization results in a greater volume or mass of
directed at the end of Chapter 1, Volume I, OPERATION OF sludge.
WASTEWATER TREATMENT PLANTS. Return the answer 1. True
sheet to your Program Director. 2. False

1. The flow to the primary and secondary treatment systems
is the same as the plant influent flow. 11. Chlorine stabilization can create a corrosive condition.
1. True 1. True
2. False 2. False

2 Primary and secondary sludges are produced the same
way.

1. True
2. False

3. The size of sludge handling equipment depends on the
amount of water in the sludge mass.

1. True
2. False

4 The operator has no control over the depth of ',ne sludge
blanket in gravity thickeners.

1. True
2. False

5. Primary sludges are generally easier to treat than excess
biological sludges in dissolved air flotation thickeners.

True

12. Jar tests should be followed by on-site tests for more ac-
curate results.

1. True
2. False

13. Solution strengths of Lquid polymers are based on the
ratio of polymer weight to the weight of water.

1. True
2. False

14. Dry chemicals are usually mixed with water before appli-
cation as a sludge conditioner. Drums or bulk storage
tanks of dry chemicals should not be allowed to absorb
moisture.

1. True
2. False

'' False 15. Polymers may be added to the suction side of sludge feed
pumps without worrying about forces shearing any floc

6. Dissolved air flotation thickeners that treat primary formation.
sludges should be equipped with bottom sludge scrapers 1. True
and sludge removal equipment. 2. False

1, True
2. False

7. Centrifuges are commonly used to thicken primary
sludges because the sludge inlet assemblies do not have
problems with clogging.

1. True
2. False

8. Stabilized organic material usually gives off obnoxious
odors.

1. True
2. False

9. Th _ aerobic digestion process developed from the
anaerobic digestion process.

1. True
2. False

16. The high temperatures maintained in thermal reactors will
sterilize the sludge and biological activity leading to gas
production (gasification) is not likely to occur in the decant
tanks.

1. True
2. False

17. Operation of the decant tank in a thermal conditioning
system should follow the same procedures as for gravity
thickeners.

1. True
2. False

18. The major difference between thermal conditioning and
wet oxidation is that air is introduced for wet oxidation.

1. True
2. False
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19. Secondary sludges dewater more readily and require less
chemical conditioners than primary sludges when dewa-
tered by filter presses.

1. True
2. False

20. A firm and dry cake indicates good filter press operation
rind no adjustments are necessary

1. True
2. False

21. When operating a vacuum filter, attempt to maintain as
high a vacuum as possible to obtain high degrees of dewa-
tering.

1. True
2. False

22. Volume reduction processes ,,;could resu t in a COMp:ct.3
destruction of pathogenic organisms in the sludges due to
fhe low temperatures.

1. True
2. False

23. The plastic nature of dewatered secondary sludge and
increased moisture content make secondary sludges
easier to compost than primary sludges.

1. True
2. False

24. For complete combustion to occur in a multiple-hearth fur-
nace, there must be a specific ratio between the amount of
fuel and the amount of air.

1. True
2. False

25. The higher the volatile content of the solids in the sludge
feed, the higher the fuel requiremenis.

1. True
2. False

26. In the multiple-hearth furnace, an excess amount of air
must be available at all times.

1. True
2. False

27. If the burning zone in an MHF is too high, maintain the
steady cake feed rate but INCREASE the speed of the
central shaft (if possible).

1. True
2. False

28. Disposal of sludge cake by trenching operations in a dedi-
cated land disposal site ;s not difficult during extreme wet
periods.

1. True
2. False

29. Incinerated ash from grit, scum and screenings can be
disposed of on a DLD site as long as it is turned under the
soil quickly and not subject to wind action.

1. True
2. False

30. Successful opt.,;ation of gravity thickeners depends on

1. Control of sludge organisms.
2. Proper application of the forces of gravity.
3. Sludge blanket depth.
4. Solids and hydraulic detention times.
5. Solids and hydraulic loadings.

31. Possible causes of gasification in a gravity oludge thick-
ener include

1. Air dissolving in the sludge.
2. Gases sink'ng into the sludge blanket.
3. Sludge held too long in the clarifiers.
4. Sludge scrapers operating at too low a speed.
5. Too long a detention time in the thickeners.

3'4 A gra fity thickener has a clear effluent, but the thickened
(underflow) sludge is thin (dilute). How can the thickened
sludge concentration be increased?

1. Decrease depth of sludge blanket.
2. Decrease sludge pumping from the clarifier.
3. Decrease sludge withdrawal rate.
4. Decrease solids loading.
5 Increase sludge withdrawal rate.

33. In dissolved air flotation thickeners, floated solids are kept
out of the effluent by the use o' 9

Effluent bathes
2. Hardware cloth screen,
3. Macroscreens
4 Scum scrapers
5. Water sprays

34. High suspended solids in the effluent of a dissolved air
flotation thickener unit may be caused by improper

1. A/S ratio.
2. Chemical conditioning.
3. Recycle rate.
4 Float blanket thickness
5 Hydraulic loading.

35. Which is the most important water quality analysis of
aerobic digester contents?

1. Alkalinity
2 pH
3. Oxygen uptake rates
4. Residual dissolved oxygen
5. i emperature

36. What problems are created by excessive air rates in an
aerobic digester?

1. Filamentous organisms will grow
2. Turbulence will be created which affects sludge

settleability
3. Odor problems will develop
4. Foaming problems may develop
5. Energy is wasted
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37 Problems that could develop from the improper storage
of dry polymers during the mixing of the polymer w'th
water include

1 Activated polymer microorganisms biodegrading the
polymer molecule.

2. Foreign material entering the storage tank and clog-
ging equipment.

3. Temperatures above 130°F (54°C) breaking down the
polymer molecule.

4 Temperatures below 0°F ( -18°C) freezing the polymer
into lumps.

5. Ultraviolet sun rays deteriorating the polymer
molecules.

38. Key operating guidelines that the operator can control on a
day-to-day basis for a thermal conditioning system include

1. Detention time.
2. Inlet sludge flow.
3. Reactor recirculation rates.
4. Reactor temperature.
5. Sludge withdrawal from decant tank

39. The performance and efficiency of wet oxidation units are
dependent on the

1. Concentration and consistency of the feed sludge.
2. Quantity of air supplied.
3. Reactor detention time.
4. Reactor pressure.
5 Reactor temperature.

40. Unit prot.esses most often used for sludge dewatertng are

1 Centrifugation.
2. Pressure filtration.
3. Sand drying beds.
4. Vacuum filtration.
5. Wet oxidation.

41 A belt filter press is processing secondary sludges. Some
of the sludge is squeezing out from between the belts and
contaminating the effluent by falling into the filtrate trays
How would you correct this problem?

1. Blend primary sludge with the secondary sludge
2. Build baffles around the belts
3. Chlorinate the effluent
4. Filter the effluent
5. Move the filtrate trays

42. What could be the possible causes of "washing out" of
the belt on a belt filter press'?

1. Belt blinding
2. Belt speed too low
3. Belt tension needs adjustment
4. Hydraulic load too high
5. Polymer dosage insufficient

43 In wet or cold climates, sand drying beds are usually
covered with greenhouse-type enclosures to

1. Control odors.
2. Grow vegetables and flowers.
3. Promote evaporation.
4. Reduce the drying period.
5. Treat "green" sludge.
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44. Compaction of the sand in a sand drying bed will result in

1. Increased potential for plugging.
2. Longer drying times.
3. Need for more sand to maintain the specified depth if

sand.
4. Reduced drainage rates.
5. Use of front-end loaders to remove dried sludge.

45. Windrow composting may have which of the following op-
erational problems?

1. Aerobic conditions
2. Anaerobic conditions
3. Balling
4. Bulking
5. Low compost temperatures

46. Incineration designs include

1. Composting.
2. Fluidized-bed reactor.
3. Multiple-hearth furnace.
4. Rotary kiln.
5. Wet oxidation.

47. Sludge cake is moved through a multiple-hearth furnace
by a process called

1. Blowing.
2. Dozing.
3. Pushing.
4. Rabbling.
5. Turning.

48. The measurement of the negative pressure or vacuum
created by convection flow in an MHF is called the

1. Draft
2. Head
3. Lift
4. Piezometer
5. Rabble

49. In order to minimize leachate formation in a landfill, gener-
ally no more than gallons of water per cubic yard of
refuse should be allowed

1 0 to 10
2. 10 to 25
3. 25 to 40
4 40 to 65
5. 65 to 95

50 Contaminated runoff from an on-site dedicated and dis-
posal operation may be disposed of by

1. Discharge to a nearby stream.
2. Discharge to groundwater.
3. Evaporation during the dry season.
4. Irrigation.
5 Recycle to plant headworks.
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51. Freshly dewatered sludge must be mixed with either pre-
viously composted sludge or a bulking material to achieve
35 to 40 percent solids content at the start of composting
to allow sufficient voids and air passages

1. For the aerobic composting process to be sustained.
2. For winds to prevent the compost from exceeding

combustion temperatures.
3. To prevent odors from causing nuisances.
4. To prevent the windrows from flowing or settling.
5 To provide for continued anaerobic decomposition of

the sludge.

52 and 53

To prevent erosion, the maximum field slope should be held
to (52) _ percent and the drainage ditches on the sides of
each DLD site should be designed so that the runoff velocity
does not exceed (53) ______ feet per second.

52. 1.
2.
3.
4.
5.

0.1
0.2
0.3
0.4
0.5

53. 1. 1

2. 2
3. 3
4. 4
5. 5

54. Five thousand gallons of sludge with a sludge solids con-
centration of 2 percent is thickened to a sludge solids
concentration of 5 percent. What is the reduction in vol-
ume of sludge? HINT: How many galions of water were
removed by the thickening process?

1. 834 gallons
2. 1000 gallons
3. 2000 gallons
4. 3000 gallons
3. 4000 gallons

55. An air rotameter and compressor provide for 12 cubic feet
per minute (SCFM) of air to be injected into a pressunzed
retention tank. How many pounds of air applied to the unit
per hour?

56 An aerobic digester has a volume of 100,000 gallons and
treats a flow of 10,000 GPD of thickened secondary
sludge. How long is the digestion time?

1. 0.1 day or 2.4 hours
2. 0.13 day or 3.2 hours
3. 1 day
4. 7.48 days
5. 10 days

57. An aerobic digester with a volume of 100,000 gallons re-
ceives 10,000 GPD of thickened secondary sludge. The
sludge is 3.0 percent sludge solids and 70 percent volatile
matter. What is the volatile sludge solids loading'

1. 0.10 lbs VSS/day/cu ft
2. 0.13 lbs VSS/day/cu ft
J. 0.18 lbs VSS/day/cu ft
4. 0.20 lbs VSS/day/cu ft
5. 1.0 lbs VSS/day/cu ft

The following information is provided to answer questions 58
and 59.

A waste activated sludge is pumped at 50 GPM with a
sludge solids concentration of 2.0 percent sludge solids. Jar
tests indicate that 48 pounds per oay of dry polymer are ne>
essay for successful gravity thickening. The dry polymer costs
$2.50 per dry pound.

58. What is the polymer dosage in pounds of polymer per ton
of dry sludge solids?

1 2
2. 4
3. 5.5
4. 8
5. 10

59. What is the unit cost in dollars of polymer per ton of dry
sludge solids?

1. 5
2. 10
3. 13.75
4. 20
5. 25

60 A vacuum filter treats 5,000 pounds of sludge per day The
surface area of the filter is 200 square feet, the Miff oper-
ates 8 hours per day with 95 percent solids recovery. What
is the filter yield?

1. 54 lbs/hr 1. 2.88 lbs/hr/sq ft
2. 90 lbs/hr 2. 3.00 lbs/hr/sq ft
3. 100 lbs/hr 3. 3.12 lbs/hr/sq ft
4. 720 lbs/hr 4 3.25 lbs/hr/sq ft
5. 6000 lbs/hr 5. 3.38 lbs/hr/sq ft

END OF OBJECTIVE TEST
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OBJECTIVES
Chapter 4. SOLIDS REMOVAL FROM SECONDARY

EFFLUENTS

After completion of Chapter 4, you should be able to do
the following:

CHEMICALS

1. Describe the proper procedures for using chemicals to re-
move solids from your treatment plant's secondary effluent.

2. Operate and maintain chemical feed equipment.

3. Safely store and handle chemicals.

4. Review plans and specifications of chemical feed systems.

5. Start up and shut down a chemical feed system.

6. Select the most cost-effective chemicals and determine
proper dosage.

7. Troubleshoot a chemical feed system.

8. Develop an operational strategy a chemical feed sys-
tem.

MICROSCREENS

1. !dentify and describe the components of a microscreen unit.

2 Safely operate and maintain a microscreen.

3. Start up and shut down a microscreen unit.

4. Troubleshoot a microscreen treatment process.

5. Develop an operational strategy for a microscreen treat-
ment process.

6. Review plans and specifications for microscreens.

FILTRATION

1. Identify and describe the components of gravity and pres-
SUr9 filters.

2. Safely operate and maintain filters.

3. Start up and shut down filters.

4. Troubleshoot a filtration system.

5. Develop operational strategies for gravity and pressure fil-
tration systems.

6. Review plans and specificationc; for filter systems.
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GLOSSARY
Chapter 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

AGE TANK AGE TANK

A tank used to store a known concentration of chemical solution for feed to a chemical feeder. Also called a "day tank."

AIR BINDING AIR BINDING

The clogging of a filter, pipe or pump due to the presence of air released from water.

ANHYDROUS (an-HI-drous) ANHYDROUS

Very dry. No water or dampness is present.

BATCH PROCESS BATCH PROCESS

A treatment process in which a tank or reacter is filled, the water is treated, and the tank is emptied The tank may then be filled and
the process repeated.

COAGULATION (co-AGG-you-LAY-shun) COAGULATION

The use of chemicals that cause very fine particles to clump together into larger particles. This makes it easier to separate the solids
from the liquids by settling, skimming, draining or filtering.

CONTINUOUS PROCESS CONTINUOUS PROCESS

A treatment process in which water is treated continuously in a tank or reactor The water being treated continuously flows into the
tank at one end, is treated as it flows through the tank, arid flows out the opposite end as treated water.

DAY TANK DAY TANK

A tank used to store a known concentration of chemical solution for feed to a chemical feeder. Also called an "age tank."

ELECTROLYTE (EL ECT-tro-LIGHT) ELECTROLYTE

A substance which dissociates (separates) into two or more ions when it is dissolved in water.

FILTER AID FILTER AID

A chemical (usually a polymer) added to water to help remove fine colloidal suspended solids.

FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION

The gathering together of fine particles to form larger particles.

FLOW-EQUALIZATION SYSTEM FLOW-EQUALIZATION SYSTEM

A device or tank designed to hold back or store a portion of peak flows for release during Icw-flow periods.

JAR TEST JAR TEST

A laboratory procedure that SIM,:lateS coaplationiflocculation with differing chemical doses The purpose of the procedure is to
ESTIMATE the minimum coagulant dose requirad to achieve certain water quality goals Samples of water to be treated are placed
in six jars. Various amounts of chemicals are added to each jar, stirred and the settling of the solids is observed The lowest dose of
chemicals that provides satistactory settling is the dose used to treat the water.

POLYELECTROLYTE (POLY-electro-light) POLYELECTROLYTE

A high-molecular-weight substance that is formed by either a natural or a synthetic process. Natural polyelectrolytes may be of
biological origin or derived from starch products, cellulose derivatives, and alignates. Synthetic polyelectrolytes consist of simple
substances that have been made into complex, high-molecular-weight substances. Often called a "polymer
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POLYMER (POLY-mer) POLYMER
A high-molecular-weight substance that is formed by either a natural or synthetic process. Natural polymers may be of biological
origin or derived from starch products, cellulose derivatives, and alignates. Synthetic polymers consist of simple substances that
have been made into complex, high-molecular-weight substances. Often called a "polyelectrolyte."

SLAKE SLAKE
To become mixed with water so that a true chemical reaction takes place, such as in the slaking of lime

TURBIDITY UNITS TURBIDITY UNITS
Turbidity units are a measure of the cloudiness of water. If measured by a nephelometric (deflected light) instrumental
procedure, turbidity units are expressed in nephelometric turbidity units (NTU) or simply TU. Those turbidity units obtained by
visual methods are expressed in Jackson Turbidity Units (JTU) which are a measure of the cloudiness of water, they are used
to indicate the clarity of water. There is no real connection between NTUs and JTUs. The Jackson turbidimeter is a visual meth-
od and the nephelometer is an instrumental method based on deflected light.

WATER HAMMER WATER HAMMER

The sound like someone hammering on a pipe that occurs when a valve is opened of dosed very rapidly. When a valve position is
changed quickly, the water pressure in a pipe will increase and decrease back and forth very quickly This nse and fall in pressures
can do serious damage to the system.
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CHAPTER 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS
(Lesson 1 of 4 Lessons)

4.0 NEED TO REMOVE SOLIDS FROM SECONDARY
EFFLUENTS

As increasing demands are placed upon our nation's receiv-
ing waters, it has become necessary to set wastewater treat-
ment plant discharge standards at a level that cannot be con-
sistently met by conventional secondary wastewater treatment
plants.

At some locations, National Pollutant Discharge Elimina-
tion System ( NPDES) discharge requirements as stringent
as those listed in Table 4.1 are being imposed. To comply
with these requirements, the effluent from a standard secon-
dary treatment plant or pond system must receive additional
or tertiary treatment. Improving solids removal from the
effluent of secondary wastewater treatment plants may be
accomplished by chemical addition or by several filtration
processes. In addition to removing solids, these treatment
processes also remove particulates, BOD and conforms.
This chapter will review methods presently in use for up-
grading solids removal from the effluent of secondary treat-
ment plants. These tertiary treatment methods include the
addition of chemicals, microscreens, and gravity and pres-
sure filters. Figure 4.1 shows the location of these tertiary
treatment processes in relation to other conventional pro-
cesses.

TABLE 4.1 EXAMPLE OF STRICT NPDES
REQUIREMENTS

Water Quality Indicator
7-day

Average
30-day

Average
No Sample
to Exceed

Biochemical Oxygen 5 5 75
Demand (B005), mg/L

Suspended Solids, mg/L 5 5 75

Total Co Worm, MPN/100 ml 2 2 2 2 240
MEDIAN, not average

Chlonne Residual, mg/L 0 0 0
AFTER dechlonnation

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 331.

4.0A What do the initials NPDES stand for'?

4.0B Why do some locations have stringent discharge re-
quirements?

4.0C How can solids be removed from secondary effluents?

4.1 SOLIDS REMOVAL FROM SECONDARY
EFFLUENTS USING CHEMICALS

Chemical treatment is a three-step process consisting of 1)
COAGULATION', 2) FLOCCULATION2, and 3) liquid/solids
separation. The three steps must occur in the proper se-
quence. During the coagulation phase the chemical(s) are
added to the wastewater and rapidly mixed with the process
flow. At this time certain chemical reactions occur quickly, re-
sulting in the formation of very small particles usually called
"pin point floc."

Flocculation follows coagulation and consists of gentle mix-
ing of the wastewater. The purpose of the gentle or slow mixing
is to produce larger, denser floc particles that will settle rapidly.
The liquid/solids separation step follows flocculation and is al-
most always conventional gravity settling, although other pro-
cesses such as dissolved air flotation are used occasionally.

A chemical treatment process can be added on to an exist-
ing prstary or secondary treatment plant as a tut' .ry treat-
ment process Chemical treatment performed in this manner
requires the construction of additional basins or tanks, which
may significantly increase the capital cost of the treatment
plant. However, chemical treatment can be practiced by ad-
ding chemicals at specific locations in existing primary or sec-
ondary treatment plants. This approach is often called chemi-
cal addition, and it eliminates the need for constructing addi-
tional clarifiers.

Regardless of the form of the chemical treatment process
(tertiary or chemical addition), the most important process con-
trol guidelines are:

1. Providing enough energy to completely mix the chemicals
with the wastewater,

2. Controlling the intensity of mixing during flocculation, and

3. Controlling the chemical(s) dose.

Chemical treatment can easily be added to existing secon-
dary treatment processes as chemical addition, and it may
be added on a peimanent basis to remove solids from the
secondary effluent (Fig. 4.2). Filters (Sections 4.3 and 4.4)
often are installed after chemical treatment to produce a
highly polished effluent. Also, chemicals may be added to
reduce emergency problems such as those created by
sludge bulking in the secondary clarifier, upstream equip-
ment failure, accidental spills entering the plant, and season-
al overloads. Chemicals can effectively be used as a "band-
aid" during problem situations with relative minor capital
expense.

' Coagulation (co-AGG-you-LAY-shun) The use of chemicals that cause very fine particles to clump together into larger particles This makes
it easier to separate the solids from the liquids by settling, skimming, draining or filtering.

2 Flocculation (FLOCK-you-LAY-shun). The gathering together of fine particles to form larger particles
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Keep in mind that the addition of chemical. is usually meant
to capture some additional solids; therefore, more sludge must
be handled. Care must be teen in controlling dosage into the
secondary system because large chemical additions may be
toxic to the organisms. This will reduce the activity or even kill
the organisms treating the wastes in the system.

Whenever applying chemicals it is important to always know,
understand, and carefully control the dosage. You must under-
stand each chemical's characteristics so the chemical will be
properly stored and safety handled MANY OF THE CHEMI-
CALS USED ARE HARMFUL, ESPECIALLY TO THE EYES
SAFETY IS OF THE UTMOST IMPORTANCE WHEN CHEMI-
CALS ARE STORED OR APPLIED.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 331.

4.1A Why might chemicals be used in a wastewater treat-
ment plant in addition to removing solids from second-
ary effluents?

4.1B What precaution must be exercised when adding
chemicals upstream from a biological treatment pro-
cess?

4.10 Chemicals Added to Improve Settling

Secondary effluent quality may be improved by adding
coagulant aids ahead of the secondary settling tanks.
Chemicals usually added are alum, ferric chloride, lime or
polyelectrolytes. Other useful chemicals may include sodium
aluminate, ferric sulfate, ferrous chloride and ferrous sulfate.
These chemicals may be used alone ,Jr in combinations as
determined by laboratory testing (Section 4.12, "Determining
Chemical Dosage") and the results obtained in actual plant
operation.

4.100 Aluminum Sulfate (Dry) (Al2 (504)3. 14 H2O

Alum may be purchased in varying grades identified as
lump, ground, rice, and powdered. Lump alum consists of
lumps varying in size from 0.8 inches to 8 inches (2 to 20 cm) in
diameter and is rarely used due to its irregularity in size and the
difficulties of applying and achieving a satisfactory dose.
Ground (granulated) alum is a mixture of rice-size material and
some fines (very small particles). This form of alum is used by
the majority of the water and wastewater plants. Ground alum
feeds easily and doesn't bulk (stick together) in the hoppers if
kept free of moisture or water. Also, ground alum doesn't re-
quire special protection of the hopper interiors from corrosion
and wear.

Commercial filter alum (ground alum) is shipped in 100-
pound (45 kg) bags or in bulk trucks and railroad hopper cars.
Special care should be taken to prevent alum from getting
damp or it will cake into a solid lump. All mechanical equip-
ment, such as conveyors, should be run until well-cleaned of
all alum before shutting down because the alum can harden
and jam the equipment. Keep alum dry by storing it inside a
well-ventilated location. Storage bins should have a 60-degree
slope to the bottom to insure complete emptying. Be sure the
alum will not get wet when hosing down equipment or washing
floors.

Both dry dust and liquid forms of alum are irritating to the
skin and mucous membranes and can cause serious eye in-
jury. Wear protective clothing to protect yourself t-orn dust,

splashes, or sprays. Proper clothing consists of a face shielc,
rubber gloves, rubber shoes and rubber clothing when working
around alum dust.

4.101 Aluminum Sulfate (Liquid)

Alum is also available as a liquid. One gallon weighs about
11 pounds and contains the equivalent of 5.4 pounds of dry
aluminum sulfate. Obtain a chemical analysis from the supplier
for each delivery to determine the exact content. Liquid alum is
preferred by operators because of its ease of handling; how-
ever, you must pay shipping costs for transporting the water
portion.

Liquid alum is shipped in 2,000- to 4,000-gallon tank trucks
or 55- to 110-ton railroad tank cars.

Alum becomes very corrosive when mixed with water; there-
fore, dissolving tanks, pumps and piping must be protected.
Liquid storage tanks must be constructed of corrosion resistant
material such as rubber-lined steel or fiberglass. Bulk liquid
alum storage tanks must be protected from extreme cold be-
cause normal commercial concentrations will crystallize at
temperatures below 32°F (0°C) and freeze at about 18°F
( -8 °C).

Alum will support a bacterial growth and/or cause sludge
deposits in feed lines if wastewater is used to transport the
alum to the point of application. These growths and deposits
can completely plug the chemical feed line. This problem can
be reduced by maintaining a high velocity to scour the line
continuously. Also, a concentrated alum solution will not sup-
port the bacterial growth so reducing the amount of carner
water helps.

Alum reduces the alkalinity in the water being treated during
the coagulation process Hydrated lime, soda ash, or caustic
soda may be required if there isn't enough natural alkalinity
present to satisfy the alum dosage.

Overdosing of alum may depress the pH to a point that it will
reduce the biological activity in the secondary system. Also,
this lowered pH may allow the chlorine added as a disinfectant
to further depress the pH and affect the aquatic life in the
receiving waters. This, along with chemical costs, emphasizes
the need to maintain proper chemical dosages and close
monitor' n; of effluent quality.

Regularly analyze the bulk chemicals to determine if the
concentration has changed. If the concentration has changed,
the operator must adjust the chemical feed rate Also test the
effluent quality to determine if sufficient solids are being re-
moved or if an adjustment in the chemical feed rate might be
helpful

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 331.

4 1C What are the four most common chemicals added to
improve settling of solids9

4.1D Why should alum be kept dry9

4.1E Why should all mechanical equipment, such as con-
veyors, be run until well-cleaned of all alum before
shutting down?
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4.102 Ferric Chloride

Ferric chloride is available in three forms ANHYDROUS3,
crystal hydrated and liquid. The dry forms will absorb enough
moisture from the air to quickly form highly corrosive solutions.

Anhydrous ferric chloride is shipped in 150- and 350-pound
drums. Once these drums are opened, they should be com-
pletely emptied to prevent the formation of corrosive solutions
Care must be taken when making up solutions because the
temperature of the solution will rise as the chemical dissolves

Crystal femc chlonde is shipped in 100-, 400-, or 450-pound
drums. Store the crystals in a cool, dry place and always com-
pletely empty any opened containers. The heat nse in dissolv-
inr crystal femc chlonde is much lower than that of anhydrous
fey c chloride and is not a problem.

Liquid femc chlonde is shipped in rubber-linked tank cars or
trucks and must be stored in corrosion-resistant tanks.

Positive displacement metenng pumps should be used for
accurate measurements. Both the feeder and the lines must be
corrosion-resistant.

All forms of ferric chlonde will cause bad stains. This staining
will occur on almost every matenal including walls, floors,
equipment and even operators.

Safety precautions required for handling femc chlonde in
concentrated forms should be the same as those for acids
Wear protective clothing, face shields and gloves. Flush off all
splashes on clothing and skin immediately.

4.103 Lime

Hydrated lime (calcium hydroxide or Ca(OH)2) is used to
coagulate solids or adjust the pH to improve the coagulation
process of other chemicals. Lime may be purchased in 50- or
100-pound bags or in bulk truck or railroad car loads Lime
should be stored in a dry place to avoid absorbing moisture

Lime also may be purchased as anhydrous or quicklime, but
must be SLAKED4 before using Quicklime is more difficult to
store because it will easily absorb moisture and cake
Quicklime is less expensive to purchase than lime, however,
the added equipment for slaking and the requirement for in-
creased operational safety must be considered

Heat is generated when water is added to quicklime. If the
7,ntrolled water supply fads and the water is shut off while the

lime feed continues, boiling temperatures can be reached
quickly. If a boiling reaction results, hot lime may cause the
slaker to erupt and spew out hot hme. If high temperature
controls are properly installed, they should activate an alarm
and,or shut down the unit. Mixers and pumps should be in-
spected frequently (daily) for wear because the hme slurry will
rapidly erode or wear mov ng parts.

When transporting concontrated lime slurries in pipelines, a
scale will build up on the in-Jue Jf the pipe and eventually plug
the line. A 2- to 3-inch (50 to 60 mm) diameter pipe may need
replacing every year or two due to this scale. Rubber or flexible
piping with easy access and short runs will permit cleaning by
squeezing the walls and washing out the broken scale.
Standby lines should be provided for use during the cleaning
operation.
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Lime is irritating to the skin, the eyes, the mucous mem-
branes and the lungs. Protect your eyes and lungs with safety
equipment ana wear protective clothing when working around
lime.

4.104 Polymeric Flocculants

Polymeric flocculants are high-molecular-weight organic
compounds with the characteristics of both polymers and
ELECTROLYTESs. They are commonly called POLYELEC-
TROLYTESs. These fbcculants may be of natural or synthetic
origin Polyelectrolytes are classified on the basis of the type of
charge on the polymer chain. Negative-charged polymers are
called "anionic" and positive-charged polymers are called
"cationic " Polymers carrying no electric& charge are called
"nonionic polyelectrolytes

A great assortment of polye!ectrolytes is available to the
wastewater plant operator. They may be applied alone or in
combination with other chemicals to aid coagulation. With this
large selection of polymers available, it is possible to find a
beneficial combination for almost all conditions. Because of
this selection, extensive laboratory testing should be con-
ducted before treating the entire plant effluent. Most polyelec-
trolyte suppliers have field -epresentatives who will assist with
the testing of their products at the treatment plant.

Polyelectrolytes are commonly used in very small doses,
usually less than 1 mg/L. The effective dosage range is limited.
An overdose can be worse than no polymer addition at all.

Polyelectrolytes are available as a dry powder or as a liquid.
Care must be taken when storing powders because they nay
quickly absorb moisture and become ineffective.

Solutions for treating wastewater are made up from powders
in a batch tank and fed from a separate tank. When mix-
ing a batch, care is required to add the powder slowly while
continuously mixing. If care is not taken, useless lumps will
form that can clog feed pumps and lines.

Polyelectrolytes are considered non-hazardous to handle,
however, good housekeeping must be practiced because
polyelectrolytes will create an extremely slippery surface when
wet. Clean up spills immediately! Chlorine will break down a
polyelectrolyte. To clean up a spill, neutralize the polyelectro-
lyte with either salt (NaCI), liquid bleach or HTH powder. This
procedure may be used with any type of polyelectrolyte Some
polyelectrolytes have a low pH and can be corrosive to the
make-up day or age tank (tan, used to store solution)

QUESTIONS
Write your answers in a notebook and then compare your

answers with tt.ose on pages 331 and 332.

4.1F What safety precautions are required for handling fer-
ric chloride in concentrated solutions?

4.1G How can the scale of lime that builds up on the inside
of pipe be cleared'?

4.1H What problems can be created when a polyelectrolyte
is spilled')

4. I How would you clean up a polyelectrolyte spill?

3 Anhydrous (an-HI-drous). Very dry. No water or dampness is present.

Slake. To become mixed with water so the! a true chemical reaction takes place, such as ,r) the slaking of lime
5 Electrolyte (ELECT-tro-LIGHT). A substance which dissociates (separates) into two or more ions when it is dissolved in water

Polyelectrolyte (POLY-electro-light). A high-molecular-weight substance that is formed by either a natural or synthetic process Natural
polyelectrolytes may be of biological origin or derived from starch products, cellulose deliatives, and alignates Syithetac polyelecirolytes
consist of s:mple substances that have been made into complex, high-molecular-weight substances Often called a "polymer
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4.11 Chemical Mixing Equipment

Chemical mixing equipment (Figure 4.3) is needed to
prepare a solution of known concentration that can be
metered (measured) into the water being treated. Polyelec-
trolytes can be difficult to dissolve. Also polyelectrolytes
may need a period of aging prior to applicaton. A dissolving
tank with a mechanical mixer is used to prepare the solution
for feeding. The resulting solution is stored in a day tank
(holding tank) from which it is metered out at the proper
dosage into the water being treated.

4.12 Chemical Feed Equipment

Chemical feeders (metering equipment) are required to ac-
curately control the desired dosage. The chemical to be used
and the form in which it will be purchased must be determined
first because chemicals used for solids removal in wastewater
treatment usually can be purchased ;n either solid or liquid
form.

After metering, solid chemicals are generally converted into
a solution or a slurry prior to applying to the wastewater
stream. Both slurries and liquids often have flushing' water
used to rapidly carry the chemical to the point of application.

4.120 Types of Chemical Metering Equipment

To maintain accurate feed rates there cannot be any slip-
page in the metering equipment; therefore, most liquid feeders
are of the positive displacement type. The quality of the water
used for both mixing and flushing the polymer system is impor-
tant. Poor quality plant effluent may cause clumps ("fish eyes")
to form which will olug feeders, small orifices and even piping.

POSITIVE DISPLACEMENT PUMPS

A piston pump (Figure 4.4) is used for metering chemicals
due to the accuracy of the positive displacement stroke and the
ease of adjusting the piston stroke to regulate the chemical
feed rate. With each stroke a fixed amount or volume of chemi-
cal or solution is discharged. By knowing the amount dis-
charged per stroke and the number of strokes per minute, it is
easy to calculate the chemical output.

Other positive displacement pumps besides the piston
pump include the gear pump (Fig. 4.4) and the diaphragm
pump (Figs. 4.5 and 4.6). Each of these pumps will produce a
constant chemical flow rate for a specific setting.

The feed rate for dry chemicals must also be chemically
controlled. Typical dry chemical feeders include the screw
feeder, vibrating trough, rotating feeder, and belt-type
gravimetric feeder.

SCREW FEEDER

A screw feeder unit maintains a desired output by varying
the speed and/or the amount or time the screw rotates as it
moves chemicals out the oischarge port. Care must be taken
that the chemical doesn't cake up in the hopper and stop
feeding the screw. Also, the screw must be kept clean or the
amount discharged per revolution will change (Fig. 4.7).

VIBRATING TROUGH FEEDER

The vibrating trough -..iaintains a constant depth of chemical
discharged and controls its chemical output by the magnitude
and the length of time of the vibrations.

Care must be taken that the chemical doesn't cake in the
hopper and stop feeding into the trough. Also, caking on the
trough will prevent an even flow of chemical which could
change the output volume.
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ROTARY FEEDER

Rotary feeders are similar to the positive displacement
gear pump because a fixed amount of chemical is (As-
charged from between eac:i tooth (Fig. 4.8). The output can
be controlled by the speed and/or running time of the rotor.
Care must be taken to maintain the rotor lobes clean and
free of buildup that will change the chemical output volume.

BELT-TYPE GRAVIMETRIC FEEDER

A grav,:,:stric belt feeder (Fig. 4.9) maintains a constant
chemical weight on a revolving belt. This is accomplished
using a vibrating trough and a balance system. The chemical
output is controlled by the amount of chemical on the belt
and 'he speed and time the belt tr^wels. The amount of
chemical is varied by the opening or closing of a feed gate or
as a weighing deck moves up or down.

Care must be taken with this unit to assure that chemicals
don't buildup on the balance because this will change the
chemical output. By catching and weighing the chemical dis-
charged at a constant speed over a measured amount of time,
the feeder output can be calculated.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 332.

4.1J How are chemical solutions prepared for feeding?

4.1K List the most common types of chemical feeders or
metering equipment.

4.121 Selecting a Chemical Feeder

When you must decide which chemical feeder to purchase
for your situation, include the following considerations.

1. TOTAL OPERATING RANGE

Will the unit run at today's lowest expected chemical output
as well as the future required output?

2. ACCURACY

Will the unit maintain the same feed rate after it has been
installed, calibrated and operated?

3 REPEATABILITY

Can you return to previous settings and obtain the same
feed rates as before?

4. RESISTANCE TO CORROSION

Will the equipment, including electrical components, with-
stand the corrosive environment to which they may be ex-
posed?

5. DUST CONTROL

Is a means provided to control dust if needed'?

6. AVAILABILITY OF PARTS.

Are replacement parts readily available'?

7. SAFETY

Is the system designed with safety of both operation and
maintenance in mind?

8. ECONOMICS

Costs of purchase, installation, operation, maintenance, re-
placement and energy requirements.
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Fig. 4.3 Dry chemical dissolver, day tank and feeder.
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.

PISTON PUMP

GEAR PUMP

Fig. 4.4 Piston and gear pump
(Courtesy of Chemical Engineering, 76 8. 4S (Apnl 1969))
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Fig. 4.5 Positive displacement diaphragm pumps
(Pormsss,on of Wallace & Tieman Division, Pennwalt Corporation)
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Fig. 4.6 Positive displacement diaphragm metering
(Permission of BIF, a Unit of General Signal)
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Fig. 4.7 Volumetric screw feeder
(Permission of Wallace & Tiernan Division, Pennwalt Corporation)
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Fig. 4.8 Rotary feeder
(Permission of Neptune Micro 1100
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Fig. 4.9 Gravimetric belt feeders
(Permission of Wallace & Tiernan Division, Pennwalt Corporation)
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4.122 Reviewing Chemical Feed System Designs

When reviewing chemical feeding system designs and spec-
ifications, the operator should check the following items:

1. Review the results of pre-design tests to determine the
chemical feed rate for both the present and future. The
chemical feeders should be sized to handle the full range
of chemical doses or provisions should be made for future
expansion.

2. Determine if sampling points are provided to measure
chemical feeder output.

3. Be sure provisions are made for standby equipment in
order to maintain uninterrupted dosages dunng equipment
maintenance.

4. Look for ADEQUATE VALVING to allow bypassing or re-
moving equipment for maintenance without interrupting
the chemical dosage.

5. Examine plans for valving to allow flushing the system with
water before removing from service.

6. Be sure corrosion resistant drains are provided to prevent
chemical leaks from reaching the floor; for example, drips
from pump packing.

7. Check for corrosion-resistant pumps, piping, valves, and
fittings as needed.

8. Determine amount of maintenance required. The system
should require a minimum of maintenance. Equipment
should be standard, with replacement parts readily avail-
able.

9. Consider the effect of changing head conditions, both suc-
tion and discharge, on the chemical feeder output. Chang-
ing head conditions should not affect the output if the
proper chemical feeder has been specified.

10. Determine whether locations for monitoring readouts and
dosage controls are convenient to the operation center
and easy to read and record.

4.123 Chemical Feetor Stara -Up

After the chemical feed system has been purchased and
installed, the operator must carefully check it out before start-
ing it up. Even if the contractor that installed the system is
responsible for insuring that the equipment operates as de-
signed, the operation by plant personnel, the functioning of the
equipment, and the results from the process are the responsi-
bility of the chief operator. Therefore, before start-up, check
the following items:

1. Inspect the electrical system for proper voltage, for prop-
erty sized overload protection, for proper operation of con-
trol lights on the control panel, for proper safety lock-out
switches and operation and for proper equipment rotation.

2. Confirm that the manufacturer's lubrication and start-up
procedures are 'rig followed. Equipment may be dam-
aged in minutes n is run without lubrication.

3. Examine all fittings, inspection plates and dr?.;ris to assure
that they will not leak when placed into service.

4. Determine the proper positions for all valves. A positive
displacement pump will damage itself or rupture lines in
seconds if allowed to run against a closed valve or system.

5. Be sure that the chemical to be fed is available. A progres-
sive cavity pump will be damaged in minutes if it is allowed
to run dry.

6. Inspect all equipment for binding or rubbing.

7. Confirm that safety guards are in place.

8. Examine the operation of all auxiliary equipment including
the dust collectors, fans, cooling water, mixing water, and
safety equipment.

9. Check the operation of alarms and safety shutoffs. If a is
possible, operate these devices by manually tripping each
one. Examples of these devices are alarms and shutoffs
for high water, low water, high temperature, high pressure,
and low chemical levels.

10. Be sure that safety equipment, such as eyewash, drench
showers, gas masks, face shields, gloves and vent fans, is
in place and functional.

11. Record all important nameplate data and place it in the
plant files for future reference.

4.124 Chemical Feeder Operation

Once the chemical feed equipment is in operation and the
major "bugs" are worked out, the feeder will need to be line
tuned." To aid in fine tuning and build confidence in the entire
chemical feed system, the operator must maintain accurate
records (Figures 4.10 and 4.11). These records will include
the flows and characteristics of the waste before treatment,
the dosage and conditions of the chemical treatment, and
the results obtained after treatment. A comment section
should be used to note abnormal conditions, such as a
feeder plugged for a short time, a sudden change in the
characteristics of the influent waste, and related equipment
that malfunctions. Daily logs should be summarized into a
form that operators can use as a future reference.

4.125 Shutting Down Chemical Systems

If the equipment is going to be shut down for an extended
length of time, it should tx cleaned out to prevent corrosion
and/or the solidifying of the chemical. Lines and equipment
could be damaged when restarted if chemicals left in them
solidify. Operators could be seriously injured if they open a
chemical line that has not been properly flushed out.

The following items should be included in your checklist for
shutting down the chemical system:

1. Shut off the chemical supply,

2. Run dry chemicals completely out of the equipment and
clean equipment,

3. Rush out all the solution lines,

4. Shut off the electrical power,

5. Shut off the water supply and PROTECT FROM FREEZ-
ING, and

6. Drain and clean the mix and feed tanks.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 332.

4.1L List the items that should be considered when select-
ing a chemical feeder.

4.1M What information should be recorded for a chemical
feeder operation?
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SODIUM HYDROXIDE LOG
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Fig. 4.10 Typical record of chemical feeder operation
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CHEMICAL FEED RECORD
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4.13 Determining Chemical Dorbage

The proper chemical dosage 's very important. A slight
amount over or under the optimum is often worse than not
adding chemicals at all. A combination of two o7 more chemi-
cals will often result in improved treatment and reduced overall
costs.

The wastewater entering the system may change composi-
tion from weekdays to weekends, from season to season, or
from year to year. Because of these variations, the operator
must carefully observe the efficiency o' the chemical treat-
ment.

When chemicals are added to reduce the effluent sus-
pended solids, the operator should daily:

1. Run suspended solids tests on influent and effluent,

2. Calculate suspended solid removal efficiency,

3. Calculate chemical dosage,

4. Run turbidity tests on effluent,

5. Observe visual appearance of effluent, and

6. Maintain complete records.

4.130 Jar Test (Figure 4.12)

The most common method used to determine coagulation
dosages is the jar test. The jar test is an attempt to duplicate
plant conditions by using laboratory equipment. Jar tests
can be misleading unless they reflect actual plant suspend-
ed solids conditions. '8e sure to run jar tests on samples of
the water to be treated. For example, a plant is adding metal
salts for phosphorus removal (Chapter 5) and a polymer Tor
suspended solids control to the effluent from an activated
sludge aeration tank. Before the type of polymer and dose
can be determined, you will have to build up the metal
hydroxy phosphate precipitate in the activated sludge sys-
tem to "steady-state" or "equilibrium" conditions.

Equal amounts of influent samples (usually 500 to 1,000
ml) to be treated are set up a gang stirrer (Figure 4.12) for the
jar test. Chemicals are added in varying doses ar.d all
portions of the sample are rapidly mixed. After rapid mixing,
the samples are slowly mixed to approximate the conditions
in the plant. Mixing is then stopped and the floc formed is
allowed to settle. The appearance, the time to form a floc,
and the settling conditions are recorded. The supernatant
(liquid above the settled sludge) is analyzed for turbidity,
suspended solids and pH. With this information the operator
selects the best dosage to feed on the basis of clarity of
effluent and minimum cost of chemi_ Is.

4. i31 Procedure ft.. Plants Without Laboratory Facilities

Source: PROCEDURE FOR DETERMINING THE ALUM
DOSAGE Permission of Industrial Chemicals Divi-
sion, Allied Chemical Corporation, Solvay, New York

In case a laboratory is unavailable, it is possible to maintain
reasonable control by conducting coagulation tests by means
of a simple hand-stirnng method.

Clear glass fruit jars, one- to two-quart capacity, are a good
substitute for beakers and are easily obtainable. If necessary,
the local druggist or high school chemistry teacher will usually
assist in prepanng alum solutions and lime suspensions. If a
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pipet is unavailable, a common medicine dropper will deliver
approximately 20 drops to a ml. A calibrated dropper (1.0 ml)
may be obtained from the drug store.

Procedure:

1. Dissolve 9.46 grams of alum and dilute to 1 liter (8.95
grams of alum to one quart). One ml of this solution will
provide a treatment of 10 mgiL of alum when added to one
quart (946 ml) of the water sample.

2. With the pipet or medicine dropper, add 1 ml of the alum
solution to one quart of the sample and stir rapidly for ap-
proximately two minutes. Actual rapid mixing time should
be similar to the actual detention time of the water being
treated in the flash mixer. This actual detention time may
vary from 50 seconds to six minutes depending on design
and flows. Then stir gently for at least fifteen minutes to
permit floc particles to grow. Again, this actual gentle mixing
time should be similar to the actual process flocculation
time. The speed of gentle mixing paddles in the jar test
should be similar to the actual flocculator paddles. When
running the jar test, try adjusting the paddle speed to pro-
duce the best floc particle growth and then operate the
flocculator paddles at this speed. Under some conditions
the best floc can be produced by stopping the flocculators.
Avoid violent agitation during this floc conditioning stage to
prevent the breakup of the floc particle.

3. Observe the quality of the floc, the rate of settling, and the
clarity of the settled water.

4. Repeat the above using a higher alum dose until the de-
sired floc and clarity are achieved

Helpful Factors:

1 liter = 1000 ml
1 quart = 946 ml
1 grain/gal = 17.1 mg/L
1 grain/gal = 143 lbs/million gallons
1 mg/L = 8.34 lbs/million gallons

4.132 Phosphate Monitoring

When the coagulant is being used to precipitate phosphate
as well as to remove solids, coagulant dosage control may be
obtained by automatically analyzing the incoming wastewater
for soluble orthophosphate. The coagulant feeder is set to
maintain a selected ratio of coagulant-to-phosphate e:ther au-
tomatically or manually. Equipment is available that will au-
tomatically do this type of coagulant feeding.

Coagulant dosages that produce good phosphate removal
will generally produce good solids removal if polymers are
used to aid in flocculating the fine, precipitated matter. Usually
the polymer feed should be flow-paced, however, the polymer
feeder may function with manual adjustmen's.

4.14 Good Housekeeping

Good housekeeping is a part of the total piant operation.
Good housekeeping around the chemical feed systems is very
important to good operations and safety. A dry chemical feeder
that weighs its output will change its feed rate if chemicals are
allowed to build up on the scales. Good housekeeping will
reduce the hazard of slipping around chemical handling areas
and will keep the dust down in work areas Good housekeep-
ing is a daily duty and must not be neglected
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Fig, 4.12 Jar test units with mechanical (top) and magnetic
(bottom) stirrers

(Source EPA Process Design Manual for Suspended Solids Removal)



4.15 Safe Working Habits

Chemical feed equipment and chemical handling areas have
fey hazards that each operator should become aware of for

each plant. In addition to the usual electncal and mechanical
hazards associated with automatic equipment, chemical feed-
ing hazards include:

1. Strong acids,

2. Strong caustics,

3. High pressures,

4. High temperatures,

5. Dust in the air, and

6. Slippery walk areas.

Develop safe working habits by always wearing proper
safety equipment and protective clothing.

QUFSTIONS
Write your answers in a notebook and then compare your

answers with those on page 332.

4.1N What factors can cause a change in chemical dose
requirements?

4.10 How are coagulation dosages determined?

4.1F' What is the jar test'?

4.16 Operation

4.160 Operational Strategy

The development of an operational strategy for a chemical
treatment process will prepare you to deal with sudden
changes in the water being treated, to train new operators and
to plan for the future. Items that should be considered in your
strategy include:

1. The jar test is the most important control test for chemical
treatment. Set up your laboratory so jar tests can be run
quickly and easily. Accurate jar tests can result in significant
chemical and cost savings. For example, if the dosage of a
polyelectrolyte costing $2.00 per pound could be reduced
by 0.5 mg/L in a 10 MGD plant, .ne cost savings would be
$83.40 per day.

2. Monitor chemical feeders closely to assure proper output.
New equipment should have actual feed rates measured
and compared with teed settings at least weekly.

3. Adjust chemical dosages whenever the flow rate changes.
Lc detention times luring low flows may not require as
high a chemical dosagb as shorter detention times during
high flows.

4. Monitor water conditions and quality at least daily for alka-
linity, pH, temperature, turbidity, and suspended solids be-
cause tese water quality indicators may signal a need for a
chemical dosage change. If you are removing phosphor-
ous, measure soluble phosphorous also.

5. Consider in-plant conditions when collecting samples for jar
tests and adjusting chemical dosages. For example, if
one-half of the pnmary clanfiers in a plant are out of service
or if a digester is upset, these situations can affect required
chemical doses.
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4.161 Abnormal C.,eration

This section contains a list of abnormal conditions that could
occur at any time during the operation of a wastewater treat-
ment plant. Included are recommendations that should help
you adjust tit,' chemical treatment system in order to maintain
a high quality effluent.

1. High solids concentrations in effluent leaving the econdary
clarifiers due to bulking sludge, rising sludge or solids
washout.

a. Inspect chemical feeders for proper output.

b. Run jar tests to determine if dosage requirements have
changed.

c. Examine overall plant operations to locate cause of
high solids.

d. Increase sludge removal rates from clanfiers.

2. Low suspended solids in effluent leaving the secondary
clanfiers.

a. Inspect chemical feeders for proper output

b. Run jar tests to determine if dosage require rents have
changed.

c. Record in log book conditions and dosage that pro-
duced low solids in the effluent. You need to know how
you produced a good quality effluent.

3 High flows passing through the treatment plant

a. Prepare to feed a greater quantity of chemicals.

b. Run jar tests to determine dosage that will produce
rapid settling rates because detention times are re-
duced.

c. Be sure jar test flash mixing and flocculation times are
similar to actual detention times through these units
during the high flows

4. Low flows passing through the treatment plant.

a. Run jar tests to determine optimum dosage because
longer detention times may allow a reduction in chem-

. cal dosage which will reduce chemical costs.

b. Watch for chemical overdoses that could produce toxic
conditions in biological treatment processes or in the
receiving waters.

5. A change in the pH of the water being treated by one or
more units.

a. Inspect chemical feeders to determine if the chemicals
being added are causing the pH change.

b. Run jar tests to determine if chemical feed rates need
adjusting.

c. Extreme pH changes may affect biological activity and
effectiveness of disinfection. Try to control chemical
feeders to minimize chemical changes.

d. If existing chemical dosages will not cause coagulation,
new chemicals may be required For example, you may
have to switch from one type of polyelectrolyte to
another type.
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6. A change in water temperature resulting from seasonal
weather conditions, groundwater infiltration and/cr wet
weather inflows.

a Run a jar test to determine if new chemical feed rates
are required Coagulation and settling rates change
when the temperature changes.

4.162 Troubleshooting

PROBLEM: NO COAGULATION.

Inspect the following items:

1. Chemical feed pump operation.

2. Chemical supply and valve positions,

3. Solution carrier water flow and valve positions.

4. Applied water for a significant change.

5. Actual feeder output by catching a timed sample, and

6. Feed chemical strength

Run a jar test to determine the proper dosage. Be sure the
jar test chemicals are the proper strength

PROBLEM: FOAMING.

Foam can develop in rapid-mix tanks and flocculators. Con-
trol foam by the use of water spray from hoses or surface spray
nozzles.

4.17 Maintenance

All equipment maintenance must be performed in accord-
ance with manufacturers' instructions. Good housekeeping is
very important whenever working with chemicals Chemical
feed pumps and bottom sludge pumps must be penodically
disassembled and cleaned. Weir plates, baffles and drains
must be lopt clean to maintain proper basin hydraulics. Weir
crests muss always be kept clean. Motors, drive systems and
paddles wii, require servicing and repair. Frequency and type
of maintenance and repair will depend on housekeeping,
chemicals and equipment.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 332.

4.10 What water quality indicators should be monitored
when operating a chemical treatment process?

4.1R What abnormal conditions could be encountered in
the water being treated when operating a chemical
treatment process?

4.1S List two problems that could occur when operating a
chemical treatment process

END OF LESSON 1 OF 4 LESSONS
ON

SOLIDS REMOVAL FROM SECONDARY EFFLUENTS
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DISCUSSION AND REVIEW QUESTIONS
(Lesson 1 of 4 Lessens)

Chapter 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

At the end of each lesson in this chapter you will find some
discussion and review questions that you should answer be-
fore continuing. The purposo of these questions is to indicate
to you how well you understand the matenal in this lesson
Write the answers to these questions in your notebook before
continuing.

1. Why do some NPDES permits impose stnngent discharge
requirements on some treatment plants?

2. What precautions shoulo he taken when using alum to im-
prove the settling of solids':

3. Why should extensive laboratory testing be conducted be-
fore treating a secondary effluent with a polyelectrolyte to
remove solids?

4. Why are positive displacement pumps useG Lir metering
chemicals?

5 What economic factors should be considered when select-
ing a chemical feeder?

6. Why should chemical feed equipment be cluancd before
being shut down for an extended length of time?

7. Evplain how to run the jar test.

8. Why should you develop an operational strategy for a
chemical treatment process?

CHAPTER 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

(Lesson 2 of 4 Lessons)

4.2 SOLIDS REMOVAL FROM SECONDARY
EFFLUENTS USING MICROSCREENS (Also see
Chapter 6, Section 6.2, 'Screening and
Microscreening Applied to Industrial Wastes" in
INDUSTRIAL WASTE TREATMENT

Microstraining is a form of filtering used 'D clarify water by
filtering out very small suspended solids. The process
involves passing water through a very finely woven fabric
called microfabric Migure 4.13). Microfabric is usually made
of stainless steel wire, plastic, polyester or nylon cloth. The
polyester or nylon microfabric can be manufactured with
openings as small as 1.0 microns (0 00004 inch) in size.

The filtered solids quickly build up a mat on the screen,
thereby removing particles smaller than the actual openings of
the fabric as the water passes through the mat.

The microfabric is attached to the outside of a drum. The
applied water flows into the drum through one end and out
through the wall (Figures 4.14 and 4.15). The solids remain
inside the drum because they cannot pass through the
microfabric. To prevent clogging of the microfabric, the drum
is rotated and the mat of solids is washed off by a water
spray system. The cleaned fabric rotates back into the
process stream again in a continuous operation.

The solids are washed into a hopper inside the drum and
carried back into the system for retreatment. These solids
may be returned to the primary clarifier or they can be
disposed of by thickening and pressing (Chapter 3) before
ultimate disposal to landfill, incineration or byproduct recov-
ery depending on the type of solids.

The process of microstraming is capable of.

1. Reducing the maim loading on the receiving waters,

2 Removing particles from the effluent,

3 Reducing the coliform group organisms in the water being
treated,

4 Improving the effectiveness of the disinfectant,

5. Lowering the turbidity level, and

6 Improving the overall appearance of t. r.., effluent

Fig. 4.13 Isometric drawing of microfabric with
typical diatom shown against the fabric

(perm won of Crane Co )
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Important features of these units include:

1. They can be installed where space is limited,

2. They operate under open, gravity-flow conditions in con-
crete tanks or packaged steel tank units, and

3. They will operate with a minimal amount of manpower.

Microscreens added to existing treatment plants will affect
other plant systems. The operator must be prepared to make
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Plant staff may have to be increased to meet the need for
additional labor to properly maintain and service microscreen
units.

QUESTIONS
Write yi-ur answers in a notebook and then compare your

answers with those on page 332.

4.2A What is microstraining?

4.2B What materials are generally used to manufacture mi-
crofabric?

4.20 Components of a Typical Microscreen

4.200 Drum

The drum is the main physical structure of the microscreen
unit. This drum provides the frame around which the mi-
crofabric is attached. Drum diameters range from 5 to 10 feet
(1.5 to 3.0 meters) in diameter and 1 to 10 feet (0.3 to 3.0
meters) in length. The drum operates with about 70 percent of
its surface area submerged. This keeps a large area of the
microfabric in the process flow.

4.201 Microfabric

The microfabnc physically separates the solids from the
water leaving the unit. The microfabric openings are extremely
small. They are in the range of 1 to 60 microns. To get an idea
of the size of an opening, a 60-micron fabric has about 60,000
openings per square inch and a 23-micron fabric has about
165,000 openings per square inch.

Microfabric is usually made of woven stainless steel or plas-
tic. The plastic is used for the smaller openings and is less
subject to chemical attack by chlorine or acid cleaning solu-
tions. The stainless steel can better witt-rstand steam cleaning
used to remove grease and oil. Manufacturers will design and
provide microfabric for each special application.

Microfabric is supplied either in small sections (8 in x 12 in
or 20 cm x 30 cm) or in larger (18 in x 24 in or 45 cm x 60 cm)
panels. The small sections are supported by and fastened di-
rectly to the drum frame while the panels have a supporting
mesh of stainless steel bonded to the fabric.

Standard design calls for a 1 foot (30 cm) head loss at aver-
age flows and 2 feet (60 cm) head loss for normally expected
maximum flows. Occasional peak head losses of 4 feet (120
cm) can be tolerated. One manufacturer indicates that stain-
less steel microfabric operated with a head loss of 3 inches
(7.5 cm) under average conditions would have a life of 10
years; while the same fabric operated continuously at 24-inch
(60 cm) head loss might last only 6 months.
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Any flexing or movement of the fabric as it passes in and out
of the process water will shorten its life. Chlorine in the process
water and strong cleaning acid will also shorten the life of the
microfabric.

4.202 Water Spray System

Water spraying on the outside of the drum as it reaches the
highest point provides continuous backwashing of the mi-
crofabric. Water pressures ranging from 15 to 60 psi (1 to 4
kg/sq cm) are used with generally better results obtained using
the higher pressures. Water consumption for backwashing var-
ies from 1 to 5 percent of the flow through the filter.

4.203 Solids Waste Hopper

The hopper is located insiue the revolving drum and catches
the solids washed from the microfabric. Removed solids are
returned to the primary treatment system and reprocessed or
they may be disposed of by thickening and pressing before
ultimate disposal to landfill, incineration or byproduct recovery.

4.204 Support Bearings

Support bearings may be water-lubricated axial or grease-
lubricated bearings located on the upper inside surface of the
rotating drum. Both types of bearings will allow the operating
water level to be above the drum center line. These bearings
require careful maintenance in accordance with the manufac-
turer's recommendations to prevent early failure.

4.205 Drum Drive Unit

The drum rotational speed may be adjusted manually or
automatically in relation to the flow or head loss in the unit.
Optimum speed will be determined weiii experit,r^e and usu-
ally does not require frequent adjustment.

4.206 Ultraviolet Lights

Ultraviolet (UV) lights are used to reduce biological growths
on the microfabric. These growths can survive the water spray
cleaning and will eventually clog the fabric Ultraviolet lights
reduce the manhours required to clean the microfabric with
special washes. Ultraviolet light is EXTREMELY dangerous to
the eyes. All plant staff must be aware of the dangers and
protect their eyes.

4.207 Structure

The structure in which the microscreen unit is installed may
be concrete or steel. Both need a good drain to permit easy
dewatering and cleaning A sloped bottom and a sump will ;lid
in cleaning.

4.208 Bypass Weir

A bypass weir is needed to permit flows in excess of unit
c.'pacity to be bypassed. The manufacturer's recommended
maximum head loss through the drum should never be ex-
ceeded to prevent damage to the microfabric.



QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 332.

4.2C List the major components of a typic;.! microscreen.

4.2D What is the purpose of ultraviolet lights used with a
microscreening process?

4.21 Operation of Microscreens

4.210 Pre-Start Checklist

Before starting up any major piece of equipment, a thorough
check of the system must be made to prevent damage to the
equipment and injury to personnel. The following items should
be included in your checklist for microscreens.

1. Be sure all debris from construction has been removed from
the unit. Wood scraps and concrete chips can easily dam-
age equipment, especially the microfabric.

2. Inspect the electrical installation for completeness. Be sure
controls are properly covered, fuses properly sized, and
proper safety lockouts have been installed.

3. Check motor and drives for proper alignment, for proper
safety guards installed in place, and for free rotation of
motor and drives.

4. Examine motors, drive units, bearings, and chain for proper
lubrication.

5. Check motor for proper rotation.

6. Examine motor and drive unit for excessive vibration.

7. Study the operation of water sprays, ultraviolet lights and
other auxiliary equipment for proper operation.

8. Inspect the entire unit for any safety hazards.

4.211 Normal Operation

Normal operation requires the operator to carefully follow the
procedures outlined below.

1. Have the drum rotating when the process water first enters
the microscreen or the fabric may plug and be damaged.

2. Opcn the inlet gates and start the drive motor, water sprays,
lights and related equipment.

3. Maintain a log of the operation of the unit. Include the follow-
ing items:

a.
b.
c.
d.
e.
f.

g.
h.

j.

Hours of operation,
Volume of water processed, gallons or cubic meters,
Rate of application, gpd or cu m/day,
Applied suspended solids and BOD, lbs or kg/day,
Effluent suspended solids and BOD, lbs or kg/day,
Percent removal of suspended solids and BOD, %,
Chemicals added, pounds or kilograms,
Head loss through the screen, inches or centimeters,
Maintenance performed on the unit, and
Remarks of special observations.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 332.

4.2E Before starting a microscreen unit, what items would
you inspect in the electrical installation?

4.2F What items should be included in the log of the opera-
tion of a microscreen?

4.212 Abnormal Operation

When operating a microscreen, be prepared to solve prob-
lems created by the abnormal conditions listed in this section.

PROBLEM: HIGH FLOWS

Problems caused by high flows include:

1. Excessive head loss (above 12 inches or 30 centimeters)
through the microscreen (be sure to check manufacturer's
recommei idations),

2. Excessive solids in the microscreen effluent,

3. Plugging of the microfabnc with solids and/or grease, and

4. Untreated water overflowing the microscreen bypass weir.

SUGGESTED CORRECTIVE ACTION

1. Increase the drum rotation speed.

2. Increase the water spray pressure.

3. Place additional units in service.

4. Hand clean the microfabric with a bactericide, hot water or
steam.

5. Reduce the flow by using a FLOW-EQUALIZATION SYS-
TEM' or by storing the excess flow in the influent line until
the flows drop.

6. Add chemicals to upstream processes to reduce the sus-
pended solids loading by improving settling.

PROBLEM: '_OW APPLIED WATER FLOWS

Problems caused by low applied flows include:

1. Lower suspended solids loadings, and

2. Thinner mat buildup on microfabric. This thinner mat may
reduce filtering effectiveness.

SUGGESTED CORRECTIVE ACTION

1. Reduce the drum rotation speed.

2. Reduce the water level within the microscreen.

3. Remove some of the microscreen units from operation (if
you have more than one on line) to maintain design flows to
units in service.

7 Flow-equalization system. A device or tank designed to hold back or store a portion of peak flows for release during low flow periods
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PROBLEM: HIGH SOLIDS LOADING

Problems caused by high solids loadings include:

1. Excessive head loss (above 12 inches or 30 centimeters)
through the microscreen (be sure to check manufacturer's
recommendations),

2. Excessive solids in the microscreen effluent,

3. Plugging of the microfabric with solids, and

4. Untreated water overflowing the microscreen bypass weir.

SUGGESTED CORRECTIVE ACTION

Use same action as suggested to solve problems created by
high flows.

PROBLEM: HIGH OR LOW pH LEVELS

Problems caused by high or low pH levels include:

1. A high pH may result in the buildup of mineral deposits that
will plug the holes on the microfabric.

2. A rapid change in pH may upset upstream treatment p;o-
cesses, thus increasing the suspended solids loadings
applied to the microscreen.

3. A low pH may result in the corrosion of metal, especially the
microfabric.

SUGGESTED CORRECTIVE ACTION

1. If rapid pH changes are occurring, monitor the plant influent
and chemically adjust the pH as necessary to maintain the
pH within desired levels. Attempt to correct the cause of the
pH changes at the source,

2. Adjust the pH chemically to a balanced relationship with the
alkalinity and temperature to prevent corrosion or scaling
(use of Langelier Saturation Index)8.

3. Divert abnormal pH flows into a flew-equalization system
and return these flows slowly by intermixing them with the
normal flows.

4. Remove mineral scaling from the microfabric with a mild
acid wash.

PROBLEM: HIGH CONCENTRATIONS OF OIL AND
GREASE

Problems caused by high concentrations of oil and grease
include:

1. Plugging of the microfabric;

2. When the microfabnc is plugged, there will be a high head
loss through the unit, reduced flow through, and ineffective
cleaning of the fabric by the water sprays.

3. Untreated water may overflow the microscreen bypass
weir.

SUGGESTED CORRECTIVE ACTION

1. Reduce oil and grease loadings at the source.

2. Improve effectiveness of oil and grease removal equip-
ment.

3. Add chemicals to improve oil and grease removals.

4. Increase the drum rotation speed.

5. Increase the water spay pressure.

6. Place additional microscreens in service.

7. Clean the microfabric with hot water, steam or chemicals.

4.213 Operational Strotny

The development of an operational strategy for a mi-
croscreening process treating wastewater will aid in dealing
with situations such as sudden changes in applied water, train-
ing new operators or planning for the future. This section lists
items for you to consider when developing your own opera-
tional strategy.

1. Maintain the filtering rates within the design limits.

2. Adjust the drum rotational speed as needed to compensate
for extreme flow or suspended solids loadings.

3. Monitor and log head loss and flow rates daily because of
an increasing head loss may indicate incomplete cleaning
of the microfabric by the water spray system.

4. If the applied suspended solids load is increasing greatly
due to poor settling in an upstream process, add chemicals
to improve settling.

5. Be prepared to clean the microfabric manually if plugging
occurs.

6. To increase the life of the microfabric, do not apply chlorine
to the wastewater being treated at a location upstream from
the microscreen.

4.214 Shutdown of Microscreen

The microscreen should not be left standing in dirty water. If
the unit is to be left out of service for a week or longer, the tank
should be drained and the microfabric cleaned. This will pre-
vent clogging trom solids drying on the fabric and also prevent
slimes from growing in the portion underwater.

When a unit is shut down, complete these steps:

1. Shut off the applied water flow.

2. Allow the water to filter out of the drum.

3. Drain the microscreen structure.

4. Clean the fabric with water sprays.

5. Hose down the sump.

6. Hose down the trough.

7. Shut off the water sprays.

8. Shut off the drive unit.

9. Shut off the ultraviolet lights.

When treating wastewaters of typical strength and pH, cor-
rosion usually is not a swims problem. If chlorine has been
applied to the wastewater, corrosion can be a problem.

4.215 Troubleshooting

PROBLEM: POOR SUSPENDED SOLES REMOVAL

1. Check the hydraulic load. Performance is better at lower
hydraulic loads. How does the flow compare with design
flow?

2. Inspect the upstream units. Increased suspended solids
loading to the microscreen will result in increased effluent
suspended solids.

811 you wish to use this method, consult 3 textbook on sanitary engineeringor water treatment.
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3. Determine the drum speed. At lower drum speeds a thicker
mat of solids can build up and provide better straining.

4. Look for excessive turbulence upstream. Breaking up of the
flocculated particles at the microscreen influent will result in
poorer suspended solids removal

5. Check for pin floc carry-over from the upstream secondary
clarifiers. Pin floc will result in a poor quality effluent even if
the microscreen is operating properly because of the diffi-
culty of removing pin floc.

PROBLEM: HIGH HEAD LOSS THROUGH MICROSCREEN

1 Determine the drum rotation speed. If drum is rotating too
slowly, the mat will become too thick and produce a high
head loss.

2. Inspect the upstream units. Increased suspended solids
loadings will result in a rapid buildup of the solids mat.

3. Examine the water spray system for clogging of nozzles.

4. Determine the pressure in the water spray system. A higher
pressure may be needed.

5. Look for a buildup of iron, manganese or grease on the
microfabric. The fabric may need a special cleaning with
acid, steam or hot water.

PROBLEM: POOR SOLIDS REMOVAL AND LAX OF HEAD
LOSS

1. Look for damaged or torn microfeeric.

2. Inspect for improperly installed microfabric panel.

3. Check for damage° end seal on the drt.m.

4. Look for pugged or inoperative head loss indicator.

4.22 Maintenance of Microacreen

As with all equipment, the operator must read the manufac-
turer's recommendations and follow them as they pertain to
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each installation. The following maintenance points should be
considered:

1. Lubricate bearings, chains, and drive units as recom-
mended.

2. Wash down daily aid maintain good housekeeping prac-
tices.

3. Dewater sump monthly (or as needed) and remove solids
and oetwic.

4. Inspect microfabric condition monthly.

5. Clean algae and slime growth with chlorox or bactericidal
soap.

6. Clean grease and oil from microfabric with hot water or
steam. CAUTION. Do not clean PLASTIC microfabric with
steam. Use only hot water (120°F or 49°C) to remove
grease. Steam may damage plastic microfabric.

4.23 Safety

Always think safety when working around mechanical
equipment. Lock out and tag the drive units before working on
the motor, the drive units, the drum or any electrical system.

When cleaning with an acid wash or a chlorine solution,
wear protective clothing. This includes rubber aprons, rubber
gloves and boots, and face shield and eye goggles if splashing
of the chemical may occur.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 332.

4.2G What kinds of abnormal conditions could you en-
counter when operating a microscreen9

4.2H What problems are caused by high or low pH levels
when operating a microscreen?

END OF LESSON 2 OF 4 LESSONS
ON

SOLIDS REMOVAL FROM SECONDARY EFFLUENTS
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DISCUSSION AND REVIEW QUESTIONS
(Lesson 2 of 4 Lessons)

Chapter 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

Write the answers to these questions in your notebook be-
fore continuing. The question numbering continues from Les-
son 1.

9. How do microscreens remove particles smaller than the
actual opening; of the fabric?

10. What is the impact of microscreens on the solids handling
facilities of a treatment plant?

11. Why is a pre-start inspection important before starting any
major piece of equipment?

12. What operatisnal action would you consider taking if a
microscreen had to handle higher-than-design flows and
solids loading?

CHAPTER 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS
(Lesson 3 of 4 Lessons)

4.3 SOLIDS REMOVAL FROM SECONDARY
EFFLUENTS USING GRAVITY FILTERS

4.30 Gravity Filters

4.300 Use of Filters

Gravity filtration is second only to gravity sedimentation for
the separation of wastewater solids. This same process, using
deep-bed filtration and granular media, has long been used in
municipal and industrial water supplies. However, these sys-
tems are more frequently used for domestic water supplies that
have much lower suspended solids concentrations than found
in the effluent from secondary wastewater treatment plants.

4.301 Description of Filters

Applied water generally flows through wastewater filters
from top to bottom. The applied water is distributed evenly
over the surface of the filter media thru an inlet distribution
system. This may be the same system as that used to
uniformly collect the dirty backwash water.

The water travels through the filter media where the solids
are trapped. The filter bed may be made up of one or several
materials and/or several grades of materials. This is deter-
mined by the designer based primarily upon tie quality of
the applied water.

The underdrain system is designed to collect the filtered
water uniformly throughout the bed. It also is used to
uniformly apply 'ha backwash water during backwashing.
The system de must prevent the filter media from
passing into the underdrain system, thereby being lost from
the bed.

A surface wash system is benoficial dui ing backwashing
to scrub the surface mat, thus breaking it up with minimum
a.nounts of water. In some installations air is used in place of
surface washing as a means of breaking up the accumulated
solids.

Valves control the volume, direction and duration of flows
through the unit.

Instruments are used to monitor ari record the volum3s
and quality of the water being processed through the
filtering system.

4.302 Filtering Process
Water to be treated enters at the top of the filter bed through

an inlet valve and is distributed over the entire filter surface.
The water passes evenly down through the media (sand) and
leaves the solids behind. Filtered water then travels out the
bottom of the filter and into the underdrain collection system
which is designed to uniformly collect the flow. Once inside the
underdrain collection system, the water passes through a flow
meter and rate-control valve. The rate-control valve maintains
the desired flow thrr Jgh the filter and prevents backwash
water from entering the filtered water dunng backwashing.

Most filters operate on a batch basis whereby the filter oper-
ates continuously until its capacity to remove solids is reached.
At this time it is completely removed from service and cleaned.
Other designs are available that filter continuously with a por-
tion of the media always undergoing cleaning. The cleaning of
the media may take place either externally or in place.

4.303 Backwashing Process

As suspended solids are removed from water, the filter
media becomes clogged. This is indicated by a heed loss read-
ing. Through operating experience, the maximum head loss
before backwashing will be determined. The filter should be
backwashed after tne solids capacity of the media has been
met, but before solids break through into the effluent.

Backwashing consists of closing valves to stop influent flow
and to protect the filtered water. Backwash water either flows
by gravity or is pumped to the filter. This water flows through
the underdrain system and back through the media. As the
water flows through the media, the sand particles are lifted and
are cleaned by rubbing against each other The solids retained
by the media are washed away with the backwash water and
the media has been cleaned.

If the media is cleaned externally, the media is removed from
the filter bed, cleaned in a separate system and recycled back
into the bed. In-place cleaning involves washing a small sec-
tion of the filter bed with a traveling backwash water or air-
pulsing system while the remainder of the bed remains in serv-
ice.

QUESTIONS
Write your answers in a notebook and then compare y'ur

answers with those on page 333.

4.3A When should a gravity filter be cleaned'

4.3B Do most filters operate on a batch c,r on a continuous
basis'?
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4.31 Methoes of Filtration

4.310 Filter Types

Most filters used in wastewater treatment are "rapid sand"
filters (Figure 4.16). They also may be called "downflow"
(water flows down through the bed) or "static bed" (bed does
not move or expand when filtering). These filters operate
continuously until they must be shut down for backwashing.
Other designs, such as the upflow and the billow, are on the
market. Both of these designs are attempts to use more of
the filter media, thereby removing and holding more solids
per filter run.

In the upflow filter (Figure 4.17), water enters the bottom
and is removed from the top. The billow system has water
applied at both the top and bottom and water .a withdrawn from
the interior of the bed. Filters are always backwashed in an
upflow direction regardless of the operating flow direction.

4.311 Surface Straining

Downflow filters are designed to remove suspended solids
by either the surface-straining method or the oepth-filtration
method. In surface straining the filter is designed to remove the
solids at the very top of the media. The fine grade-sized media
is uniform throughout the bed. Because of this conformity,
surface-straining systems will have a rapid head loss buildup,
short filter runs, and they must be backwashed frequently.
There are, however, no problems with breakthrough of solids.
The solids comprew; into a mat at the surface which aids in
removing solids; however, the mat is difficult to remove during
backwashing Backwashing, although needed more fre-
quently, requires less water per wash than does a depth-
filtration system.

4.312 Depth Filtration

Depth filtrat:on is designed to permit the solids to penetrate
deep into the media, thereby capturing the solids within as well
as or the surface of the media Depth ltration will have a
slower buildup of head loss, but solids will break through more
readily than with surface straining.

To reduce breakthrough, yet retain aepth filtering, the
multi-media design is used. This combines a fine, denser
media (sand) on the bottom with a coarse, lighter media
(anthracite coal) on the top (Figure 4.18). Tho coarse mea a
remove large solids that would quickly clog finer media. Ths
fine media will surface-strain solids that penetrate the full depth
of the coarse media bed thereby preventing a breakthrough of
solids. The filter is designed to prevent the fine media from
escaping unless the head loss becomes too great.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 333.

4.3C

4.3D

What is meant by the following terms that are used to
describe "rapid sand" filters'?

1. Downflow

2. Static bed

From what part of the filter are solids removed by

1, Surface straining'?

Depth filtration?
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4.32 Location of Filters in a Treatment System

In wastewater treatment, the filters may be used in the
following modes (Figure 4.19):

1 To polish secondary effluent without the addition of chemi-
cals as filter aids just ahead of the filters,

2. Tc polish secor .,ary effluent with the addition of chemicals
as filter aids just ahead of the filters,

3 To polish secondary effluent that has been chemically pre-
treated and settled, and

4, To polish raw wastewater that has undergone coagulation,
flocculation and sedimentation in a physical-chemical
treatment system.

4.33 Major Parts of a Filtering System (Figure 4.20)

This section describes the major parts of a filtering system
and also how each part works or functions during the filtration
process.

4.330 Inlet

The filter inlet gate allows the applied water to enter the top
of the filter media. When closed it will permit emptying the filter
for backwashing or maintenance.

4.331 Filter Media

The filter media selection is one of the most important de-
sign considerations. Filter beds are made up of silica sand,
anthracite coal, garnet or ilmenite. Garnet and ilmenite are
commonly used in multi-media beds.

Because of rapid plugging, the conventional single-media
filter bed commonly used in potable water systems is gener-
ally unsatisfactory in removing solids from wastewater.

To lengthen filter runs and use the lull bed depth, the dual-
and multi-media filters are used. A layer of coarse media
(anthracite) is placed over finer, dense material (sand or gar-
net). The coarse layer allows deep penetration of tha solids
into the bed causing a minimum of head loss. The fine mate-
rial prevents breakthrough of solids into the effluent.

4.332 Filter Underdrains (Figure 4.21)

The filter underdrain system is designed to contain the
filter media within the bed and to maintain uniform water
flows through the entire bed during both filtering and back
washing.

4.333 Filter Media Scouring

If the filter media is not cleaned thoroughly at each
backwashing, a buildup of solids will occur. The end result of
incomplete cleaning is the formation of "mud balls" within the
bed. These mud balls settle to the filter bottom and in time
require rebuilding the entire bed. "Surface wash" and "air
scour" are two systems used to improve cleaning of the media.

The surface wash system consists of either fixed or rotating
nozzles installed just above the media. During a backwash, the
bed expansion places the nozzles within the media where
hic,h-pressure water jetting out of thl nozzles will agitate and
clean the surface. Because these wash systems are designed
primaiily to break up the surface mat, deep filtering beds need
nozzles placed deeper within the media.
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Fig. 4.17 Cross section of upflow filter
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The air scour system injects air into the bottom of the bed.
This agitates the entire bed, yet requires no additional wash-
water. Care must be taken to prevent air and water flowing at
the same time, or the media will be washed out and lost.

4.334 Washwater Troughs

During backwashing, the accumulated solids strained out by
the filter media are carried out of the filter bed via the
backwash water troughs. The trouyIi* must be level to uni-
formly collect ant, withdraw the backwash water This wil' help
prevent dead spots (short-circuiting) during the backwash op-
eration.

A smooth trough surface, ''.ich as fiberglass, will reduce
routine cleaning; however, fioerglass troughs may be dam-
aged more easily by the weight of the backwash water than
steel or concrete troughs. Filter troughs, particularly fiberglass,
must be well anchored to assure that they will not warp or
attempt to float during backwashing. They also must be de-
signed to withstand the weight of water if filled when there is no
water over the bed.

4.335 Backwash Water Drain

In a wastewater treatment plant, the filter drain allows the
backwash water to leave the filter and return to the plant
headworks for reprocessing. This drain must be opened before
the backwash water flow begins, but rrt before the water is
filtered down below the level of the backwash trough. If the
drain opens while the filter is still full of applied water, the water
above the troughs will needlessly be recycled back through the
plant

The drain should be closed completely before the inlet valve
is opened or applied water again will be wasted.

4.336 Backwash Water Supply

The backwash water is usually water that has gone through
the complete treatment process and is of the best quality avail-
able If non-filtered water is supplied to the backwash system,
clogging of the unde-lrain system may occur.

Filter backwashes require large volumes of water over a
short period of time; thy 'ore, small- to medium-size plants
need a washwater stor, eservoir. Water from the chlorine
contact tank commonly :, used.

Large filters are often split in half to reduce the size of pumps
and piping required for backwashing. This also can reduce Q.,:
water storage requirements because a pause between wash-
ing the two halves will provide time to refill the storage reser-
voir.

Sectional filters (Figure 4.22), designed to backwash one
small section ?t a time, do not require a large backwash
water storage supply. These filters used pumped water as it
is being filtered through other sections.

4.337 Backwash Water Riga Control

The backwash water may be supplied through pumps or by
gravity from a storage tank. Both methods require careful con-
trol of the flow rate.

Backwash water s..,pplied through pumps will maintain a
more constant flow over the entire wash cycle than wast-iwater
from gravity storage. Water supplied from storage tanks may
require adjustment of the rate-control valve to maintain con-
stant flows as the storage tank level orops, due to a decrease
in tha available pressure head on the backwash water.

4.338 Used Backwash Water Holding Tank

The filter backwash water contains solids concentrated
from many gallons of applied water. Because of the high
solids concentration, this water must be retreated in the
treatment process. Since the backwash flow rates are very
high, they must be dampened through a holding tank to
avoid hydraulic overloads on the treatment plant. If these
high flows are returned directly to the headworks in all
except the very large plants a hydraulic overload will occur
which will upset the treatment process and flow pacing
system. A filter system designed to backwash like the
sectional filter may avoid the need for a used backwash
water holding tank. A holding tank is generally provided to
prevent plant overloads. The tank is filled during the back-
wash operation and slowly emptied into the plant headworks
between washings. Some improvement in primary settle-
ment may be noted because of this recycled water.

4.339 Effluent Rate-Control Valve

A valve automatically controls the filtered water flow
leaving the bed. The effluent rate-control valve is designed
to maintain a constant water level in the filter. When operat-
ing a clean filter, this valve will be closed down restricting the
flow. As the head loss through the media increases, this
valve must open niore to maintain a constant flow. This valve
must be closed during filter backwash to prevent backwash
water from mixing with previously filtered water.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 333.

4.3E What kind of material is used for filter media?

4.3F What can happen if the filter media is not thoroughly
cleaned during each backwashing9

4 3G Why should the backwash water be of the best quality
available?

4 3H What is the purpose of a used backwash water hold-
ing tank?

4.34 Filter System Instrumentation

Instrumentation is essential for all but the small package
plant installations. Instrumentation associated with filtering is
used to monitor the plant performance, to operate the plant in
the absence of the operator and to tngger an alarm if abnormal
conditions develop. The system may be simple or very com-
plex and, depending on the facilities, each has its place.

Instrumentation, just as all eruipment, is only as useful as
allowed by the quality of maintenance. Stated another way, if
there are intermittent errors in a flow -meter signal and they are
not corrected, then the operator cannot trust any of the
readings and must disregard all of them. The usefulness of the
instri inient is then very limited.

Comments regarding instrumentation in the following sec-
tions are applicable to plants of all sizes

4.340 Head Loss

Head loss is one of the most important control guidelines in
the operatic ' of the rapid-sand filter. Each filter or filter hal:
requires a head loss indicator, preferably one with a read-out
chart. This will indicate the present condition of the bed, its
ability to remove solids, and the effectiveness of the backwash
operation.
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Head loss is determined by measuring the water pressure
above and below the filter media (see Figure 4.16, page 302).
With the filter out of service, the pressure will be the same
(zero difference).

When water flows through the bed, the pressure below the
media will be less than the pressure above the media (when
the pressure levels are measured or read at the same eleva-
tion). Measured in feet (or meters) of water, the difference
becomes the head loss.

As the media bed becomes filled with solids, the head loss
becomes greater. There is a point at which little or no water
can pass through the filter. The operator wants the head loss to
always be less than at that point; therefore, the filter backwash
control point must be less than the maximum design head loss.

A typical set point to start backwash is at 7.0 feet (2.0 m) of
head loss. If a filter is operating with a 6.0-foot (1.8 m) head
loss, the operator knows the filter will need washing soon. If
after washing the head loss is 4.0 feet (1.2 m), this indicates n
very poor washing or it may indicate a malfunctioning instru-
ment. After a proper washing, the head loss should be less
than 0.5 feet (0.15 m) at start-up. The head loss will then slowly
increase to the point where backwashing is required again.

4.341 Filter Flow-Rate and Totalizer

Each filter or filter half requires a flow indicator and totalizer
on the filtered water line. This is needed to determine proper
filtering rates (gal/min/sq ft or liters/sedsq meter). Also, with
the total volume filtered and the volume of backwash water
used, the percent of production (filtered) water used for
backwashing can be calculated. This is important because ex-
cessive wash water usage is costly and must be controlled.
The backwash water should average 5 to 10 percent of total
water production.

4.342 Applied Turbidity

A continuous-reading turbidimeter with read-out char: on the
applied water is useful in monitoring the performance of the
secondary settling tanks. This read-out will alert the operator to
pending problems if the turbidity suddenly increases. With ex-
perience, chemical dosages can be adjusted as turbidity
changes.

4.343 Effluent Turbidity

A continuous reading of turbidity with a chart on the filter
effluent will monitor the filter performance. A sudden in-
crease may indicate a filter breakthrough (cracked bed) and
may be used or instrumented to sat off alarms if specified
limits are exceeded. One turbidimeter unit, with proper
valving, may be used to monitor more than one filter.

4.344 Indicator Lights

Indicator lights are beneficial to operators in keeping track of
the filter system. Lights can easily indicate which filter is in
service, out of service, or backwashing. They can indicate if
filter pumps, wash water pumps or air blowers are running, out
of service or on standby and ready to run. Indicator lights can
be used with the alarm system to show abnormal conditions.

4.345 Alarms

Alarms needed to alert the operator should include high
applied water level, high turbidity and pump malfunctions.
Backwash water supply and holding tanks bott, need high
water level alarms.

All alarms should be tested for proper functioning at !east every
60 days.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 333.

4.31 How is the head loss through the filter media deter-
mined?

4.3J How often should filter system alarms be tested for
proper operation?

4.35 Operation of Gravity Filters

4.350 Pre-Start Checklist

Before starting up any major system, such as gravity filters,
a thorough check of each component must be made to prevent
damage to the equipment and/or injury to personnel. The fol-
lowing ;toms should be included in your checklist for starting
filtering systems.

1 Be sure all construction debris has been removed. Wood
scraps, concrete chips, nails and other trash can damage
equipment such as pumps and valve seats. Trash
dropped into the filter media will work its way to the bot-
tom, thus reducing the effective area of the filter.

2 Inspect the electrical installation for completeness. Check
safety lockouts, safety covers and equipment overload
protections.

3. Check motors and drives for proper alignment, for proper
safety guards, and for free rotation.

4 Examine motors, drive units and bearings for proper lubri-
cation.

5. Check motors for proper rotation. (A three-phase motor
may run in either direction.)

6. Inspect pumps and motors for excess,ve vibration.

7. Fill tanks and piping and look for leaks.

8 Open and dose valves manually and run each valve
through a complete cycle to check limit setting.

9. Put the automatic controls through a "dry run."

10. Inspect the total system for safety hazards.

11. Backwash the media several times. Skim the fines from
the surface between each washing prior to placing filter
into service.

4.351 Normal Operation

Since most wastewater gravity filters are deep-bed.
downflow, rapid-sand type filters, this section will present in-
formation based on them. Nevertheless, most of the informa-
tion can be applied to other filter designs with some possible
modifications.

FILTERING

The applied water enters at the top of the filter bed through
an inlet valve and is distributed over the entire filter surface.
The water passes evenly down through the media and leaves
the solids behind. Filtered water then travels out the bottom of
the filter and into the underdrain collection system which is
designed to uniformly collect the flow. Once inside the under-
drain collection system, the water passes through a flow meter
and rate-control valve. The rate-control valve maintains the
desired flow through the filter and prevents backwash water
from entering the filtered water during backwashing. Success-
fi ! filter operation depends on effective backwashing of the
filter media.
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BACKWASHING

As suspended solids are removed from water, the filter
media becomes clogged. This is indicated by the head loss
reading (Figure 4.16, page 302). Through operating experi-
ence, the maximum head loss before backwashing will be
determined. The filter should be backwashed after the solids
capacity of tne media has been met, but before solids break
through into the effluent.

By maintaining complete records, the operator can monitor
the filter efficiency and determine if the backwashings are
adequate.

Backwashing a filter manually, although sometimes neces-
sary, is very time-consuming; moreover, manual backwash-
ings are inconsistent. Automatic backwashing, on the other
hand, can be a simple procedure which requires a minimum of
operator time.

To maintain smooth operations, the automatic backwash
cycle should be initiated by the operator. This mode of opera-
tion permits the operator to backwash at a convenient time
thereby allowing time for keeping records current and complet-
ing the necessary maintenance duties. Automatically starting
backwashes, although workable in a large system, can be very
inconvenient to the operation of a small system.

At the start of the backwash cycle, the rate-control valve
must be opened slowly to a low-rate of backwash. This pre-
vents damaging the underdrain system or disturbing the rock
and gravel layers of the bed. This damage can occur when an
empty bed has high backwash water flows suddenly injected
into it or if trapped air in the piping and underdrain system is
violently forced into the bed. After the air has been purged and
the water level is up to the washwater troughs, the bed can no
longer be damaged by high backwash rates.

Some plants use an air scouring system to clean the filter
media. The air scour system injects air into the bottom of the
media bed. This agitates the entire bed, yet requires no addi-
tional washwatei . Care must be taken to prevent air and water
flowing at the same time, or the media will be washed out and
lost.

To prevent the loss of filter media into the backwash troughs:

1 Draw the water -level in the filter down to within a few inches
over the top of the filter media,

2. Pause a moment after air washing before starting the water
wash,

3. Wash with a low water-flow rate until the trapped air has
escaped the filter media, and

4. Never backwash a filter with water containing large
quantities of air.

The media becomes intermixed during the nigh agitation of
air scrubbing or high-rate backwashing. With proper control,
however, the media will automatically regrade due to the dif-
ference in specific gravities of the particles.

By design, the filter media is prevented from escaping into
the underdrain system; nevertheless, operational care must
be taken to prevent damaging the underdrains while back-
washing or the filter media will be lost into the underdrain
collection system.

Uniform water flow through the filter bed is important to
prevent the breakthrough of sc:ids in the effluent due to
localized high velocities. Also, high velocities will cause the
media to be disturbed and relocated if the backwash flow is
not uniform througt....ut the bed.
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The following situations indicate a disturbed or damaged
filter underdram:

1. Consistently poor quality effluent (high suspended solids
levels) while there is little buildup of the filter head loss.

2. Boiling areas and very quiet ("dead") areas of the filter
media during backwashing. This is most noticeable during
high wash rates in a nearly clean filter.

3. Filter media in the effluent.

Improper control of the system dunng backwashing is gen-
erally the cause of damaged filter bottoms, providing they were
properly installed. Damage to the filter bottom could result if:

1. The maximum backwash rate is allowed to enter into an
empty filter, or

2. A large volume of air preceded the maximum backwash
rate causing a WATER HAMMER.9

The only way to correct a damaged filter bottom is to remove
the media and rebuild the bed. A bed with the media displaced
to a minor extent may be corrected by extended and properly
controlled backwashing. This will regrade the media.

After backwashing, the filter normally has water up to the
sides of the troughs. To fill the remaining portion of the filter,
open the inlet valve. If the filter has been drained for mainte-
nance, fill the filter, as if you were starting to backwash, up to
the top of the sides of the troughs. Now you can fill the filter
using the inlet valve. Be sure to waste some of the filtered
water at the start until completely filtered and clear water is
leav,ng the filter. An empty filter should not be filled through the
inlet valve because the water falling onto the media will disturb
the bed and result in uneven fdtenng. Also, tilling the backwash
troughs with water in an empty filter will place an unnecessary
load (weight of water) on the troughs.

After the filter media is clean, the backwash water flow is
slowly reduced This permits the media to regrade itself
through gravity settling. The heavier particles (gravel, garnet,
sand) will settle to the bottom first and as the uplift velocities
reduce, the lighter particles (anthracite coal) will settle, thereby
regrading the filter bed back to its original placement. This
regrading must occur at the end of each backwash cycle.

When the used backwash water holding tank is empty, the
tank should be inspected. A check observation of the solids
settled on the bottom of the empty holding tank will alert the
operator to any loss of filter media due to improper backwash
procedures, suct. as excessively high flow rate or short-
circuiting.

By analyzing the records and observing the complete
wash cycle, the operator can determine if the backwashing
sequence is adequate. If highly turbid water is still in the bed
at the end of the cycle, experiment with one or all of the
following:

1. Adjust the media scouring time,

2. Adjust the low wash rate,

3. Adjust the high wash rate,

4. Adjust the time of regrading the media, and/or

5. Backwash more frequently by beginning to wash at a lower
head loss.

5 Water Hammer. The sound like someone hammering on a pipe that occurs when a 1 alve is opened or closed very rapidly When a valve
position is changed quickly, the water pressure in a pipe woe ,ncrease and decrease back and forth very quickly This rise and tall in
pressures can do serious damage to the system.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 333.

4.3K Why should a pre-start check be conduct,A before
starting filtering systems?

4.3L What is the purpose of the rate-control valve?

4.3M When should a filter be backwashed?

4.352 Abnormal Operations

Following is a list of conditions that are not normally found in
the day-to-day operation of filtration systems; however, these
conditions could occur at almost any time. Recommendations
are added to aid you in adjusting to the situation.

1. High solids in the applied water due to bulking sludge,
rising sludge, or solids washout in the secondary clarifier

a. Run JAR TESTS'° and adjust chemical dosage as
needed.

b Place more filters in service to prevent breakthrough.

c Prepare to backwash more frequently.

2. Low suspended solids in applied water; however, solids
pass through filter.

a. Run jar tests and adjust chemical dosage as needed
Test a combination of chemicals and polyelectrolytes

b Place more filters in service to reduce velocity through
the media.

c. Backwash filter and pre-coat clean filter with FILTER
AID."

3 Loss of filter aid chemical feed

a. Place more filters in service to reduce velocity through
media

b. Backwash more frequently.

c Pre-coat clean filters by hand feeding chemicals into
them when first placed into service.

4. High wet weather peak flows.

a. Place more filters in service.

b Run jar tests and adjust chemical dosage as needed

c Prepare for peak daily flows by backwashing early

5. Low applied water flows.

a. Reduce number of filters in service. Run one-half of a
filter at a time.

b. Prepare to take one filter out of service and backwash
when flow or head loss increases, thereby preventing
breakthrough

6 High color loading.

a Run jar tests and adjust chemical dosage as needed.

b. Add chlorine to applied water.

c. Usually color cannot be removed with filtration; con-
sequently the problem must be corrected at the
source.

7. High temperature.

a. Run jar tests and adjust chemical dosage as needed

b. Prepare for AIR BINDING12 of filters because water
will release gases more readily at higher tempera-
tures.

c. Place more filters in service to reduce head loss
through the media.

d. Increase backwash water flow rates to obtain the
same bed expansion as used when backwashing
with colder water.

8. Low water temperatuie.

a Run jar tests and adjust chemical dosage as needed.

b Prepare for air binding of filters as cold water will carry
more gases to the filters. Backwash more frequently if
air binding occurs.

c. Place more filters in service to reduce head loss
through filter media.

d. Reduce backwash water flow rates to obtain the
same bed expansion as used when backwashing
with warmer water.

9. Air binding.

a

b.

Backwash at a lower head loss

Place more filters on line to reduce head loss through
media.

c. Take filter out of service and allo.N lir to escape to
the atmosphere. This will reduce head loss; howev-
er, if placed back into service without backwashing,
solids will likely be drawn through the media and into
the effluent. These solids may or may not cause a
problem.

10. Negative pressure in filter.

a Reduce flow through the filter by adding additional
units

b. Backwash at a lower head loss

c Skim surface of media (about one-half inch or 1 3 cm)
to remove fines.

d. Prevent filter from running at a low filtration rate.
This builds a mat on the media surface and then
sharply increases the head loss if a higher rate of
water flows through the filter.

e A negative pressure within the filter will cause a false
reading from the differential pressure sensor.

10 Jar Tests A laboratory procedure that simulates coagulation.'flocculation with differing chemical doses Thepurpose of the procedure is to
ESTIMATE the minimum coagulant dose required to achieve certain water quality goals Samples of water to be treated are placed in six
jars Various amounts of chemicals are added to each jar, stirred and the settling of the solids is observed. The lowest dose of chemicals that
provides satisfactory settling is the dose used to treat the water.

" Filter Aid A chemical (usually a polymer) added to water to help remove fine colloidal suspen red solids
12 Air Binding The clogging of a filter, pipe or pump due to the presence of air released from water
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11. High BOD and COD.

a. Handle same as high suspended solids.

b. Chlorinate applied water.

12. High coliform group bacteria levels.

a. Chlorinate applied water to increase contact time

b. Place additional units in service to increase contact
time.

c. Run jar tests and adjust chemical dosage as needed
to reduce suspended solids.

13. Chlorine in applied water.

a. Discontinue adding polvelectrolytes as chlorine will
interfere with them.

b. Run jar tests and adjust chemical dosage as needed.

14. pH change in applied water.

a. Run jar tests and adjust chemical dosage as needed

b. Change type of filter aid if necessary.

15. High grease and oil in applied water.

a. If in solution, they will pass through media.

b. If riot in solution, they will be trapped in the bed, thus
requiring extra hosedown during each backwash.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 33"..

4.3N List at least five of the various types of abnormal
operating conditions that could occur while operating
a filtration system.

4.30 How would you adjust to a situation in which you were
treating a high solids content in the water applied to a
filter?

4.353 Operational Strategy

The development of an operational strategy for the filtration
of wastewater will aid in dealing with situations such as sudden
changes in applied water, in training new operators or in plan-
ning for the future. Following are points to consider when
developing or reviewing your plans.

1. Maintain the filtering rates within the design limits. Add
units or remove them from service as r eeded. Very low
filtering rates will produce matting or the surface. This
matting will cause breakthroughs if the lows are increased
sharply. Excessively high rates will pull the solids through
the filter and into the effluent.

2. Each backwash must be a complete cleaning of the media
or solids will build up and form mudballs, or cause the
media to crack.

3. To remove mudballs, first backwash thoroughly. Then
super chlorinate manually and draw the chlorinated water
into the filter media. Allow this chlorinated water to stand
for 24 or 48 hours to soak the mudballs and finally
backwash thoroughly again.
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4. Run jar tests to maintain optimum chemical dosages. As
the applied water quality changes (solids, alkalinity, tem-
perature), the filter aid requirements will change. The
operator must be aware of the changes and the effective-
ness of the chemicals applied.

5. With complete backwashing, a high quality effluent can
be maintained without filtering to waste before placing
the filter sack into service.

6. If the effluent turbidity reaches 3 to 4 TURBIDITY UNITS,13
a change should be made to correct the problem. Either
adjust chemical dosage, adjust flow rate or backwash the
filter.

7. Filter walls that are constructed with a smooth surface
(sacked) or painted with a good sealant are easy to keep
clean. A rough surface provides an excellent area for
algae and slimes to grow.

8. Controls and instrumentation must be protected from
the eiemeas. Cabinets that are opened to adjust instru-
ments must be out of the rain, dust and extreme heat.

9. Air used to operate instruments or transmit signals must
be CLF4NED AND DRIED to prevent damaging the
equipment.

10. Every three or four months, measure and record the
freeboard to the filter media surface (Figure 4.23). A
small amount of media loss is normal, but an excessive
amount (2 to 3 inches or 5 to 7 centimeters) indicates
operational problems.

11. After the filters have been in service for some time, obtain
a profile of the media to determine if it is being displaced.
A plug sample will show if the media are being regraded
after each backwash.

12. When landscaping around uncovered filters, keep trees
and shrubs that will drop leaves into the bed away from the
filter because leaves are very difficult to backwash out of
the media.

13. Never throw trash such as cigarette butts into the filter
media. Trash may not backwash out and instead may
work its way deep into the media.

14 Occasionally chlorinate ahead of the filters to control algae
and slime growths on the walls and within the media
There will be a short period of discolored effluent after the
initial application, but the water will turn clear in a short
while.

15. Calculate the unit cost to treat wastewater Apply this cost
to the volume of water used per backwash. Inform all
operators of this because it may easily cost in excess of
$100 per filter wash.

16. Always fill an empty filter bed through the backwash sys-
tem to prevent disturbing the media surface If an empty
filter is filled through the influent valve, water will flow into
the washwater troughs aver the top edges and onto the
top of the media. The force of this falling water will disturb
the media.

17. Allow dry filter media to soak several hours before
backwashing. Dry media will tend to float out with the
backwash water.

13 Turbidity units. Turbidity units are a measure of the cloudiness of water. If measured by a nephelometric (deflected light) instrumental
procedure, turbidity units are expressed in nephelometnc turbidity units (NTU) or simply TU. Those turbidity units obtained by visual
methods are expressed in Jackson Turbidity Units (JTU) which are a measure of the cloudiness of water, they are used to indicate the
clarity of water. There is no real connection between NTUs and JTUs. The Jackson turbidimeter is a visual method and the
nephelometer is an instrumental method based on deflected light.
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18. Maintain a log (Figure 4.24) of the filtering operation
which includes the following:

a. Time filter was placed into sc vice and total hours run
between washings,

b. Volume of water processed between washings,

c. Applied water rate at start and end of filter run,

d. Head loss at start and end of filter run,

e. Applied suspended solids and BOD,

f. Effluent suspended solids and BOD,

?or -ant removal of suspended solids and BOD,

Chemicals added as filter aids, mg/L,

1. Chlorine added to applied water, mg/L,

j. Remarks of special observations and maintenance,

k Backwash water flow rates and duration,

I. Surface wash flow rate and duration, and

m. Influent and effluent turbidity.

9.

h.

4.354 Shutdown of a Gravity Filter

If the filter is to be out of service more than a week, d should
be dewatered and air dried. This will help control slime and
algae growth on the walls, troughs and within the media Dried
algae can be hosed from the walls prior to backwashing and
returning to service.

To remove a filter from service, switch controls tc the manual
mode of operation arid then:

1. Close the influent valve,

2 Filter all the water possible through the rate-control valve,
and

3. Open the drain valve.

Hose down and backwash the filter before returning it to
service.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 333.

4.3P How would you determine if media are being lost from
a filter?

4.3Q Why should trees and shrubs be kept away from un-
. covered filters?

4.36 Troubleshooting

PROBLEM: HIGH TURBIDITY AND SUSPENDED SOLIDS IN
THE EFFLUENT.

1. Check for excessive head loss. Breakthrough will occur at a
high head loss.

2. Look for fluctuating flows. Widely varying flows will cause
breakthrough.

3. Determine filter aid dosages.

4. Examine backwash cycle for complete wash.

5 Inspect for damaged bed due to backwashing
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PROBLEM: RAPID BUILDUP OF HEAD LOSS.

1. Check applied water suspended solids.

2. Check filter aid dosage.

3. Determine applied water flrw ;ate.

4. Check backwash cycle for complete wash

5. Lisped head loss differential pressure sensor for air in one
side. This will give a false reading.

PROBLEM: INSIGNIFICANT BUILDUP OF HEAD LOSS.

1. Check applied water suspended solids.

2. Check applied water flow rate.

3. Determine filter aid dosages.

4. Check head loss differential pressure sensor for air in one
side. This will give a false reading.

5. Examine filter effluent for suspended solids going out (filter
breakthrough).

6. Inspect for damaged bed due to backwashing.

7. Backwash and check for complete cycle.

PROBLEM: RAPID LOSS OF FILTER MEDIA.

1. Look for washc t during backwash cycle.

2 Examine for media in effluent indicating a damaged filter
underdrain.

3. Check for excessive scouring during backwash cycle time.
Excessive scouring will grind the media into fines.

PROBLEM. HIGH HEAD LOSS THROUGH CLEANED
FILTER.

1. Inspect differential pressure sensor for air in one side.

2. Check for incomplete backwash cycle.

3. Look for mudballs in filter media. Take a plug sample.
(Fig. 4.23, page 314.)

PROBLEM: FLOW INDICATED WHEN EFFLUENT VALVE
IS CLOSED.

1. Inspect differential pressure sensor for air in one side.

2. Check instrumentation loop for calibration.

3. Examine valve for proper position.

PROBLEM: BACKWASH STOPS BEFORE COMPLETING
CYCLE.

1. Look for sticking valve.

2. Inspect for electrical relay hang-up.

3. Check for timer out of sequence.

4. Examine backwash water supply.

5 Inspect electrical cont.n1 (pump lock-out)

4.37 Safety

Always think safety when working around moving equipment
and motors with automatic controls. Filtration systems have
electrical, chemical and mechanical safety hazards. Operators
are usually well protected from electrical hazards; however,
there are times when opening a panel to look for trouble or to
adjust a timer may expose you to electrical hazards. Always
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use safety equipment (rubber electrical gloves, voltage test
meters, fuse pullers, and lock-out switches) and approved
safety procedures when working with electricity.

Chemical hazards include chemical bums and skin irritation
from direct contact with chemicals. Also, there is the hazard of
slipping and falling caused by chemical spills. Good house-
keeping will reduce the safety hazards caused by chemicals.

Mechanical hazards associated with filters are similar to
those found throughout the treatment plant. Safety guards
must be in place, equipment operated automatically must be
identified by warning signs, and work areas should be well
lighted.

4.38 Review of Plans and Specifications

While reviewing the plans and specifications of a gravity
filtration system, you should consider the items listed in this
section.

1. Filters require regular servicing, therefore, p,ovisions must
be made to handle the normal flows during periods of
servicing. Regular ma.citenance includes servicing of
valves, instruments and filter media.

2. The quality of the water applied to the filters must be con-
sidered when a filtering media is specified A high sus-
pended solids content in the applied water will quickly plug
a fine-media filter, thereby requiring frequent backwash-
ing.

3. Install sufficient instrumentation to adequately monitor the
process and tu determine operating efficiencies. Include
instrumentation to measure and record applied flows,
backwash flows, head loss, and water quality before and
after filtration

4. Be sure that each step in the automatic system is com-
plete before the following or next step can begin

5 Provide a means to reset the automatic system ,f the
backwash cycle is interrupted.

6 Keep the automatic backwashing system uncomplicated,
especially in small plants. The operator should be on hand
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at the start of a filter backwash cycle. Housekeeping
chores can be performed while keeping an eye on the filter
washing process.

7. Install instruments out of the weather and well protected
from the weather. Even weather-proof cabinets must be
opened dunng the maintenance and servicing of instru-
ments and equipment.

8. Install the instruments' read-out meters, charts and gages
in a convenient and centralized location.

9. Separate and shield instrumentation signals from all high
voltage (110 volts and highei) and from other equipment
noise that may be picked up by the instruments as a false
signal.

10 Provide adequate storage for chemicals A minimum sup-
ply of chemicals must be on hand even while waiting for a
full shipment.

11 Provide adequate storage for both the backwash water
supply and the used backwash water

12. When reviewing designs for the future, keep today's flows
in mind. Equipment operating below 10 percent capacity
may be useless for years.

13. Visit similarly designed plants that are currently in opera-
tion and talk to the operators regarding possible design
improvements.

QUESTIONS
Write your an vers in a notebook and then compare your

answers with those on page 333.

4.3R What are the three main types of safety hazards
around filtration systems?

4.3S When reviewing plans and specifications for a filtration
system, instrumentation should be available to mea-
sure and record what items?

1 37. Where should the instrume,lis read out meters,
charts and gages be installed?

END OF LESSON 3 OF 4 LESSONS
ON

SOLIDS REMOVAL FROM SECONDARY EFFLUENTS
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DISCUSSION AND REVIEW QUESTIONS
(Lesson 3 of 4 Lessons)

Chapter 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

Write the answers to these questions in your notebook be-
fore continuing The question numbering continues from Les-
son 2.

13. Why are multi-media filters used?

14. How can a filter bottom be damaged?

15. What is the purpose of instrumentation used with a filter
system?

16. How does a rapid-sand filter work?

17 Why should you attempt to maintain filtering rates within
the design limits?

18 How would you remove a gravity filter from service?

CHAPTER 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

By Ross Gudgel

(Lesson 4 of 4 Lessons)

4.4 SOLIDS REMOVAL FROM SECONDARY
EFFLUENTS USING INERT-MEDIA PRESSURE
FILTERS

4.40 Use of Inert-Media Pressure Filters

Inert-media pressure filters remove suspended solids and
turbidity from the secondary effluent after the addition of chem-
ical coagulants such polymer and or alum. The filtration
process is used to m ste discharge requirements for final
effluent suspended s and turbidity limits established by an
NPDES permit whe' se limits cannot be met by secondary
treatment processes r titration also will have a direct bearing
on the disinfection of the final effluent by the removal of more
solids from the water to be disinfected. Fewer solids will reduce
the amount of chlorine necessary to meet the NPDES permit
conform requirements.

The filter system usually c _nsists of

1 A holding tank or wet well for secondary effhient storage,

2. Filter feed pumps which pump the secondary effluent from
the holding tank to the filters,

3 A chemical coagulant feed pump system which injects the
necessary coagulants into the influent line to the filters,

4 Single, dual, or multi-media filters that trap the suspended
solids and remove the turbidity,

5. A filter backwash wet well for clean backwash water stor-
age,

6. Filter backwash pumps which pump clean water back
through the filter to remove the trapped suspended solids,
and

7. A decant tank that provides for holding the spent backwash
water to allow the suspended solids to settle while the
clarified water is either directly recycled to the Milers or IL
returned to the headworks.

Figure 4.25 shows a schematic view of the items outlined
above and further discussed in the following sections.

QUEST!ONS
Write your answers in a notebook and tnen compare your

answers with those on page 334.

4 4A What is the purpose of the inert-media pressure filter)

4 4B What chemicals are commonly used with the filtration
process and why?

4 4C List the major components of a pressure filter system.

4.41 Pressure Filter Facilities

The following sections describe facilities which are typical for
a filter plant with a capacity of 5 MGD Facilities at larger or
smaller plants would be quite similar b might differ signif-
icantly in the numbers and sizes of the various components.

4.410 Holding Tank (Wet Well)

Secondary effluent from the treatment plant's secondary
ntat ion tanks is conducted through a char ' or pipe to

a holding tank. The purpose of this tank is to store 'Pr and to
allow additional settling to the suspended soli. e the
water is applied to the filters. Most tanks of this t, are very
similar to secondary clanfiers. They have flights or scrapers to
move the settled solick.: towards a sludge hopper for return to
the solids handling facility.

A bypass structure should be provided to permit secondary
effluent to bypass the pressure filters during emergency
conditions, such as equipment failures or clogged filters.
Bypassed flows should go into emdrgency holding basins or
into the chlorine contact tank for final treatment before dii.-
chdi ye. An alter nate emergency storage procedure would be
to divert secondary effluent into the decant tank
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Spent backwash Ovate; may also be returned to the decant
tank. Both flows receive some settling and the clarified
effluent then overflows into the holding tank through weir
slots between the two tanks for recycle to the filters. In either
method of operation, the floatable materials in the holding
tank are collected and discharged to the solids handling
section of the plant for disposal. For additional information
on clarifier operation and maintenance, see Chapter 5,
"Sedimentation and Flotation," Volume I, 0"ERATION OF
WASTEWATER TREATMENT PLANTS.

4.411 Filter Feed Pumps (Figure 4.26)

Filter feed pumps lift the secondary effluent from the holding
tank and pump it through the filters. Generally they are of the
vertical-turbine wet-pit type pump with either a closed or
semi-open impeller. The pumps are dnven by either fixed-
speed, multi-speed (two speed), or variable-speed motors or a
combination a' these. Each pump should be equipped with a
manually adjulned bypass valve to avoid the possibility of the
system operating at the shutoff pressure oi the pumps. If this
happens, the pumps could be damaged because no water
would flow through the pumps Each valve should ba adjusted
to allow a given bypass flow as recommended by the t aanufac-
turer.

1 ne water level in the holding tank may be sensed by a level
transmitter. The transmitter provides a signal used for starting
and stopping of the pumps and for a set point signs; for the
controller which controls filter flow.

Starting and stopping of the pumps is controlled by a
HAND-OFF-AUTO (HOA) switch for each pump. Another
switch is used to select the sequence of automatic starting
(lead or lag). Normal automatic start-stop control of the
pumps may be by means of current trips using the signal
reprc:,enting the water level in the holding tank. A low-water
probe in the holding tank will stop all pumps if the water level
drops below a pre-set elevation. For additional information
on the operation and maintenance of pumps, see Chapter
15, "M?mtenance," Volume II, OPERATION OF
WASTEWATER TREATMENT PLANTS.

4.412 Chemical Feed Systems

Various types of chemicals may be added to the filter influent
flow to insure coagulation and flocculation of the suspended
material. This coagulation and flocculation aids the filtenng
process by joining many of the finely divided and colloidal sus-
pended solids into a floc mass which is easily trapped on or in
the filter media, thus allowing clear water to pass through the
filter. Alum and polymers are the most common chemicals
used.

A discussion of the reasons for using chemicals and the
method of feed is contained in this section.

ALUM (ALUMINUM SULFATE) (Figura 4.27)

Alum is a coagulant which produces a hyarous oxide floc.
This floc causes suspended material to stick together by elec-
trostatic or interionic force when contact of the chemical and a
solid particle is made in the filter influent flow.

The alum may be pumped by a mechanical diaphragm, posi-
tive displacement pump. The dosage is manually adjusted by
adjustment of the pump stroke length. Motor speed may be
controlled by a silicon controlled rectifier (SCR) drive unit that
uses a filter-flow signal to pace the pump in th a automatic
mode. The SCR dnve is also equipped with a manual poten-
tiometer for manual speed control and a meter indicating per-
centage of total or lull motor spied.

The pump discha:ge check valve has a built-in back pres-
sure device to prevent nonlinear delivery due to !ow discharge
pressure and to prevent siphoning. AD wetted parts of the
pump are selected fol their chemical resistance.

POLYMERS (POLYELECTROLYTES)

Polymers are flocculation aids which are classified on the
basis of the type of electrical charge on the polymer chain.
Polymers possessing negative charges are called "anionic,"
positive charged polymers are called "cationic," and polymers
that carry no electrical charge are called "nonionic." Polymers
cause the suspended material to stick together by chemical
bridging or chemical enmeshment when contact is made in the
filter influent flow.

Generally only the "anionic" polymers are used in conjunc-
tion with alum.

Polymer usually is injected into the influent line of the filters
downstream from the point of alum injection.

The polymer may be prepared for use (dilution and aging) by
a polyelectrolyte mixer unit. This unit consists of a dry polymer
feeder with storage hopper, a solution-water flow meter with
regulating valve, pressure regulating valve, pressure gage,
solenoid valves, dilution water flow meter with regulating valve,
polymer wetting cones, a mixing/aging tank, slow-speed mixer,
transfer pump, metering/storage tank, and a metering pump
with SCR drive.

The dry feeder is a screw-type feeder capable of metenng
dry polymer of densities ranging from 14 to 42 lbs/cu ft (225 to
675 kg/cu m) at an adjustable rate to the wetting cones in order
to prepare various solution concentrations.

The mixing/aging tank and the metering/storage tank are
sized based on the projected use of polymer. The tanks usually
are made of steel and are provided with a fiberglass liner. The
mixer, a low-shear type (to avoid breaking up floc), is fitted with
a stainless steel shaft and impellers.

The slow speed, positive displacement, "progressing cavity"
type transier pump conveys the mixed polymer solution from
the mixing/aging tank to tne metering/storage tank with mini-
mal polymer shear. The metering pump is capable of delivering
various amounts of polymers at various percent solutions.
Flow pacing, adjus -nent of the dosage rate, and operation of
the polymer metering pump are the same as for the alum feed
pump

EXAMPLE 1

Known Unknown
Polymer = 72 lbs polymer/day Polymer Dose,

Delivered, lbs/day mg/L

Flow Through = 6000 gpm
cilter, gpm

Determine pounds of polymer per million pounds of water
which is the same as mg per million mg or mg /L
Polymer Polymer delivered. lbs polymer /day

Dose. mg/L
Flow through filter. M lbs water/day

72 lbs polymer/day

358

6000 gat/min x 8 34 lbsigal x 60 min/hr x 24 hr/day

72 lbs polymer/day

72.057.600 lbs wateoday

7:1 lbs polymer/day

72 M lbs water/day

I mg polymer /liter water

1 mg/L
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Fig. 4.26 Filter feed pumps
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A variable-area flow meter (rotameter) is provided to
indicate flow of dilution water to the metered polymer (Figure
4.30). The polymer is mixed at, omatically by the polyelectro-
lyte mixer. The dry feeder is calibrated to dispense a
metered quantity of dry polymer to obtain a desired solution
concentration. The dry polymer drops to the wetting cones
from the feeder hopper, where it is spread on a high velocity
water surface and the individual grains of polymer are
wetted to form a polymer solution. This solution then flows
to the aging tank where it is mixed and aged. On completion
of the aging cycle, the polymer solution is pumped to the
metering/storage tank by the transfer pump. When the aging
tank empties, the polymer preparation and mixing cycle
begins again. The metering pump, calibrated to deliver a
desired dosage, draws the polymer solution from the meter-
ing/storage tank and delivers it to the influent line of the
filters.

Steps to calculate polymer and alum dosage are outlined in
the following examples. Information concerning the concentra-
tion of chemical (lbs/gal) delivered to your plant may be ob-
tained from the chemical manufacturer or supplier.

EXAMPLE 2.

Determine polymer dosage, mg/L. Polymer is supplied to
your plant at a concentration of 0.5 pounds polymer per gallon
(60 gm/L or 60 kg/cu m). The polymer feed pump delivers a
flow of 0.10 gpm (0.0063 L/sec) and the flow to the filter is
3,000 gpm (190 L/sec). Calculate the concentration or dose of
polymer in the water applied to the filter.

Known Unknown
Polymer Cone., lb/gal = 0.5 lbs/gal Polymer Dose,

mg/L
Polymer Pump, gpm = 0.1 gpm

Flow to Filter, gpm = 3000 gpm

ENGLISH

Calculate polymer dose, mg/L

Flow, gaUmin x Conc., lbs polymer/gal

Flow, gaUmin x 8.34 lbs water/gal

0.1 ,al/min x 0.5 lbs polymer/gal

3000 gaUmin x 8.34 lbs water/gal

Dose, mg/L

0.05 lbs polymer

25,020 lbs water

2.0 lbs polymer

1 M lbs water

= 2.0 mg polymer

1 M mg water**

= 2.0 mg/L

x 1
, .
000 000'

1M

We multiplied the top and the bottom by the same number,
1,000,000 or 1 M. This is similar to multiplying the top and bottom
by 1, you do not change the equation.
1 M mg water = 1 liter.

METRIC

Dose, mg/L = Flow, L/sec x Conc., gm polymer/L x 1000 mg/gm

Flow, L/sec

0.0063 L/sec x 60 gm polymer/L x 1000 mg/gm

190 L/sec

380 mg polymer/sec

190 L water/sec

= 2 mg/L

EXAMPLE 3. Determine alum dosage, mg/L

Liquid alum usually is supplied at a concentration of 5.4
pounds alum per gallon (650 gm/L or 650 kg/cu m). In this
example, the alum feed pump delivers 88 ml per minute and
the flow to the filter is 3,000 gpm (190 L/sec). Calculate the
concentration or dose of alum in the water applied to the filter.

Known Unknown
Alum Conc., lb/gal = 5.4 lbs/gal Alum dose,

Alum Pump, ml/min = 88 ml/min mg/L

Flow to Filter, gpm = 3000 gpm

ENGLISH

Calculate alum dose, mg/L

Dose, mg/L Flow, ml/min x Conc , lbs alum/gal x 0 00026 gal/mr=
Flow, gal/n, x 8 34 lbs water/gal

88 ml/min x 5 4 lbs alum/gal x 0 00026 gal/m1

3.000 gaVmin x 334 lbs water/gal

0 125 lbs alum 1,000,000

25,020 lbs water 1 M

5 lbs alum

1 M lbs water

= 5 mg/L

Conversion factor 1 ml = 0 00026 gallons

METRIC

Dose, mg/L = Flow, mUmin x Conc , gm polymer/L x 1000 mg/gm

Flow, L/sec x 60 sec/min x 1000 ml/L

88 ml/min x 650 gm polymer/L x 1000 mg/gm

180 L/sec x 60 sec/min x 1000 ml/L

950 mg/sec

190 L/sec

= 5 mg/L

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 334.

4.4D What is the purpose of the holding tank?

4.4E Cross out the incorrect words within the following pa-
rentheses in order to make the statement correct.

Alum is used for (COAGULATION OR FLOCCULA-
TION) while polymers are used for (COAGULATION
OR FLOCCULATION).

4.4F Polymer is supplied at a concentration of 0.6 pounds
polymer per gallon (72 gm/L or 72 kg/cu m). The
polymer feed pump delivers a flow of 0.15 gpm
(0.0095 Usec) and the flow to the filters is 5,000 gpm
(135 L/sec). Calculate the concentration or dose of
polymer in the water applied to the filter.

4.413 Filters (See Figure 4.25, page 319)

This section discusses the purpose of the parts of the filters.

VESSELS (Figure 4.28 and 4.29, page 321)

In our example, each pressure vessel containing filter media
consists of a cylindrical shell closed at both ends. Manways
are provided to allow entry to the vessel for media installation
and maintenance work. Pressure gages are attached to the
manway covers to facilitate monitoring of the vessel pressure.
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A direct spring-loaded pressure relief valve is installed on top
of the filter and is set to release at a preset pressure The relief
valve is provided to prevent vessel rupture in case effluent flow
is restncted or stopped while influent flow continues

A combination-type air-release valve with a large onfice is
also installed on top of the filter to permit air to exhaust when
the filter vessel is charged with water and to allow air to reenter
when the filter vessel is drained. A small orifice is also provided
to exhaust small pockets of air which may collect during opera-
tion of the filter.

INTERIOR PIPING (Figure 4.25, page 319)

Interior vessel surfaces, influent and effluent headers, and
supports are painted with a protective coating to inhibit corro-
sion. The influent header is suspended and supported from the
upper side of the vessel by lugs. Each filter is equipped with
rotary surface wash arms that are installed and supported just
beneath the influent header. These are self-propelling, revolv-
ing "straight line" wash arms.

The surface wash piping consists of an influent water line,
solenoid valve, a central bearing of all-bronze construction, a
bronze tee having a nozzle affixed to emit a water stream
directly below and from the center of the tee, and arms extend-
ing laterally from the tee. The lateral arms are fitted with
numerous brass nozzles located at double-angle positions to
most effectively cover the area of the filter bed to be cleaned.
Each nozzle is fitted with a synthetic rubber cap slated to act as
a check valve to keep filter media away from the nozzle.

Water to the wash arms is supplied from an external source,
usually from the treatment plant wash water system. Water
from the surface wash arms quickly breaks up the mat of sus-
pended material tnat has accumulated in and on the top layer
of filter media This occurs during the first portion of the
backwash cycle.

The effluent header is encased in concrete fill in the lower
section of the filter PVC underdrain laterals are attached to the
effluent header Each lateral has numerous small diameter
holes facing toward the bottom of the filter The ends of the
laterals are capped. The filtered water is collected by the un-
derdrain laterals which passes the water to the effluent header
for discharge from the filter.

UNDERDRAIN GRAVEL (Support Media)

The inert filtering media is supported by underdrain gravel
consisting of specifically sized, hard, durable, rounded stones
with an average specific gravity of not less than 2 5. The gravel
is placed in the filter in many specific yers starting with the
larger stones (2-inc, or 5-cm diameter) on the bottom and
progressing to the smallest stones (1/4-inch or 0.7-cm dial neter)
on top. The depth : : each layer, specific stone sizes, and
overal' gravel depth will depend on the application, type, and
quantity of inert media that will be used in a filter

INERT MEDIA

Granular filter media commonly used in wastewater filtration
inJude anthracite coal, silica sand, and garnet sand These
filter media range in size from 0 20 min to 1 20 mm and spe-
cific gravities range ' -.1 1 35 to 4.5. The largest siLe media,
anthracite coal, has the lowest specific gravity. Conversely, the
smallest media, garnet sand, has the highest seezific gravity.

Inert-media filter configurations vary according to the spe-
cific characteristics of the water to be filtered. The common
applications use either silica sand or garnet sand as a single-
media; anthracite coal and silica sand or garnet sand as a
dual-media; and anthracite coal, silica sand, and garnet sand
as a multi-media or mixed media filter.

In most filter applications, any of the various media used are
placed in the filter with 60 percent of the larger size, lower
specific gravity media on top, 30 percent of the medium size
and Specific gravity in the middle, and 10 percent of the smaller
size, higher specific gravity media on the bottom. Thus, the
smaller size filter media is placed on the support media first,
followed by the medium size filter media and then the larger
size filter media Total filter media depth varies with the appli-
cation.

Due to the size and density ratio of the media and its place-
ment in the filter, the larger size and lower specific gravity
media stay at the top and the smaller size higher specific grav-
ity media remain at the bottom. Most dual-media filters are
designed to keep the media separated after backwashing.

FLOW CONTROL METHOD (Figure 4.31)

In filter operation, the rate of flow through a filter is ex-
pressed in gallons per minute per square foot.
Rate of flow, Driving force Total available head

gPmiscl it Filter resistance Total head loss

Therefore, as the total head loss increases, the ratio of flow
decreases The driving force refers to the pressure drop across
the filter which is available to force the water through the filter.
At the start of the filter run, the filter is clean and the driving
force need only overcome the resistance of the clean filter
media As filtration continues, the ' zpended solids removed
by the filter collect on the media sur.ace or in the filter media,or
both, and the driving force must overcome the combined re-
sistance of the filter media and the solids removed by the filter.

The filter res:. Ince (head loss) refers to the resistance of
the filter media to the passage of water The head loss in-
creases during a filter run because of the accumulation of the
solids removed by the filter. The head loss increases rapidly as
the pressure dr'o across the suspended solidi mat increases,
because the su.pended solids already removed compress and
become more resistant to flow As the had loss increases, the
driving force across the filter must increase proportionally to
maintain a constant rate of flow

The constant-rate method of filtration is commonly used for
pressure filters In this method, a constant pressure is supplied
to the filter and the filtration rate is then held constant by the
action of a manually or automatically operated filter rate-of-flow
controller. At the beginning of the filter run, the filter is clean
and has little resistance If the maximum available water pres-
sure was applied to the filter, and the effluent flow was not
restricted, the flow rate would be very high. To maintain a
constant flow rate, some of the available pressure is dissipated
by the rate of flow controller (RFC). At the start of the filter run,
the RFC is nearly closed to provide the additional head loss
needed to maintain the desired flow rate. As filtration con-
tinues, the filter gradually becomes clogged with suspended
solids and the RFC opens proportionally. When the valve is
fully opened, any further increase in the head loss will not be
balanced by a corresponding decrease in the head loss of the
RFC. Thus, the ratio of pressure to filter -esistance will de-
crease, and the flow rate will decrease. This action is also
known as filter differential pressure. When the flu rate de-
creases, filter differential pressure increases and this is an
indication that the filter run must be terminated and a filter
backwash should be initiated.

4.414 Backwash System

As the suspended material accumulates on the filter media
surface, or in the filter media bed, or both, the differential pr3s
sure across the filter increases, flow through the filter de-
creares, and filter effluent quality deteriorates. The filter
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backwash cycle removes the suspended solids accumulation
from the filter, thus restonng the filter efficiency.

WET WELL

The backwash wet well is used to store a large volume of
filtered and/or chlorinated wastewater to backwash the filters.
The water, usually from the chlonne contact tank, flows to the
wet well until it .s filled up and then it flows to further final
treatment processes. This flow method insures a continuous
water supply to the wet well.

PUMPS (Figure 4.32, page 325)

The filter backwash pumps lift the filtered and/or chlonnated
wastewater from the backwash wet well and pump it through
the filters to remove the trapped suspended matenal. The
pumps are generally of the vertical-turbine wet-pit type with
either a closed or semi-open impeller. The pumps may be
driven by fixed-speed motors.

The pump system is equipped with a solenoid-operated
bypass valve installed on the common discharge line to pre-
vent the possibility of the system operating at the shut-off pres-
sure of the pumps. A pressure switch with an adjustable
operating range (psi) will cause the valve to open upon rising
pressure. The bypass flow is returned to the backwash wet
well. The common discharge line is also equipped with an air
relief valve that purges air from the system to prevent air slugs
from disturbing the filter media bed.

Normal start-stop of the pumps may be controlled by means
of current switches in the backwash program unit. Lead-lag
position selector switches provide the means of selecting the
sequence of starting for the pumps. A low water probe in the
backwash wet well will stop the pumps in the event that the
water level drops below a pre-set ele ation.

The backwash pump common discharge line is provided
with an onfice plate and flow-control valve. Flow control is
accomplished by means of a cascade control system using a
cam programmer to provide a setpoint signal. A cam is cut so
as to gradually introduce the backwash flow to the filters,
thereby avoiding sudden disturbance or uneven expansion of
the filter media bed.

BACKWASH CYCLE

Whenever possible, the filters should be backwashed during
the plant's low flow hours when the full capacity of the filters is
not needed. The backwash cycle may be activated either
manually, automatically by a pre-set filter differential-pressure
level, or automatically by a program timer. In the manual mode,
only a desired filter may be backwashed. In the automatic
modes all filters in the system that are "ON LINE" may be
washed whet, the differential pressure reaches the pre-set
level. Upon completion of backwash of one filter, the next filter
in an "ON LINE" status will begin to backwash.

The total backwash duration per filter usually is adjust-
able. The total backwash flow and duration should be
adequate to fluidize and expand the media bed. The largest
media size and the warmest expected water temperature
will dictate the maximum filter backwash rates required.

When the backwash cycle is manually or automatically acti-
vated, the following sequence occurs:

1. Filter influent valve (V-1) and effluent valve (V-2) close to
terminate filter feed flow. (See Figure 4.25, page 319, for
locations of valves.)

2 Backwash influent valve (V-3) and effluent valve (V-4) open
to allow backwash flow into and out of the filter.

3. The surface wash arms' influent water one solenoid valve
(V-5) opens allowing the wash arms to function in initially
breaking up the mat of suspended material that has ac-
cumulated on the top layer of filter media.

4. The backwash pumps start pumping against a closed
backwash control valve. The backwash flow rate is brought
up to full rate in one to two minutes as determined by the
cam programmer transmitting a gradual "open" signal to
the backwash flow-control valve operator.

As the surface wash continues to operate, the backwash
flow gradually enters the filter from the bottom. As the flow
increases, the bed fluidizes and expands upward (about 20
percent of the total media depth) allowing a uniform rolling
action of the filter media bed which results in cleaning of the
media due to the hydrodynamic shear (water causes grains
to clean each other) that occurs. The media bed expands
upward and into the rotating surface wash arms. The arms
now aid in breaking up the suspended material and mud
balls that have accumulated in the top section of the media.

5 After two to five minutes of surface wash, the surface wash
influent water line solenoid valve closes. Surface wash is
discontinued two to ten minutes before the backwash ends
so that the surface of the filter media will be smooth and
level at the beginning of the cleaned filter run cycle.

6 After seven to twenty minutes of backwash, the backwash
flow-control valve gradually begins to close. Shortly after
the backwash flow-control valve is fully closed, the
backwash pumps stop.

7 Backwash influent valve (V-3) and effluent valve (V-4)
close.

8. Filter influent valve (V-1) and effluent valve (V-2) open.

NOTE. When the backwash cycle is activated, the filter flow-
control valve fully closes. Upon completion of the cycle
the valve opens slightly.

The valve sequence indicated in items 1, 2, 8 and 9 occurs
simultaneously to insure that the filter does not become "air
bound" (clogged by air released from water). Air binding will
reduce or block filter influent flow and/or create media bed
disturbance when filter backwash begins.

4.415 Decant Tank (Backwash Recovery) (Figures 4.33 and
4.34, page 325)

Most decant tanks are very similar to secondary clarifiers
because they have flights or scrapers to collect settled material
toward a sludge hopper.

Filter backwash effluent leaves the filter and may be dis-
ch&.ged to the decant tank. The suspended material in the
backwash water is allowed to settle and the clarifier effluent
overflows to the holding tank th. ugh weir slots between the
two tanks for recycle to the filters. The settled material is col-
lected toward a hopper in the tank for periooic discharge to the
solids handling facility.

If poor settling occurs in the decant tank, all spent backwash
flow may be returned to the head end of the plant through the
tank drain line. The drain line may be equipped with a propeller
meter and a motor-operated butterfly valve. The common
opening limit of the valve should be set to discharge tank flow
at a rate which will not hydraulically overload the plant.

The tank may be equipped with high water level probes
which will open the motor-operated valve fully to allow a pre-
determined volume of water to leave the tank rapidly. This may
be necessary if the tank becomes surcharged (overloaded)
due to frequent filter backwashes.
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QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 334.

4.4G List the major components of pressure filters.

4.4H How is the mat of suspended material on the media
surface initially broken up during a backwash?

4.41 What is the source of water used to backwash the
filter?

4.4J What is the purpose of the decant tank?

4.42 Operation

4.420 Operational Strategy

This lesson has covered some of the basic concepts of
inert-media pressure filters used to remove suspended solids
and turbidity from secondary effluents before chlorination.

If the filters become overloaded due to high suspendea sol-
ids concentration, excessive plant flows, high chemical con-
centrations, or exposure to very cold temperatures, be pre-
pared for the problems discussed in this section.

1. High suspended solids concentrations will cause a filter to
plug up fast, thus requnng very frequent filter backwashes.
This will result in high recycle ilow rates through the plant
and eventually the filters. This problem may be eliminated
or reduced by having adequate spent backwash storage
capacity or by having a "closed" filter system that will allow
for clarification and reuse of spent backwash water for sub-
sequent backwashes.

2. If no backwash storage or "closed" system is providea,
hydraulic surcharge (overload) on the upstream side of the
filters will result. Provisions must be made for filter bypass
and/or storage. If bypass is the only alternative, you should
anticipate increased chlorine demands at the chlorine injec-
tion point as a result of the increase in unfiltered suspended
matenal. Adjust the chlorine dosage to compensate fat the
greater demands.

3. By allowing suspended material to bypass the filters and
enter the chlorine contact tanks, more frequent cleaning of
these tanks will be required.

4. If higher than normal plant flows can be anticipated (rain), it
would be a good idea to operate the filter holding tank/wet
well at a lower water level to provide for additional water
storage. This action will reduce the surcharge possibility on
the upstream side of the filters. Th'_ preventive action
should also be used if a filter must be taken out of service
for repairs or inspection.

5. If liquid alum is used and it is exposed to cold temperatures,
the liquid alum will start to crystallize and the delivery of
alum to the filter influent flow will be seriously impaired If

climatic conditions of this type are common in your area,
consider stonng the alum in an enclosed, warm space.

6. If chemical feed pump check valves or anti-s;phon devices
fail, large quantities of chemical will be drawn into the filters
This will result in short filter-run times due to increased
differential pressure across the filter when a polymer is the
chemical involved. When excessive alum concentrations
are involved, the alum will pass through the filter media and
filter effluent turbidity and suspended solids values will in-
crease die to the alum breakthrough.
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7. Filter flow and differential pressure valves may be sensed
by differential pressure cells. These cells are water-
activated and are fed through small-diameter piping. During
periods of extremely cold weather these cells could freeze
and prevent proper functioning of the filter and control in-
struments. Heavy insulation and/or heat tape will prevent
the water in the cell piping from freezing.

4.421 Abnormal Operation

Efficient filter operation is essential if your final effluent qual-
ity is to comply with the waste discharge requirements estab-
lished for your plant. Table 23.2 lists a few of the more com-
mon filter operational problems and suggestions on how to
correct them.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 334.

4.4K What happens when large quantities of alum or
polymer accidentally reach the filter?

4.4L What precautions should be taken in regions where
freezing temperatures occur?

4.4M What could cause high operating filer differential
pressures?

4.43 Maintenance

A comprehensive preventive maintenance program is an
essential part of plant operations. Good maintenance will in-
sure longer and better equipment performance. The following
may be used as a guideline in performing the required mainte-
nance on the pressure filter system.

A filtration system performance test should be done
monthly. This test will enable you to evaluate and determine
if the pumps, valves, filters, and control instruments are
functioning properly. If they are not, the proper corrective
action must be taken. A sample performance test form for
three filters is shown in Figure 4.35.

Filter media and interior vessel surfaces should be inspected
quarterly. The filter should be backwashed just prior to the
inspection. Some of the items to look for are.

1 Is the media surface fairly flat and level? If not, the surface
wash time should be reduced.

2. Are there mudball formations on or in the media? If so, an
increased surface wash time in conjunction with a lower
backwash rate should bring the media back to a clean con-
dition.

3. Are very small quantities of mid-filter media particles
visible on the top layer media surface? This condition is
normal (refer to Section 4.413, Filters, page 322).

4. Do the surface wash arms rotate freely and in the proper
direction? If not, the trouble could be a defective central
bearing and tee. Are any nozzles plugged? If so, they must
be cleaned.

CAUTION. Wear goggles when observing the operation of
The surface wash arms. The velocity of water
produced from the wash arms is great and will
kick up surface media.
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TABLE 4.2 ABNORMAL FILTER OPERATION

ABNORMAL CONDITION POSSIBLE CAUSE OPERATOR RESPONSE
PUMPS
Do not meet pumping requirements. Insufficient motor speed.

Pump impeller improperly set in bowl of
I pump.

Install higher rpm motors.

Set impeller as per manufacturer's instruc-
tions.

i

I

Excessive filter-system head losses

Broken pump shaft.

Air in filter system. Analyze problem and
take corrective action such as install higher
rpm motors, redesign pump station, rede-
sign force main, redesign onfice plates.

Replace.

FILTERS (GENERAL)
High operating filter differential pressure

Water discharges from pressure-relief
valve.

Filled with suspended material

Excessive chemical feed 'binding" media.

Effluent valve(s) Wicked or closed

Backwash filters at least once every 24
hours.

Evaluate and reduce dosage. Backwash fil-
ter.

Investigate and correct valve problem

Foreign object lodged between valve and
seat

Secure filter and clean valve seat.

Water discharges from air-relief valve

MEDIA
Support media upset

Air pocket in underdrain system (most
common after a backwash)

Secure filter for 2 to 3 minutes to allow ves-
sel water level to stabilize, return filter to
service. Adjust filter feed and backwash
valves to open and close simultaneously to
keep vessel full of water.

Mud ball formation Media surface cracks

Air slug forced out by the backwash flow

Backwash flow pumped too sudden!v

Install air relief valve on backwash influent
line.

Install flow-control valve for regulated flow
rates.

Backwash flow rate too high Install valve stops or limiting orifices

Inadequate surface wash time Increase surface wash time. Check to in-
sure arms are operating

Bac' ash water dirty at end of wash cycle Insufficient backwash time. Increase time until clean water appears.

Media surface uneven after backwash. Surface wash too long Decrease surface wash time.

5. Is there a small amount of foreign matter on the media
surface (plastic, cigarette butts)? This condition is fairly
normal and is most prevalent at the extreme effluent end of
the backwash effluent header The foreign matter is carried
away by the backwash water during the next backwash
cycle If a large accumulation of foreign matter develops,

the matter will have to be removed by manual means

3. Inspect all interior metal surfaces to insure that the
corrosion-inhib.tive protective coating is in good condition.
If not, prepare the affected surface and reapply the proper
coating. An epoxy tar is frequently used for this purpose.
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At least once monthly, the backwash rate should be ob-
served to insuie that the flow rate is correct as specified by the
manufacturer's backwash rate-flow curve and that the
backwash flow is allowed to enter the filter at a regulated rate.
Observe the backwash effluent flow. The water should be clear
at the end of the wash cycle. If it is not, an increase in the wash
time is indicated.

The (low rates for the chemical feed pumps should be
checked at least every two weeks. Corrective adjustments
should be made to maintain the proper flow rates

4.44 Safety

Safety precautions for sedimentation tanks and pumps
set forth in Chapters 5, 14, and 1f (OPERATION OF
WASTEWATE TREATMENT PLANTS) should be observed
when operating and maintaining this equipment in the pres-
sure filter system.

in additior. the following safety precautions should be ob-
served:

1. Wear safety goggles and gloves when working with alum or
polymers. Flush away any alum or polymer that comes in
contact with your skin with cool water for a few minutes.

2. Be very careful when walking in an area where polymer
mixing takes place. When a polymer is wet, it is very
slippery. Clean up polymer with a chlorine solution.

3. When inspecting the interior of a filter vessel:

a. Insure that all flow-control instruments are in the "OFF"
position and that all valves are in the MANUAL' or
'OFF" position. Position all valves to prevent tlow from
entering the filter.
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b Always ventilate vessel. Open two manway covers. In-
stall and start an exhaust blower in one manway to
provide fresh air circulation before entering the filter.

c Check vessel atmosphere for toxic gases (hydrogen
sulfide), explosive conditions (Lower Explosive Limit),
and sufficient oxygen.

d Entering a filter vessel is a three person operation. Two
must be outside the vessel whenever one person is
inside.

e Weer a hardhat whin working inside a filter or around
the filter vessel piping to protect your head from inji y.

4.45 Review of Plans and Specifications

As an operator you can be very helpful to design engineers
in pointing out some design features that would make your job
easier. This section attempts to point out some of the items
that you should look for when reviewing plans and speci-
fications for expansion of existing facilities or construction of
new pressure filter systems.

1 The variable hydraulic and suspended solids lord in sec-
ondary effluents must be considered in the design to avoid
short filter runs and excessive backwash-water require-
ments.

2. A filter that allows penetration of suspended solids (a
coarse-to-fine filtration system) is essential to obtain rea-
sonable filter run lengths. The filter media on the influent
side should be at least 1 to 1 2 mm in diameter.

3 Auxiliary agitation of the media is essential to proper
backwashing Surface washers should be installed.
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4. The effect of recycling used backwash water through the
plant on the filtration rate and filter operation must be con-
sidered in predicting peak loads on the filters and resulting
run lengths.

5. The filtration rate and head loss should be selected to
achieve a minimum filter run length of 6 to 8 hours dunng
peak-load conditions. This requirement will mean an aver-
age filter run length of 24 hours. Estimates of head loss
development and filtrate quality should be based on pilot-
scale observations of the proposed facility conducted at the
treatment plant before the full-scale facility is designed.

6. Manways should be sized large enough to allow operators
and equipment ease of anteing and leaving the filter.

7. A media core sample port(s) should be provided to alluw
evaluation of the entire media depth.

8. Ladders and walkways should be provided to of -u4 easy
access to %essels, pipes, and valves.

9. Filter-flow charts should be provided to aid in monitonng
filter performance.

4.46 Acknowledgments
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4.5 ADDITIONAL READING

1. WASTEWATER FILTRATION DESIGN CONSIDER-
ATIONS, EPA Technology Trane'er Seminar Publication,
July 1974, U.S. Enviror rental Protection Agency, Center
for Environmental Research Information (GERI), 26 West
St. Clair Street, Cincinnati, Ohio 45268.

2. PROCESS DESIGN MANUAL FOR SUSPENDED SOUDS
REMOVAL, Technology Transfer, U.S. Environmental Pro-
tection Agens::y, Center for Environmental Research Infor-
mation (GERI), 26 West St. Clair Street, Cincinnati, Ohio
45268.

QUEST'ONS
Write your answers in a notebook and

answers with those on page 334.

4.4N What safety precautions should be taken when
ing with alum or polymers?

4.40 How frequently should a filter system performance test
be conducted?

4.4P OA iat caution should be exercised when observing the
operation of the surface wash arms'?

then compare your

work-

END OF LESSON 4 OF 4 LESSONS
ON

SOLIDS REMOVAL FROM SECONDARY EFFLUENTS
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DISCUSSION AND REVIEW QUESTIONS
(Lesson 4 of 4 Lessons)

Chapter 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

Write the answers to these questions in your notebook be-
fore continuing. The question numbenng continues from Les-
son 3.

19. How are floatable and settleable solids remowed f,om a
holding tzmk9

20 How would you attempt to control corrosion of the intenor
surfaces of a pressure-filter vessel?

21 During what time of the day should the filters be
hackwashed?

22 What is the impact on downstream treatment processes if
suspender' solids get past the filtration system'?

PLEASE WORK THE OBJECIIVE TEST NEXT.

SUGGESTED ANSWERS
Chapter 4. SOLIDS REMOVAL FROM SECONDARY EFFLUENTS

Answers to questions on page 273.

4 ')A NPDES stands for National Pollutant Disc; iarge Elimi-
nation System.

4.0B Some locations have stringent discharge require-
ments because more and more wastes are being dis-
charged into the receiving waters and increasing de-
mands are being placed on the waters by water users

4.0C Solids can be removed from secondary effluents by
the addition of chemicals to cause coagulation and
sedimentation microscreens and gravity and pressure
filters.

Answers to questions on page 276.

4.1A Chemicals may be added to reduce emergency prob-
lems such as those created by sludge bulking in the
secondary clanfier, upstream ,:qiiipment failure, acci-
dental spills entering the plant, and seasonal over-
loads. Chlorine is the most common chemical used for
disinfection.

4.1B When adding chemicals upstream from a biological
treatment process, be sure that the chemical or its
concentration is not toxic to the organisms treating the
wastewater in the biological process.

Answers to questions on page 276.

4.1C The four most common chemicals added to improve
settling are alum, ferric chloride, lime and polyelectro-
lytes (polymers).

4.1D Alum should be kept dry to prevent it from caking into
a solid lump.

4.1E All mechanical equipment, such as conveyors, should
be run until well-cleaned of all alum before shutting
dow- because the alum can .harden and jam the
equipment.

Answers to questions on page 277.

4.1F Safety precautions required for handling ferric :blonde
in concentrated forms should be the same as those for
acids. Wear protective clothing, face shields and
gloves. Flush off all splashes on clothing and skin im-
mediately.

4.1G Rubber or flexible piping with easy access and short
runs will permit cleaning by squeezing the , ails arid
washing out the broken scale. Solid piping that is
plugged by scale usually roquires replacement.
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4.1H Clean up polyelectrolyte spills immediately. Polyelec-
trolytes will create an extremely slippery surface when
wet.

4.11 Polyelectrolyte spills can he cleaned up by using
chlonne. To clean up a spill, neutralize the polyelectro-
lyte with either salt (NaCI), liquid bleach or HTH pow-
der.

Answers to questions on page 278.

4.1J Chemical solutions are prepared for feeding by mixing
known amounts of chemicals and water toge'her using
a mechanical mixer. The resulting solution is stored in
a day tank (holding tank) from winch it is metered out
at the proper dosage into the water being treated.

4.1K Common types of chemical feeders or metering
equipment include:

1. Positive displacement pumps such as the piston
pump, diaphragm pump, gear pump and p,ogres-
sive cavity pump;

2 Screw feeder;
3. Vibrating trough;
4 Ro ary feeder; avid
5 Belt-type gravimetnc feeder.

Answers to questions on page 286.

4.1L lirms that should be considered when selecting a
chemical feeder include:

1. Total operating range.
2 Accuracy
3. Repeatability.
4 Resistance to corrosion.
5 Dust control
6. Availability of parts.
7. Safety.

4.1M The follow.^a information regarding a chemical feeder
, ration snould be recorded:

.. Flows,
2. Characteristics of wastewater befcre and after

treatment; and
3. Dosage and conditions of chemical treatment

Answers to questions on page 291
4.1N Factors that can cause a change in chemical dose

requirements include:

1. Day of the week (weekdays or weekends);
2. Season of year (temperature and seasonal load-

ings); and
3 Year to year (cf-. "GPs resulting from inHustrial and

population g.

4.10 The most common rileiiod used to determine coagu-
lation dosages is by running the jar test.

4.1P The jar test is an attempt to duplicate or simulate plant
conditions by using laboratory e, 4uipment.

Answers to questions on page 292.

4.10 Water quality indicators that should be monitored
whey )perating a chemical treatment process include
alkalinity, pH, temperature, turbidity and suspended
solids.

4.1R Abnormal conditions that could be encountered in the
water being treaters when operating a chemical treat -
men- process include high solids, high or low flows,
and change in pH and temperature.

4.1S Problems that could occur when operating a chemical
treatment process include no coagulation (solids not
settling out) and foaming.

END OF ANSWERS TO QUESTIONS IN LESSON 1

Answers to questions on page 296.

4 2A Microstraining is a form of filtering used to clarify water
by filtering out microscopic or very small suspended
solids.

4.2B Microfabric is usually made of stainless steel wire,
polyester, nylon cloth or plastic.

Answers to questions on page 297.

4.2C Major components of a typical microscreen include
drum, microfabric, water spray system, solids waste
hopper, drum drive units, ultraviolet lights, structure
and bypass weir.

4.2D Ultraviolet lights are to reduce biological growths
or the microfribric. nese growths can survive the
wa.3r spray cleaning and will eventually clog the fab-
ric.

Answers to questions on page 297.

4.2E Before starting a microscreen unit, inspect the electri-
cal installation to be sure the controls are properly
covered, fuses properly sized, and proper safety lock
outs have been installed.

4 2F Items that should be included in the log of the opera-
tion of a microscreen include:

1. Hours of ope.ation,
2. Volume of water processed, gallons or cubic me-

ters,
3. Rate of application, gad or cu m/day,
4. Applied suspended solids and BOD, lbs or kg/

day,
5 Effluent suspended solids and BOD, lbs or kg/

day,
6. Percent removal of suspended solids and BOD,

0/0,

7. Chemicals added, pounds or kilograms,
8. Head loss thro.igh screen, inches or centimeters,
9. Maintenance performed on the unit, and

10. Remarks of special observations.

30

Answers to questions on page k99.

4.2G Abnormal conditions that could be encountered when
operating a microscreen include:

1. High or low flows,
2 High solids loadings;
3. High or low pH values, and
4. High concentrations cl oil and grease.

4.2H Problems caused by high or low pH levels include:

1 A high pH may result in the buildup of mineral de-
posits that will plug the fabric holes.

2. A rapid pH change may upset upstream treatment
processes, thus increanig solids loadings.

3. A low pH may result in t: .e corrosion of metal, es-
pecially the microfabnc.

END OF ANSWERS TO QUESTIONS IN LESSON 2



Answers to questions on page 300.

4.3A A gravity filter should be cleaned when (1) the pres-
sure drop (head loss) across the bed becomes so
great that the flow is reduced, or (2) increased solids
are observed in the effluent.

4.3B Most filters operate on a batch basis whereby the filter
operates continuously until its capacity to remove sol-
ids is reached. At this time it is completely removed
from service and cleaned

Answers to questions on page 301.

4.3C Meanings of the following terms are:

1. Downflow. Water flows down through the bed.
2. Static bed. Bed does not move c r expand while

water is being filtered.

4.3D 1. In surface straining, the filter is designed to remove
the solids at the very top of the media.

2. Depth filtration is designed to pull the solids deep
into the media, thereby capturing the solids within
as well as on the surface of the media

Answers to questions on page 308.

4.3E Materials used for filter media include silica sand, an-
tracite coal, garnet or ilmenite. Garnet and ilmenite are
commonly used in mulu-media beds.

4.3F If the filter media Is not thoroughly cleaned during
each backwashing, a buildup of solids will occur. The
end result of incomplete cleaning is the formation of
mudballs within the bed.

4.3G If nonfii red water is supplied to the backwash sys-
tem, clogy:ng of the underdrain system may occur.

4.3H Used backwash water holding tanks are needed to
prevent hydraulically overloading the treatment plant
when backwash waters are returned to the head-
works.

Answers to questions on page 310.

4.31 The head loss through the filter media is dewrmined
by measuring the water pressure above and oelow the
Mier media. When water flows through the media the
pressure below the media will be less than the pres-
sure above the media (when the pressure levels are
measured or read at the same elevation).

4 3J Filter system alarms should be testes for proper func-
tioning at least every 60 days.

Answers to questions on page 312.

4.3K A pre-start check should be conducted before starting
filtering systems to prevent damage to the equipment
and/or injury to personnel.

4.3L The purpose of the rate-control valve is co maintain the
desired flow through the filter and prevent the
backwash water from entering the filtered water during
backwashing.

4.3M A filter should be backwashed after he capacity of the
media to hold solids is well used up, but before solids
break through into the effluent.
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Answers to questions on page 313.

4.3N Abnormal operating conditions include:

1. High solids in applied water due to bulking sludge,
rising sludge, or solids washout in the secondary
clarifier.

2. Low suspended solids in applied water; however,
solids pass through filter.

3. Loss of filter aid chemicEl feed.
4. High wet weather peak flows.
5. Low applied water flows.
6. Hign color loading.
7. High water temperature.
8. Low water temperature.
9. Air binding.

10. Negative pressure in filter.
11. High BOD and COD.
12. High coliform group bacteria levels
13. Chlorine in applied water.
14. pH change in applied water.
15. High grease and oil in applied water.

4.30 To treat a high solids content in the water applied to a
filter:

1. Run jar tests and adjust chemical dosage as
needed;

2. Place more filters in semice to prevent break-
through; and

3. Prepare to backwash more frequently.

Answers to questions on page 315.

4.3P To determine if media are being lost, every three or
four months measure and record the freeb; and to the
filter media surface. A small amount of media loss is
normal, but an excessive amount (2 to 3 inches or 5 to
7 centimeters) indicates operational problms.

4.3Q Trees and shrubs should be kept away from un-
cove ed filters because leaves will drop into the filter
and they are very difficult to backwash out of the
media.

Answers to questions on page 317.

4.3R The three main types f safety hazards around filtra-
tion systems are electrical, chemical and mechanical.

4.3S Filtration instrumentation should measure and record
applied flows, backwash flows, head loss, end water
quality before and after filtration.

4.3T Install all read-out meters, charts and gages of instru-
ments in a convenient and centralized location.

09 4IAOSCh
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Answers to questions on page 318.

4.4A Thc. purpose of the inert-media pressure filter is to
remove suspended solids and turbidity from sec-
ondary' effluents to meet waste discharge require-
ments established by NPDES permits.

4.4B Chemicals commonly used with the filtration process
are polymers and/or alum. The chemicals are used as
coagulants for the solids and turbidity to aid in their
removal by filtration.

4.4C Major components of a pressure filtration system in-
clude:

1. A holding tank or wet well,
2. Filter feed pumps;
3. Chemical coagulant feed pump system;
4. Filters;
5. Filter backwash wet well;
6. Filter backwash pumps; and
7. Decant tank.

Answers to questions on page 322.
4.4D The purpose of the holding tank is to store water and

to allow additional settling of the suspended solids be-
fore the water is applied to the filter.

4.4E Alum is used for COAGULATION while polymers are
used for FLOCCULATION

4.4F Known Unknown

Polymer Conc , lb/gal = 0 6 lbs/gal Polymer Dose,
Polymer Pump, gpm = 0 15 gpm mg11.
Flow to Filter, gpm = 5,000 gpm

ENGLISH

Calculate polymer

Dose, mg/L

r._

dose, mg/L.

Flow, gal/min x Conc . lbs polymer/gal

9ow, gal/min x 8.34 lbs water/gal

0 15 gal/min x 0.6 lbs polymer/gal

5,000 gal/min x 8,34 lbs/gal

0.09 lbs polymer 1,000,000

41,700 lbs water 1 M

2.2 mg/L

M'ETR/C

Dose. = Flow, //sec x Conc., gm polymer/L x 1,000 mg/gm

mg/L Flow, //sec

0 0095 //sec x 72 gm polymer/L x 1,000 mg/gm

= 2 2 mg/L

315 L water/sec

Answers to questions on page 327.

4.4G Major components of pressure filters include.

1. Vessel:;
2. Interior piping;
3. Underdrain gravel (supporting media),
4. Inert media; and
5. Flow controls.

4.4H Water from the surface arms initially breaks up tile mat
of suspended material on the media surface.

3 72

4,41 Tne water used to backwash the filter comes from the
chlorine contact tank (filtered and chlorirated) to the
backwash wet well before it is used for backwashing.

4.4J The decant ta- ''.. receives the backwash water from
the filters. The backwash water is allowed to settle and
the clarified effluent is recycled to the filters. The set-
tled material is collected and discharged to the solids
handling facility.

Answers to qu. stions on page 327.

4.4K When a large quantity of polymer reaches a filter,
short tilte ; -run times will result due to increased differ-
ential pressure across the filter. When excessive alum
concentrations are involved, the alum will pass
through the filter media and filter effluent turbidity and
suspended solids will increase due to alum break-
through

4.4L In areas where freezing temperatures occur, heavy
insulation and/or heat tape will prevent the water in the
cell piping from freezing. Also liquid alum should be
stored in an enclosed, warm space.

4 4M High operating differential pressures could occ_.1 if
either (1) the media is filled with suspended material;
and/or (2) excessive chemical feed is "binding" the
media.

Answers to questions on page 330.

4.4N Safety precautions that should be taken when working
with alum or polymers include:

1. Wear safety goggles and gloves when working with
alum or polymers Flush away any alum or polyr ler
that comes 'n contact with your skin with cool water
for a few minutes.

2. Be very careful when walking in an area where
polymer mixing takes place. 1M'en a polymer is
wet, it is very slippery

4 40 Filter system performance tests should be conduct-
ed monthly.

4.4P Wear goggles when observing the operation of the
surface wash arms

1
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OBJECTIVE TEST
Chapter 4. SOLIDS REMOVAL FROM SECONDARY

EFFLUENTS

Please write your name and mark the correct answers on the
answer sheet as directed at the end of Chapter 1 There may
be more than one correct answer to each question

-1. Ferric chloride is corrosive.

1 True
2 False

2. Safety precautions required for handling ferric chloride in
concentrated forms should be the same as those for acids

1. True
2. False

3. An overdose of a polyelectrolyte to a secondary effluent
containing solids can be worse than no r llyelectrolyte ad-
dition at all.

1. Prue
2. False

4. A progressive cavity pump may operate without feed ma-
terial and not be damaged

1 True
2 False

5 A coagulant may be used to precipitate phosphate as well
as to remove solids from the water being treated

1 True
2. False

6. Good housekeeping around chemical feeding 'systems is
very important to good operations, but not important to
safety

1 True
2. False

7. If the microscreen drum is not rotating when the process
water first enters the microscreen, the fabric may plug and
be damaged.

1 True
2 Faise

8 Apply chlorine to control biological growths on the .ni-
crofabnc.

1. True
2. False

9 Rapid-sand filters may use either an upflow or a downflow
backwashing process.

1 True
2. False

10. Downflow filters ace designed to remove suspended solids
by either the surface-straining method or the depth-
filtration method.

1. True
2. False

11. The c ,.tventional single- .edia filter bed commonly used
in pc 'able water systerr s is generally unsatisfactory in re-
moving solids found in wastewater because of plugging.

1. true
2. False

12. The finer, dense sand is placed over the coarse media
(anthracite) in a dual-media filter.

1. True
2 False

13 Chlorine will not interfere with polyelectrolytes

1. True
2 False

14. Dry filter media can be backwashed without any problems.

1. True
2 False

15 Alum is injected into the influent line of the filters
downstream of the point of polymer injection.

1. True
2. False

16. Solids can be removed from secondary effluents by

1. Activated sludge process.
2 Addition of chemicals.
3 Chlorination.
4. Filtration
5 Microscreens.

17. Chemicals used to improve the settlir, r, of solids incl.ide

1 ABS.
2 A:um.
3. Cations.
4 Lime
5. Soda water

18. Which of the following if .ms should be inspected or
checked before starting a chemical feeder,

1 Direction of rotation of moving parts in motors
2 Operation of control lights on control panel
3 Operation of safety lock-out switches
4. Proper voltage
5. Size of overload protection

19. A jar test can be used to determine

1. The most economical coagulation dosages.
2. The number of jars of chemicals.
3 The pH or a sample
4 The plant conditions by us.ng laboratory equipment.
5 What the clarity will probably be in the plant effluent.
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20. Microstraining is capable of

1. Disinfecting the effluent.
2. Improving the effectiveness of tne disinfectant.
3. Removing soluble BOD.
4. Reducing the coliform group organisms in the water

being treated.
5. Reducing the organic loading on the receiving waters.

21. Possible corrective action:, to solve microscreen problems
when treating high concentrations of oil and grease in-
clude

1. Adding chemicals to improve oil and grease removals.
2. Decreasing the drum rotation speed.
3. Decreasing the water spray pressure.
4. Placing rawer microscreens in service.
5 Reducing oil and grease loadings at source.

22. Why should an empty filter not be filled through the inlet
valve?

1. Filling the backwash troughs in an empty filter places
an unnecessary loading on the troughs.

2 Question wrong. An empty filter should be filled
through the inlet valve.

3 This is a waste of production water.
4. Untreated water will be discharged from the filter.
5. Water falling onto the media will disturb the bed.

23. Indications of a disturbed or damaged filter underdrain
include

1 Boiling areas and quiet areas of the filter media during
backwashing

2. Filter media in the effluent.
3. Poor quality effluent suspended solids
4 Reduced effluent chlorine requirements.
5. Reduction in effluent MPN.

24 Information that can be obtained from the head loss indi-
cator on a rapid-sand filter includes

1. Depth of filter media
2 Effectiveness of the backwash operation
3. Efficiency of BOD removal
4. Present condition of sand filter
5 Tlirbidity in the effluent.

25. Which of the following items should be included in your
checklist for starting filtering systems?

1 Backwash frequently to reduce head loss
2 Check motors for proper rotation.
3. Fill tanks and piping and look for leaks
4 Inspect pumps and motors for excessive vibration
5. Inspect the total system for safety nazaras.

26. Which of the following items would you check if laboratory
tests indicated high turbidity and suspended solids in the
effluent of a filter?

1. Check for excessive head loss.
2. Determine filter aid dosages.
3. Examine backwash cycle for complete wash.
4. Inspect for damaged bed due to backwashing.
5 Look for fluctuating flows that could cause break-

through.

27 What conditions determine the backwash rate for a pres-
sure filter?

1. Largest media size
2. Quality of the backwash water
3. Settleability of solids in the secondary clarifier
4. Suspended solids concentrations in the water applied

to the filter.
5. Warmest expected water temperature

28 Which of the following conditions can cause operational
problems with a presse filter?

1. Excessive plant inflows
2. High chemical concentrations
3. High coliform MPNs
4. High suspended solids concentrations
5 Very cold temperatures

29. Factors that could upset the support media of a pressure
filter include

1. Air slug forced out by backwash flow.
2. Backwash flow rate too high.
3. High suspended solids concentrations in the water

applied to the filter
4 Pumping backwash flow too suddenly.
5. Surface wag', too long.

30 Factors that should be considered when reviewing plans
and specifications for ne,.. pressure filters include

1. Filter media that allows penetration of suspended sol-
ids in order to obtain reasonable filter run lengths.

2 Hoists to allow for inspection and maintenance of air
headers.

3 Ladders and walkways to allow easy access to ves-
sels, pipes and valves

4. Manways sized large enough to allow operators and
equipment ease of entering and leaving filters.

5 Media core sample ports to evaluate entire depth of
mem.

4.: N
}1 yloo it-c At toir`"0p

w 8t7

END OF OBJECTIVE TEST
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OBJECTIVES
Chapter 5. PHOSPHORUS REMOVAL

Following completion of Chapter 5, you should be able to
do the following:

1. Explain the need for phosphorus removal and describe
some of the different systems used for this purpose at vari-
ous treatment plants,

2. Place a phosphorous removal system into service,

3. Schedule and safely conduct operation and maintenance
duties,

4. Sample influent and effluent, interpret lab results and make
appropriate adjustments in the treatment process,

5. Recognize abnormal operating conditions, understand the
cause, and take corrective action to ensure proper phos-
phorus removal,

6. Inspect a newly installed phosphorus removal facility to de-
termine if irstallation has been proper, and

7. Review plans and specifications for a phosphorus removal
system.
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GLOSSARY
Chapter L PHOSPHORUS REMOVAL

AGGLOMERATION (a-GLOM-er-A-shun) AGGLOMERATION

The growing or coming together of small scattered particles into larger flocs or particles which settle rapidly. Also see FLOC.

CENTRATE

The water leaving a centrifuge after most of the solids have been removed.

COAGULATION (co-AGG-you-LAY-shun)

CENTRATE

COAGULATION

The use of chemicals that cause very fine particles to clump together into larger particles This makes it easier to separate the solids
from the liquids by settling, skimming, and draining or filtenng.

ELECTRO-MAGNETIC FORCES ELECTRO-MAGNETIC FORCES

Forces resulting from electrical charges that either aLact or repel particles. Particles with opposite charges are attracted to each
other. For example, a particle with positive charges is attracted to a particle with negative charges. Particles with s!miLar charges
repel each other. A particle with positive charges is repelled by a particle with positive charges while a particle with negative charges
is repelled by another particle with negative charges

ENDOGENOUS (en-DODGE-en-us) ENDOGENOUS

A reduced level of respiration (breathing) in which organisms break down compounds within their own cells to produce the oxygen
they need.

FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION

The gathering toyether of fine particles to form larger particles.

FLOC FLOC

Groups or clumps of bacteria and particles that have come together and formed a cluster.

POLYELECTROLYTE (POLY-electro-light) POLYELECTROLYTE

A high-mclecular-weight substance that is formed by either a natural or synthetic process Natural polyelectrolytes may be of
biological ongin or derived from starch products, cellulose derivatives, and alignates Synthetic polyelectrolytes consist of simple
substances that have been made into complex, high-molecular-weight sut stances. Often called a "polymer."

POLYMER (POLY-mer) POLYMER

A high-molecular-weight substance that is formed by either a natural or synthetik, process. Natural polyrr _ may be of biological
ongin or derived from starch products, cellulose derivatives, and alignates Synthetic polymers consist of sii,,,. _ ,ubstances that
have been made into complex, high-molecular-weight substances. Often called a "polyelectrolyte."

PRECIPITATE (pre-SIP-i-tate) PRECIPITATE

To separate (a substance) out in solid form from a solution, as by the use of a reagent The substance precipitated

RECD' CINATION (re-CAL-si-NAY-shun) RECALCINATION

A lime-recovrtry process in which the calcium carbonate in sludge is converted to lime by heating at 1800°F (980°C).

RECARBONATION (re-CAR-bun-NAY-shun) RECARBONATION

A process in which carbon dioxide is bubbled through the water being treated to lower the pH

RESPIRATION RESPIRATION

The process in which an organism uses oxygen for its life procesies and gives off carbon dioxide.

SLAKE SLAKE

To become mixed with water so that a true chemical reaction takes place, such as in the slaking of lime

SLURRY (SLUR-e) SLURRY

A thin watery mud or any substance resembling it (such as a grit slurry or a lime slurry).
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CHAPTER 5. PHOSPHORUS REMOVAL
(Lesson 1 of 2 Lessons)

wastewater to form a calcium carbonate PRECIPITATE2 which
also settles out with the phosphorus sludge. This calcium car-
bonate precipitate can be separated out of the sludge and
RECALCINED3 in a furnace to convert the calcium back to time
for reuse.

5.0 WHY IS PHOSPHORUS REMOVED FROM
WASTEWATER?

5.00 Phosphorus as a Nutrient

Phosphorus provides a nutrient or food source for algae.
Phosphorus combined with inorganic nitrogen poses serious
pollution threats to receiving waters because of high algae
growths which result from the presence of the two nutnents in
water. Algae in water are considered unsightly and can cause
tastes and odors in drinking water supplies. Dead and decay-
ing algae can cause senous oxygen depletion problems in
receiving streams with in turn can kill fish and other aquatic
wildlife.

By removing phosphorus in the effluent of a wastewater
treatment plant, the lake or river that the treatment plant dis-
charges into will have one less nutrient that is essential for
algae growth. This reduction in an essential nutrient reduces
the growth of the algae.

5.01 Need for Phosphorus Removal

The U.S. Environmental Protection Agency and other water
quality regulating agencies recognize the need to protect rivers
and lakes from excessive growths of algae. Because of this,
the agencies are requinng that wastewater treatment plants
remove phosphorus in the effluent in order to protect the river
or stream by eliminating a nutrient that can cause algae
growth.

5.1 TYPES OF PHOSPHORUS REMOVAL SYSTEMS

Lime precipitation, luxury uptake, and filtration following
aluminum sulfate flocculation are the most common types of
phosphorus removal systems.

5.10 Lime Precipitation

Whel lime (calcium hydroxide (Ca(OH)2) is mixed with
effluent from a wastewater treatment plant in sufficient concen-
tration to bring about high pH in the water, a chemical com-
pound is formed which consists of phosphorus, calcium and
the hydroxyl (OH) ion. This compound can be FLOCCU-
LATED' or combined in such a way as to form heavier solids
which can settle in a clarifier for phosphorus removal. A sub-
stantial amount of the lime reacts with the alkalinity of the

5.11 Luxury Uptake

Bacteria found in a normal activated sludge process us.;
phosphorus within the make-up of the cell structure that forms
the bacteria. When the bacteria are in a state of ENDOGEN-
OUS4 RESPIRATIONS or are very hungry and need food and
oxygen, they tend to absorb phosphorus quite freely. This pro-
cess is called iuxury uptake" in which the bacteria take ex-
cess phosphorus into their bodies due to the stimulation of
being placed in a proper environment containing food and oxy-
gen. When these same bacteria are placed in an environment
where there is no oxygen (anaerobic), the first element that is
released by the bacteria as they almost begin to die is phos-
phorus. As the phosphorus is released, it can be drawn off and
removed from the wastewater stream.

5.12 Aluminum Sulfate Flocculation and Precipitation
(Sedimentation)

Aluminum sulfate (alum) in combination with wastewater
also can flocculate phosphorus in much the same way as lime
precipitation. The flocculation that happens with aluminum sul-
fate addition is the formation of aluminum phosphate particles
that attach themselves to one another and become heavy and
settle to the bottom of a clarifier. The aluminum sulfate and
phosphorus mixture can then be withdrawn, thereby removing
the phosphate or phosphorus from the wastewater flow. This
alum FLOC6 is difficult to settla out in a clarifier. Therefore, a
sand or mixed-media filter is usually placed after the clanfier to
remove the remaining floc.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 362.

5.0A Why is phosphorus removed from wastewater?

5.1A List the three major types of systems used to remove
phosphorus from wastewater

' Flocculation (FLOCK-you-LAY-shun) The gathering together of fine particles to form larger particles
2 Precipitate (pa-SIP-;-tate) To separate (a substance) out in solid form from a sok:ion, as by the use of a reagent The substance

precipitated.
3 Recalcination (re-CAL-si-NAY-shun). A lime-recovery process in which the calcium carbonate in sludge is converted to lime by heating
at 1800°F (980°C).

4 Endogenc us (en-DODGE-en-us) A reduced level of respiration (breathing) In which organisms break down compounds within their own
cells to produce the oxygen they need.

5 Respiration. The process in which an organism uses oxygen for its life processes a4 gives off carbon dioxide
6 Floc. Groups or clumps of bacteria and particles that have come together and formed a cluster
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5.2 LIME PRECIPITATION

:;.20 How the Lime Precipitation Process Removes
Phosphorus

There are three general physical or chemical reactions
which take place during lime precipitation for phosphorus
removal (Fig. 5.1).

1. COAGULACION.7 When chemicals are added to wastewa-
ter, the result may be a reduction in the ELECTRO-
MAGNETIC FORCES8 which tend to keep suspended par-
ticles apart. After chemical addition, the electrical charge on
the particles is altered so that the suspended particles con-
taining phosphorus, tend to come together raihf,r than re-
main apart.

2. Flocculation. Flocculation occurs after coagulation and
consists of the collection or agglomeration of the sus-
pended matenal into larger particles. Gravity causes these
larger particles to settle.

3. Sedimentation. As discussed in previDus chapters on pri-
mary and secondary clarification methods, sedimentation is
simply the settling of heavy suspended solid material in the
wastewater due to gravity. The suspended solids which set-
tle to the bottom of confiers can then be removed by pump-
ing and other collection mechanisms.

5.21 Equipment Necessary for Lime Precipitation

Lime precipitation for phosphorus moval requires hme
feeding systems, mixing and floccul,..,,n areas, chemical
clarifiers for sedimentation and the proper pumps and piping
for removal of lime phosphorus sludge. Other equipment in-
cludes facilities for pH adjustment of the effluent, recovery of
the lime, and disposal of the phosphorus sludge. More specif-
ically, the equipment needed for precipitation induces the fol-
lowing:

1 Lime Feed Equipment Lime usually comes in a dry form
(calcuim oxide (CaO)) and must be mixed with water to
form a SLURRY8 (calcium hydroxide (Ca(OH)2)) in order to
be fed to a wastewater treatmer- rocess to produce the
required results.

Calcium Oxide + Water --0 Calcium Hydroxide
CaO + H2O - Ca(OH)2

2. Mixing Chamber. A basin in which the iime slurry is blended
with the wastewater as rapidly as possible with the use of a
high-speed mixer called a "flash mixer." After this instant
mixing of the hme slurry and wastewater, a slower mixing
process called coagulation and flocculation follows to allow
the formation of floc. This floc consists of suspended and
colloidal matter, including the phosphorus precipitate.

3. Clarification Process. Clarification is used to allow the floc
to settle out of the wastewater being treated. In order to
settle lime phosphorus sludges, the velocity of the flowing
wastewater must be slowed down sufficiently to allow for
sedimentation. Because of the coagulation and flocculation
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pi mess which produces heavier particles, a clarifier similar
to a secondary sedirnente "on clarifier may be used in the
process to settle lime phosphorus sludges.

4. Pumps and Piping for Lime Phosphorus Removal Process.
After the lime phosphorus mixture has been settled on the
bottom of the chemical clarifier, pipes and pumps must be
used to transport the sludge to a thickening process for
further dewatenng and disposal

5.22 Operation

5.220 Pre-Start-Up. Importance of Checking Chemical
Strength

1. Li,n,-, (calcium hydroxide) is the most important ingredient
in the phosphorus removal system. The calcium hydrox-
ide strength must be checked in order to be sure that a
high concentration of lime is available to form the chemi-
cal reaction necessary to precipitate phosphorus Chemi-
cal strength is tested by determining the percentage of
available calcium oxide in the dry lime that is being fed
into the system. A concentration of at least 90 percent
calcium oxide is needed to insure a highly reactive slurry
for proper lime precipitation of phosphorus. See Chapter
16, "Lebo:a:cry Procedures and Chemistry," Section
16 47, "Lime Analysis," Volume II, for the testing proce-
dures.

2 Lime Feeding Equipment. A routine check of lime feeding
equipment is necessary several times during each work
shift. Lime feeding is usually handled by slakers or equip-
ment that mixes dry powdered lime with water to obtain a
slurry. This slurry is then fed to the mixing basin for coagula-
tion and flocculation of phosphorus. Since most dry hme
has a certain amount of grit, rocks and sand in the mixture,
a grit removal system associated with the SLAKER'° or lime
mixing feed system is important to prevent plugging and
equipment wear. A rock-hard lime precipitate called calcium
carbonate will form when lime combines with carbon
dioxide. This rock-hard substance will attach itself to almost
anything. Slaking mechanisms, piping and equipment must
be kept free from a serious buildup of this calcium carbon-
ate (limestone).

3. Pumps, Valves and Piping. The most serious problem
faced in a lime system is the formation of limestone (cal-
ium carbonate). All pumps, valves and piping must be

regularly checked and cleaned to prevent a buildup of
limestone scale which can c.: se plugging and malfunction.
This applies to both the lime feed system which carries lime
to the mix,ng chamber and to the chemical clarification unit
Sitnizir maintenance procedures also apply to the lime
slurry return system which takes settled lime and phos-
phorus sludge from the bottom of the clarifier and conveys
the sludge to further dewatenng and disposal processes.

4. Clanfier Mechanism. Lime clarifier mechanisms function
the same way as secondary clarifiers The clarifier sweeper
arm should be able to move at a slow rate to collect the
settled hme- phosphorus sludge at the bottum of the tank.

Coagulation (co-AGG-you-LAY-shun). The use of chemicals that cause very fine particles to clump together into larger particles Th,s
makes it easier to separate the solids from the liquids by settling, skimming, draining or filtering.

ectro-Magnetic Forces. Forces resulting from electrical charges that either attract or repel particles Particles with opposite charges are
attracted to each other. For example, a particle with positive charges is attracted to a particle with negative charges PartiLles with similar
charges repel each other. A particle with positive charges is repelled by a particle with positive charges while a particle with negative
charges is repelled by another particle with negative charges,

9 Slurry (SLUR-e). t4 thin watery mud or any substance resembling it (such as a grit slurry or a lime slurry)
10 Slake. To become mixed with water so that a true chemical reaction takes place, such as the slaking of lime
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5.221 Equipment Operating Procedures

1. Lime Feed for pH Control. pH adjustment for phosphorus
removal means raising the pH to a very highly alkaline state
(pH of 11 or higher) so that phosphorus and calcium hy-
droxide bond together forming a heavier substance that will
settle out in a clarification process. Adding lime (calcium
hydroxide) to the wastewater being treated will produce a
high enough pH to allow the formation of this lime-
phosphorus precipitate. The pH must be maintained above
11.0 in order to achieve the highest possible phosphorus
removal using the lime clarification process.

The lime-slurry-feethng system must be periodically
checked for proper operation. Most lime-feed systems have
automatic ph controllers tha, make this adjustment for you.
The lime-feed system must bt cleaned and maintained so it
accurately measures out the quantity of lime necessary to
adjust the pH to the proper level.

2. Clarification and Settling Process. After mixing, flocculation
and coagulation, the lime-phosphorus precipitate is ready
for settling in a clarification tank. The hydraulic loading rates
must be adjusted to prevent short-circuiting or hydraulic
washout of the floc prior to its complete settling to the bot-
tom of the clarifier. A well operated chemical clarifier will be
very clear and you should be able to see down into the
clarifier at least 10 feet (3 m).

3. Pumping and Disposal of Lime Precipitate. Once the lime
precipitate containing phosphorus is removed from the
wastewater stream, it is important not to allow the same
phosphoru: to be recycled back through the treatment
plant. Two methods of disposal are commonly used. in the
first method, centrifugation of the lime mud removes the
phosphorus from it. The remaining lime sludge can be
further processed to recover the lime. In the second
method, the phosphorus-lime sludge is sin*/ pumped to
an appropriate disposal site.

When pumping lime precipitate from the clarifiers, the
operator must adjust pumping rates so that all of the lime
sludge is removed. Without proper pump regulation and
adequate pumping times, heavy accumulations of lime
could build up within the clarifier. poor pump regulation
could also lead to the pumping of only a very thin slurry
composed mainly of water and little lime sludge to the dis-
posal facilities.

5.222 Placing Lime Precipitation for Phoophorus
Removal into Operation

1. Flow Rate into Chemical Clarifier. The operator should
check the design criteria for the chemical clanfier to be
certain that the overflow rates (weir loading rates and hy-
draulic loading rates) are not exceeded when starting up
the chemical clarifier. The clanfier operates best at or below
the overflow rate that was designed into the iacility.

2. pH Adidstment in Flash-mix Basin. Check the pH adjust-
ment in the rapid mix basin to be certain that the pH of the
combined wastewater and lime slurry is 11 or above. If pH
falls below 11, phosphorus removal efficiencies could be
reduced. Measuring the pH on a regular and routine basis
will provide a double check for the operator on the automal
is pH adjustment and recording mechanism installed in the
rapid mix basin area.

3. Turbidity and Phosphate Measurement of Clarifier Effluent.
Along with phosphorus removal, a chemical clarifier is ca-
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pable of removing turbidity from the secondary effluent at a
wastewater treatment plant. The operator should check the
removal efficiency of turbidity through the chemical clarifier
as well as checking for efficiency levels for phosphorus
removal. This is done along with calculations in the labora-
tory to determine the total phosphorus remaining in the
effluent of the chemical clarifier compared to phosphorus
levels in the effluent of the secondary portion of the treat-
ment plant.

4. Pumping of Precipitated Lime Sludge for Disposal and for
Lime Phosphate Separation. Some treatment plants use
sludge drying beds to dry the lime sludge prior to final dis-
posal by landfilling or other means. Cther treatment plants
recover as much of the lime as possible for reuse. These
treatment plants must use two centrifuges. By operating the
first centrifuge at a low removal efficiency, most of the
phosphorus sludge is discharged with the CENTRATE"
while most of the calcium carbonate is removed from the
centrifuge as a cake ready for the lime recovery process in
a multiple hearth furnace. The centrate containing most of
the phosphorus sludge is passed through the second cen-
tnfuge for separation of the phosphorus compounds as a
cake. The centrate is usually returned to the primary
sedimentation system and the dewatered phosphorus
sludge (cake) goes to a landfill for ultimate disposal.

The operator must be certain that pumping equipment is
operating efficiently. If the lime sludge is to be dewatered,
the operator must see that the percent concentration of
solids remaining after the dewatering process will provide
.he most efficient lime recovery operation.

The solids handling portion (Chapter 22) of this manual
discusses thickening and centrifugation processes in more
depth. This chapter is very closely related to solids handling
and you will need to understand the solids handling chapter
thoroughly before you can reach a thorough working
knowledge of the phosphorus removal system using lime
precipitation.

5.223 Daily Operation

1. Routine pH Monitoring to Check Automatic Feed. As previ-
ously indicated, pH must be maintained about 11 in order to
efficiently operate the phosphorus removal system. Routine
checking with a pH meter will assure the operator of correct
pH levels in the chemical clarification process. Measure-
ment will also serve to check the automatic feed system to
be certain that the pH control is properly functioning in the
automatic mode.

2. Routine Phosphate Test for Removal Efficiencies. The pur-
pose of chemical clarification aril lime precipitation of
phosphorus is to remove phosphate compounds from sec-
ondary clarified wastewater treatment plant effluent. Daily
tests for removal of phosphate compounds through the
chemical clarification system are necessary to determine
.ne precise pH setting that works best for the treatment
plant and conditions of operation at the facility. The phos-
phate test results are also required by State regulatory
agencies that monitor phosphate levels in the final effluent
from the wastewater treathient facility.

3. Calcium Oxide Content of Lime Feed. Phosphorus removal
from wastewater requires substantial amounts of calcium
oxide to raise the pH level of the wastewater so that chemi-
cal bonding occurs. Calcium oxide purchased for this pur-
pose should contain at least 90 percent available calcium

" Centrate. The water leaving a ceMnfuge after most of the solids have been removed.
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oxide. Consult Chapter 16 on laboratory testing procedures
for methods used in calculating and testing for calcium
oxide content (Section 16.47, "Lime Analysis").

4. Daily Maintenance of Pumps, Piping and Other Equipment
to Prevent Lime Scale Plugging. Lime (calcium hydroxide)
and carbon dioxide form what is known as limestone or
calcium carbonate. Calcium carbonate is a very stubborn
substance that sticks to all types of surfaces. This scaling
ability of the calcium carbonate causes pumps, piping and
other equipment to scale very readily and they must be
cleaned to prevent plugging problems. Daily maintenance
will ensure that pumps operate properly and that pipes do
not become completely plugged. Hot water or steam is very
effective in dislodging limestone buildup within pipes or
pumps. The hot water makes the calcium carbonate scale
(limestone) soft and readily available for chipping away or
scouring to remove the scale.

5.224 Shutdown of Lime Clarification Operation

If the lime clarification system for phosphorus precipitatict.
must be shut down, take the following steps in the order listed:

1. Shut off valve to clarifier basin stopping the secondary
effluent flow into the chemical clarifier.

2. Shut down lime feed equipment.

3. Bypass chemical clarifier by opening proper valves beyond
secondary clarifier.

4. Pump settled lime sludge from clarifier basin.

5. If necessary, pump liquid from chemical clanfier basin into
RECARBONATION'2 basin to inspect empty clanfier and
perform any repairs that are necessary.

6. Flush equipment and chemical lines with water.

5.225 Sampling and Analysis

1 Phosphorus Removal Efficiencies. The purpose of lime
precipitation of phosphorus is to reduce the phosphorus
level in the effluent of the wastewater treatment plant and
as a nutrient source for the receiving waters. Daily phos-
phorus tests should be run on composite samples of chem-
ical clarifier effluent and also secondary clarifier effluent to
see a comparison of results for determining two factors:

a. Does the treatment plant meet effluent discharge re-
quirements for phosphorus?

b. Is the chemical clanficati;A lime precipitation process
adequately performing at the efficiencies desired'?

Consult the chemical analysis portion of Chapter 16 of
this training manual to understand the laboratory testi^n
process used for phosphorus analysis and interpretation of
results.

2. Calcium Oxide Content of Lime Feed. A calcium oxide con-
tent of at least 90 percent available calcium oxide is needed
in dry lime (quick lime) to bring the pH of the secondary
treated water up to at least 11 0. The operator should check
the concentration of any lime purchased. Consult the labo-

ratory analysis section (Section 16.47) cl Chapter 16 in this
training manual to determine how to run a calcium oxide
test and interpret the results. These test results will insure
the use of high-grade lime as well as inform the operator
about the reliability of the supplier.

Calcium oxide content is also very important for treat-
ment plants who recalcine their own lime. If the calcium
oxide content drops in the recalched lime, it is most likely
due to higher concentrations of phosphorus within the lime
sludge. When higher concentrations of phosphorus are re-
tumed to the system, lime clarification of phosphorus pre-
cipitation becomes less efficient. If calcium oxide levels
drop too low in recalcined lime (less than 70 percent oxida),
the recalcined lime should be wasted or disposed of rather
than reused within the system.

3. Jar Tests to Determine Flocculation Efficiency. An effi-
ciently operated chemical c:lrification unit will allow for
proper settling of as large and as heavy a floc as possible.

JAR TESTS'3 enable the operator to determine what pH
levels form the largest floc possible and allow the fastest
settling of the floc formation. POLYELECTROLYTES" have
been used with lime precipitation of phosphorus removal
and are added after the fast-mix reaction. The jar tests
are very good indicators of the concentration of
POLYMERS's that produces optimum floc formation and
sedimentation of the calcium hydroxide phosphate combi-
-ation floc particles.

5.226 Operational Strategy

5.'3260 Daily Operating Procedures. There are three main
areas to check in the daily operation of a phosphorus-lime
precipitation chemical-clarification unit:

1 Lime Feed System. The lime-feed system must be oper-
ated very efficiently. Be certain to check the automatic dry
lime feed system, the mixing process of dry lime and water,
the slurry transfer to the rapid-mix basin and the grit re-
moval system to remove sand from the lime slurry.

2. Flash Mixing, Coagulation and Flocculation. After the lime
has been fed into the secondary effluent flow stream, it is
very important that tho mixing time and chemical feed ratio
(polymer and lime) be correct so that pH can be maintained
above 11.0 and to promote formation and rapid settling of
the largest possible floc.

3. Lime Clarification, Sedimentation and Sludge Removal.
After the lime sludge removal process has entered the
chemical clarification state, it is important for the operators
to make sure that lime does not build up too heavily and
that lime phosphorus sludges ere pumped on a regular
basis from the bottom of the clanfier. The lime sludge
should be properly pumped and piped to the disposal area
or the thickener process for further dewatering.

5.2261 Abnormal and Emergency Conditions

1. Changing Flow Conditions. Miring low flow conditions,
check the automatic lime-feed system to be sure it has
adjusted to the reduced flows. Excessive lime-feed rates

12 Recarbonation (re-CAR-bun-NAY-shun). A process in which carbon dioxide is bubbled through the water being treated to lower the pH.
13 See Chapter 23, Section 23.130, "Jar Test," for details on how to run a jar test.
" ° olyelectrolyte (POLY-electro-light). A high-molecular-weight substance that is formed by either a natural or synthetic process. Natural

polyelectrolytes may be of biological origin or derived from starch products, cellulose denvatives, and alignates. Synthetic p.lyelectrolytes
consist of simple substances that have been made into complex, high-molecular-weight substances. Often called a "polymer."

15 Polymer (POLY-mer) A high-molecular-weight substance that is formed by either a natural or synthetic process. Natural polymers may be
of biological origin or derived from starch products, cellulose derivatives, and alignates. Synthetic polymers consist of simple substances
that have been made into complex, high-molecular-weight substances. Often called a "polyelectrolyte."
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into the clanfier waste the chemicals and increase the
costs. If the automatic lime-feed system cannot be throttled
down far enough, manual feed control is necessary.

High flows can pose a more serious problem to lime
clarification processes. First, high flows may cause a lower-
ing of pH if the lime-feed system is not properly pacing the
flow by adding excess lime wher the high flow conditions
occur. Secondly, high flow can mean hydraulic overloading
of chemical clarification units thereby causing a decrease in
the efficiency of phosphorus removal in the clarification
unit.

2. Factors Affecting Phosphorus Removal Efficiency

a. Short-circuiting. Short-circuiting can be caused by too
high a flow within the chemical clarification unit. A high
flow will not allow adequate detention time. When
short-circuiting occurs, the flocculated particles do not
settle properly and are washed over the effluent weirs.

b. Changes in pH. Fluctuating pH levels may have the
effect Ocausing cloudy conditions in certain portions of
the clarification tank. The most efficient manner in
which to operate a chemical clarification unit is to main-
tain a constant pH above 11.0. When the pH drops
below 11.0 for even a short period of time, floc for that
flow may not be as large and a cloud of suspended
particles may appear within the clarification unit.

c. Solids Loading. Since most chemical clarification units
for phosphorus precipitation follow a secondary
clarifier, it is important that the secondary clarifies run
as efficiently as possible If solids are not settled prop-
erly within the secondary deification unit causing high
solids to appear in the chemical clanfier phosphorus
precipitation units, then removal efficiencies for phos-
phorus will decrease. Under these conditions it ;mill be
more difficult to maintain a high pH in the clarifier and
clanty will be impaired substantially.

d. Small Straggler Floc. Usually a small floc will occur
because of improper pH or because the polyelectrolyte
being used is either at too high a dose or too low a dose
for proper control of the flocculation process. The
straggler floc will not settle as readily as the large floc
and, therefore, efficiency in the phosphorus removal
process may be drastically reduced.

e. Storm Water. If substantial high flows result because of
high storm water runoff into the sewer system, phos-
phorus removal efficiencies will be substantially re-
duced because of the short-circuiting due to lack of
detention time within the clarification basin. Be sure to
cut down valving if you suspect a high flow condition
that has resulted from a storm condition. High flows
thro.'n ti'e chemical clarifier will cause settled floc to
rise a NI II prevent sedimentation of the particles.

f. Industrial Dischargers. Industrial dischargers who ig-
nore discharge restrictions can cause serious problems
for the chemical clarification unit. Discharge of toxic
wastes can destroy secondary biological systems,
thereby reducing the secondary clarification efficiency
ahead of the phosphorus removal system.

Plugged Pumps or Piping. Lime-phosphorus sludge
must be pumped from the bottom of a chemical clarifier
as it accumulates. If plugging problems occur because
of a calcium carbonate buildup, they should be cor-
rected immediately. If piping or pump problems are al-
lowed to continue, they could result in an excess build-
up of solids within the chemical clarifier and seriously
reduce phosphorus removal efficiency.

g.
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h. Lime Feed Equipment to Maintain Adequate Lime Sup-
ply. The most important phase of the chemical clarifica-
tion process that requires close control is the lime-feed
process. If there is a breakdown in the lime feed opera-
tion, phosphorus removal cannot take place. Lime feed-
ing must be continuous and have an adequate feed
supply program. The lime slakers or mixers should be
regularly inspected. All piping should be examined and
deposited scale chipped off the pipes. The lime feed
should also be using a high concentration of calcium
oxide.

i. Operational Problems with Upstream or Downstream
Treatment Processes. The most serious effect from an
upstream treatment process on chemical clarification
and phosphorus removal is an upset condition in the
secondary treatment process of the treatment plant. The
upset condition can cause a lowering of the pH, too
many suspended solids in the chemical clarifier and a
substantial problem for removal efficiencies for not only
phosphorus but turbidity and suspended solids. The sol-
ids carryover from a secondary clarifier also interferes
with any recalcining operation that may be used at the
treatment plant if lime is reclaimed.

Downstream treatment processes will usually include
a recarbonation basin to bring the pH back to a neutral
point. Carbon dioxide from the recalcining process is
commonly used in the recarbonation basin. If the carbon
dioxide feed is not adequate, a high pH will result in the
remainda7 of the treatment plant. This condition may LIU
in violation of the discharge permit for the treatment
facility. Most states require a pH in the relatively neutral
range before discharge to any body of water or even for
land disposal. The operator should be sure that the re-
carbonation process is working properly and that an
adequate supply of carbon dioxide is being fed to brill;
the pH hack down to a range within the plant's effluent
discharge permit requirements.

Recarbonation for pH Control and Calcium Carbonate
Recapture. Effluent from a high pH chemical clarifier
used for phosphorus reduction will usually have a pH of
at least 11. Use of carbon dioxide (CO2) is the most
common method of neutralizing the pH (bnng the pH of
the water down to almost 7). A by-product of the lowered
pH is the formation of settleable calcium carbonate that
can be recalcined for reuse in the lime treatment proce-
dure. The process can be accomplished by either using
a single or a two-stage recarbonation and settling pro-
cess.

Single-stage recarbonation as shown in Fig. 5.2
uses a process of adding carbon dioxide (CO2) gas to
the effluent from a chemical clarifier. The gas is
bubbled into the effluent stream to allow calcium
carbonate to form. As a by-product of the calcium
carbonate formation, pH is reduced.

The calcium carbonate precipitate formed is captured
on filters which usually follow a chemical clarification
process. The calcium carbonate captured on the filter
media must be settled following a filter backwashing
procedure.

Two-stage recarbonation and settling as shown in Fig. 5.3
is a more effective method to reduce wastewater pH and
recapture calcium carbonate. Carbon dioxide gas is bubbled
into a basin just after the chemical clarification process.
However, unlike single-stage recarbonation, the calcium
carbonate precipitate formed is allowed to settle in a basin
or tank. The settled calcium carbonate is collected and
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pumped to dewatering and recalcination or hauled to a
landfill. Carbon dioxide gas is again bubbled into the
wastewater stream to further reduce the pH.

Usually pH is reduced to around 8.0 to 8.5 in first-stage
recarbonation and further reduced to 7.0 in second-stage re-
carbonation. After second-stage recarbonation, the wastewa-
ter is treated by filtration. An additional advantage of two-stage
recarbonation over single-stage recarbonation is the lower
quantities of calcium carbonate that can plug filters that follow
the recarbonation process.

The stack gases from the recalcin ';on furri:_ce usually are
used as a source of carbon dioxic jas. Additional carbon
dioxide may be required to be produced by an auxiliary bumer
or from commercially tanked carbon dioxide.

5.2262 Troubleshooting

The following are some of the important points to look for
when operating a lime clarification system for removal o! phos-
phorus. These points and guidelines are some of the many that
operators should consider when operating the equipment for
the phosphorus removal system.

1. Remove any debris from the bottom of the chemical clanfi-
cation basins.

2. Make sure the sludge scraper mechanisms for chemical
clarification units are operating in good condition before
allowing any flow to enter the sedimentation basin.

3. A high torque level on the rotation of the clarifier drive
mechanism provides a warning that the rotating collection
arms A the chemical clanfier have a problem or that the unit
is binding.

4. Pumps which operate at slower-than-normal feed rates or
whicn will not pump are a strong indication that the pump or
the sludge lines are plugged. Observation of pump pres-
sure gages will indicate if a pump is not working properly.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 362.

5.2A What equipment is necessary for the iemoval of phos-
phorus by the Time precipitation process?

5.28 Why must the slaker or lime mix feed system have a
grit removal system?

5 2C Daily operation of a lime precipitation process to re-
move phosphorus consists of what tasks?

5.2D Why are low flow conditions of concern for the Iime
precipitation process?

5.2E What factors affect phosphorus removal efficiency in
the lime precipitation process?

5.23 Maintenance

1. Pumps and Seals. As indicated in previous sections, pumps
are a very important and major part of any wastewater
treatmert facility. Pumps and seals must be kept properly
maintained in order that the pumps can work and function at
their peak efficiency without needing major repair over the
period of use. Seals and packing must be kept in good
condition so that the pump can run cool and efficient at all
times. Lime is both caustic pnd abras:ve and therefore can
wear equipment at a rapid rate. Special attention must be
paid to any pumps that handle lime sludges in order to be
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certain that plugging and excessive wear are not major
problems in the pump or eration.

2. piping. Because of the tendency of lime to form scale, pip-
ing must be kept clean at all times. Lime builds up on the
interior walls of pipes and can plug the pipes at a rapid rate.
Flushing and scouring pipes are penodically necessary in
order to ensure that the lime sludge is being moved to other
parts of the treatment plant as expected.

3. Clarifier Mechanism. Since the clanfier rotating arm moves
continuously. it is very important that the proper oil and
grease be provided for lubrication. Be certain that the bear-
ings are lubricated and that no obstructions cause jamming
or excessive wear on the equipment. 83 sure to check the
manufacturer's recommendations for the operation of the
clarifier mechanism. All internal parts must be sealed and
preventive maintenance should ensure that lime and
weather elements do not affect the operation of the working
nears within the mechanism drive.

4. Lime Slaking Mechanism. The lime slaking mechanism
must be kept in good operating order in order to provide the
correct amount of lime sluily for the lime feed station. Grit
must be removed from the slaker mechanism and the mix-
ing arms must be kept free of excessive buildups of lime.
Be sure to check the manufacturer's recomrnendation on
slake temperature. Frequently inspect the water sprays
used for condensing the steam and for dust control. The
lime slaking mechanism should be cleaned frequently to
prevent lime build-up.

5. Flash-mix Basin. ,_ime has a tendency to build up on the
surface of the mixing paddles in a rapid-mixing chamber.
Be sure that no excessive amounts of lime are allowed to
gather on cny mixing paddles This could cause heavily
weighted sides that set the mechanism off balance. The
mixing paddles should be cleaned frequen: y to prevent
lime buildup.

6. Automatic pH Control. The pH probe that helps the lime
feed system work in automatic mode must be cleaned on a
daily basis to ensure that a lime scale buildup does not
cause false readings. The automatic recording station to
control the pH must be calibrated periodically to ensure that
the mechanism is functioning properly.

7. Ratio of New Lime to Recalcined or Reclaimed Lime. If the
treatment p!ant has a recalcining furnace ;n which I,me is
reclaimed, be sure that the ratio of lew lime to recalcined
lime is adjusted so that the quality of !ime fed to the mixing
chamber is high enough to provide adequate pH control
and phosphorus removal. This ratio is computed by using
the known factors of calcium oxide content in both the re-
calcined or reclaimed lime and the new lime.

5.24 Safety

1. Lime is a Powerful Caustic Solution. Because lime has an
extremely high pH, it is a very caustic solution and can
cause eye irritation and skin irritation when it comes in con-
tact with operators. Be very careful when using lime. Wear
goggles and face masks to prevent the lime from entering
eyes or lungs. If you are exposed to lime in either your eyes
or parts of your body, be sure to nnse with water thoroughly
and, in the case of severe burns, be certain to see a physi-
cian immediately. A mild solution of boric acid may be kept
Jn hand to help flush eyes in case of a severe lime burn or
exposure of the eyes to dry lime.

2. Polymers Can Cause Slick Surfaces. Many times a lime
process uses polymers to help form i.,olloidal particles of



lime and phosphorus to provide faster sedimentation in a
lime clarification unit. These polymers, when wet, are ex-
tremely slippery. Be very careful s, walking near sur-
faces that have been exposed to any kind of polyelectrolyte
or polymer. Be sure to wash down any surfaces where
polymers have been spilled and use guard railings on stairs
or near concrete areas that may have polyelectrolytes on
the surface.

5.25 Loading Guidelines

1. Typical Loading Rates. The typical loading rate for a chemi-
cal clarification unit is normally 800 gallons per day per
square foot (32 cu m per day/sq m) of surface area to 1500
gallons per day per square foot (60 cu m per day/sq m) of
surface area.

2. Hydraulic Loading Computation. In order to calculate the
hydraulic loading rate for a lime clarification unit, the
operator must know two things: (1) the flow into the lime
clarification unit, and (2) the surface area of the clanfier. To
calculate the hydraulic loading rate, divide the average gal-
lons per day (cubic meters per day) of flow to the clarifier by
the square feet (square meters) of surface area. This will
give the ovwflow rate or hydraulic loading of the lime clarifi-
cation unit.

Hydraulic Loading, gpd/sq ft =

Or

Hydraulic Loading,
cu m/day/sq m

Flow, gpd

Surface Area, sq ft

Flow, cu m/day

Surface Area, sq m

3 Phosphate Loading Computation. Phosphate loading is
normally designed as pounds per de*, (kilograms per day)
of phosphorus to be treated. Thi3 loading can either be a
total loading rate of phosphate into the lime clarification unit
or it can be the phosphorus removed from the lime clarifica-
tion unit. To calculate the phosphate loading, the operator
needs to know: (1) the gallons per day (cubic meters per
day) of flow entering the lime clarification system, (2) the
milligrams per liter of phosphate in the secondary effluent,
and (3) the milligrams per liter of phosphate in the chemical
clarification effluent. In order to compute the PHOS-
PHATE16 loading, use the following equations:

Phosphate - Flow. WO x Phosphate. rng/L x 834 Ibs/gal
Loading, kg/day

Phosphate
Loading.
kgidav

- Flow. " m
day

kg 1000 Lx Phosphate. mg x
1.000.000 mg I cu m

To determine the efficiency of the phosphate removal pro-
cess by lime clarification, use the following equations:

(Influent Effluent ) x 100%
Phosphate. lbstday Phosphate, lbs/day

Phosphate Removal
EffierencY. % Influent Phosphate. tbs/day

or

PhoT.phate Removal
Efficiency. %

(Influent - Effluent ) x 100%
Phosphate, kg/day Phosphate, kg/day

Influent Phosphate, kg/day

or

Phosphate Removal (Intl Phos . rng/L EM Phos , mg/L) x 100%
EthctsfIcy, % tnfl Phos rng/L
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5.26 Review of Plans and Specifications

In many instances, it is very beneficial to the design en-
gineer, to the operator and to the facility for the operator to
review the plans and specifications of an expanded treatment
plant or new treatment facility prior to the co.lpletion of the
plans and specifications. The design review helps the design
engineer to know what details to look for to make operations
easier and to anticipate problems that might otherwise require
design modifications after construction is completed. Without
the operator's assistance, rnodification might later be neces-
sary because someone forgot or did not have the knowledge to
recommend specific details for better operational control of the
phosphorus removal process.

The following are some of the items that can be reviewed by
the operators to aid the design engineer during the facility's
design for phosphorus removal:

1. Abrasive nature of quick lime or powdered calcium hy-
droxide. Because of the abrasive nature of lime, ii is impor-
tant that large sweeping curves be used in any air transfer
of dry lime. The large sweeping curves will not let the cen-
trifugal force and velocity of the particles of lime eat through
the interior of the pipe wall on the curves while transfemng
lime from the hauling vehicle to the storage bins.

2. Lime-water mixture causing steam. Because of the quick
chemical reaction of lime with water, a great deal of heat is
formed causing a certain amount of steam. This steam can
cause the lime to clump up into large particles reducing the
effectiveness of a lime storage bin and its feed mechanism.
Because of the steam, clumping can cause bridging, and
lime feeding into chemical slakers may be a severe prob-
lem. Provisions should be made for water sprays to control
dust and to condense vapors so they will not rise into the
storage bin.

3 Accessibility to piping for lime feed. Because of the ability of
lime to build up on the surfaces of metal and other materi-
als, it is important to be able to cle in lime feed pipes. If a
long distance exists between the lime mixing and slaking
area and the rapid-mix basin, several manholes should be
located within the pipe route to ensure easy access for
cleaning.

4. Flexible piping arrangement. Because pumps and pipes
plug up frequently in a lime sludge pump station, it is impor-
tant that alternate piping and valving be provided so that
lime sludge removal can continue while cleaning and re-
pairs are made on the affected equipment.

5. Handling of dry lime from the unloading dock. The truck's
hauling dry lime to storage bins at the treatment plant must
have enough room to maneuver and park in the unloading
area. Usually, the trucks have their own pneumatic exhaust
system to transfer the lime from the truck to the storage
bins. If the bins are taller than the truck, it is critical that the
feed lint) first go straight up from the unloading vehicle. This
will pre:ent lime from depositing on the bottom of the pipe
with the air flowing over the top. This arrangement wil! allow
much faster unloading time for the vehicles.

le Phosphate in these equations usually refers to total phosphate and includes orthophosphates, polyphosphates, and organic phosphorus.
Both poly and organic forms of phosphorus must be converted to orthophosphate for measurement.
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6. Dust control. Because lime is extremely hazardous to
human health, it iz important that proper dust control be
provided. Exhaust fans and lime filter bags must be pro-
vided to kaep lime dust from spreading throughout the lime
feeJing building or into the operational area causing
operators breathing problems and other unpleasant condi-
tions.

7. Safety of lime bins. Because pneumatic feeding
mechanisms are the rrnst common devices for transferring
lime to the storage bins, it is important that these bins be
properly vented and that dust collectors be provided at
each vent.

5.27 Additional Reading on Ume Precipitation for
Phosphorus Removal

1. HANDBOOK OF ADVANCED WASTEWATER THE 4T-
MENT, Second Edition, Culp. R. G., Wesner, M., Culp, G.
G., Van Nostrand Reinhold, New York City, N. Y., 1977.
Obtain from Litton Educational Publishing, Inc., 7625
Empire Drive, Florence, Kentucky 41042. Fjce: $35.00.

2. PROCESS DESIGN MANUAL FOR PHOSPHORUS RE-
MOVAL, EPA 625/1-76-001a, U. S. Environmental Protec-
tion Agency, Center for Environmental Research Informa-
tion (CERI), 26 West St. Clair Street, Cincinnati, Ohio
45268, April 1976.

3. WASTEWATER SYSTEMS ENGINEERING, Parker, Homer,
Prentice-Hall, 301 Sylvan Avenue. Englewood Cliffs, New
Jersey 07632, 1975. Price: $33.95.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 362.

5.2F What is the purpose of the lime slaking mechanism'?

5.2G What is recalcined lime?

5.2H Why might a lime process also use a polymer?

5.21 What forms of phosphorus are included in the total
phosphate measurement?

5.2J What provisions can be made when a facility is de-
signed to reduce problems that wail arise when pumps
or pipes become plugged with lime?

END OF LESSON 1 OF 2 LESSONS
ON

PHOSPHORUS REMOVAL

Please work the disc _.;sion and review questions before
continuing with Lesson 2.

DISCUSSION AND REVIEW QUESTIONS
Chapter 5. PHOSPHORUS REMOVAL

(Lesson 1 of 2 Lessons)

At the end of each lesson in this chapter you will find some
discussion and review questions that you should work before
continuing. The purpose of these questions is to indicate to you
how well you understand the matenal in the lesson. Wnte the
answers to these questions in your notebook before continu-
ing.

1. How is phosphorus removed from wastewaters by "luxury
uptake?"

2. What is the most serious problem in a I:me system and how
can this problem be avoided or corrected?
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3 Why would you perform a jar test when removing phos-
phorus by the lime precipitation process?

4 Why must lime be kept from gathering on the mixing pad-
dles ;n the flash-mix basin?

5 List the safety hazards you might encounter when working
with lime



CHAPTER 5. PHOSPHORUS REMOVAL
(Lesson 2 of 2 Lessons)

5.3 LUXURY UPTAKE OF PHOSPHORUS

5 30 How the Luxury Uptake Process Works

5.300 Process Description (Fig. 5.4 and 5.5)

Luxury uptake of phosphorus is a biological treatment pro-
cess whereby the bactena usually found in the activated
sludge treatment portion of the secondary wastewater treat-
ment plant are withdrawn to an environment without oxygen
(anaerobic). When the bactena are faced with the situation of
apparent death, the bactena release phosphorus from their cell
structure in large quantities. Phosphorus can then be ren oved
and disposed of by using lime for settling similar to the pre:i-
ously discussed lime clanfication process. After the bactena
have released their phosphorus, they are placed back into an
ideal environment with oxygen and food In this environment,
since the bacteha are lacking in phosphorus in their cell struc-
ture, the first thing they take in is phosphorus This phosphorus
take-up is known as luxury uptake and is used in the process
for biological removal of the phosphorus within the wastewater
treatment facilities.

5.301 Wastewater Treatment Units Used

Luxury uptake of phosphorus is found at activated sludge
treatment plants. The units used include the standard on ,s
for an activated sludge plant plus a relatively deep detention
basin where anaerobic conditions exist (see anaerobic
phosphorus release tank in Figs. 5.4 and 5.5). Another unit
commonly found in the luxury uptake and removal system is
a lime clarification tank (clarifier) which is usually capable of
treating 10 percent of the wastewater flow stream through
the treatment facility. Return pumps and piping continue to
move the activated sludge through an anaerobic state to a
phosphorus release point and back to aeration for the luxury
uptake process to begin all over.

5.302 Basic Principles of Operation

Because luxury uptake can only take place in a very con-
trolled environment, the bacteria cannot be exposed to any
condition which would prevent them from either taking up
phosphorus into their cell structure or releasing the phos-
phorus at the proper tune. The basic operation requires the
operators to remove the activated sludge from the secondary
clarifier and provide the proper detention time in an anaerobic
tank for the release of the phosphorus trapped within the cell
structure of the bactena. The operator must closely regulate
tne time of the anaerobic condition. The bacteria should not be
allowed ao die. However, the length of time should be sufficient
to remove as much of the phosphorus as possible. Return the
activated sludge to an area of the aeration tank where suffi-
cient oxygen and primary effluent exist so that the bacteria can
be revived and can take up the maximum amount of phos-
phorus within their cell structure.

5.31 Phosphorus Stripping Tank

1 Control to maintain anaerobic conditions. The most impor-
tant part of the phosphorus removal system using luxury
uptake is the control of the anaerobic tank which causes the
bactena to release phosphorus from their cell structure
This tank must be kept in strict anaerobic conditions and the
rate of sludge application into the facility must be at the
prescnbed design flow. The proper detention time must be
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maintained within the anaerobic tank in order that the bac-
tena have enough time to release the phosphorus from the
cell structure.

2. Sludge Recycle. The sludge will separate from the heft id
within the anaerobic phosphorus stripping tank. The sludge
recycle is extremely important. Once the bactena have re-
leased the phosphorus from their cell structure, the acti-
vated sludge which is now basically anaerobic, must quickly
be returned to the aeration facility in order to re,;ve the
bacteria. A t.,. eat deal of care must be taken to ensure that
the sludge return is not too fast nor too slow. Operators
should be very careful of this system to ensure proper com-
patibility with the activated sludge portion of the plant and to
maintain the highest efficiency of phosphorus removal
using the luxury uptake principle.

3. Effluent from the Phosphate Stripper. The liquid from the
anaerobic phosphate stnpping tank flows into a chemical
clanfication unit where lime is used to coagulate and settle
tte phosphorus which has been released from the bodies of
the bacteria. The lime used will be substantially less than
the previously-described lime clarification system for
phosphorus removal. The luxury uptake and phosphorus
stripping process require that lime will be applied to only
approximately 10 percent of the entire flow stream Once
the phosphorus has been stripped from the effluent, it is
allowed to blend with the secondary effluent prior to tertiary
treatment or final disposal.

5.32 Lime Clarification Process

1. Lime Feeding System. The lime feed system for the
phosphorus stripping system used in luxury uptake is
identical to the system described in the lime clarification
section of this chapter. Please refer to Section 5.21 of the
chapter for the lime feeding system to understand he
basic guidelines used and operational duties.

2. Lime Mixing Tank. The lime slaker and lime mixing tank
are identical to the mixing system and feed system
described in Section 5.21 of this chapter.

3_ Lime Clarification Lime clarification will be identical to the
lime clarification for removal of phosphorus as described
in Section 5.21. The only difference will be the smalls;
flow that will be required using the luxury uptake princi-
ple.

5.33 Start-Up. Operation, and Shutdown of Luxury
Uptake Phosphorus Stripping Process

5.330 Pre - Start -Up

1. Check lime feed system. The lime feed system should be
checked out in very much the same way as that described
in Section 5.22 of this chapter.

2. Check sludge recycle and return systam. The sludge
pumping and piping systcrn functions icolntically to the
system described in Section 5.22. All cf the points de-
scribed in that section should be applied to the operation
of the luxury uptake phosphorus removal system de-
scribed in this section.

5.331 Placing Phostrip Equipment into Operation

1 pH Control pH control for th,:: rime clarification unit is impor-
tant and the operator should ensure that pH is above 11.0.
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2. Sludge feed. Sludge feeding into or out of the phosphorus
stripping tank must be at proper rates in order to maintain
peak efficiencies of phosphorus removal. Refer to the de-
sign feed rate in the operation and maintenance manual
provided by the design engineer. This feed rate should be
complied with as closely as possible in order to prevent
excess phosphorus from leaving the stripping tank or to
prevent the activated sludge from dying during the
anaerobic conditions.

3. Phosphorus separation process. When an anaerobic condi-
tion is achieved within the phosphorus stripping tank, the
bacteria will release phosphorus as soon as their extinction
is threatened. The phosphorus must be removed im-
mediately and it is done so in the liquid stream of the strip-
ping tank. This liquid stream proceeds to the lime clarifica-
tion tank. The sludge at the bottom of the phosphorus strip-
ping tank is removed and pumped directly to the head of the
aeration tank for further luxury uptake of phosphorus and a
revival of the bacteria.

5.332 Daily Operation

1. pH Control. Because the liquid stream from the phospho-
rus stripping tank win be sent to lime treatment for final
clarification of the phosphorus, control of the pH above
11 is extremely important. Control of pH, whether it be
automatic or manual, must be done properly. Please refer
to Section 5.22 on lime clarification in this chapter for
details.

2. Phosphorus Stripping Controls. In order to determine the
efficiency of the phosphorus stripping tank, the operator
should check the laboratory results to determine if more or
less time is needed within the stripping tank for the efficient
removal of as much phosphorus as possible. Be sure that
the activated sludge contained in the phosphorus stripping
tank is not totally dead and will be revived within the aera-
tion tank when pumped back to the head of that unit.

5.333 Shutdown of Phosphorus Stripping Process

If the phosphorus stripping process must be shutdown, the
treatment facility will operate as a standard activated sludge
plant. Instead of a portion of the activated sludge going to an
anaerobic phosphorus stripping tank, all of the return sludge
will return directly to the aeration tank.

5.334 Return of Activated Sludge Process to Normal
Operation

To return the activated sludge part of the treatment facility
to normal operation is a quick and easy job. However, there
may be certain operational problems that could occur, such
as straggler floc and some decrease of the dissolved
oxygen uptake rate. These must be checked very closely
and the operator should refer to Chapters 8 and 11 of
Volumes I and II and Chapter 9 in this manual on activated
sludge in order to ensure that the treatment facility is
operating in a proper mode.

5.335 Sampling and Analysis

1. pH Control. If the lime clarification process for the phos-
phorus removal is automatically controlled, a pH test should
be manually run on the lime clarification tank each 8 hours
to ensure that the automatic controls are functioning prop-
erly.

2 Anaerobic Phosphorus Stripping Conditions. A dissolved
oxygen probe should be lowered into the anaerobic phos-
phorus stnpping tank to ensure that no dissolved oxygen
exists within the tank. If dissolved oxygen exists, it may be a
sign that sludge is being fed too fast or withdrawn too fast
from the stripping unit.

399

3. Sludge Return and Reaeration. Returning the sludge at
the proper time is very important. Be sure to check at the
site where the sludge is returned to the aeration tank to
ensure that adequate dissolved oxygen exists within the
aeration system. If dissolved oxygen drops substantially,
it may be necessary to increase the air supply to that
section of the aeration tank where the activated sludge is
returned from the anaerobic phosphorus stripping unit.

5.336 Operational Strategy

1. Sludge Flow Quantities. The operator should make certain
that sludge flow in and out of the phosphorus stnpping tank
is at exactly the correct setting. Make sure that flow does
not enter too fast; otherwise, anaerobic conditions may be
upset and the phosphorus stripping process will be incom-
plete. Make sure that sludge is withdrawn at a fast enough
rate to ensure that the activated sludge does not die and is
returned to the aeration tank within the proper time limit.

2. Lime Feed and Clarification. The lime feed and clarifica-
tion unit must be operated properly. For details on
operation, please see Section 5.22 on lime clarification
for phosphorus removal.

3. Control of Sludge Withdrawal and Effluent from Lime
Clarification Unit. Proper controls must be placed on the
pumping of the phosphorus sludge from the clarification
unit. These controls are discussed in detail in Section
5.22 on lime clarification for phosphorus removal.

4. Abnormal Operating Conditions. An abnormal condition
which may prevail and inhibit the operator's ability to
provide sufficient control for phosphorus removal is dis-
solved oxygen in the phosphorus stripping tank. This
phosphorus stripping tank must be maintained at anaero-
bic or no-oxygen conditions at all times for the release of
the phosphorus from the cell structure of the bacteria.
Other abnormal conditions can occur in the lime clarifica-
tion process. Check the abnormal conditions that are
found in Section 5.22 on lime clarification for phosphorus
removal.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 363.

5.3A What is luxury uptake of phosphorus?

5.3B Where and under what conditions do bacteria release
phosphorus from their cell structure in the luxury up-
take process?

5 3C List the un.ts (pieces of equipment) used in the lime
clarification process of the luxury uptake process.

5.3D How often should the pH be run manually on the lime
clarification tank to ensure that the automatic controls
are functioning properly?

5.34 Maintenance

5.340 Piping

The piping of a phosphorus stripping process using luxury
uptake will be similar to an activated sludge plant except that
two additional tanks are provided. Those tanks are the
anaerobic stripping tank and the chemical clarification unit.
The piping that will need the most care and attention is the
lime clarification process piping. Be certain to check the
maintenance section on lime clarification for ohosphorus
removal in Section 5.23 of this chapter.



5.341 Pumps and Equipment

The pumps that pump the activated sludge into and out of
the anaerobic phosphorus stripping tank must be operated
properly. They must be equipped with variable-speed controls
in order that the operator can adjust the feed rate into and out
of the anaerobic phosphorus stripping unit. The pumps and
equipment must be maintained so that the activated sludge is
properly pumped into and out of the phosphorus stripping unit.
The bacteria found in the activated sludge must not release
phosphorus until they have reached the anaerobic stripping
tank. Also, the activated sludge that has undergone anaerobic
conditions must be returned to the aeration system as quickly
as possible.

5.342 Lime Feed

The lime feed equipment is similar to that described in the
previous section. Be sure to chock the maintenance portion
of Section 5.23 on lime feed for phosphorus removal be-
cause it is applicable for luxury uptake processes using lime
clarification.

5.343 Lime Slurry and Mixing Operation

The lime slurry and mixing operation must be kept clean at
all times. Be sure to read Section 5.23 on maintenance in the
previous portion of this chapter describing lime clarification
for phosphorus removal.

5.344 Sludge Withdrawal and Disposal Pumps

The lime sludge pumps must be kept clean at all times
because of the ability of lime to stick to all surfaces. The
operator should read Section 5.23 on how to maintain
pumps and other equipment when using a lime precipitation
method for phosphorus removal.

5.35 Safety

1. Lime. Lime is a very strong base ard can cause serious
burns and other injuries to portions of the human body.
Be sure to read the precautions described in Section 5 24
of this chapter.

2. Gases Off the Anaerobic Phosphate Stripping Tank. As
with any unit of wastewater treatment, whenever anaerobic
conditions prevail, certain gases are released from the tank.
Just as it is important not to smoke around an anaerobic
digester, it is also important not to smoke around an
anaerobic phosphorus stripping tank. The gases given off
could include methane which could cause explosions or a
fire. Operators must understand and be very cautious
around any tank where anaerobic conditions exist and from
which explosive gases may be emitted.

5.36 Loading Guidelines

1. Typical Loading Rates. Because the U-9 of luxury uptake
and phosphoniq stripping in anaerobic conditions is rela-
tively new, loading rates for various units will depend on the
design and the operation of that specific treatment facility.

2. Hydraulic Loading for Phosphate Stripper. The hydraulic
loading for a phosphate stripper depends on the dissolved
oxygen of the activated sludge when it enters the anaerobic
stripper and it also depends on the ability of the anaerobic
phosphate stripper to remain anaerobic at all times rlut 'og
the expulsion of phosphorus from the cell structure of the
bacteria.
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3. Hydraulic Loading Rate for Lime Clarifier. The hydraulic
loading rate for lime clarification units is described in
Section 5.25 on lime clarification for phosphorus removal.
Please check Section 5.25 for average loading rates for
the chemical clarification units.

5.37 Review of Plans and Specifications

1. Lime Storage and Unloading Facilities at the Treatment
Plant. If time is used to coagulate and settle phosphorus
from the waste stream of the phosphorus stripping tank,
it is very useful if the operator can provide information to
the design engineer and have the opportunity to review
the plans and make comments. Some of the items to look
for in the design of the lime storage area are included in
Section 5.26 on lime clarification for phosphorus removal.

2. Maintaining Proper Dissolved Oxygen. The operator may
want to insist on automatic dissolved oxygen probes which
can help to determine if the proper anaerobic conditions
exist in the phosphorus stripping unit to ensure that phos-
phorus is released from the cell structure of the bacteria.
Warning signals and devices can be included to ensure that
the operator is notified if oxygen is recorded in the stripping
tank. Automatic dissolved oxygen meters and controls can
be very useful in maintaining adequate dissolved oxygen
within the aeration system after the anaerobically treated
sludge has been returned to the aeration tanks.

5.38 Additional Reading on Phosphorus Removal by
Luxury Uptake Using an Anaerobic Phosphorus
Stripping Tank

1. BIOLOGICAL-CHEMICAL PROCESS FOR REMOVING
PHOSPHORUS by Union Carbide Corporation under a
grant by the U.S. Environmental Protection Agency, Cin-
cinnati, Ohio.

2 THE PHOSTRIP PROCESS by Union Carbide Corporation,
Tan .wands, New York.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 363.

5.3E How can lime be harmful to your body?

5.3F Why should you not smoke around a phosphorus
stripping tank?

5.3G Why might an operator insist on automatic dissolved
oxygen probes in the phosphorus stripping unit?

5.4 PHOSPHORUS REMOVAL BY ALUM
FLOCCULATION

5.40 Variations in the Alum Flocculation Process

5.400 Alum Flocculation as Used in a Clarification
Process (Fig. 5.6)

Aluminum sulfate (alum) can be used in the same manner as
lime for precipitation of phosphorus in a clarifier f he same
principles of coagulation, flocculation and sedimentation apply
when using alum for the removal of phosphorus in effluent from
a secondary treatment facility. However, because of the differ-
ence in cost between aluminum sulfate and lime, lime is more
commonly used for the precipitation of phosphorus.
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When alum is used for phosphorus removal, two general
reactions occur. In the first reaction, alum reacts with the alka-
linity of the wastewater to form an aluminum hydroxide floc

Alum + Alkalinity Aluminum + Sulfate +
Hydroxide Floc

_2
Al2(504)3 + 6 HCO3 2 Al(OH)31 + 3 SO, +

The alum also reacts with the phosphate present

Aluminum
PhosphateAlum + Phosphate

_3
Al2(504)3 + 2 PO, 2 Al PO4.1

+ Sulfate
_2

4 3 SO,

Carbon
Dioxide

CO,

Phosphorus removal is by the formation of an insoluble
complex precipitate and by adsorption on the aluminum hy-
droxide floc. Depending on the alkalinity of the wastewater,
dosages of 200 to 400 mg/L of alum are commonly required to
reduce phosphorus in the effluent down to 0 to 0.5 mg/L. Op-
timum phosphorus removal is usually achieved around a pH of
6.0. Alum feed is frequently controlled by automatic pH equip-
ment which doses according to the pH set point (the more
alum, the lower the pH). Jar tests can be used to determine the
optimum pH set point and alum dosage rate.

If it is necessary to achieve low effluent phosphorus residu-
als (less than 1.0 mg/L) in the effluent, the chemical clanfier is
usually followed by either a pressure filter or a multi-media
gravity filer. Phosphorus sludge from the clarifier goes to de-
watenng and disposal facilities. At present, there are no eco-
nomical methods available for alum recovery.

5.401 Alum Flocculation as Used in Conjunction with
Filtering of Suspended Solids (Fig. 5.7)

1. Aluminum Sulfate (Alum) as a Coagulant Because of the
proven ability of alum to coagulate and flocculate sus-
pended particles from water and wastewater, the use of
alum as a filtering aid has been common for many years
When alum is added to the wastewater entering a filtration
unit, electromagnetic forces are established on the filter
media which allow the trapping of suspended solids and
substantially improve the quality of effluent.

Treatment plants which have used aluminum sulfate as a
!tering aid have also experienced a reduction in the phos-

phorus as the wastewater flows through the filtration units.
Although filtration is not usually considered an efficient
method to remove phosphorus, the filtering with alum addi-
ton has provided a reduction of phosphorus at the same
time that BOD and suspended solids are being reduced
from the wastewater.

2. Expected Efficiencies of Phosphorus Removal Using Alum
in Conjunction with Filtration. Most advanced wastewater
treatment facilities which use a phosphorus removal system
followed by filtration can eq. ect that low levels of phos-
phorus would enter the filter unit Experiences at various
wastewater treatment facilities have indicated that total
phosphorus removal through filters using alum as a filtering
aid achieved 70 to 95 percent phosphorus removal efficien-
cies. Influent data indicated a total phosphorus, however, of
less than one milligram per liter. Dissolved phosphorus can
be reduceu 65 to 90 percent assuming that the incoming
phosphorus loading would be less than 0.5 mg/L. Particu-
late phosphorus can be removed up to 100 percent be-
cause this phosphorus is usually attached to suspended
solids which ate almost totally removed from the wastewa-
ter as it passes through a properly operated filter using
aluminum sulfate for coagulation.
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5.41 Maintenance of Alum Feeding Pumps and
Associated Equipment

1. Pump Plugging Problems. Aluminum sulfate usually is
delivered in a dry powder form or as a liquid; however, it
is used as a liquid. The operators of a treatment facility
must mix the dry alum with water to obtain a solution for
feed to the water before entrance to the filtration units.
Because of the chemical nature of aluminum sulfate, it
sticks to surfaces very easily. This has caused pump
plugging problems for many treatment plants. Most of the
pumps that feed aluminum sulfate are small. metered,
chemical feed pumps. Alum has a tendency to plug these
pumps very rapidly and therefore, the pumps require a
considerable amount of care and maintenance to ensure
that the proper dosage of alum is being fed to the filtration
units. If plugging problems occur, the accuracy of the
feed amount is questionable.

2. Pipe Plugging and Detenoration. Most pipes used for the
transport of aluminum sulfate are either plastic or small
glass tubing. Alum can stick to most surfaces and can de-
teriorate metal due to the chemical reaction formed when
the aluminum sulfate and ferrous metal react with one
another. Once liquid aluminum sulfate dries, plugging is a
certain result. Pipes may become permanently plugged
with aluminum sulfate and require replacement. The
operators should keep pumps and pipes clean and should
remember to run dear water periodically through an alum
feedline to be sure that any potential plugging problems are
alleviated.

5.42 Operation of Alum Flocculation for Phosphorus
and Suspended Solids Removal

5.420 Daily Operating Procedures

Nhen used as a filtration aid, aluminum sulfate dosages
must be precise. Even slight over or under doses may cause
reduced efficiency. The operator must rely on jar testing and
sampling of influent and effluent from a filter bed to be certain
that the feed rate or dosage of alum in milligrams per liter is
correct for the optimum phosphorus and suspended solids re-
moval efficiency. The operator should perform the following
steps to be certain that aluminum sulfate feed is at the correct
ratio:

1. Check the results of jar tests to be certain the dosage of
aium will form a good floc.

2 Check laboratory results to be certain that the alum is not
overdosed or underdosed so that phosphorus also is re-
moved as efficiently as possible through the filtration unit.

3. Check chemical feed pumps and alum feed piping system
to be certain that the setting on the pump actually corre-
sponds to the desired feed rate for efficient operation.

5.421 Abnormal Conditions

1. Pump or Piping Plugging Problems. As mentioned previ-
ously, the most important maintenance item for any alum
feeding system is keeping the aluminum sulfate from plug-
ging either piping or the chemical feed pump used for the
feed of the alum (aluminum sulfate).

2 Operational Problems with Upstream or Downstream
Treatment Processes. Tertiary filtration depends to a great
extent on the upstream treatment units functioning prop-
erly. The operator should be certain of the quality of the
wastewater entering the filtration unit This quality can
change daily depending on the upstream processes and
the, efficiency of their performance. The operator mus
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check the various guidelines including suspended solids
loading to calculate and to adjust the dosage of chemicals
needed in the filtration unit. Filters also require backwash-
ing to keep them clean and in proper operation. If upstream
treatment units are not functioning properly, backwashing
cycles may be needed more frequently than normal.

3. Alum Overdoses. One of the most common problems with
using chemicals as filtering aids is the possibility of overdos-
ing the filters with the chemical. Aluminum sulfate will react
in a very negative way when it is overdosed into a wastewa-
ter system. The result is a lowering of the pH; this will hinder
the ability of alLni to coagulate the suspended solids. The
low pH causes a cloudy condition which is visible to the
operator in the form of substantial turbidity and suspended
solids. If you observe a cloudy appearance in the effluent
from the filtration unit, first check to make sure that the alum
feed is not in an overdose condition. Underfeeding alum
sulfate is better than overdosing with the chemical.

4. Suspended Solids Interference. If treatment units upstraam
are not operating properly, a substantial amount of sus-
pended solids will load up the filter units and interfere with
their ability to remove both suspended solids and phos-
phorus. From the standpoint of efficient operation, overload-
ing of suspended solids onto the filtration units must not
occur. If this occurs, frequent backwashing will be required
and an increased quantity of aluminum sulfate and/or
polymer may have to be added to overcome the additional
load placed on the filter units.

5.43 Safety

1. Aluminum Sulfate Mixed with Water. When aluminum sul-
fate mixes with water, a very slippery combination occurs.
Operators should be very cautious around any floor that is
wet with a spill of aluminum sulfate. Any surface continually
exposed to slippery aluminum sulfate should be roughed up
to prevent slipping and to avoid injury. Safety railings
should be provided near any containers or working areas in
which aluminum sulfate can be fuund.

2. MatPnals Handling Precautions. Aluminum sulfate usually
is delivered in a dry powder form. The operator should be
very careful when mixing the powder with water that the
powder does not get into the operator's respiratory system
or eyes. Protective goggles and masks should be worn to
protect your eyes and respiratory system. Use fans and
filters to provide a safe air for breathing in the work area
The operator should also be careful not to allow powdered
aluminum sulfate to fall on a wet surface, thereby creating a
slippery condition.

5.44 Loading Guidelines

1 Alum Feed Rates for Effective Suspended Solids Remov-
al. Aluminum sulfate is usually added as a filtering aid to
remove suspended solids. The dosage rates at various
treatment facilities range from 1 to 20 milligrams per liter
depending cm ;he incoming suspended solids and
wastewater quality. Some phosphorus also will be re-
moved with the suspender solids, but this procedure and
dosage do not produce sul stantial phosphorus removal.
See Section 5.400 for information on how to remove
phosphorus by the use of mlum. To determine the best
operating dosage for aluminum sulfate at your facility,
you should rely on jar tests and other laboratory results to
determine the best dosage rate for your treatment facility
and type of wastewater. The feed rates of aluminum
sulfate are usually low; therefore, be certain that the
chemical feed pump is operating properly to provide an
accurate chemical-flow ratio.
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2. Hydraulic Loading on Filtration Process Using Aluminum
Sulfate as a Filtenng Aid. The standard design rate for a
pressure filtration unit is 5 oallons per minute per rquare
foot (3.4 liters per second per sq,Jare meter). Loading rates
can vary depending on the type of filter system used. The
most commonly used is the pressure filter. The operator
should calculate the hydraulic loading based on the flow of
wastewater distnbuted over the surface area of the filtration
unit. If a gravity filter unit is used, the operator should obtain
information from the manufacturer or design engineer on
the proper application rate of wastewater onto the unit.

5.45 Review of Plans and Specifications

1. Storage of Aluminum Sulfate. Because aluminum sulfate
comes in a powdered form, it is important to store the prod-
uct in a dry environment, praferably inside a building. Usu-
ally operators make up a large batch of aluminum sulfate
liquid at one time in order to have enough on hand to last
several days. The tanks holding the liquid aluminum sulfate
should be fiberglass, non-fen eous material or be rater-
lined to protect the metal from the corrosive effects of the
aluminum sulfate.

2. Piping and Pump Diagrams. Because aluminum sulfate has
the capabi!::y of sticking to many surfaces, it is important for
the design of a treatment facility using alum to have flexible
piping so that if a feedline becomes plugged or a pump is
out of service for maintenance, the alum feed can continue
without interruption. A pipe chase will enable operators to
get to the alum piping in order to make repairs or replace
the pipe if needed. A system of flushing the pumps and
piping is necessary to help prevent any plu,,ging problems
which can plague the operation of a facility

5.46 Additional Reading for Phosphorus Removal by
Alum Flocculation

1. HANDBOOK OF ADVANCED WASTEWATER TREAT-
MENT, Second Edition, Culp, Russell L., George M.
Wesner, and Gordon L. Culp, Van Nostrand Reinhold Co.,
New York City, New York, 1977. Obtain from Litton Educa-
tional Publishing. Inc., 7625 Empire Drive, Florence, Ken-
tucky 41042. Price: $35.00.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 363

5.4A What is a major difference between the use of lime
and alum for precipitation of phosphorus-rich parti-
cles?

5 4E How would you determine the optimum alum dosage?

5 4C If upstream treatment units are not functioning prop-
erly, what happens to filter backwashing cycles?

5 4D What would you do if you observed a cloudy appear-
ance in the effluent from a filtration unit?

5.4E What should be done to a floor that is continually ex-
posed to slippery alum?

END OF LESSON 2 OF 2 LESSONS
ON

PHOSPHORUS REMOVAL

Please answer the discussion and rewew questions before
continuing.
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362 Treatment Plants

DISCUSSION AND REVIEW QUESTIONS
Chapter 5. PHOSPHORUS REMOVAL

(Lesson 2 of 2 Lessons)

Write the answers to these questions in your notebook be-
fore OJntinuing. The question numbering continues from Les-
son 1.

6. What happens to the eff.uent from the phosphate stripper?

7. In the luxury uptake process, what happens if the sludge
feed rate is (a) too high or (b) too low into or out of the:.
phosphorus stripping tank?

8. How would you adjust the feed into and out of an
anaerobic phosphorus stripping tank?

9. Alum has proved to be an effective coagulant for removing
what pollutants from wastewater?

10. Why do pumps moving alum solutions clog?

11. How would you keep alum feed lines from plugging?

PLEASE WORK THE OBJECTIVE TEST NEXT.

SUGGESTED ANSWERS
Chapter 5. PHOSPHORUS REMOVAL

Answers to questions on page 342.

5.0A Phosphorus is removed from wastewater because it
provides a nutrient or food source for algae. Dead
algae can cause serious oxygen depletion problems in
receiving streams which in tum can kill fish and other
aquatic life. Also, algae can cause taste and odor
problems in drinking water supplies.

5.1A The three major types of systems used to remove
phosphorus from wastewater are:

1. Lime precipitation;
2. Luxury uptake; and
3. Aluminum sulfate flocculation and precipitation

Answers to questions on page 350.

5.2A Equipment necessary for the lime precipitation pro-
cess include:

1. Lime feed equipment;
2. Mixing equipment and mixing chamber;
3. Clarifiers; and
4. Pumps and piping.

5.2B The slaker or lime mix feed system must have a gnt
removal system because most dry lime has a certain
amount of gnt, rocks and sm, in the mixture. This
material must be removed to prevent plugging and
equipment wear.

5.2C Daily operation of a lime precipitation process to re-
move phosphorus consists of:

1. Routine pH monitoring to check automatic feed,
2. Routine phosphate test for removal efficiencies;
3. Calcium oxide content of lime feed; and
4. Daily maintenance of pumps, piping, and other

equipment to prevent plugging by time scale.

5.2l., Low flow conditions are of concern to avoid the possi-
bility of feeding excess lime and thereby wasting lime
and money.

5 2E Phosphorus removal efficiency may be affected by:

1. Short-circuiting;
2. Changes in pH;
3. Solids loading;
4. Small straggler floc;
5. Storm water;
6. Industrial dischargers;
7. Plugged pumps or piping;
8. Inadequate lime supply; and
9. Operational problems with upstream or

downstream treatment processes.

Answers to questions on page 352.
5.2F The purpose of the lime slaking mechanism is to con-

vert calcium oxide to calcium hydroxide in a slurry
form.

5.2G Recalcined lime is lime from a lime-recovery process
in which the calcium carbonate in sludge is converted
to lime by heating at 1800°F (980°C).

5.2H Many times a time process uses polymers to help form
colloidal particles of lime and phosphorus to provide
faster sedimentation in a lime clarification unit.

5 21 The forms of phosphorus in the total phosphate
measurement include the forms of orthophosphate,
polyphosrhate and organic phosphorus.

5 2J To reduce problems that will arise when pumps or
pipes become plugged with lime, alternate piping and
valving should be provided so that while repairing or
cleaning one pipe train or pump, continued operation
can be provided.
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Answers to questions on page 356.
5 3A Luxury uptake of phosphorus is a biological process

whereby the bacteria normally found in the activated
sludge treatment portion of the secondary wastewater
treatment plant are withdrawn to an environment with-
out oxygen (anaerobic) for release of phosphorus.
When these bacteria are returned to an ideal environ-
ment, the first thing they take in is phosphorus. This
phosphorus take-up is known as luxury uptake.

5.3B In the luxury uptake process, bacteria release phos-
phorus from their cell structure in the phosphorus re-
lease tank under anaerobic conditions.

5.3C The units used in the lime clanfication process o the
luxury uptake process include:

1. Lime slaking equipment,
2. Lime feeding system, and
3. Lime clarification unit.

5.3D The pH should be run manually on the lime clanfica-
tion tank each 8 hours to ensure that the automatic
controls are functioning properly.

Answers to questions on page 357.
5.3E Lime is a very strong base and can cause senous

bums and other injuries to your body.
5.3F You should not smoke around a phosphorus stnpping

tank because the methane gas produced by the
anaerobic conditions can create explosive conditions
lust like in an anaerobic digester.
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5.3G An operator may insist on automatic dissolved oxygPr.
probes to determine that continuous anaerobic condi-
tions exist in the phosphorus stripping unit to ensure
that phosphorus is released from the cell structure of
the bacteria.

Answers to questions on page 361.
5 4A A major differeri,e between lime and alum for precipi-

tation of phosphorus rich-particles is that alum is more
expensive than lime.

5 4B The optimum alum dosage can be determined by the
jar test. Add varying amounts of alum to each jar con-
taining the water being treated. The jar that produces
the best clanfication with the minimum amount of alum
indicates the optimum alum dosage.

5.4C If upstream treatment units are not functioning prop-
erly, filter backwashing cycles may be lore frequent
than normal.

5 4D If you observe a cloudy appearance in the effluent
from a filtration unit, first check to make sure that the
alum feed is nct in 3n overdose condition.

5.4E Any floor that is continually exposed to slippery alum
should be roughed up to prevent slipping and to avoid
injury.

END OF ANSWERS
TO

QUESTIONS IN LESSON 2
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OBJECTIVE TEST
Chapter 5. PHOSPNORUS REMOVAL

Please wnte your name and mark the correct answers on the
answer sheet as directed at the end of Chapter 1. There may
be more than one correct answer to er.lch question.

1. Recalcine is a lime-recovery process in which the calcium
carbonate in sludge is converted to lime by heating at
1800°F (980°C).

1. True
2. False

2. In the lime phosphorus removal process, the lime phos-
phorus sludge is pumped from the chemical clarifier ts) an
anaerobic digester.

1. True
2. False

3. Calcium carbonate and carbon dioxide cth .nine to form
calcium hydroxide.

1. True
2. False

9. In a property operated chemical clarifier you can see down
below the water surface at least

1. 1 foot.
2. 2 feet.
3. 4 feet.
4. 7 feet.
5. 10 feet.

10. In the lime precipitation process for phosphorus removal,
the pH of the combined wastewater and lime slurry should
be or above.

1. 5
2. 7
3 8
4. 9
5. 11

11. The pH probe or sensing mechanism that helps the lime
feed system work in automatic mode must be cleaned on

basis to ensure that a scale buildup does not inter-
fere with the function of the pH control readout probe.

4. Pumps handling lime sludges are not subject to wear be- 1. An hourly
cause the lime forms a protective cuating over the moving 2. A two-hour
parts. 3. A daily

4. An every other day
1. True
2. False 5. A weekly

12. In the luxury uptake process, the pH in the lime clarifica-
5. The use of alum and filtration can remove BOTH uissolved Lion unit should be above (choose the most accurate an-

and particulate phosphorus from wastewater. swer)

1. True
2. False

6. Chemicals used to remove phosphorus from wastewater
include

1. Aluminum sulfate.
2. Calcium hydroxide.
3. Chlorine.
4. Copper sulfate.
5. Lime.

7. Lime feeding equipment should be routinely checked

1. Every hour.
2. Several times during each shift.
3. Once each shift.
4. Three times a week.
5. Once a week.

8. The plugging of pipes by limestone scale in a lime system
can be prevented by

1. Backwashing.
2. Forward flushing.
3. Regular cleaning with hot water or steam.
4. Regular recarbonation.
5. Washing with hydrochloric acid.
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1. 3.0.
2 5 O.
3. 7.0.
4. 9.0.
5 11.0.

13. The hydraulic loading for a phosphate stripper depends on
the

1. Ability of the anaerobic phosphate stripper to remain
anaerobic.

2. Ability of the aerobic phosphate stripper to remain
aerobic.

3. BOD loading of the unit.
4. Dissolved oxygen of the activated sludge.
5. pH of the wastewater being treated.

14. Most pipes used for the transport of aluminum sulfate aie
made of which of the following materials?

1. Asbestos cement
2. Cast iron
3. Copper
4. Glass
5. Plastic

END OF OBJECTIVE TEST
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OBJECTIVES

Chapter 6 NITROGEN REMOVAL

Following completion of Chapter 6, you should be able to
do the following:

1. Explain why nitrogen is removed from wastewater,

2. Identify the types of nitrogen removal systems,

3. Describe nitrification and deRitrification processes,

4. Operate nitrification and denitrification processes,

5. Describe the differences between suspended growth and
fixed film reactors,

6. Explain how ammonia stripping, breakpoint chlorination
and ion exc:iange processes remove nitrogen, and

7. Describe the two basic types of hyacinth culture systems
and how they remove nutrients from secondary effluent.
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GLOSSARY

Chapter 6 dITROGEN REMOVAL

ATTACHED GROWTH PROCESSES ATTACHED GROWTH PROCESSES

Wastewater treatment processes in which the microorganisms and bacteria treating the wastes are attached to the media in the
reactor. The wastes being treated flow over the media. Trickling filters and rotating biological contactors are attached growth
reactors. These reactors can be used for BOD removal, nitrification and denitrification.

DENITRIFICATION (dee-NYE-tri-fi-KAY-shun) DENITRIFICATION

(1) The anaerobic biological reduction of nitrate nitrogen to nitrogen gas. (2) The removal of total nitrogen from a system. (3) A
condition that occurs when nitrite or nitrate ions are reduced to nitrogen gas and bubbles are formed as a result of this process.
The bubbles attach to the biological floc in the activated sludge process and float the floc to the surface of the secondary clari-
fiers. This condition is often the cause of rising sludge ooserved in secondary clarifiers or gravity thickeners. See
NITRIFICATION.

ENDOGENOUS (en-DODGE-en-us) ENDOGENOUS

A reduced level of respiration (bree'hing) in which ,ganisms break down compounds within their own cells to produce the oxy-
gen they need.

FIXED FILM FIXED FILM

Fixed film denitrificatioi is the common name for attached growth anaerobic treatment processes used to achieve
denitrification.

HETEROTROPHIC HETEROTROPHIC

Describes plants or animals, including bacteria a1id other microorganisms, that use organic matter for energy and growth.

METABOLISM METABOLISM

All of the processes or chemical changes in an organism or a single cell by which food is built up (anabolism) into living proto-
plasm and by which protoplasm is broken down (catabolism) into simpler compounds with the exchange of energy.

NITRIFICATION (NYE-tri-fi-KAY-shun) NITRIFICATION

A process in which bacteria change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate).
The second-stage BOD is sometimes referred to as the "nitrification stage." (First-stage BOD is called the "carbonaceous
stage.") See DENITRIFICATION.

PROTOPLASM PROTOPLASM

A complex substance (typically colorless and semifluid) regarded as the physical basis of life, having the power of spontaneous
motion and reproduction; the living matter of all plant and animal cells and tissues.

SUBSTRATE SUBSTRATE

The base on which an organism lives. The soil is the substrats, of most seed plants where rocks, soil, water, or other tissues are
substrates for other organisms.

SUSPENDED GROWTH PROCESSES SUSPENDED GROWTH PROCESSES

Wastewater treatment processes in which the microorganisms and bacteria treating the wastes are suspended in the
wastewater being treated. The wastes flow around and through the suspended growths. The various modes of the activated
sludge process are suspended growth reactors. These reactors can be used for BOD removal, nitrification and denitrification
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ZOOGLEAL MASS (Z0E-glee-al) ZOOGLEAL MASS

A complex population of organisms that form a "slime growth" on the trickling filter or packed tower media. These organisms
break down the organic matter and convert ammonia to nitrate in wastewater. These slimes consist of hying organisms feeding
on the wastes in wastewater dead organisms, silt, and other debris. 'Slime growth" is a more commonly used term.

ZOF-41 e-al



CHAPTER 6 NITROGEN REMOVAL

NOTE. For a review of previous discussions, read Chapter
2, "Activated c" dge," Section 2.6, "Effluent Nitrifica-
tion, pages 101 to 105.

6.0 WHY IS NITROGEN REMOVED FROM
WASTEWATER?

6.00 Nitrogen as a Nutrient

Inorganic nitrogen provides a nutrient oi ood source for
algae and a combination of nitrogen and phosphorus in
receiving waters can cause algal growths to multiply rapidly.
Algae in water are unsightly and cause tastes and odors in a
drinking water supply. Dead and decaying algae can result in
oxygen depletion problems in receiving waters which in turn
adversely affect aquatic life. Fish kills in receiving water can
result from an oxygen deficiency and/or ammonia toxicity in
receiving waters.

By removing nitrogen from the effluent of the wastewater
treatment facility, the lake or river that a treatment plant
discharges into will not contain one of the nutrients essential
for algal growth. The reduction in the nitrogen nutrient thus
reduces the growth of algae. However, in most receiving
waters phosphorus is the limiting nutrient; therefore, nitro-
gen removal will have little impact on algal growth.

6.01 Need for Nitrogen Removal

The United States Environmental Protection Agency and
other state water pollution control regulatory agencies rec-
ognize the need to protect receiving streams from problems
that occur because of the growth of algae. The regulatory
agencies are requiring that wastewater treatment plants
discharging to sensitive receiving waters remove nitrogen in
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the effluent to protect a river, stream or lake by eliminating
that nutrient from the algal food chain. Nitrogenous com-
pounds must also be controlled in plant effluents to prevent
adverse impacts from ammonia toxicity to fish life, reduction
of chlorine disinfection efficiency, an increase in the dis-
solved oxygen depletion in receiving waters, adverse public
health effects (mainly in groundwater used for drinking
where high nitrate levels can interfere with oxygen utilization
in newborn babies), and a reduction in the suitability for
reuse.

6.1 TYPES OF NITROGEN REMOVAL SYSTEMS

Nitification/denitrification, ammonia stripping, and break-
point chlorination are the most common types of nitrogen
removal systems. Ion exchange is also sometimes used.
Hyacinth cultures and overland flow systems can remove
nitrogen from secondary effluents. Table 6.1 is a summary
of types of nitrogen removal systems and operational con-
siderations associated with each process.

TABLE 6.1 TYPES OF NITROGEN REMOVAL SYSTEMS

SYSTEM
OPERATIONAL

CONSIDERATIONS

1. PHYSICAL TREATMENT 1. Expensive
METHODS

A. Sedimentation
B. Gas Stripping

2. CHEMICAL TREATMENT
METHODS

A. Breakpoint
Chlorination

B. Ion Exchange

3. BIOLOGICAL
TREATMENT METHODS

A. Activated Sludge
Processes

B. Trickling Filter
Processes

C. Rotating Biological
Contractor Processes

D. Oxidation Pond
Processes

E. Land Treatment
Processes (Overland
Flow)

F. Wetland Treatment
Systems (Hyacinth
Cultures)

2. Expensive

3. A-D
Operational control.
Additional costs for
oxygen to produce
nitrification.

3. E & F
Land requirements.
Suitable temperatures.
Control of plants.
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6.10 Nitrification

Nitrification is an extremely important treatment process
in terms of effluent treatment to reduce the nitrogen oxygen
demand (NOD) on receiving waters. The conversion of
ammonia to nitrate in a treatment plant requires significant
amounts of oxygen which would have to be supplied by
receiving waters if an effluent contains ammonia instead of
nitrate. For nitrogen to be removed from an effluent, the
process must consist of both nitrification AND denitrification
(nitrification/denitrification).

Nitrification is a biological process accomplished primarily
by two types of bacteria: Nitrosomonas and Nitrobacter.
Unlike most of the common organisms found in a
wastewater treatment facility, these microorganisms derive
energy from inorganic compounds such as ammonium nitro-
gen. The first step in tnis process is the conversion of
ammonium (NH:) to nitrite (NO2-) by Nitrosomonas bacteria.
The second step is conversion of nitrite to nitrate (NO3) by
Nitrobacter bacteria. In wastewater treatment the proper
conditions must exist for Nitrosomonas to be able to sepa-
rate the nitrogen from the hydrogen in ti;e ammonium
molecule and replace the hydrogen with oxygen molecules.
Sufficient oxygen and the appropriate temperature and
microbiological food must be present to accomplish this
process. Nitrobacter also rely on oxygen to complete the
stabilization of the nitrite molecule into the more stable
nitrate substance Again, adequate amounts of free oxygen
and food source as well as optimal temperature and bacteria
population along with other conditions are required to com-
plete this reaction.
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6.11 Denitrification

Biological denitrification is the process by which bacteria
reduce nitrate (NO3) to gaseous nitrogen forms, primarily
nitrous oxide (N20) and nitrogen gas (N2). A number of
bacterial species that naturally occur in wastewater accom-
plish denitrification. In all cases the bacteria are heterotro-
phic since they can metabolize complex organic substances.
The bacteria are strong enough to use nitrate oxygen during
a process called bacterial dissimilation.

Nitrate dissimilation takes place in two steps. First, nitrate
is reduced to nitrite. Next, nitrite is reduced by the bacterial
dissimilation process to form nitric oxide (NO), nitrous oxide
(N20) or nitrogen gas (N2).

Placed in an environment that has no free oxygen but
containing a defined carbon food source, denitrifying bacte-
ria will reduce nitrate to nitrogen gas by using the oxygen
found in the nitrate molecule. This occurs during the meta-
bolic process of breaking down the carbon food source.
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Denitrification is accomplished using attached growth reac-
tors (fixed film denitrification), or within a modified activated
sludge process (also known as suspended growth denitrifi-
cation).

6.12 Ammonia Stripping

Ammonia nitrogen in the gaseous ammonia (NH3) form
(and only in the gaseous form) has a natural tendency to
leave the wastewater and enter the atmosphere. Therefore,
for ammonia stripping to work efficiently, the bulk of the
ammonium (NHI) (the natural form of "ammonia" in
wastewater) must be first converted to the gaseous ammo-
nia (NH3) form by adding chemicals to increase the pH level
of the wastewate- up to the 10.5 to 11.5 range. Then, when
this pH level is achieved, a mixture of wastewater droplets
and air will result in the ammonia being stripped (removed)
from the droplets by the air. This mixing of wastewater and
air is accomplished in an ammonia stripping tower where the
high pH wastewater falls over fixed media or is sprayed into
the air while a blower continuously forces fresh air into the
mixture to strip off more ammonia.

6.13 Breakpoint Chlorination

Ammonia nitrogen can be oxidized to nitrogen gas (N2)
through the use of chlorine. 6makpoint chlorination is the
term used to describe this process. In the breakpoint chlor-
ination process chlorine is added until the ammonia nitrogen
has been oxidized to nitrogen gas. This point is achieved
when further additions of chlorine result in an increase in the
chlorine residual of the water being treated.

Breakpoint chlorination requires relatively large amounts
of chlorine per unit of ammonia removed. The expense and
danger of removing high concentrations of ammonia nitro-
gen by breakpoint chlorination are prohibitive. Consequent-
ly, breakpoint chlorination is used primarily to remove small
amounts of ammonia nitrogen remaining after wastewater
has been treated with other nitrogen removal processes.
Polishing treatment plant effluent by decreasing the small
amounts of remaining ammonia nitrogen is the recommend-
ed use for the breakpoint chlorination process.

The chlorine to ammonia nitrogen ratio is normally around
10.1. In other words, for every one mg/L of ammonia
nitrogen, ten mg/L of chlorine are necessary to oxidize the
ammonia to nitrogen gas.

6.14 Ion Exchange

The ion exchange process is used to remove undesirable
ions from water and wastewater. The nitrogen removal
process involves passing ammonia laden wastewater down-
ward through a series of columns packed with a naturally
occurring zeolite called clinoptilolite. The clinoptilolite beds
are usually four or five feet deep of 20 x 50 mesh particles.
The ammonium ion adheres to or is absorbed by the
clinoptilolite When the fir, column in a series loses its
ammonium ion adsorptive capacity, it is removed from the
treatment scheme and washed with lime water. This step
converts the captured ammonium ions to ammonia gas,
which is then released to the atmosphere by contacting
heated air with the wastewater stream, in much the same
manner as described under ammonia stripping.

The clinoptilolite may also be regenerated by passing a
brine or salt solution through the exchange bed. The sodium
in the salt solution exchanges w... the ammonium nitrogen.
By removing the ammonium from the spent regenerant brine
solution, the regenerant may be reised. thus eliminating the
difficult problem of brine disposal.



6.15 Hyacinth Cuture

There are two oasic types of water hyacinth treatment
systems. One system is based upon continual harvest of
plants and the other is based upon minimal maintenance
plant harvest. Hyacinth can be cultured in open basins year-
round in frost-free areas. In colder climates, hyacinth can be
growr seasonally in uncovered ponds and year-round in
greenhouses. The continual harvest system relies primarily
upon plant absorbtion of nutrients from the water. These
systems are capable of removing ten to twenty pounds of
nitrogen and phosphorus per acre per day and up to 100
pounds of carbon (organics or BOD) per acre per day in a
properly designed and managed system. Effluent total nitro-
gen can be less than 1.5 mg/L and phosphorus below 0.2
mg/L.

A comparable amount of nutrients can be removed from
secondary effluents in a greenhouse hyacinth culture sys-
tem. In addition tc Jsorption of nutrients by plants directly,
bacteria and other organisms in the dense root mat of the
plants treat the water by removing BOD and also nitrifica-
tion/denitrification. A four to six-foot wide strip of plants
along basin edges are removed approximately six times
during the active growing season by using a modified
hydraulic hay rake mounted on a backhoe. Extreme care
must be exercised to keep hyacinth from reaching sensitive
waters where they could create a nuisance for recreation
and navigation activities.

6.16 Overland Flow

Overland flow systems are capable of producing a very
high q,..ality effluent. The wastewater to be treated is applied
to grass-covered slips by sprinklers or to the 'and surface
via ports in pipes at evenly spaced intervals. The water flows
or trickles as sheet flow through water-tolerant grasses to a
collection ditch. The microorganisms that live in the grass at
the soil surface effectively reduce BOD and cause both
nitrification and denitrification to occur Heavy rainfall Ind
runoff can cause an increase in solids in the effluent during
the initial runoff from a storm.

6.2 NITRIFICATION

6.20 How Nitrification Is Accomplished

There are two bacteriological processes or step which
may occur simultaneously that produce the end result of
nitrification.
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1. Conversion of ammonium to nitrite. The first step in
nitrification is the conversion of ammonium to nitrite. This
is accomplished by a bacteria known as Nitrosomonas.
Nitrosomonas use molecular free oxygen (02) in this
conversion and therefore function only in an aerobic
environment. The equation describing Nitrosomonas use
of oxygen to break down ammonium (NH4) into nitrite
(No;) is:

NH: + '1.502 21;* + H2O + NO
Note the hydrogen ion (H+) production. The importance of
this product will be discussed later in Section 6.222, Daily
Operation, 1. Alkalinity.

2. Conversion of nitrite to nitrate. The second step in
nitrification is the conversion of nitrite to nitrate. This is
accomplished by Nitrobacter bacteria. Nitrobacter also
require an aerobic environment dith froe oxygen. These
bacteria use free oxygen to metabolize nitrite (NO;) to
nitrate (NO;) as follows:

NO2 + 0.502 NO;

6.21 Equipment Necessary for Nitrification

Nitrification can be accomplished in either suspended
growth reactors or attached growth reactors. In either case
an ample amount of time is required for the process to
develop the proper microbial population age as well as a
sufficient quantity of oxygen. The necessary microbial age
can be somewhat tricky in suspended growth reactors. Both
processes must be operated to achieve complete nitrifica-
tion by converting ammonium to nitrate. If the conversion
only goes as far as nitrite, disinfection of the effluent can be
very difficult.

1. Suspended growth reactors. A suspended growth reac-
tor is normally an aeration basin. Aeration basins must be
sized to allow the appropriate volume of rnixwl liquor,
suspended solids concentration, influent wastewater flow
and the addition of oxygen applied by aeration. The
aeration basin must be large enough and the process
operated in a fashion to produce an MCRT long enough
(usually four days plus) to allow the nitrifying bacteria
sufficient time to grow. Detention times must be at least
four hours and preferably eight hours. Sufficient air
supply must be available to maintain a dissolved oxygen
level in the aeration basins between 1.5 and 4.0 mg/L.

2. Fixed film reactors. The two most common types of fixed
film reactors are trickling filters and rotating biological
contactors (RBC). In each case microorganisms grow on
the media over which the wastewater is passed to
accomplish the desired treatment. Oxyger; is supplied to
the microorganisms by either natural or forced draft air
movement through the media. Proper operation requires
sufficient media surface area to allow adequate contact
time between the microorganisms and the wastewater to
achieve the desired level of treatment. Proper treatment
also requires an adequate supply of oxygen and suffi-
cient pretreatment to reduce the applied BOD level.
Recycling or recirculation of the reactor effluent is also
important to achieve the desired degree of treatment.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 390.

6.0A Algal growths are caused mainly by what two nutri-
ents in receiving waters?
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6.1A How is nitrogen removed by the nitrification/denitrifi-
cation treatment process?

6.1B What is the recommended use of breakpoint chlorin-
ation for removing nitrogen?

6.1C How is ammonium nitrogen removed by the ion
exchange process?

6 2A Nitrification can be accomplished by the use of what
two types of biological growth reactors?

6.22 Operation

6.220 Nitrification ng Suspended Growth Reactors

Nitrification in a suspended growth reactor relies on two
important factors: (1) sludge age or MCRT, and 2) available
oxygen The desired level of nitrification can be accom-
plished by allowing for a longer duration (4 to 8 hours) of
activated sludge being aerated than is commonly found in a
normally activated sludge secondary wastewater treatment
facility. The MCRT should be greater than four days. Suffi-
cient oxygen (1.5 to 4.0 mg/L) must be maintained in the
reactor at all times so that free oxygen is available through-
out the reactor where nitrification is taking place. Other
factors include a low BOD and the proper bacteria present.
Since nitrifying bacteria are relatively slow growers, they
require a higher degree of treatment to survive. This is why
step-feed aeration and contact stabilization reactors are not
conducive to nitrification, but they can nitrify an effluent
under certain conditions.

6.221 Suspended Growth Nitrification Processes

1. Conventional or Plug Flow Aeration Systems

This type of facility can lend itself well to a nitrification
process because of the plug flow configuration and the
detention time provided for the flow to pass through a long,
narrow tank prior to the wastewater leaving the aeration
tank pH levels may drop during this detention time because
nitrification destroys alkalinity. (See Section 6.222, "Daily
Operation.")

2. Complete_Mix Activated Sludge Process

A complete mix design provides a uniform mixture
throughout the entire reactor so the problem of lack of
oxygen dissolution within the reactor is lessened. However,
this type of reactor may be more sensitive to a drop in
alkalinity as ammonium is oxidized to nitrate. (See Section
6.222, "Daily Operation.")

3. Contact Stabilization

Because of the separately aerated return activated sludge
used in contact stabilization, an insufficient number of
nitrifying bacteria may be left in the biomass. Also the
contact time for the wastewater being treated with the mixed
liquor is insufficient to pi oduce a high quality effluent.
Therefore, contact stabilization plants are not ideal for the
operation of a nitrification facility using a suspended growth
reactor.

4. Extended Aeraton

Extended aeration facilities can be well suited for use in
nitrification due to the long aeration time for the mixed liquor.

5. Step-feed Aeration

Step-feed aeration can be used only for partial nitrifica-
tion. Because of the addition of influent wastewater at
several points along the aeration tank, the contact time for
nitrogen conversion is insufficient for complete nitrification.

6.2?2 Daily Operation

1. Alkalinity

A problem associated with nitrification in suspended
growth reactors is the hydrogen ion (H+) production. The
hydrogen uses the buffering capacity of the alkalinity in the
wastewater such that a significant lowering of pH may occur
and either affect the operation of downstream treatmem
processes or violate discharge requirements. The operator
should keep calcium oxide (lime), soda ash, or other chemi-
cals on hand for the purpose of increasing alkalinity, particu-
larly at the end of a nitrifying aeration process.

2. Dissolved Oxygen

Dissolved oxygen levels must be maintained (preferably at
2.0 to 4.0 mg/L) throughout the aeration and nitrification
drocesses. Areas within the aeration tank with less than
ahont 0.2 mg/L dissolved oxygen may have significantly
reduced nitrification due to the toxicity to the bacteria
created by the lack of oxygen.

3. Nitrogen

Throughout the aeration tank, particularly at various key
points along the reactor's length (if plug flow), operators
ne,...1 to measure various nitrogen compounds. Ammonium
(NH:) must bo tested along with nitrite (Nt)i) and nitrate
(NO3). These tests will enable the operator to determine the
effectiveness of the nitrification process and to help dete
mine if detention times and oxygen levels are sufficient for
the desired results.

4. Temperature

The optimum wastewater temperature range Is betv,een
60 to 95 degrees F (15 to 35°C) for good nitrification
operation. Nitrification is inhibited at low wastewater tem-
peratures and up to five times as much detention time may
be needed to accomplish "complete nitrification" in the
winter as is needed in the summer. The growth rate of
nitrifying bacteria increases as the wastewater temperature
increases and conversely it decreases as the wastewater
temperature decreases. Since there is no control over the
wastewater temperature. operating compensations for
slower winter growth rates are necessary. Increasing the
MLVSS concentration, the MCRT, and adjusting the pH to
favorable levels can be expected to provide substantial, if
not "complete: oxidation of ammonia-nitrogen compounds.
Under summer conditions, successful nitrification operation
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will be possible at less favorable pH levels and lower MLVSS
concentrations.

5. Nitrogenous Food

The growth rate of nitrifying bacteria (nitrosomonas and
nitrobacter) is affected very little by the organic load applied
to the aeration system. However, the population of the
nitrifying bacteria will be limited by the amount of nitroge-
nous food available in the wastewater. Organic nitrogen and
phosphorus-containing compounds as well as many trace
elements are essential to the growth of microorganisms in
the aeration system. The generally recommended ratio of
five-day BOD to nitrogen to phosphorus for domestic
wastes is 100.5.1. Laboratory nitrogen determination (TKN)
and phosphorus determination analysis should be per-
formed so that you may add the supplemental phosphorus
nutrient if necessary. Phosphorus in the form of phosphate
fertilizer may be added and adjusted according to the five -
day BOD level and the TKN concentration in the wastewater.

6 Actual Operation

The following operational information has been success-
ful for one plant that has an aeration tank and clarifier for
biological nitrification which is located after a conventional
activated sludge process . The nitrification aeration tank is
operated as a conventional plug flow system. MCRT values
range between 14 to 18 days.

Dissolved oxygen levels are monitored closely to con-
serve energy and avoid wasting any DO. Target DO levels
are 0.5 mg/L for the first five percent of the aeration tank
length, 0.5 to 1.0 mg/L from five percent to 80 percent of the
tank length and greater than 2.0 mg/L in the aeration tank
effluent.

To achieve a good settling effluent, approximately 15 to 30
percent of the primary effluent (BOD around 40 to 50 mg/L)
is bypassed to the nitrification aeration tank. This procedure
not only helps with solids settling, but also facilitates sludge
wasting. Before this procedure was instituted the solids
were difi.cult to settle and it was difficult to waste sludge
properly because any wasting error could be disastrous (not
enough bugs remained or too many remained).

A highly nitrified effluent can be difficult to disinfect If the
nitrate levels fluctuate, the chlorine demand can change
considerably during a very short time period. To correct this
situation, approximately 1 5 mg/L cf ammonia can be added
to the effluent from the nitrification process. A chlorine dose
of 12 mg/L of chlorine per each mg/L of ammonia is
suggested. The ammonia will react with chlorine to form
chloramines and an effectively disinfected effluent The
biological nitrification process is too sensitive and difficult to
control to try to regulate and still have some ammonia in the
effluent flue to incomplete nitrification Therefore a supple-
mental st. urce of ammonia is necessary for effective disin-
fection NOTE The DO and MCRT numbers in this section
differ slightly ;nom recommended values in the chapter. This
means that operators must develop optimum process con-
trol guidelines for their own facilities.

6.223 Attached Growth Nitrification Processes

Attached growth nitrification processes include the low-
rate trickling filter process, rotating biological contactors
and packed bed or packed tower reactors. In all of these
processes aerobic conditions are essential for successful
nitrification Sufficient time is also necessary for the nitrify-
ing bacteria to convert ammonia to nitrate.
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6.224 Equipment Necessary to Operate an Attached
Growth Nitrification Process

An attached growth (fixed film) reactor constructed in the
shape of a trickling filter must have vessel containment and
the appropriate media surface area for zoogleal mass and
bacteriological action to take place. Modern reactors use
plastic media in place of rocks or wood slats. Plastic media
can provide a great deal of surface area for interaction of
bacteria, wastewater, and air whic:iresults in the conversion
of ammonium to nitrate.

The trickling filter type of reactor can be provided with
either natural or forced ventilation. Blowers or fans can
provide the forced ventilation from the bottom to the top of
the reactor. As the liquid flows through the media from the
top, air is forced up through the mectia and water trickling
downward, thereby causing a cross-flow of wastewater and
oxygen.

For trickling filters to nitrify the wastewater being treated,
the BOD must be very low. This is achieved by using two-
stage trickling filters or rotating biological contactors operat-
ed in series with nitrification occurring in the last contactors.

2 Pumps and Distribution Arms

The success of attached growth or packed tower (tall
trickling filters with synthetic media) nitrification relies on a
constant supply of influent and recycled wastewater trickling
over the bacteriological growths on the fixed medium.
Wastewater is pumped to the top of the nitrification towers
where distribution arms allow an equal or even distribution
of flow over the entire surface of the media Normally
nitrification towers using the fixed media concept are circu-
lar. thereby providing for continuous clockwise motion of
distribution arms using the water pressure developed by
pumps. Recirculation is provided to allow for a constant and
even distribution of the wastewater over the entire surface
media. Recirculation also dilutes the primary effluent applied
to the filter, returns microorganisms to treat wastes, equal-
izes food (BOD) loading to microorganisms on media, and
provides oxygen for the microorganisms. During low flow
conditions, the recycle will have the beneficial effect of
allowing for a constant flow and organic loading capacity.
Normally a wet well is provided from which the effluent is
pumped to the top of the nitrification towers to the distribu-
tors. These wet wells provide constant head conditions for
the recirculation pumps.

6.225 Rot9ting Biological Contactors (Figure 6.1)

Rotating biological contactors (RBC) have a rotating
shaft" surrounded by plastic discs called the "media." The
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Fig. 6.1 Rotating biological contactors capable of
providing for conversion of ammonia nitrogen to nitrate ni!rogan

4 2 '2



shaft and media are called the "drum." The plastic-disc
media are made of high-density plastic circular sheets
usually 12 feet in diameter. These sheets are bonded and
assembled onto horizontal shafts up to 25 feet in length.
Spacing between the sheets provides the hollow (void)
space for distribution of wastewater and air.

A biological slime (ZOOGLEAL MASS') grows on the
media when conditions are suitable. This process is very
similar to a trickling filter where the biological slime grows on
rock or other media and settled wastewater (primary efflu-
ent) is applied over the media. With rotating biological
contactors, the biological slime grows on the surface of the
plastic-disc media. The slime is rot ?ted into the settled
wastewater and then into the atmosphere to provide oxygen
for the microorganisms.

Rotating biological contactors provide a surface for the
growth of bacteria and use of food in the wastewater for
conversion of ammonium nitrogen to nitrate. Oxygen is
supplied using natural air convection or ventilation.

Nitrification using a rotating biological contactor is moni-
tored In much the same way as was discussed in the
prev,ous section on suspended growth reactors. It is impor-
tant to monitor oxygen levels, nitrogen levels and alkalinity
throughout the flow stream through the reactors. Nitrifica-
tion takes place in the last stage or final contactor in a series
of contactors.

6.226 Operation of Attached Growth Nitrification
Piocesses (Figures 6.2, 6.3, 6.4 and 6.5)

1. Wastewater Flow

The wastewater application rate to the surface of an
attached growth nitrification process must be no more than
as specified under the design cnteria in terms of gallons per
day per square foot of media. A flow in excess of design
criteria may cause a hydraulic sloughing or washing off of
the film with the valuable zoogleal growth that provides for
the desired treatment and nitrification. If flow is substantially
less than recommended for the application rates of
wastewater to the surface of the reactor, death or dormancy
of organisms may result due to lack of food, oxygen or
drying out of the growth, thus hindering treatment and
causing an incomplete nitrification reaction.

2. W-ste Loads

Waste loads should also be within the range of design
criteria BOD loadings must be fairly uniform over the
surface for good performance. To achieve the desired level
of nitrification, ammonia loadings must be within expected
levels. The ratio of five-day BOD to nitrogen to phosphorus
should be approximately 100.5.1. Laboratory nitrogen deter-
mination (TKN) and phosphorus determination analysis
should be performed so that supplemental phosphorus
nutrient may be added if necessary.

3. Oxygen Transfer

Oxygen transfer is important in order to accomplish the
desired nitrification results. The oxygen must be measured
in the wastewater applied to and flowing frcm attached
growth nitrification processes to determine if at least one to
two mg/L of oxygen are in solution at all times. If oxygen
leveis become too low, there will not be sufficient oxygen for
conversion of ammonium nitrogen to nitrate by the bacteria
on the media. In addition, low dissolved oxygen levels may

Nitrogen Removal 377

result in the slowing down or dormancy of the organisms,
thereby reducing process efficiency.

4. Daily Operation

a. Temperature Variations

Fixed film reactors can be adversely affected by low
temperatures causing freezing or other process efficiency
complications. If the ambient air is too cold, frost or ice may
develop on the media thereby reducing the efficiency of the
process and potentially causing mechanical problems
should the ice load become heavy or cause additional weight
on one side of the reactor.

Nitrification bacteria tend to slow down and become
inactive when wastewater temperatures drop below 50°F
(10°C). Wastewater temperature may be controlled by ad-
justing the recycling rate.

b. Sloughing of Organisms

A trickling filter type attached growth nitrification process
can allow for a certain amount of sloughing of zoogleal
mass. These microorganisms are dead or flushed off the
media and then become part of the effluent, thus in^reasing
the effluent suspended solids These additional suspended
solids must be removed by the treatment plant's final
clarifiers prior to any discharge to receiving waters.

c. Oxygen and Flow Variations

Since the success of nitrificatbn through an attached
growth nitrification process is dependent on a constant
wastewater flow and the appropriate oxygen levels, it is
important that these two elements be monitored closely.
Other important factors requiring monitoring include influent
BOD (should be low) and ammonia and also proper recircu-
lation or recycle rates.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 390.

6 2B How can the alkalinity be sustained in a nitrification
process?

6.2C What tests must be conducted at various key points
along the reactors during the nitnfication process'?

6.2D How is oxygen provided in attached growth nitrifica-
tion processes'?

6.2E Why must the wastewater flow be distributed over
the surface of a nitrification tower at an optimum
rate?

6 2F What two items must be monitored closely by opera-
tors of attached growth nitrification processes?

' Zoogleal Mass (ZOE glee-al) A complex population of organisms that form a "slime growth" on the trickling filter or packed tower media.
These organisms break down the organic matter and convert ammonia to nitrate in wastewater These slimes consist of living organisms
feeding on the wastes in wastewater, dead organisms, silt and other debris "Slime growth" is more commonly used
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Fig. 6.2 Packed tower for nitrification process
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Fig. 6.3 Blower: for forcea ventilation into packed towers
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Fig. 6.4 Plastic media used for 'tickling filter"
type nitrification

Fig. 6.5 Fully packed tower of plastic media used for nitrification
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6.3 DENITRIFICATION

6.30 How Denitrification Is Accomplished in Wastewater

Nitrate will be reduced to nitrogen gas by certain types of
microorganisms under appropriate environmental condi-
tions. This process, known as "denitrification" is accom-
plished by several species of heterotrophic bacteria metabo-
lizing the nitrate to obtain oxygen, thus releasing nitrogen
gas as a waste product.

6.31 Equipment Necessary fo: Denitrification

Bacterial metabolic denitrification requires an environ-
ment void of free oxygen. In the absence of free oxygen, the
bacteria will be forPed to obtain the oxygen necessary for
cell metabolism from the nitrate ion. This process is called
endogenous respiration.

1. Attached Growth (Fixed Film) Reactors

Most denitrification processes use submerged media col-
umns wherein the voids are filled with die wastewater being
denitrified. The varieties of 1I3dia upon which the denitrify-
ing bacteria are attached include packed beds with high
porosity corrugated sheet modules or low porosity fine
media and fluidized beds with high porosity fine media, such
as sand In a fluidized bed, sand becomes the fixed film on
which organisms can attach.

2. Suspended Growth Reactors

Under ideal circumstances a suspended growth reactor
similar to an aeration basin used in the activated sludge
process can be allowed to operate without oxygen or air
being introduced. The suspended growth reactor may be a
portion of an existing aeration basin or a separate reaction
chamber set aside for the purpose of denitrification. An
anaerobic environment can be produced to provide the
conditions conducive for bacterial reduction of nitrate to
nitrogen gas.

6.32 Operation

6.320 Denitrification Operation in a Fixed Film Reactor

In the biological fluidized bed process (Figures 6.6 and
6.7), wastewater flows upward through a bed of fine sand at
a velocity sufficient for the sand to float or "fluidize." This
action allows for the entire surface area of the sand to be
available for biological growth. As the wastewater flows into
the reactor and the sand is "fluidized," oxygen levels are
carefully monitored to be certain that no free oxygen exists
within the reaction chamber.

In the fixed film reactor, a carbon food source is added to
allow for biological metabolism. This food source can be
methanol (wood alcohol), methane gas, primary effluent, or
other sources of high carbon food to stimulate biological
growth. The bacteria (which are attached to the fixed media)
feed on the carbon source and must derive oxygen from the
nitrate ion for the breakdown of the food and the absorption
into the bacterial cell structure. The bacteria will break down
the ion using the oxygen in the metabolic process and
releasing the nitrogen as a gas. If primary effluent is used as
a carbon food s 'wee, the organic and ammonia nitrogen in
the primary effluent will not be removed.

6.321 Suspended Growth Reactors (Figures 6.8 and 6.9)

1. Denitrification Using Suspended Growth Reactors

A suspended growth media can provide an environment
for anaerobic bacteria that will break down nitrate into
nitrogen gas and the oxygen used for metabolism.
Wastewater is allowed to flow through a vessel without free
oxygen, but with a carbon food source as the necessary
component for the appropriate denitrification metabolism to
take place. Just as in the operation of a fixed film reactor,
organisms feed on the organic carbon source and if no free
oxygen is available will break down the nitrate ion using the
oxygen portion of that nitrogen ion and releasing the nitro-
gen as a gas.

Figure 6.9 shows three types of nitrification/denitrification
suspended growth reactors.

1. Separate Sludge Post-ON. BOD romoval and nitrification
occur in the first aeration basin reactor. An organic
carbon food source is added to the second reactor where
denitrification takes place.

2. Single Sludge Post-DN. BOD removal and nitrification
occur in the first reactor and the wastewater being
treated flows directly into the second reactor for denitrifi-
cation without an intermediate clarifier.

3. Single Sludge Pre-DN. A food source is added to the
anaerobic first reactor where denitrification occurs. The
wastewater then flows directly to the next reactor (an
aeration basin) for nitrification. The recirculated flow
riz.turns the nitrate ions to the influent to the first reactor
for denitrification.

6.322 Daily Operation

1. Carbon Source Feed Control

The carbon source (particularly in the case of fixed film
reactors) must be regulated carefully so that an adequate
supply of the carbon food source is provided for the meta-
bolic process and the breakdown of the nitrate into nitrogen
gas and usable oxygen. If too much of the carbon (organic)
is fed into the process, the result can be an increase in the
effluent BOD, COD or TOC levels (Binchemical Oxygen
Demand, Chemical Oxygen Demand, or Total Organic Car-
bon). This result is not desirable and may lead to violations
of BOD and/Jr COD effluent requirements.

2. Control of Free Oxygen

The availability of free oxygen in either a suspended
growth denanfication reactor or a fixed media denitrification
reactor will reduce the efficiency of the process. Special
care must be taken to avoid agitation of the wastewater or
any other possibility of allowing for oxygen to enter the
process flow stream.
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3. Control of Effluent Suspended Solids

Suspended solids in the effluent from suspended growth
denitrifying reactors and sedirn4 station tanks can be re-
moved by mixed media filth,,, See Chapter 4, "Solids
Removal from Secondary Effluents," for processes and 0 &
M procedures for removal of suspended solids.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 390.

6 3A What kind of environment is necessary for denitnf
cation'?

6.3B What is the purpose of sand in a fluidized bed
reactor?

6.3C List the two kinds of reactors used in denitrification
and give an example of a common type of each
reactor.

6.3D What will happen if free oxygen is present in the
denitrification process'?

6.4 AMMONIA STRIPPING

6.40 How Ammonia Is Stripped from Wastewater

The ammonia stripping process is a reliable means of
ammonia removal under suitable environmental conditions.
The equilibrium equation for ammonia in water is as follows:

NH;
=-*

NH3 H+

Ammonium Ion Ammonia Gas Hydrogen Ion

At normal temperatures and a pH of 7, the reaction is shifted
almost completely to the left. Therefore, only ammonium
ions are present and virtually no dissolved ammonia gas.
When the pH increases above 7 (Figure 6.10), the reaction
shifts to the right, and the portion of dissolved ammonia gas
increases until at pH levels of 10.5 to 11.5, almost all of the
ammonium ion is converted to dissolved ammonia gas. This
ammonia gas may be removed by the ammonia stripping
process.

The ammonia stripping process (Figure 6.11) requires the
pH of the wastewater to be raised to a level of 10.8 to 11.5,
the breaking up of water droplets in the stripping process to
release the ammonia gas, and the removal of the ammonia
gas from the stripping tower by the movement of large
quantities of air through the tower.

6.41 Equipment Necessary for Ammonia Stripping

1. A High pH Source

In order to increase thr pH of the wastewater, a chemical
such as calcium oxide or lime must be added to the
wastewater. Lime silos, slaking equipment, lime feeders,
and flash mixing chambers are all necessary to allow for the
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Fig. 6.9 Nitrification and denitrification
using suspended growth reactors

troduction of lime into the wastewater and for the mixing to
operly increase the pH to between 10.5 and 11.5. (See

equipment listing and operation in Chapter 5, "Phosphorus
Removal," for addit:onal information.)

2. Pumps and Piping

Most air stripping takes place using packed media towers
and therefore high pH wastewater must be pumped to the
top of these towers to allow for the water to fall, the oroplets
to break up and for air contact with the wastewater.

3. Tower and Media

A tower filled with wood or plastic media or a tank filled
with media must be provided for the wastewater (at a high
pH) to flow or trickle through. The spies; ig or breaking up
of the water droplets allows for the release of the ammonia
gas and this gas is removed from the tower by large
quantities of air moving through the tower.

6.42 Operation

Lime Feed (Figure 6.11)

Lime feed is accomplished normally by mixing quicklime
(calcium oxide) with water and feeding the solution to the
wastewater. A sufficient amount of lime must be applied to
allow for the wastewater pH to be increased to at least 10.5
and preferably above 11.2. By increasing the pH to these
levels, ammonia gas will be produced which can then be
removed by the air stripping process.

2. Pumping of Wastewater

The more contact the wastewater has with the air after the
pH of the wastewater has been increased, the higher the
removal efficiency of ammonia gas. Large capacity Dumps
are necessary to recycle the high pH wastewater through
the packed tower media.
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6.43 Troubleshooting

1. Calcium Carbonate Scale

Calcium carbonate is formed when the carbon dioxide in
the atmospfsre combines with calcium oxide to produce
limestone (calcium carbonate scale). The scale can adverse-
ly affect the pumping capabilities and can close off the
interior walls of pipes, pumps and channels. Calcium car-
bonate can fill the voids of packed media, thereby reducing
the efficiency of the ammonia stripping process. Scale must
be cleaned with munatic acid or hot water on a routine basis
to maintain pumps, piping and other stripping equipment
including media packaging

2. Freezing

Because of the high air flow and the amount of water
pumped for contact with the air stripping process, the
cooling effect can cause freezing temperatures within the
packed media tower thereby reducing the efficiency of the
process. Cold temperatures also reduce the capability of the
reaction to convert ammonium ion to ammonia gas. As cold
temperatures reduce the gas production capability, addition-
al calcium oxide must be added to compensate. This further
complicates problems from the standpoint of calcium car-
bonate scale formation.
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TREATED
EFFLUENT

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 390.

6.4A What environmental conditions are important for a
successful ammonia stripping process?

6.4B List two operating problems of the air stripping
process.
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6.4C How is calcium carbonate scale formed during the air
stripping process?

6.4D How can calcium carbonate scale be removed?

6.5 BREAKPOINT CHLORINATION (Figure 6.12)

6.50 How Does Breakpoint Chlorination Remove
Nitrogen?

When chlorine is added to water the chlorine first reacts
with the inorganic reducing materials such as hydrogen
sulfide. These reactions with inorganic reducing materials
occur before any chlorine residual occurs. Ferrous iron,
manganese, and nitrite are examples of other inorganic
reducing agents that react with chlorine and reduce the
chlorine to chloride.

When chlorine is added to waters containinr ammonia, the
ammonia reacts with hypochlorous acid (HOCI) to form
monochioramine, dichioramine and trichioramine (Zone 1 in
Figure 6.12). The formation of these chloramines depends
on the pH of the solution and the initial chlorine-ammonia
ratio. If enough chlorine is added to react with the inorganic
compounds and nitrogenous compounds, then this chlorine
will react with organic matter to produce chlororganic com-
pounds and other combined forms of chlorine.

Addition of more chlorine results in the destruction of
chloramines and chlororganic compounds. The oxidation of
these compounds produces nitrous oxide (N20), nitrogen
gas (N2) and chlorine (Zone 2 in Figure 6.12). Therefore, if
enough chlorine is added to wastewater containing ammo-
nia nitrogen, the complete oxidation of ammonia nitrogen
will occur at the "breakpoint." Then if any additional chlorine

NHiN

ZONE

HUM?

BREAKPOINT
(POINT A)

IRREDUCIBLE
CHLORINE RESIDUAL

TOTAL
CHLORINE
APPLIED

MEASURED
CHLORINE
RESIDUAL

CHLORINE DOSE (mg/L)

Fig. 6.12 Typical breakpoint chlorination reaction curve
illustrating destruction of the ammonia molecule

(from Process Design Manual for Nitrogen Control,
U.S Environmental Pi ,tection Agency)
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is added beyond the breakpoint, the chlorine will exist as
free available chlorine (Zone 3 in Figure 6.12).

6.51 Equipment Necessary for Breakpoint Chlorination

1. Chlorine Feed Equipment

Adequate chlorine feed equipment is necessary to provide
the appropriate quantity of chlorine in relationship to the
amount of ammonia nitrogen to be reduced in the effluent
under peak flow conditions. Approximately 10 mgIL of
chlorine is required per mgIL of ammonium plus at ditional
chlorine to react with the inorganic reducing materials and
organic compounds.

2. Reaction Chamber

Although the reaction between chlorine and ammonia
nitrogen is quite fast, the appropriate flash mixing chamber
and detention time must be allowed for in a reaction vessel
dedicated to breakpoint chlorination.

6.52 Operation

1. Chlorine Feed and Dose

Chlorine is fed to wastewater containing ammonium nitro-
gen at a sufficient rate to provide enough chlorine to oxidize
the desired amount of ammonia nitrogen. A reaction require-
ment oi 10 parts of chlorine to 1 part of ammonium nitrogen
is considered necessary to reach or pass the "breakpoint."

2. Secondary or Filtered Effluent

The breakpoint chlorination process is most efficient in
treating an effluent containing low suspended solids, low
BOD and a low chlorine demand. Using secondary or a
filtered effluent, the chlorine can work on the ammonia
nitrogen instead of being t Jci up in oxidation reactions with
organic matter, reducing materials and other chemicals.
Filtered waters are more desirable than secondary effluent
for breakpoint chlorination.

3. Final Clean Up

Breakpoint chlorination is frequently used as final clean up
following other nitrogen removal processes. When treating a
high quality effluent, relatively small amounts of chlorine are
needed to remove the remaining nitrogen.

6.53 Daily Operation

1. Contact Time

The appropriate contact time required to oxidize ammonia
nitrogen with chlorine varies anywhere from five to fifteen
minutes depending on the wastewater characteristics. The
higher the quality of wastewater, the shorter the required
contact time.

2. Flash Mixing

It is important that chlorine mixing with the wastewater be
instantaneous and complete. A flash mix or other rapid
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mixing basin must be used to accomplish complete mixing
and thereby maximize process efficiency.

6.54 Careful Control of Chlorine Feed

All wastewaters vary; however, an approximate ratio of 10
parts of chlorine to 1 part of ammonia nitrogen is normally
required for a complete breakpoint reaction to occur. If less
chlorine is used, free residual chlorine and chloramine or
dichloramine compounds will remain in solution and ammo-
nia nitrogen will not be properly removed. If there is excess
chlorine in the plant effluent, this residual can be hazardous
to aquatic life. Thus effluents should be dechlorinated to
protect aquatic life. Also if too much chlorine is added, the
pH could be too low and require the addition of a basic
chemical to increase the pH to an acceptable level for
discharge.

QUESTIONS
Write your answers in a notebook and then corn pare your

answers with those on page 390.

6.5A Describe the breakpoint chlorination process

6.5B What is the appropriate appi;cation for breakpoint
chlorination?

6.3 HYACINTH CULTURE

6.60 Waste Treatment

Water hyacinth cultures have been used to successfully
treat both municipal and industrial wastewaters. Municipal-
itieb rave used hyacinth cultures to remove residual organ-
ics (BOD), suspended solids, nitrogen and phosphorus.
Industry has used hyacinth cultures for removal of a variety
of toxic chemicals, heavy metals and nutrients from many
types of wastewaters. Hazardous materials must be re-
moved in the first of a series of hyacinth ponds and the
contaminated hyacinths must be harvested from the ponds
and processed for ultimate disposal through digestion or
composting.

6.61 How the Treatment Process Works

Water hyacinth cultures float on the surface of the water
being treated. The roots of the plant extend down into the
water to about a foot below the surface where they absorb
nutrients (nitrogen, phosphorus and carbon or organics)
directly from the water. However, the main nitrogen-removal
mechanism is bacterial nitrification/denitrification. When
hyacinth plant stands have reached maximum density, plant
uptake of nitrogen is minimal. These systems are capable of
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removing ten to twenty pounds of nitrogen per acre per day
and up to 100 pounds of BOD per acre per day in a properly
designed and operated treatment system. The effluent nitro-
gen concentrate--. can be less than 1.5 mg/L and phospho-
rus below 0.2 mg/L.

Hyacinth systems are responsible for a significant remov-
al of the nutrients, nitrogen and phosphorus. Bacterial
populations thriving in the plant's root system oxidize bio-
logically degradable compounds as well as oxidize and
reduce nitrogen forms. In the anaerobic zones of the roots
and in basin sediment, denitrifying bacteria convert oxidized
inorganic nitrogen to gaseous molecular nitrogen, which can
then be lost to the atmosphere.

Many invertebrates such as amphipods, insect larvae, and
molluscs further enhance tho process by removing particu-
late matter from the water being treated. 1"hese organisms
are in turn preyed upon by various vertebrate populations
including fish, birds, amphibians, and reptiles.

Harvesting can be accomplished by the use of a water
tractor in a continual harvest type of hyacinth culture sys-
tem. This tractor floats on top of the hyacinth crop, condi-
tioning and separating tha matted hyacinth plants and stra-
tegically maneuvering them to a shore-based har-
vester/processor which chops and pumps the plat it material
as a liquid slurry product.

6.62 Operation

Similar to other biological treatment processes, treatment
rates in water hyacinth systems depend on temperature.
However, unlike most other biological systems not only does
temperature affect the activity of the bacteria in the root
zone, but also the vitality of the water hyacinth plant. Both air
and water temperature are important in evaluating plant
vitality. Water hyacinth are a tropical plant and thus do not
survive in cooler climates.

Therefore, hyacinth cultures can treat wastewaters only in
frost -free areas or during frost-free seasons. Installation of

^ommercial greenhouse (Figure 6.13) covered with trans-
ent plastic will allow year-round operation of a minimal

12*-

harvest hyacinth system. The greenhouse should be pro-
vided with automatic ridge vents and appropriate venting
along the bottom of the sidewalls. Proper venting is desir-
able in the summer to expel excess heat and in the winter to
retain heat.

Conventional hyacinth basins are quite inefficient. The
root mat zone, which is only six to twelve inches deep,
provides most of the aerobic treatment. The anaerobic
organic sediment zone is also very important for storing
nutrients and enhancing denitrification. Most of the sedi-
mentation and treatment occurs in the upstream portion of a
hyacinth basin, with the remainder of the basin only "polish-
ing" the water. In a three-foot deep basin most of the waters
never come in contact with the root mat. Recirculation,
upwelling and aeration have been evaluated as a means to
bring water into contact with biota in the root mat. Such
approaches destroy the sediment layer and are only slightly
successful in "forcing" water into or through the dense mat
of roots.

There should be multiple hyacinth basins with the capacity
to treat the design flow when one basin is out of service. The
average water depth should not be greater than 36 inches.
Multiple surface inlets and outlets should distribute the flow
uniformly throughout each basin. This may be accomplished
by weirs, openings in a baffle or by a perforated pipe. The
size of the basins should be one acre or less. The bottom of
each basin must be sloped to facilitate draining. A surge
basin for flow equalization or some other method of flow
equalization to each basin is desirable.

A fixed barrier is installed at the outlet to retain hyacinth
and to create a clear water zone. Screening may be used as
a barrier material, but a permeable rock barrier is preferred
to prevent hyacinth from escaping to receiving waters. The
water depth in the outlet area should be less than 24 inches.
The bottom of the outlet area is covered by a layer of broken
rock or washed gravel.

The organic loading for each hyacinth basin should not
exceed 100 pounds of BOD per acre per day unless supple-
mental aeration is provided to consistently maintain an
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Fig. 6.13 Greenhouse of hyacinth culture
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aerobic surface water layer. The maximum hydraulic loading
should not exceed 0.20 MGD per acre unless supplemental
aeration is provided.

Areas (exclosures) should be located at intervals along
basin edges to provide clear zones for aeration and to
enhance fish production for mosquito control. Total area for
exclosures should be around 20 percent of the total hyacinth
basin area. These exclosures should have a uniform depth
of not more than 24 inches with the bottoms covered with
broken rock or washed gravel.

Plastic sheeting covered with a layer of broken rock or
washed gravel should extend above and below the operat-
ing level all along the inner basin berms to prevent weed
growth and eliminate mosquito breeding habitat. Hyacinth
basins must be kept weed-free at all times.

Mosquito control is very important for water hyacinth
systems. The system should be designed sa that the natural
predators of mosquito larvae (mosquito fish, dragonflies,
damsel fly nymphs, frogs, grass shrimp and a variety of
water beetles) will thrive. Since most of these natural pred-
ators are strict aerobes, the system must be designed to
prevent the occurrence of anaerobic conditions, especially
in the vicinity of influent locations, where mosquito produc-
tion is most likely to occur. To avoid anaerobic conditions
the wastewater BOD load to the hyacinth system must be
kept low and evenly distributed over the influent area.

Harvesting the plants for maintenance purposes requires
72 operator-days per year for one a MGD system. Plant

Nitrogen Removal 389

harvest may be accomplished using a modified hydraulic hay
rake mounted on a backhoe The relatively small amount of
plant material harvested may be composted, either alone or
with wastewater sludge.

The major advantages of water hyacinth systems are the
lack of mechanical equipment and low energy requirements.
For these reasons, the use of aeration systems and green-
houses could reduce the cost effectiveness of these sys-
tems
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 390

6 6A Why is proper venting important in a greenhouse
containing a hyacinth culture?

6 66 Why is a fixed barrier installed at the outlet of a
hyacinth basin

DISCUSSION AND REVIEW QUESTIONS

Chapter 6 NITROGEN REMOVAL

Please write your answers in your notebook before work-
ing the Objective Test on page 391 The purpose of these
questions is to indicate to you how well you understand the
material in this chapter.

1. Why are algal growths undesirable in receiving waters'?

2. List the limitations of the various modes of the activated
sludge process in the nitrification process.

3 How can an operator use the results of the ammonium
(NH;), nits (Nt.:;,; and nitrate (NO3) tests to con-
trol the nitrilicatif.,1 irocess?

4 Why do attached growth reactors use recirculation'?

5. Why must the carbon feed source be carefully con-

trolled in an attached growth reactor,

How does air come in contact with the wastewater in the
air stripping process''

7 Why is calcium carbonate scale a problem in the air
stripping process'?

8. Why is secondary effluent or filtered effluent the appro-
priate application for breakpoint chlorination?

9 How does a hyacinth culture remove nitrogen and
phosphorus from the wastewater being treated'?

10. Why have recirculation, upwelhng, and aeration not
been successful in improving the performance of hya-
cinth cultures?
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SUGGESTED ANSWERS

Chapter 6 NITROGEN REMOVAL

Answers to questions on page 373.

6.0A The two main nutrients which cause algal growths in
receiving waters are nitrogen and phosphorus.

6.1A Nitrogen is removed by the nitrification/denitrification
process. First bacteria convert the ammonium ion to
the nitrite ion and the nitrite ion to the nitrate ion.
Then in the denitrification process, bacteria convert
the nitrate ion to nitrogen gas and gaseous nitrous
oxide, both of which can be removed from the
wastewater being treated as a gas.

6.1B The recommended use of breakpoint chlorination is
to polish treatment plant effluent by decreasing the
small amounts of remaining ammonia nitrogen.

6.1C Ammonium nitrogen is removed by the ion exchange
process when the ammonium ion is exchanged with
another ion on the ion exchange media (resin).

6.2A Nitrification can be accomplished using suspended
growth reactors or attached growth reactors.

Answers to questions on page 377.

6 2B Alkalinity can be sustained in a nitrification process
by adding calcium oxide (lime) or soda ash.

6 2C Nitrogen tests that must be performed at various key
points along the reactors during the nitrification pro-
cess include ammonium (NH:), nitrite (N0i) and
nitrate (NO;).

6.2D 0../gen is provided in attached growth nitrification
processes by natural or forced ventilation. Blowers
or fans can provide the forced ventilation from the
bottom to the top of the reactor.

6.2E The wastewater flow di 'nbuted over the surface of a
nitrification tower must be at an optimum rate be-
cause excessive flow may cause a sloughing or
washing off of the film with the valuable zoogleal
growth that provides for the. desi ed nitrification. If
flow is insufficient the death of organisms due to
drying out, insufficient oxygen or lack of food may
result in an incomplete nitrification reaction.

6 2F A constant wastewater flow and the appropriate
oxygen levels muct be monitored closely when oper-
ating attached g., iwth nitrification processes. Other
factors requiring monitoring include influent BOD
(should be low) and ammonia and also proper recir-
culation or recycle rates

Answers to questions on page 382.

6 3A Denitrification relies on an environment for the
wastewater and bacteria which is void of free P :y-

gen. The bacteria must be forced to acquire the
necessary oxygen for cell metabolism from the ni-
trate ion.

6 3B In a fluidized bed reactor, sand is the fixed film on
which organisms can attach.

6 3C The two kinds of denitrification reactors are (1)
attached growth reactors (fluidized bed reaction ves-
sel) and (2) suspended growth reactor (aeration
basin operated without oxygen or aii being intro-
duced).

6.3D If ,ree oxygen is ores,- t in the denitrification pro-
cess. there will be a reductiln in the process efficien-
cy

Answers to questions on page 385.

6 4A The environmental conditions important for a suc-
cessful ammonia stripping process are wastewater
pH, temperature and air movement.

6 4B Two operating problems of the air stripping process
are (1) calcium carbonate scale and (2) freezing.

6 4C Calcium carbonate scale is formed during the air
stripping process when the carbon dioxide in the
atmosphere combines with calcium oxide (used to
increase the pH) and produces limestone (calcium
carbonate scale).

6 4D Calcium carbonate scale can be removed with acid or
hot water on a routine basis tc maintain pumps.
pipir.; -J other stripping equipment, including me-
dia packing

Answers to questions on page 387.

6.5A By adding sufficiehi quantities of chlorine to
wastewater containing ammonia nitrogen, the com-
plete oxidation of t:.J ammonia nitrogen takes place
at a level of chlorine addition normally referred to a,
the "breakpoint."

6 5B Secondary or filterA effluent is the appropriate
application for breakpoint chlorination. Breakpoint
chlorination also is frequently ,ised as final clean up
following other nitrogen removal processes.

Answers to questions on page 389

6 6A Proper venting is important in a greenhou.,e contain-
ing a hyacinth culture to expel excess heat in the
summer ano 'o retain heat in the winter.

6 6B A fixed barrier is installed at the outlet of a hyacinth
basin to retain hyacinth and to create a clear water
zone.
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OBJECTIVE TEST

Chapter 6 NITROGEN REMOVAL

Please mark the correct answers on an answer sheets as
directed at the end of Chapter 1. There may be more than
one correct answer to the multiple choice questions.

1. The most common types of nitrogen removal systems
include

1. Ammonia stripping.
2. Breakpoint chlorination.
3. Denitrification.
4 Filtration.
5. Precipitation and sedimentation.

2. Important items for the successful operation of a sus-
pended growth reactor (aeration basin) include appro-
priate

1. Chlorine residual
2. Influent wastewater.
3. Oxygen.
4. Suspended solids.
5. Time for aeration.

3 Proper operation of a fixed attached growth (fixed film)
reactor requires adequate

1. Detention time.
2. Mixed liquor.
3. Oxygen.
4. Size of reactor.
5. Suspended solids.

4 Which one of the following activated slJdge process
modes is best suited for nitrification'?

1. Complete mix
2 Contact stabilization
3. Conventional or plug flow
4. Modified aeration
5. Step-feed aeration

5. Too low dissolved oxygen levels in the effluent from a
nitrification tower will result in

1 Death of microorganisms.
2. Lack of nitrogen conversion by bacterial growths.
3. Plugged diffusers.
4. Reduced process efficiency
5 Unbalanced distributor arms.

6. Which o the following can be used as a food source in
an attached growth (fixed film) reactor'?

1. High carbon food
2. Methane gas
3. Methanol
4. Primary effluent
5. Secondary effluent

Nitrogen Removal 391

7. The pH of wastewater can be increased for air stripping
by the addition of

1. Carbon dioxide.
2 Calcium oxide
3. Lime.
4. Methanol.
5. Sulfuric acid.

8 Careful control of chlorine feed in the removal of nitro-
gen in the breakpoint chlorination process is important
because improper feed will result in

1 Ammonia nitrogen not being properly removed.
2 Effluent conform standards not being met.
3. Excess chl 'rine in the effluent being hazardous to

aquatic life.
4. Filamentous organisms preventing proper effluent

clarification.
5 Tastes and odors developing in downstream water

supplies.

9 Hyacinth cultures have been used to remove
from wastewaters

1 BOD
2 Coliform
3 Nitrogen and phosphorus
4. Toxic chemicals
5 TDS

10 The major advantages of water hyacinth systems in-
clude

1. Ability to withstand extreme temperature fluctu-
ations

2 Economic returns from harvested hyacinth.
3 Lack of mechanical equipment.
4 Low energy requirements.
5 Low quality effluent.

11 Flows through hyacinth basins are uniformly distributed
by the use of

1. Baffles
2. Orifice plates
3. Perforated pipe.
4. Pumps
5. Weirs

12. Mosquitoes can be controlled in hyacinth basins by

1. Evapotranspiration.
2 Grass shrimp
3 Minnows.
4 Moths
5. Removirg weeds.

elut a ofoieeive-re4t

437



CHAPTER 7

WASTEWATER RECLAMATION

by

Daniel J. Hinrichs

438



394 Treatment Plants

TABLE OF CONTENTS

Chapter 7. Wastewater Reclamation

OBJECTIVES

GLOSSARY

LESSON 1

Page

396

397

DIRECT REUSE OF EFFLUENT

7.0 Uses of Reclaimed Wastewater 398

7.00 Direct Reuse of Effluent 398

7.01 Equipment Requirements 400

7.02 Limitations of Direct Reuse 400

7.03 Case Histories 400

7.030 South Lake Tahoe Public Utility District, California 400

7.031 Muskegon County, Michigan 402

7 032 Windhoek, South Africa 402

7.033 Nuclear Generating Station, Phoenix, Arizona 402

7.034 Specialty Steel Mill, Syracuse, New York 407

7.1 Operating Procedures 409

7.10 Pre-start Inspection 409

7.11 Start-up 409

7.12 Normal Operation 409

7.13 Shutdown 410

7.14 Operational Strategy 410

7.15 Emergency Operating Procedures 410

7.16 Troubleshooting Guiae 410

7.2 Monitoring Program 410

7.20 Monitoring Schedule 410

7.21 Interpretation of Test Results and Follow-up At-tions 410

7.3 Safety 412

7.4 Maintenance 412

7.5 Review of Plans and Specifications 412

433



Wastewater Reclamation 395

LESSON 2

EFFLUENT DISPOSAL ON LAND

7.6 Land Treatment System 413

7.60 Description of Treatment Systems 413

7.61 Equipment Requirements 413

7.62 Sidestreams and Their Treatment 413

7.63 Limitations of Lard Treatment 418

7.7 Operating Procedures 418

7.70 Pre-Start Checklist 418

7.71 Start-Up 418

7.72 Normal Operation 420

7.73 Shutdown 423

7.74 Operational Strategy 423

7.75 Emergency Operating Procedures 423

7.76 Troubleshooting Guide 423

7.8 Monitoring Program 427

7.80 Monitoring Schedule 427

7.81 Interpretation of Test Results and Follow-up Actions 427

7.9 Safety 427

7.10 Maintenance 428

7.11 Review of Plans and Specifications i28

7.12 References and Additional Reading 428

7.120 Re.erences 428

7.121 Additional Reading 428

SUGGESTED ANSWERS 429

OBJECTIVE TEST 431

440



396 Treatment Plants

OBJECTIVES

Chapter 7. WASTEWATER RECLAMATION

Following completion of Chapter 7, you should be able to
do the following:

1. Safely operate and maintain a wastewater reclamation facil-
ity,

2. Describe the various methods of wastewater reclamation,

3. Develop operational strategies for wastewater reclamation
facilities,

4. Monitor a wastewater reclamation program and make ap-
propriate adjustments in treatment processes, and

5. Review the plans and specifications for a wastewater re-
clamation facility.

4 .4 1
..x -2 1
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GLOSSARY

Chapter 7. WASTEWATER RECLAMATION

CATION EXCHANGE CAPACITY CATION EXCHANGE CAPACITY

The ability of a sod or other solid to exchange cations (pcoitive ions such as calcium, Ca+2) with a liquid.

DRAINAGE WELLS DRAINAGE WELLS

Wells that can be pumped to lower the ground water table and prevent ponding.

DRAIN TILE SYSTEMS DRAIN TILE SYSTEMS

A system of tile pipes buried under the crops that collect percolated waters and keep the groundwater table below the ground
surface to prevent ponding.

EVAPOTRANSPIRATION (e-VAP-o-tran-spi-RAY-shun) EVAPOTRANSPIRATION

The total water removed from an area by transpiration (plants) and by evaporation from sod, snow and water surfaces.

HYDROLOGIC CYCLE (HI-dro-loj-ic) HYDROLOGIC CYCLE

The process of evaporation of water into the air and its return to earth by precipitation (rain or snow). This process also includes
transpiration from plants, groundwater movement and runoff into rivers, streams and the ocean.

RECHARGE RA1 E RECHARGE RATE

Rate at which water is added beneath the surface of the ground tc replenish or recharge groundwater.

RECLAMATION RECLAMATION

The operation or process of changing the condition or characteristics of water so that improved uses can be achieved.

RECYCLE RECYCLE

The use of water or wastewater within (internally) a facility before it is discharged to a treatment system Also see REUSE.

REUSE REUSE

The use of water or wastewater after it has been discharged and then withdrawn by another user. Also see RECYCLE.

SIDESTREAM SIDESTREAM

Wastewater flows that develop from other storage Jf treatment facilities This wastewater may or may not need additional treatment.

SODIUM ADSORP TION RATIO (SAP) SODIUM ADSORPTION RATIO

This ratio expresses the relative activity of sodium ions in the exchange reactions with soil The ratio is defined as follows.

SAR = Na

(1/2(Ca + Mg))'

where Na, Ca, and Mg are concentrations of the respective ions in milliequivalents per liter of water.

Na, meq/L = Na, mg/L Ca, meq/L = Ca, mg/L

23.0 mg/meq 20.0 mg/meq

Mg, meq/L = Mg' mg/L
12.15 mg/meq
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CHAPTER 7. WASTEWATER RECLAMATION

(Lesson 1 of 2 Lessons)

DIRECT REUSE OF EFFLUENT

7.0 USES OF RECLAIMED WASTEWATER

7.00 Direct Reuse of Effluent

Why might the effluent from your wastewater treatment plant
be reused directly by someone? The main reason is that
someone needs water and the effluent from your wastewater
treatment plant is of an acceptable quality to meet their needs.
Effluent reuse is considered when (1) the volume of municipal
water needed is not available, (2) the cost of purchasing avail-
able treated water is too expensive, (3) surface waters are not
available or the cost of treatment is excessive, and (4)
groundwaters are either not available or the costs of pumping
and any treatment is prohibitive. In the future as discharge
requirements become more and more stringant, the quality of
plant effluents will become more and more attractive as the
best available source of water. For these reasons, you must be
able to produce an effluent that can be used either directly or
reclaimed for beneficial uses. Effluent from wastewater may be

TABLE 7.1 TREATMENT LEVELS REQUIRED FOR
VARIOUS BENEFICIAL USES'

Beneficial Use Treatment Levelsb

Agricultural Imgation Forage Crops
Agricultural Irrigation Truck Crops
Urban Irrigation Landscape
Livestock and Wildlife Watering
Power Plant and Industrial Cooling

Once-through
Recirculation

Industrial Boiler Make-up
Low pressure
Intermediate pressure

Industrial Water Supply
Petroleum and Coal Products
Primary Metals
Paper and Allied Products
Chemicals and Allied Products
Food Products

Fishenes
Warm Water
Cold Water

Recreation
Secondary Contact
Primary Contact

Public Water Supply
Groundwater, spreading
Groundwater, injection
Surface Water

D ect Potable

1

1

4
1

1

1

6
10

3a or 4
1

5c or 8
7 to 1.
7 to 1 1

6
6

4
5 or 6

e WATER REUSE AND RECYCLING, Volume 2, EVALUATION OF
TREATMENT TECHNOLOGY, by Culp/Wesner/Culp for De-
partment of Interior, Office of Water Research and Technology,
OWRT/RU-7911, Washington, D.C. 1979.

b See Table 7.2 r.nr an nyplanafinn of nrnesaccnc th,t pr.-.4.,..., #1...-
desired treatment levels.

reclaimed for the uses listed in Table 7.1. Table 7.2 lists the
treatment levels necessary for various beneficial uses.

Irrigation is covered in Lesson 2, "Effluent Disposal on
Land." Indirect reuse is the same as disposal by dilution.
Groundwater recharge by spreading basins is included with
the secti' .1 on irrigation. This section includes direct reuse
by industry, deep well injection, and recreation (Figures 7.1,
7.2 and 7.3). Generally, the operation of these systems is
similar.

If water or wastewater is used again within (internally) a
facility before it is discharged to a treatment system, this water
is considered RECYCLED. If this water is discharged and then
withdrawn by another user, the water is REUSED. RECLAMA-
TION is the operation or process of changing the condition or
characteristics of water so that improved uses can be
achieved.

TABLE 7.2 TREATMENT LEVELSa

Treatment Level Treatment System

1a Activateci ;ludge
1b Trickling filter
lc Rotating biological contactors
2a 2-Stage nitrification
2b Rotating biological contactors
2c Extended aeration
3a Nitrification-Denitrification
3b Selective on exchange
4 Filtration of secondary effluent
5a Alum added to aeration basin
5b Ferric chloride added to primary
5c Tertiary lime treatment
6a Tertiary lime, nitrified effluent
6b Tertiary lime plus ion exchange
7 Carbon adsorption, filtered

secondary effluent
8 Carbon, tertiary lime effluent
9 Carbon, ertiary lime,

nitrifiec effluent
10 Carbon, tertiary lime, ion

exchange
11 Reverse osmosis of AWT effluent
12a Physical-Chemical system, lime
12b Physical-Chemical system, ferric chloride
13a Irrigation
13b Infiltration-Percolation
13c Overland flow

a WATER REUSE AND RECYCLING, Volume 2, EVALUATION OF
TREA7MENT TECHNOLOGY, by Culp/Wesner/Culp for Depart-
men` of Interior, Office of Water Research and Technology,
OWRT/RU-7911, Washington, D.C. 1979.
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7.01 Equipment Requirements

Equipment used in wastewater reclamation plants is very
similar to equipment used in most conventional wastewater
treatment plants. Equipment requirements consist of a trans-
mission system of pipes, ditches, or canals to transport water
to the user's location. Metering and control systems are nec-
essary for monitoring flows and water quality delivered to us-
ers.

Deep well injection systems include pipelines, pumps, and
wells along with the meters and control equipment. Often,
treated effluent (the reclaimed wastewater) is mixed with fresh
water prior to injection to dilute the treated effluent. In these
instances a blending tank is required. Effluent and fresh water
are pumped to the blending tank and the mixture is pumped to
the injection wells. Most injection systems are used in coastal
areas to serve as barriers for preventing contamination of
groundwater by salt water. There may be other uses for injec-
tion wells such as injection into oil wells to aid oil pumping
operations. Oil that was not removed by previous pumping
efforts will float on top of water and be easier to pump from
underground areas.

The equipment req ..,ments for disposal to a recreatior
lake are basically the same as disposal by dilution (Chapter
13, Volume II).

There are several variations possible with these systems,
but each must provide a means for delivering water to the
point of use. In some instances storage or blending with
fresh water may be desired, so Figures 7.1 and 7.2 show
provisions for storage.

7.02 Limitations of Direct Reuse

Industrial reuse of wastewater will increase in the future
Water quality requirements for industrial use vary consid-
erably. For example, cooling and washing waters do no' re-
quire as high or as consistent a quality as water used in food
processing or manufacturing processes. For these reasons
large industries often have their own water treatment plants on
the site to provide the degree of treatment required for produc-
tion processes. Under these conditions reclaimed effluent may
be used directly for washing purposes or serve as influent to a
specialized water treatment plant In either case, industries
desire as consistent a quality as possible from your wastewa-
ter reclamation plant.

Regardless of the use of treated effluent or reclaimed
wastewater, the user of the water will expect the water to be
supplied to meet specific water quality criteria. These criteria
are just as important as NPDES permit requirements. If water
quality criteria are not met, operators must have a plan to notify
users, or to store or to dispose of the inadequately treated
wastewater.

Industrial reuse requires a fairly uniform quality of water. If
any water quality indicator fluctuates, notify the industrial user.
Water quality indicators of concern include but are not limited
to temperature, pH, color, and hardness or scale-forming min-
erals such as calcium, magnesium and iron.

Deep well injection must follow procedures developed to
maintain the RECHARGE RATES.' Important considerations
include type of pumps, pump discharge pressures and mainte-
nance of any venting systems. Slime growths caused by or-
ganisms in the presence of proper temperature, food and nu-
trients can reduce recharge rates. Care must be taken to avoid
contamination of groundwaters used as a drinking water sup-

ply. Groundwaters can be contaminated by the discharge of
excessive amounts of trace organics, minerals, nutrients or
toxic materials.

Water reclaimed for recreation use must consider protection
of public health and aesthetics. As a minimum standard, public
health considerations require the absence of pathogens as
measured by the coliform group bactena test. Aesthetics ate
evaluated by the lack of floatables and scums. The clearer a
body of water, the more pleasing the appearance. Nutrients
can contribute to algal growths which reduce the aesthetic
value of water used for recreation. Inadequate removal of BOD
can result in the depletion of oxygen in th. receiving waters
which may cause fish kills.

Table 7.1 lists the various beneficial uses of water that are
quite likely to use reclaimed water now and in the future.
These different uses require different treatment processes
and degrees of treatment (treatment levels) to produce a
reclaimed effluent suitable for direct reuse by industry or
other type of water user. These treatment levels are de-
scribed in terms of treatment processes or treatment sys-
tems in Table 7.2. To determine the effluent quality you
should expect from a wastewater reclamation plant, Table
7.3 lists the expected effluent quality from various combina-
tions of treatment processes used to reclaim wastewater
This table also could be used to determine whether the
effluent could be used by certain beneficial uses.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 429.

7.0A List the possible uses of reclaimed wastewater.

7.0B How can deep well injection aid oil pumping opera-
tions'?

7.03 Case Histories

The following case histories were developed at actual
operating wastewater reclaination facilities. The data shown
for the first three case histories were taken from HEALTH AS-
PECTS OF WASTEKATEF-1 RECHARGE. This publication was
prepared by a consulting panel for the California State Water
Resources Control Board, Department of Water Resources
and Department of Health

7.030 South Lake Tahoe Public Utility District, California
(Fig. 7.4)

This system was developed to treat wastewater for reuse in
a recreation lake and for crop irrigation. The unit processes
include primary sedimentation, activated sludge, lime addition
and chemical clarification, ammonia stripp;ng, filtration, acti-
vated carbon adsorptior,, and chlorination. The major function
of the primary sedimentation process is to remove suspended
solids. The activated sludge process removes suspended sol-
ids KJ BOD. Lime addition and chemical clarification remove
phosphorus. Ammonia removal is accomplished by ammonia
stripping towers. Filters are provided for suspended solids and
turbidity removal. The activated carbon adsorption process
removes COD, BOD, and methylene blue active substances
(MBAS, a surface active agent). The chlorination process is
provided for pathogen reduction and during cold weather is
used for nitrogen removal by breakpoint chlorination.

' Recharge Rate. Rate at which water is added beneath the surface of the ground to replenish or recharge groundwater.
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TABLE 7.3 ANTICIPATED PERFORMANCE OF VARIOUS UNIT PROCESS COMBINATIONS'

ESTIMATED AWT PROCESS EFFLUENT QUALITY

AWT Pretreatment AWT Processb
BOD

(mg/L)
COD

(mg/L)
Turb.
(JU)

PO,
(mg/L)

SS
(mg/L)

Color
(units)

NH,N
(mg/L)

Preliminary C,S 50-100 80-180 5-20 2-4 10-30 30-60 20-30
C,S,F 30-70 50-150 1-2 0.5-2 2-4 30-60 20-30
C,S,F,AC 5-10 25-45 1-2 0 5-2 2.4 5-20 20-30
C,S,NS,F,AC 5-10 25-45 1-2 0.5-2 2-4 5-20 1-10

Pnmary C,S 50-100 80-180 5-15 2-4 10-25 30-60 20-30
C,S,F 30-70 50-150 1-2 0.5-2 2-4 30-60 20-30
C,S,F,AC 5-10 25-45 1-2 0.5-2 2-4 5-20 20-3C
C,S,NS,F,AC 5-10 25-45 1-2 0.5-2 2-4 5-20 1-10

High-rate F 1G-20 35.60 6-15 20-30 10-20 30-45 20-30
Tnckling C,S 10-15 35-55 2-9 1-3 4-12 25-40 20-30
Filter C,S,F 7-12 30-50 0 1-1 0.1-1 0-1 25-40 20-30

C,S,F,AC 1-2 10-25 0.1-1 0.1-1 0-1 0-15 20-30
C,S,NS,F,AC 1-2 10-25 0 1-1 0.1-1 0-1 0-15 1-10

Conventional F 3-7 30-50 2-6 20-30 3-12 25-50 20-30
Activated C,S 3-7 30-50 2-7 1-3 3-10 20-40 20-30
Sludge C,S,F 1-2 25-45 0.1-1 0.1-1 0-1 20-40 20-30

C,S,F,AC 0-1 5-15 0.1-1 0.1-1 0-1 0-15 20-30
C,S,NS,F,AC 0-1 5-15 0.1-1 0.1-1 0-1 0-15 1-10

From HANDBOOK OF ADVANCED WASTEWATER TREATMENT, Second Edition, by Russell L. Culp, George M Wesner and C=ordon L.
Culp. Copyright 1978 by Litton Educational Publishing, Inc. Repnnted by permission of Van Nostrand Reinhold.

b C,S Coagulation and sedimentation, F - mixed-media filtration, AC - activated carbon adsorption, NS ammonia stripping. Lower effluent
NH, value at 18°C.d

C Preliminary treatm- t - grit removal, screen chamber, Parsha'l flume, overflow.
d For details on C, .3 arid F, see Chapter 4, NS, Chapters 2 and 6 for ammonia 3moval by nitrification, and AC, Chapter 6, in INDUSTRI-

AL WASTE TREATMENT.

ACTIVATED
SLUDGE

EFFLUENT
CHEMICAL

CLARIFICATION
AMMONIA
STRIPPING

ECARBONATION
AND

SETTLING

TO
RECREATION
RESERVOIR

CHLORINATION CARBON
ADSORPTION

4-...--. FILTRATION(FISHING &
BOATING)

SOUTH LAKE TAHOE, CALIFORNIA

Fig. 7.4 Wastewater reclamation processes used at South
Lake Tahoe, California
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These processes remove BOD, COD, suspended solids,
turbidity, nitrogen, phosphorus, and pathogens from the
water being treated. These constituents are removed to
make the recreation lake safe for human contact (pathogen
removal), prevent unsightly algae growth (nitrogen and
phosphorus removal), and provide a pleasant appearance
(suspended solids and turbidity removal). Table 7.4 shows
water quality followir, each of these unit r ocesses.

7.031 Muskegon County, Michigan (Fig. 7.5)

This system reclaims wastewater for crop irrigation. Irri-
gation water leaches through the soil and then enters two
streams through the subsurface drainage system. The treat-
ment process consists of aerated ponds and ocring cold
weather storage lagoons. These processes reduce [ion,
suspended solids, and pathogens. The purpose of this
treatment system is primarily to prevent nuisance conditions
from developing in the fields. The soil provides additional
treatment to water passing through the soils to the drain
tiles. Table 7.5 shows water quality indicators at various
stages hi the process.

7.032 Windhoek, South Africa (Fig. 7.6)
Wastewater is treated in ponds and then reclaimed and

blended with other water for a drinking water supply. The
processes consist of recarbonation of pond effluent fol-
lowed by algz9 flitation, chemical clarification, breakpoint
chlorination, filtration, and carbon adsorption. Recarbona-
tion lowers the pH. Algae flotation removes algae to prevent
taste and odor problems. Chemical clarification removes
phosphorus and turbidity. Breakpoint chlorination destroys
pathogens and reduces ammonia levels. Suspended solids
and COD aril removed by filtration and carbon adsorption.
Treatment results are shown on Table 7.6.

7.033 Nuclear Generating Station, Phoenix, Arizona
(Fig. 7.7)

Secondary effluent from the City of Phoenix's Wastewater
Treatment Plant is pumped 40 miles (64 km) through a pipeline
to the Arizona Public Service's Palo Verde Nuclear Generating
Station in tha desert. Advanced waste treatment processes
produce a highly treated water that is used for make-up water
in the cooling towers. There are no liquid discharges from the
process and the reclamation plant meets the requirement of
"no discharge."

The function of the Water Reclamation Facility is to supply
suitable feedwaters for all of the Palo Verde Nuclear Generat-

TABLE 7.5 MUSKEGON TREATMENT RESULTS

WSW
Quality

'ndIcator
Plant

Inftuent
Aerated
Ponds Lagoon

Drain
Tiles Creeks

BOO. rh1.1 220 85 125 22 2
DO. mg/ 0 1 b 6 29 16
Suspended

Solids.
mg/

325 250 15 0 20

Ammonia.
mg/

9 5 14 04 05

Nitrate,
mg/

0 08 16 28 16

Phosphate.
mg/

65 5 29 05 08

mg Station site uses. The largest water use by far will be the
circulating water cooling tower makeup of up to 60,000 GPM
(327,000 cu m/day) for all three units. This flow rate is based
on 15 cycles of concentration in the cooling towers. Since
some of the constituents in this water will cause problems of
corrosion or deposition, the water is chemical!y treated
before use (Table 7.7). Ammonia causes corrosion of copper
and contributes to biological growths in the storage reser-
voir. Alkalinity contributes to scale formation. Biochemical
oxygen demand (BOD) is a measuro of the organic materials
in the water and contributes to organic materials that cause
fouling in condenser tubes. Calcium and magnesium contrib-
ute to scale formation as do silica and sulfate. Phosphorus
also accelerates biological growth in the storage reservoir.
Suspended solids cause sludge formation or deposits.

Upon arrival at the nuclear power site the first treatment
process is biological nitrification (Fig. 7.7) by the use of
trickling filters with plastic media. Nitrificaiton is used to
convert the ammonia to nitrate. An additional advantage of
this process is a reduction in alkalinity with a subsequent 50
percent reduction in lime demand and sludge handling. Fifty
percent of the water going through the nitrification process
is recycled to stabilize the results.

Lime (Ca(OH)2) is added to the effluent t,om the trickling
filters to increase the pH to 11.3. Lime arAition is used to
precipitate solids and also to reduce the magnesium (90%)
and silica (75%) content in order to control scaling problems.
Lime reduces the phosphate content by 95 percent. Sodium
carbonate (Na2CO3) is added to precipitate calcium and
soften the water. After lime and sodium carbonate are added
and mixed with the water, solids-contact clarifiers (Fig. 7.8)
are used to allow the solids and precipitates to settle out.

TABLE 7.4 LEVELS OF WATER QUALITY INDICATORS AFTER EACH UNIT PROCESS

UNIT PROCESSES

Water
Quality

Indicator

Raw
Waste-
water Primary Secondary

Chemical
Clarifi-
cation

Ammonia
Stripping

Filtra-
tion

Carbon
Adsorption Chlorination

BOD (mgiL)
COD (mg/L)
SS (mgiL)
Turbidity

(JTU)
MBAS (mg/L)
Ammonia

(1719/0
phosphorus

ing/L)
Coliform

MPN/100 ml

140
280
230
250

7
20

12

50

100
220
100
150

6
20

9

15

30
70
26
15

2
15

6

25

30
70
10
10

2
15

0.7

50

30
70
10
10

2
1

0.7

50

3
25
0
0.3

0.5
1

0.1

50

1

10
0
0 3

0.1
1

0.1

50

0.7
10
0
0.3

0 1
1

0 1

<2 2

4 4 ?
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Fig. 7.6 Wastewater reclamation processes used at Windhoek, South Africa
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TABLE 7.6 TREATMENT RESULTS

Water
Quality

Indicator Effluent Flotation

Chemical
Clarification and

Chlorination Filtration
Activated
Carbon

Total N, mgIL
Organic N,

mgIL

35
3.2

32
1.3

15
0.9

14
0.7

13

kmmonia N,
mgIL

14 9 14 0.2 0,3 0.1

Nitrate,
mgIL

17 17 14 13 13

Phosphate,
mgIL

10

ABS,a mgIL 8 7 4 4 0.7
SOD, mgIL 30 4 1 1 0.3
pH 8 5 7.1 8.0 8.0 8.0

a Alkyl Benzene Sulfonate A type of surfactant, or surface active agent, present in synthetic detergents in the United States before 1965. ABS
was especially troublesome because it caused foaming and resisted breakdown by biological treatment processes. ABS has bef,n replaced in
detergents by Linear Alkyl Sulfonate (LAS) which is biodegradable.

TABLE 7.7 POTENTIAL PROBLEM CONSTITUENTS IN
RECLAIMED WASTEWATER, mg/L

Effluent From City Target for
Constituent Treatment Plant Reclaimed Water

Ammonite 24 - 40 5
Alkalinityb 216 - 283 100
BOD 6 -42 10
Calciumb 110 - 195 70
Magnesiumb 60 - 116 8
Phosphorusc 14 - 41 05
Silicas 25 - 34 10
Sulfate 73 - 90 200
Suspended Solids 20 - 60 10

a mg/L as N
b mgIL as CaCO3

mgIL as P
d mg/L as SiO2

After clarification carbon dioxide is used to lower the pH to
between 10.2 and 10.4. Sulfuric acid is used to drop the pH to
9 and to stop the formation of any more calcium carbonate
(CaCO3). Chlorine is added to p:event slime growth in the
filters, and polymer is used to facilitate coagulation of fine sus-
pended particles. The water then passes through mixed-media
gravity filters containing anthracite and sand to remove any
fine or light solids remaining in suspension in the water. The
filters are backwashed with water from the storage reservoir
and the backwash water is recycled to the headworks of the
tricklinC filters.

Effluent from the gravity filters is held in a reser.'oir until
needed for cooling tower make-up water. When the water is
pumped to the cooling towers the pH is lowered by the use of
sulfuric acid to 7.0 to control scaling problems in the cooling
towers.

Polymers are added to the solids from the cianfiers before
treatment by a classification centrfuge to sepal ate the calcium
carbonate. Centrate (water from centrifuge) is recycled back to
the trickling filter headworks. The calcium carbonate is passed
through a multiple-hearth furnace to recover the lime for reuse.
All residues not recycled from the centrifuge and ash from the
furnace are disposed ui in a landfill.

7.034 Specialty Steel Mill, Syracuse, New York (Fig. 7.9)

Wastewater reclamation and recycling at steel mills re-
quires the identification of sources of wastewater and a
determination of the best means of collecting, treating, and
recycling or aisposing of the wastewater. Table 7.8 summa-
rizes sources of wastewater and treatment methods for a
specialty steel mill.

TABLE 7.8 STEEL MILL WASTEWATER SOURCES AND
TREATMENT

Source Treatment

1. Cooling tower
blowdown

2. Rolling mill
wastewaters

3. Pickling rinse
waters

4 Spent pickling
and plating
baths

5. Sanitary waste
w

Discharge into municipal collection system

Collect, provide chemical treatment and re-
cycle within mill.

Collect, provide chemical treatment and re-
cycle within mill.

Haul to approved disposal site

Collect and discharge into municipal collec-
tion system.

Process wastewaters that receive chemical treatment are
collected from the various sources in the mill and ultimately
reach the aeration tank at the treatment plant (Fig. 7.9).
Wastewater is aerated to convert soluble iron to an insoluble
iron precipitate by oxidation and also to cool the water.

Chemicals are added in Tank A (similar to Fig. 7.8) to the
effluent from the aeration lank. An anionic polymer and ferric
chloride provide for chemical coagulation and flocculated
solids are recycled within the clarifier (Tank A) in order to
provide a prolonged contact between the entering
wastewater and previously formed solids. This recycling
process increases absorption of the pollutants into the floc
particles. Clarified effluent flows over V-notch weirs and is
reused in mill operations. The weirs are baffled to hold back
floating materials. Water not recycled flows to Tank B
(similar to Fig. 7.8) for additional treatment prior to dis-
charge. Tables 7.9 and 7.10 show the removal efficiencies
for Tanks (clarifiers) A and B.
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Material contained in this section was obtained from a
paper, 'Optimization of Wastewater Treatment and Reuse at
a Specialty Steel Mill," presented by Robert H. Wills, Jr., and
Richard W. Klippel at the 52nd Annual Conference of the
Water Pollution Control Federation Houston, Texas, October
7-12, 1979. Mr. Wills is Chief Operator of the Crucible
Incorporated Wastewater Treatment and Reuse Facility,
Syracuse, New York, and Mr. Klippel is Industrial Waste
Manager for Calocerinos & Spina Consulting Engineers,
Liverpool, New York. See Chapter 6, "Industrial Waste
Treatment," Section 6.6, INDUSTRIAL WASTE TREAT-
MENT, for details on how this wastewatar reclamation
facility is operated.

TABLE 7.9 REMOVAL EFFICIENCIES FOR TANK A,
AVERAGE DAILY VALUES

Water Quality
Indicator

Influent,
mg/L

Effluent,
mg/L Removal, %

Wastewater Reclamation 409

7.1 OPERATING PROCEDURES

Operating procedures are generally the same for each
type of wastewater reclamation system with variations de-
pending on the processes used. The procedures listed in
this section apply mainly to the uses shown in Figures 7.1,
7.2 and 7.3.

7.10 Pre-start Inspection

1. Examine most recent lab test results.

2. Read preceding day's log for special instructions.

7.11 Start-up

1. Determine quantity of water required.

2. Read meter totalizer and log.

3. Open valves.
TSS 87.0
TOC 17.0
Cyanides-Total 0.06
Cyanides-Oxid. .027
Nitrate 21.1
Sulfate 609.0
Chlonde 106.0
Caamium-Total LT 0.01
Cadmium-Soluble LT 0.01
Chromium-Hex. 0.15
Chromium-Total 3.80
Chromium-Soluble 0.83
Copper-Total 0.48
Copper-Soluble 0.10
Iron-Total 27.5
Iron-Soluble 4.2
Zinc-Total 0.64
Zinc-Soluble 0 32
Fluoride 13.9

21.8
13.3
0.49
0.03

22.5
633.0
113.0

LT 0.01
LT 0.01

0.02
0.75
0 14
0.41
0.35
9.0
1.95
0.56
9.51

16.8

75
21
18 4
0
0
0
0

ND
ND
86.7
80
83
14.6
0

67.3
53.5
12.5
0
0

4. Open valves to blending tank from freshwater supply (if
blending tank is used).

5. Start the pumps.

7.12 Normal Operation

1. Make one inspection per shift of each pump, check oil
levels and packing, and clean area. Listen for any unusual
sounds.

2. Lubricate equipment where necessary.

3. Record flow near the end of the shift.

4. Visually inspect product water every two hours. Look for
unusual amounts of solids, floatables or colors, and try to
detect any odors.

5. Collect samples ano/or analyze samples immediately in
accordance with Section 7.2, "Monitoring Program."

LT means Less Than
ND means Not Determined

TABLE 7.10 REMOVAL EFFICIENCIES FOR TANK B, AVERAGE DAILY VALUES

Water Quality mg/L Concentration Kilograms Per 4-Hour Period
Indicator Influent Effluent % Removal Influent Effluent % Removal

TSS
TOC
Cyanides-Total
Cyanides-Oxid.
Nitrate
Sulfate
Chloride
cadmium -Total
Cadmium-Soluble

21.8
13 3
0.049
0 03

22 5
633
113
ND
ND

9.0
9.8
.062
.032

21.8
654
114
ND
ND

58.6
26.3

0
0
3.2
0
0
0
0

4.45
2.72
0.016
0.011
4.54

129.3
23
ND
ND

1.99
1.95
0.02
0 0059
5.9

127
2.22

ND
ND

55.3
28.3
0

46.3
0
1.8
3.0
0
0

Chromium lex. 0.2 .022 0 0 0041 0.0045 70
Chromium-Total 0.75 .245 67.3 015 0.045 70
Chromium-Soluble 0.14 .03 79.6 0.03 0.006 80.0
Copper-Total 0.41 .063 84.6 0.08 0.012 85 0
Copper-Soluble 0 35 .017 95.1 0.07 0.002 97.1
Iron-Total 9.0 2.30 74 5 3.5 0 45 87.1

Iron-Soluble 1.95 .028 98 6 0.41 0.008 98.0
Zin' Total 0.56 .13 76.8 0 113 0 027 76.0
Zinc-Soluble 0 51 .06 88.2 0.1 0.01 90
Fluoride 16.8 148 12.0 358 3.0 162

ND means Not Determined
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713 Shutdown

1. Turn off pumps.

2. Close all valves.

3. Record meter totalizer reading.

4. Make entry in log.

7.14 Operational Strategy

System flows are controlled by pump run times and valve
adjustments. If blending is used, then desired water quality
constituent values are reached by adding fresh water. For
example, if the plant effluent ammonia concentration is 20
mg/L, the desired concentration is 10 mg/L, and the fresh
water ammonia concentration is zero, the delivered water
should be slightly less than 50 percent plant effluent and
slightly more than 50 percent fresh water.

The process control consist-, Ig techniques to blend flows or
provide further treatment. l3lenting procedures are described
in the previous pr ragraph. Furt ier treatment can be accom-
plished by adding chemicals such as chlorine to kill coliform
and pathogenic bacteria or aeration to increase dissolved oxy-
gen. Unacceptable effluent could be retumed to the treatment
processes for further treatment.

Important observations include detection of odors and col-
ors. Greases and oils also can be seen. Observations of any of
these pollutants in the plant effluent means the treatment pro-
cess is probably upset.

7.15 Emergency Operating Procedures

If one of the treatment processes fails and effluent quality
standards cannot be met, immediately stop flow to the water
users and send flow to emergency holding pond or tank, if one
is available. Otherwise reroute the flow in accordance with
established procedures to an acceptable means of disposal.

If the power is off, the flow must be contained in the
emergency holding area.

7.16 Troubleshooting Guide ( Table 7.11)

If your plant is not meeting the water quality requirements of
the waters users, try to identify the cause of the problem and to
select the proper corrective action. Solutions to the problems
listed in this section have been covered in more detail in previ-
ous chapters.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 429.

7.1A

7.1B

7.1C

How can coliform and pathogenic bacteria be killed in
reclaimed wastewater?

Why is a "blend" water sometimes mixed with plant
effluent?

What could be the probable causes of a wastewater
reclamation plant being unable to maintain a chlorine
residual?

7.2 MONITORING PROGRAM

7.20 Monitoring Schedule

The monitoring system may vary depending on the type of
wastewater reuse and local conditions. The requirements for
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individual reclamation systems must be provided by the
user. Table 7.12 shows a typical monitoring schedule that
could be used for any of the three reclamation systems
shown in Figures 7.1, 7.2 and 7.3. Samples for these tests
should be taken from valves in the effluent pipeline before
the effluent leaves the plant. Temperative, dissolved oxy-
gen, pH, conductivity and turbidity all may be monitored
continuously with the results plotted by recorders.

In addition to monitoring effluent water quality, flow rates
also must be recorded. Hydraulic loading rates on wells in
terms of gallons per day per well are very important. Any loss
of loading capacity by any well must be investigated im-
mediately. If a recharge well is losing its recharge ability, try to
identify the cause of the problem and select appropriate cor-
rective action.

TABLE 7.12 WATER QUALITY MONITORING
SCHEDULE

Grab Sample,
Daily

Alkalinity

Bicarbonate

COD

Calcium

Chloride

Dissolved
Oxygen

Electnal
Conductivity

Magnesium

24-hour Composite Grab Sample,
Sample. Weekly Weekly Sample, Monthly

24-hour Composite

Ammonia Nitrogen

Bicarbonate

Boron

COD

Cadmium

Calcium

Chlonde

Chromium

Cyanide

Fluonde

Iron

MEAS

Magnesium

Manganese

Nitrate Nitrogen

Organic Nitrogen

Phenol

Phosphorus

Selenium

Sodium

Sulfate

Conforms

Color

Odor

Arsenic

Barium

Copper

Lead

Mercury

Silver

Clogging of the well may be caused by slimes and an be
corrected by applying chlorine (10 to 15 mg/L in the well) to kill
the slimes or by allowing the well to rest, which can dry cut or
starve some slimes. If activated carbon is used in a treatment
process, clogging may be caused by carbon fines (very tiny
pieces of carbon). These fines may be removed by passing the
water through a sand/anthracite filter.

7.21 Interpretation of Test Results and Follow-up
Actions

If pH, dissolved oxygen, chemical oxygen demand, nitrogen
compounds, phosphorus, coliforms, or odor standards are not
met, then adjustments are needed in the treatment processes.
If the concentrations of other water quality indicators exceed
standards and cannot be removed by treatment, industrial dis-
charge sites should be tested to see if there is someone dis-
charging excessive quantities into the wastewater collection
systems. Whenever one of the standards is not met, NOTIFY
THE USER IMMEDIATELY. If a blending tank is available, add
more fresh water to dilute the effluent.
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TABLE 7.11 TROUBLESHOOTING GUIDE

Indicators/Observations Probable Cause Check or Monitor Solutions

PONDS
1. Floatables in effluent la. Outlet baffle not in proper

location

lb. Excessive floatables and
scum on pond surface

la. Visually inspect outlet baffle

lb. Visually inspect pond
surface

REVIEW CHAPTER 9, Vol. I
la. Adjust outlet baffle

lb. Remove floatables from
pond surface using hand
rakes or skimmers. Scum
can be broken up using jets
of water or a motor boat.
Broken scum often .inks.

2. Excessive algae in effluent 2. Temperature or weather
conditions may favor a
particular species of algae.

2. Visually observe effluent or
run suspended solids test

2. Operate ponds in series.

Draw off effluent from below
pond surface by use of a good
baffle arrangement.

3. Excessive BOD in effluent 3. Detention time too short,
hydraulic or organic overload,
poor inlet and/or outlat
arrangements and possible
toxic discharge;

3a. Influent flows

3b. Calculate organic loading

3c. Observe flow thru inlet and
outlet structures

3d. Dead algae in effluent

3a. Inspect collection systems
for infiltration and correct at
SOUrce .

3b. Use pumps to recirculate
pond contents.

3c. Rearrange inlets and outlets
or install additional ones.

3d. Prevent toxic discharges.

SECONDARY CLARIFIERS FOR
TRICKUNG FILTERS,
ROTATING BIOLOGICAL
CONTACTORS
OR
ACTIVATED SLUDGE

1. Floatables in effluent la. Clanhers hydraulically
overloaded

lb. Skimmers not operating
properly

la. Visually observe effluent or
calculate hydraulic loadings

lb. Observe skimmer movement
at beaching plate

REVIEW CHAPTER 6, Vol. I
REVIEW CHAPTER 7, Vol. I
OR
REVIEW CHAPTERS 8 & 1i,
Vol. I & II, AND CHAPTER 1

la Install hardware cloth or
similar screening device in
effluent channels
REVIEW CHAPTER 5, Vo; I

lb. Lower skimmer arm or
replace neoprene

2 Excessive suspended solids
in effluent

2a. Clarifiers hydraulically
overloaded

2b. Biological treatment proless
organically overloaded

2a See la above

2b. Calculate BOD or organic
loading

2a. See la above and review
operation of biological
treatment process.

2b. Review operation of
biological treatment process.

3. High BOD in effluent 3a. See 2b abovc 3a. See 2b above 3a. See 2b above

DISINFECTION

1. Unable to maintain chlonne
residual

la. Chlorinator not working
properly

lb. Increase in chlonne demand

la. Inspect chlonnator

lb. Run chlorine demand tests

REVIEW CHAPTER 10, Vol. I

la Repair chlorinator.

lb. Increase chlorine dose
and/or identify and correct
cause of increase in
remand.

2. Unable to meet conform
requirements

2a Chlorine residual too low

2b. Chlorine contact time too
short

2c. Solids in effluent

2d. Sludge in contact basin

2e. Diffuser not properly
discharging chlorine

2f. Mixing inadequate

2a. See 1 above

2b. Measure time for dye to pass
thru contact basin

2c. Observe solids or run
suspended solids test

2d. Look for sludge deposits in
contact basin

2e. Lowor tank water level and
inspect

2f. Add dya at diffuser

2a. See 1 above

2b. Improve baffling
arrangement.

2c. Install hardware cloth or
similar screening device in
effluent channels. Review
operation of biological
treatment process.

2d. Drain and clean contact
basin.

2e. Clean diffuser.

2f. Add mechanical miter or
move diffuser.
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7.3 SAFETY

Always work with another operator when collecting sam-
ples or working around storage reservoirs or blending tanks.
Take necessary precautions to avoid slipping or falling into
the water and drowning. Pump station safety has been
discussed in Chapter 14, "Plant Safety and Good House-
keeping," Vol. H.

A major safety consideration is the health of persons coming
in contact with reclaimed water. Be sure the effluent from you.
wastewater reclamation facility is adcquately disinfected at all
times. If the effluent ever presents a potential threai to the
public's health, NOTIFY THE USERS IMMEDIATELY.

7.4 MAINTENANCE

There are very few maintenance considerations except for
pumps which are covered in Chapter 15, "Maintenance,"
Volume II Metering system maintenance consists mainly of
cleaning and visual inspections. Otherwise maintenance
means good housekeeping.

7.5 REVIEW OF PLANS AND SPECIFICATIONS

Plans and specifications should be reviewed to insure a pip-
ing system with alternate flow paths. If problems develop, there
must be a way to pipe the effluent to temporary storage or back
to treatment. In other words, there must be an alternate route
for the flow.

QUESTIONS
Writs your answers in a notebook and then compare your

answers with those on page 429.

7.2A List possible causes cf clogging in a ,,,charge well and
possible cures for each cause.

7.2B What would you do if reclaimed effluent was being
used by industry and one of the water quality stan-
dards was not being met?

7.3A Why should you always work with another operator
when working around storage reservoirs or blending
tanks?

6N112 OF L-6360M i OF 2 LE6GONG
ON

WA41- 6 WAITE 2 asc:..4.44ATIONI

DISCUSSION AND REVIEW QUESTIONS

(Lesson 1 of 2 Lessons)

Chapter 7. WASTEWATER RECLAMATION

At the end of each lesson in this chapter you will find some
discussion and review questions that iou should answer be-
fore continuing. The purpose of these questions is to indicate
to you how well you understand the material in this lesson.
Write the answ 'rs to these questions in your notebook before
continuing.

1. What are some of the limitations of or precautions for direct
use of reclaimed wastewater?
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2. What would you do i` one of your treatment processes failed
and you were unable to meet effluent quality standards?

3 What is the purpose of a monituing program?

4. Why should you be concerned about protecting the public
health when operating a wastewater reclamation facility?

5. Why should you look for alternate flow paths when review-
ing the plans and specifications for a wastewater reclama-
tion facility?
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CHAPTER 7. WASTEWATER RECLAMATION

(Lesson 2 of 2 Lessons)

EFFLUENT DISPOSAL ON L ,ND

7.6 LAND TREATMENT SYSTEMS

7.60 Description of Treatment Systems

When a high quality effluent or no discharge is required,
kind treatment offers a means of wastewater reclamation or
ultimate disposal Land treatment systems use soil, plants
and bactE.-'r to treat and reclaim wastewaters. They can be
designed and operated for the sole purposu of wastewater
disposal, for crop production, or for both purposes (Fig.
7 10) In land treatment, effluent is pretreated and applied to
land by conventional irrigation n'-'hods. When systems are
designed for crop production, the wactewater and its nutri-
ents (nitrogen and phosphorus) are used as a resource. This
system is then comparable to the reuse systems described
in Lesson 1. With either approach, treatment is provided by
natural processes (physical, chemical and biological) as the
effluent flows through the soil and plants. Part of the
wastewater is lost by EVAPOTRANSPIRATION2 and the
rest goes back to the HYDROLOGIC CYCLES through
surface runoff and/or percolation to the groundwater sys-
tem Land disposal of wastewater may be done by one of the
following methods shown in Figure 7.11

1. Irrigation,

2. Ove-land flow, and

3. Infiltration-percolation.

The methr"l of irrigation depends on the type of crop
being grown. Irrigation methods include traveling sprinklers,
fixed sprinklers, furrow and flooding. Infiltration-percolation
systems are not suited for crop growth. Overland flow
systems are similar to other treatment processes arid have
runoff which must either be discharged or recycled in the
system The other systems usually do not have a significant
surface runoff Typical loading rates for these systems are
shown in Table 7.13

Land application systems include the following parts.

1. Treatment before application,

2. Transmission to the land treatment site,

S. Storage,

4 Distribution over site,

5 Runoff recovery system (if needed), and

6. Crop systems.

7.61 Equipment Requirements

Irrigation systems apply water by ...prInkling or by surface
spreading (Figure 7.12). Sprinkler systems may be fixed or

movable. Fixed systems are permanently installed on the
ground or buned with spnnklers set on risers that are spaced
along pipelines. These systems have been used in al; types of
terrain. Movable systems include center pivot, aide wheel roll,
and traveling gun spnnklers.

Surface imgation systems include flooding, border-check,
and ridge and furrow systems. Flooding sy...tems are very simi-
lar to overland flow systems except the slopes are nearly level.
Border-check systems are simply a controlled flooding system.
Ridge and furrow systems are used for row crops such as corn
where the water flows through furrows between the rows and
seeps into the root zone of the crop.

An overland flow system consists of effluent being :prayed
or diverted over sloping terraces where it flows down the hill
and through the vegetation. The vejiation provides a filtenng
action, thus removing suspended solids and insoluble BOD.
This system can be operated as a treatment system or, with a
recycle system included, can be operated as a disposal sys-
tem When operated as a disposal system, the ovsrland flow
process is nearly the same as flood irrigation so it will be in-
cluded with the flood systems in the following paragraphs.

7.62 Sidestreams and Their Treatment

There are two posible sidestreams with land disposal sys-
tems. Unlined storage reservoirs will result in wastewater per-
colating down to groundwater. If the water stored in reservoirs
is the final effluent from a treatment plant, percolation down to
the groundwater probably is acceptable. However, if the water
is untreated or partially treated (pnmary effluent), the reservoir
should be lined or an underground collection system should be
installed to collect any percolation or seepage from the reser-
voir. In some areas percolation may cause a rise in the area's
groundwater level. To prevent groundwater problems, a seep-
age ditch may be built around the outside of the reservoir. This
ditch should be located somewhat lower than the bottom of the
reservoir. Wastewater that percolates through the reservoir
bottom is collected in the ditches. This water can be pumped
back into the reservoir The groundwater table also could be
lowered by a series of shallow wells with water being pumped
out as necessary. Lowering of the groundwater could result in
increased percolation rates.

The other major sidestream is surface runoff. Runoff quan-
tities vary depending on the type of irrigation system used. In
all systems provisions should be made for collecting runoff and
returning this flow to be reapplied. In some locations runoff
water can be discharged to surface water. Discharge is the
preferred approach due to saving costs and minimizing opera-
tional problems.

2 Evapotranspiration (e-VAP-o-tran-spi RAY shun) The total water removed from an area by transpiration (plants) and by evaporation from
soil, snow and water surfaces
Hydrologic Cycle (Hl-dro-loi-ic) The process of evaporation of water into the air and its return to earth by precipitation (rain or snow). This
process also includes transpiration from plants, groundwater movement and runoff into rivers, streams ..id the ocean.
Sidestream Wastewater flows that develop from other storage or treatment facilities This wastewater may ur may not need additional
treatment.
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Fig. 7.10 Land disposal system schematic
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TABLE 7.13 TYPICAL LOADINGS FOR IRRIGATION, INFILTRATION-
PERCOLATION, AND OVERLAND FLOW SYSTEMS'

Irrigation
Factor Low-rate High rate InfIltratIon-Percotton Overland flow

Liquid loading rate,
in/wk

0.5 to 1.5 1.5 to 4.0 4 to 120 2 to 9

Annual application,
ft/yrc

2 to 4 4 to 18 18 to 500 8 to 40

Land required for
i-mGp flow rate,
acres"

2d0 to 560 62 to 280 6 to 62 28 to 140

Application
techniques

Spray or surface Usually surface Usually surface

Vegetation required Yes Yes No Yes

Crop proouction Excellent Good/fair Poor/none Fair/poor

Soils Moderately permeable soils
with good productivity

Rapidly permeable soils,
such as sands, loamy

Slowly permeable soils
such as clay loarns and

when irrigated sands, and sandy loams clays

Climatic
constraints

Storage often needed Reduce loadings in
freecing weather

Storage often needed

Wastewater lost to: Evaporation and
percolation

Percolation Surface runoff and
evaporation with some
percolation

Expected treatment
performance

BOD and SS removal 98 + 0/0 85 to 99% 92 + 0/0

Nitrogen removal 85 4. %d 0 to 50% 70 to 90%

Phosphorus removal 80 to 99% 60 to 95% 40 to 80%

e COSTS OF WASTEWATER TREATMENT BY LAND APPLICATION by Pound, C E et al, U S Environmental Prote lion Agency, Washington,
:..C., 20460, EPA-430/9-75-003, June 1975.

° in/wk x 2.54 = cnVwk
ft/yr x 0.3 = nVyr

dDependent on crop uptake
e acres x 0.00107 = hectares for 1 cu m/day

or
acres x 9.24 = hectares for 1 cu nVsec
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7.63 Limitations of Land Treatment 7.71

Problems encountered using land treatment systems usually
involve soil problems and weather conditions. If proper care is
not taken, the soils can lose their ability to percolate applied
water. During the cold winter season, plants and crops will not
grow. Under these conditions no water will be treated by tran-
spiration processes. Also, precipitation can soak the soil so no
wastewater can be treated. Provisions must be made to store
wastewater during cold and wet weather.

One of the most common land treatment problems is the
sealing (water won't percolate) of the soil by suspended solids
in the final effluent. Tnese solids are deposited on the surface
of the soil and form a mat which prevents the percolation of
water down through the soil. There are three possible solutions
to this problem:

1. Remove the suspended solids from the effluent,

2. Apply water intermittently and allow a long enough drying
period for the solids mat to dry and crack, or

3. Disc or plow the field to break the mat of solids.

Another serious problem is the buildup of salts in the soil. If
the effluent has a high chloride content, there can be enough
salts in the soil within one year to create a toxic condition to
most grasses and plants. To overcome salinity problems:

1. Leach out the sa!ts by applying fresh water (not effluent), or

2. Rip up the field and turn it over to a depth of 4 to 5 feet (1.2
to 1.5 meters).

The severity of both soil sealing due to suspended solids
and salinity problems due to dissolved solids depends on the
type of soil in the disposal area. These problems are more
difficult in clay soils than in sandy soils.

QUESTIONS
Write ycur answers 'n a notebook and then compare your

answers with those on page 430.

7.6A Define the terms evapotranspiration and hydrologic
cycle.

7.6B List the three methods by which land disposal of
wastewater is accomplished.

7.6C What are the major parts of a land application system?

7.6D A plot of land 2000 feet long by 10CG feet wide is used
for a land disposal system. If 1 million gallons is
applied to the land during a 24-hour period, calculate
the hydraulic loading in:

1. MGD per acre, and

2. Inches per day.

7.7 OPERATING PROCEDURES

The operating procedures described below apply to a spray
irrigation system. This '.., -tem is for an area where crops are to
be grown The operating procedures for this type of system are
more complex than the other systems. The procedures are
explained first and then an example is presented to show how
to use the procedures.

7.70 Pre-start Checklist

Table 7.14 consists of a list of items that should be
checkod before starting a land disposal system.

467

Start-up

1. Determine need to irrigate. The amount of water that can
be applied depends on the type of crop. Some crops
require a lot of water while other crops will not tolerate
any excess water. The procedures in this section are
prepared tc itelp you determine when you should irrigate
and how .nuch water should be applied. THESE PROCE-
DURES ARE BASED ON SOIL CONDITIONS AND MAY
REQUIRE ADJUSTMENT BASED ON THE TYPE OF
CROP BEING IRRIGATED. The chart shown on Table
7.15 will aid in determining if you need to irrigate based on
scil conditions. To use this table you must first determine
the type of soil you are irrigating. Walk around the field
and try to identify the different types if more than one type
of soil is present. Pick up a handful of soil and examine
the grains or particles. Small, hard, tiny particles indicate
a sandy soil. Very fine, soft, smooth particles signify a
clay soil. Once you've identified the type of soil, the
moisture content can be estimated by squeezing the soil
together in your hand. The wetter the soil, the more likely
the soil will stick or cling together. By the way the soil
sticks together and the type of soil, you can estimate
when the available moisture content drops to 50 percent
or less. Irrigate when the moisture content is 50 percent
or less.

Soils vary throughout an area of land and some areas
need irrigating before others. Many farmers have specific
areas in their fields which they call "hot spots." Due to soil
characteristics or other reasons, these areas dry out faster
than the rest of the field. Whenever the soil will not form a
ball when squeezed together or crops start to show signs of
stress due to lack of water, this is the time to irrigate.

2. Determine amount of moisture to apply using Table 7.16.
To use this table, determine the soil type by examiring a
handful of soil as described in Step 1. The root zone
depth is determined by the type of crop. If necessary, dig
down to determine how far down the roots are growing.
By the use of Table 7.15, you can estimate the percent of
available moisture remaining in the soil before irrigation.
Knowing the percent avai'able moisture in the soil before
irrigation, you can detemine the net inches of water to
apply this time when you are irrigating from Table 7.16.

3. Determine the time required to apply one inch (2.5 cm) of
water from Figures 7.13 :.n 7.14. Figure 7.13 is used for
small areas (up to 60 axes) and Figure 7.14 is used for
larger areas (over 60 acres). To use the tables determine
(1) the area of land you wish to irrigate and (2) the
capacity cf yo'Jr irrigation system in gallons per minute.
By starting at the bottom of the figure with the known
area, draw a line vertically upward. Next draw a line from
the system capacity on the left, horizontally to the right.
Where these two lines intersect is the time required to
apply one inch of water to the area being irrigated.

4. Multiply time required to apply one inch (2.5 c 1) of wafer
by the inches of moisture to apply to determine the total
run time for the irrigation system. After you have deter-
mined the net inches of water you wish to apply from
Table 7.16 (Step 2), mu.tiply the net inches times the time
required (Figures 7.13 and 7.14) to determine the total
;. nation time.

If you need heap determining soil types, irrigation re-
quirements, soil moisture content, types of crops to plant,
salt tolerance of plants, depth of root zone and any fertilizer
needs, contact your local farm adviser. In many areas an
expert advis-ir is available free of charge through some
agency of the federal, state or local government.
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TABLE 7.14 PRE-S7ART CHECKLISTS TABLE 7.14 PRE-START CHECKLIST' (Continued)

Check Check Check Check
Every At The Every At The
Time &ginning Time Beginning
Pump te 0! The Pump Is Of The
Styled Sisson Started Season

Electric Motors
Replace winter lubncant.

Oil bath bearings. Drain oil and replace with
proper weight of clean oil.

Grease lube bearings. If grease gun is used,
be sure old grease is purged through outlet
hole.

Before turning on switch, have power com-
pany check voltage.

Check for proper rotation of motor and pump.

Check fuses to make sure they are still good.

Check electrical contact points for excessive
corrosion.

Physically inspect for rodent and insect inva-
sion.

Pumps
Replace oil or grease with proper weight
beanng lubncant.

Tighten packing gland to proper setting.

Check discharge head, discharge check
valve, and suction screen thoroughly for
foreign matter.

Pump shaft should turn freely without notice-
able dragging.

Aluminum Pipe
If you didn't properly handle and store alumi-
num pipe or tubing last fall, make a mental
note to do that at the end of this growing sea-
son. Always care (Ally drain aluminum tubing
or pipe when you we finished using it. Alumi-
num pipe bends very easily.

If you p;ck up a length of pipe that is half full
of water and has one end plugged, you will
bend the pipe. Flush out the pipe to clean it,
dr..,in the pipe, place the pipe on a long-bed
trailer for transport, and then store the pipe
Oh racks until you are ready to use the pipe
next season.

Inspect pipe ends to make certain that no
damage has occurred. Ends should be round
for best operation. A slightly tapered wooden
plug of the proper diameter can be used to
round out the ends. The diameter of alumi-
num Woe vanes from 2 to 12 inches (50 to
300 mm).

Check pipe for pit corrosion of tubing. If
"spots" are in evidence, contact the alumi-
num pipe supplier for advice.

Inspect pipe gaskets, couplers (irrigation
pipe couplings), and gates to find those in
need of replacement.

Check pipeline to see that all couplers t.re
still astened, pipe supports haven't fallen
over, and gates and valves are still open.

Pipe makes an excellent nesting area for
small animals. Flush out the pipeline before
installing the end plug. Make sure you are
away from power lines when you raise the
pipe to drain water from the pipe.

Sprinkler Systems

Sprinkler bearing washers should be re-
placed if there is indication of wear.

Visually check all moving parts, seals, bear-
ings and flexible hose for replacement or re-
pair.

Check to see that hose is laid out straight or
on a long radius for turns. Be sure there are
rir kinks in the hose. There should be suffi-
cient hose at the end of the sprinkler to act as
a brake or to hold back the sprinkler system
initially as it drags the hose through the field.
Also check earth anchors.

If possible, operate the system to check
speed adjustment, alignment, and safety
switch mechanisms.

Check sprinkler oscillating arm for proper ad-
justment. If damage has occurred to the
spnnkler cscillating arm, the arm should be
replaced or bent back to the correct angle.
Your dealer can help in correcting a dam-
aged arm. The angle of water-contact sur-
face, if not correct, will change the turning
characteristics of the sprinkler. Excessive
wear of sprinkler nozzles can be checked
with proper size drill bit.

REMEMBER, inspection and corrective maintenance now
may save considerable time and money later.

a WATER RESOURCES MANUAL, Noram, Edward (editor), permit:-
sion of The Irrigation Association, Silver Spnng, Maryland 20906.
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TABLE 7.15 FEEL AND APPEARANCE GUIDE FOR DETERMINING SOIL MOISTURE'

The chart below is very useful in knowing how much available moisture is in your soil. A though the plant's daily moisture use may range from 0.1
inches to 0 4 inches per day (025 to 1 0 cm), it will average about 0 20 inches (0.5 cn ) Der day, and 0.25 inches (0.6 cm) per day during hot
days.

Moisture
Condition

Percent of available
moisture remaining
in soil, %

SOIL TEXTURE

Sands-Sandy Loams Loams -Silt Loams Clay Loams-Clay

Dry Wilting point

Low 50% or less

Fair 50 to 75%

Good 75 to 100%

Ideal Field Capacity
100%

Dry loose, flows through fin- Powdery, sometimes slightly
gers. crusted but easily broken down

into powdery condition.

Hard, baked, cracked, difficult
to break down into powdery
condition.

Will form a weak ball when
squeezed but won't stick to
tools.

Pliable, but not slick, will ball
under pressure - sticks to

TIME TO IRRIGATE WHEN AVAILABLE MOISTURE IS 50 PERCENT OR LESS

Tends to ball under pressure Forms a ball somewhat plastic,
but seldom will hold together will stick slightly with pressure.
when bounced in the hand. Doesn't stick to tools.

Forms a ball, will ribbon out be-
tw6en thumb and forefinger,
has a slink feef;rig.

Foy ms a weak ball, breaks eas-
ily when bounced in the hand,
can feel moistness in soil.

Forms a ball, very pliable, slicks
readily, clings slightly to tools.

Easily ribbons out between
th ,mb and forefinger, has a
such feeling, very sticky.

Soil mass will cling together. Wet outline of ball is left on
Upon squeezing, outline of ball hand when soil is squeezed.
is left on hand. Sticks to tools.

Wet outline of ball is left on
,tand when soil is squeezed.
Sticky enough to cling to fin-
gers.

a WATER RESOURCES MANUAL, 'forum, Edward (editor), permissk of 3prinkier Irrigation Association, Silver Spring, Maryland 20906

5. Check pump discharge check valve and suction screen for
foreign matter.

6 Check pipeline to see that all couplings are still fastened,
blocks or pipe supports haven't fallen over, and gates and
valves are open.

7. Start pump.

8. Inspect the irrigation system to be sure everything is ,vork-
ing properly.

EXAMPLE

Using the procedures outlined in this section, this example
shows how to determine the total time to irrigate.

1. Determine need to irrigate. A loamy soil formed a weak
ball when squeezed. Table 7 15 indicates the moisture
condition is low (50% or less) and that it is time to irrigate.

2. The loamy (light sandy) soil has a crop with a root-zone
depth of 3 feet (0.9 m) and 50 percent of the available
moisture is retained in the soil . irrigation. Table 7.16
indicates that 1.5 inches (3.8 cm) of water should be
applied to the soil.

3. The land to be irrigated is a 40-acre plot and the pump
has a capacity of 1000 GPM. From Figure 7.13, find 40
acres across the bottom (Ind draw a line vertically upward
to the top. r'ind the systen. capacity of 1000 GPM along
the left side and draw a line horizontally to the right.
These lines intersect between the ct -gonal lines labeled
15 hours and 20 hours at approximately 18 hours There-
fore we should irrigate for 18 hours to apply one inch of
water.

4. Determine the total time to irngate.

Time, hours = Tine, (hr' to irrigate one inch x Amount to apply, in

= 18 hours/inch x 1.5 inches

= 27 hours

46,E

7:112 Normal Operation

1. Run the pump or pumps the time determined by Step 4 of
the start-u, nrncedure and as shown in the example.

2. Turn the pump off earlier if water begins to pond on the
fields.

TABLE 7.16 AMOUNT OF MOISTURE TO APPLY TO
VARIOUS SOILS UNDER DIFFERENT MOISTURE

RETENTION CONDITIONSa

Soil
Type

Root
Zone
Depth

Available
Moisture
Plants
Will Use

Net inches to Apply Per irrigation With
various Percents Available Moisture
Retained Ir the Soil before irrigation

Percent Available Moisture
before Irrigation

Feet inches 67% 50% 33%

Light 1 1.00 0.33 0.50 0.67
Sand.; 11/2 150 0 50 0.75 1 00

2 2 00 0 56 1 00 1.33
2,2 2 50 0 83 1.25 1 67
3 3.00 0.99 1.50 2.00

Medium 1 1.C9 0 57 0 85 1 13
11/2 2 53 0 84 1 26 1 70
2 3 38 1 11 1 69 2.26
2'/2 421 1.39 2 11 2 82
3 5 06 1 67 2 53 3 38

Heavy 1 2.39 0 79 1 20 1 59
1,/2 3.58 1 18 1 79 2 30
2 4 78 1 58 2 39 3.25
2,/2 5.97 1 97 2 98 3 97
3 7 17 2 36 3 58 4.77

a WATER RESOURCES MANUAL, Norum, Edward (editor), permission of
Sprinkler Irrigation Association, Silvcr Spnng, Maryland 20906.
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7.73 Shutdown

This shutdown procedure applies to the end of season shut-
down.

1. Drain all lines.
2. Plug open ends of pipelines.
3. Lubricate motors and pumps for winter.
4. Store small movable materials and equipment.
5. Store aluminum tubing or piping.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 430.

7.7A List the major items of equipment that should be in-
spected before starting a spray irrigation system.

7.7B Determine the time required to irrigate 30 acres of a
medium-type soil where the root-zone depth is 2
feet and 50 percent of the available moisture is
retained in the soil at irrigation. Pump capacity is
1200 GPM. Use the figures and tables in this lesson
to answer this question.

7.74 Operational Strategy

Physical Control. The main objective of a land disposal
system is to dispose of effluent without harming surface waters
or creating nuisance conditions. An irrigation system can be
designed and operated to produce a crop. The sale of this crop
then helps reduce treatment costs. Physical control is then
used to dispose of effluent at the highest rate possible without
damaging the crop. For all types of land disposal systems,
physical controls consist of valves and/or gates which are used
to direct treated effluent to different disposal areas.

Process Control. There are three areas of process con-
trol; storage reservoirs, runoff and seepage water recycle
systems, and systems where crops are grown. The first is
the storage reservoir The reservoir usually will have been
provided with aeration or mixing devices. These devices
may be operated full time or for a limited time each day by
using timers. The correct time to operate is determined by
measuring the dissolved oxygen (DO) content at several
points in the reservoir. A minimum of 4 points should be
sampled. An example showing six sampling Iocations is
illustrated in Figure 7.15.

X 1

x X
2 3

6 5

X X

4X

Fig 7.15 Possible reservoir sampling locations
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Each sample should have at least 0.4 mg/L of DO and the
average of all samples shoula be at least 0.8 mg/L. Two sam-
ple sets of test results are shown below:

Set 1 -

Sample No. mg/L DO
1 1.2
2 1.8
3 2.0
4 1.6
5 0.2
6 0.4

Average = 7.2 = 1.2 mg/L

6

Set 2 -

Sample No. mg/L DO
1 1.0
2 0.4
3 0.8
4 1.4
5 0.6
6 1.2

Average = 5.4 = 0.90 mg/L
6

Set 1 does not meet the requirements. The p,erage DO is
1.2 mg/L which is good, but one sample (#5) is b.- mg/L which
does not meet the minimum requirement. This result indicates
that there is adequate aeration but either a portion of the sys-
tem is not operating properly or the reservoir is not being
adequately mixed.

Even though Set 2 has a lower average DO than Set 1, the
average is greater than 0.8 arid all samples are 0.4 mg/L or
greater. Therefore, Set 2 is acceptable.

The second area of process control is the runoff and seep-
age water recycle systems. These recycle systems may not be
necessary, depending on the particular application. For exam-
ple, the storage reservoir may be lined so there would b3 no
seepage water to recycle. Sprinkler systems that are carefully
controlled will have no significant runoff. Your goal is to dis-
pose of as much water as possible without causing runoff and
seepage from the disposal area. This is done to reduce recycle
pumping costs. The reduction in seepage and runoff is accom-
plished by taking more care in applying effluent and turning off
sprinklers or closing gates when water begias to stand in the
field.

The third area of process control applies to those systems
where crops are grown. In dry climates such as found in the
southwestern states and western mountain states, farmers
who irrigate are concerned with saline and alkali soils. Some
minerals are found in the effluent may cause a decrease in
crop production in soils of this type. Analyses and irrigation
practices for these areas are described in detail in the U.S.
Department of AgriatIture Handbook No. 60, SALINE AND
ALKALI SOILS.5 A diagram for the classification of irrigation
waters (taken from Handbook No. 60) is shown on Figure
7 16.

A simplified version of this table with other critical con-
stituents (substances) is shown on Table 7.17.

5 DIAGNOSIS AND IMPROVEMENT OF SALINE AND ALKALINE SOILS, Richards, L A (editor), Agncultui al Handbook No. 60, U.S. Depart-
mem of Agriculture, Washington, D.C.
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TABLE 7.17 CLASSIFICATION OF IRRIGATION
WATERS'

Class I

Excellent
to Good

"Suitable
under most

Chemical Properties conditions"

Class II

Good to
Injurious

"Suitability
dependent on

soil crop.
climate and

other factors'

Class Ill

Injunous to
Unsatisfactory

"Unsuitable
under most
conditions"

Total dissolved
solids (mg/L) Less than 700 700-2,000 More than 2,000

Chlonde (my!) Less than 175 175350 - More than 350
Sodium (percent of
base constituenta) Less than 60 60.75 More than 75

Boron (milt) Less than 0 5 0 52 0 More than 2.0

a DIAGNOSIS AND IMPROVEMENT OF SALINE AND ALKALINE SOILS. Richards, L A
(editor). Agricultural Handbook No 60, U S Department of Agncutture, Washington, 0 C

Your local U.S. Department of Agriculture, Soil Conservation
Service office, can provide a list of crops that can be irrigated
with Class II and Class III water.

There is nothing that can be done that is economically feasi-
ble to control the concentration of these constituents. 11 one of
the constituents exceeds the Class I limit, the crop should be
changed to one that is more tolerant. Special agricultural prac-
tices can be used to minimize the effects of these constituents.
These practices vary from one local area to another. The local
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soil conservation service office and farm adviser can assist by
providing information appropriate to the area.

Important observations and interpretations were discussed
earlier for determining when to irrigate. The most important
observations in a system where crops are grown and surface
runoff is not allowed are observing ponding or runoff. When
this occurs, either the application amount was excessive or the
rate of application was greater than the soil infiltration rate.

Visual appearance of the crop being grown is extremely im-
portant. Discoloration in plant leaves can indicate excess water
(poor drainage) or a nutrient or mineral deficiency. Your local
farm adviser can assist in diagnosing the problems.

Observations are critical in storage reservoirs. Odors can
result if effluent treatment was inadequaie and/or if insufficient
aeration is provided to the reservoir.

7.75 Emergency Operating Procedures

Loss of power will disrupt the spnnkler systems the most
since pumping is required (assuming electrical motors for
pumps). If power is lost, the effluent is retained in the storage
reservoir. Gravity-flow flood irrigation systems won't be af-
fected during power outages.

Loss of other treatment units is generally not a problem for a
few days. Longer downtimes may result in an overloaded and
an odorous storage reservoir and possible odors at the dis-
posal area.

7.76 Troubleshooting Guide (Table 7.18)

TABLE 7.18 TROUBLESHOOTING GUIDE

Indicators/Observations Probable Cause
1 Water ponding 'n irrigated

area where ponding normally
has not been observed

la Application rate is exces-
sive

1 b If application rate is normal,
drainage may be in-
adequate.

1c Broken pipe in distribu-
tion System.

Check or Monitor
la Application rate.

lb(1) Seasonal variation in
groundwater level

1b(2) Operability of any drain-
age wells.

1b(3) Condition of drain tiles

lc, Leaks in system.

Solutions

la. Reduce rate to normal
value.

1b(1) Irrigate portions of the
site where groundwater
is not a problem or store
wastewater until level
has dropped.

lb(2) Repair drainage wells or
increase pumping rate.

lb(3) Repair drain tiles

1c Repair pipe.

2 Lateral aluminum distribution
piping deteriorating

2a Effluent permitted to remain
in aluminum pipe too long
causing electrc-hemical
corrosion

2b. Dissimilar metals (steel
valves and aluminum pipe).

2a Operati.ig techniques

2b Pipe and valve specifi-
cations.

2a Dam aluminum lateral lines
except when in use.

2b Coat Steel valves or install
cathodic or anodic pro-
tection.

3 No flow from some sprinkler
nozzles

3 Nozzle clogged with particles
from wastewater due to lack
of screening at inlet side of
irrigation pumps.

3. SL.i.-3n may have developed
hole due to partial plugging
of screen.

3 Repair or replace screen.

4 Wastewater is running off of
irrigated area

4a Sodium adsorption ratio of
wastewater is too high and
has caused clay soil to be-
come impermeable.

4b Sod surface sealed by sol-
ids

4c Application rate exceeds in-
filtration rate of sod

4d Break in distribution piping

4a Sodium adsorption ratio
(SAR) should be less than
9.

4b Sod surface

4c Application rate.

4d. Leaks in distAbution piping
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4a Feed calcium and mag-
nesium to adjust SAR.

4b Strip crop area.

4c Reduce application rate
until compatible with infiltra-
tion rate.

4d Repair breaks.
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indicators/Observations

TABLE 7.18 TROUBLESHOOTING GUIDE (Continued)

Probable Cause Check or Monitor Solutions
4e. Soil permeability has de-

creased due to continuous
application of wastewater.

41 Rain has saturated soil.

4e. Duration of continuous op-
eration on the given area.

4f. Rainfall records.

40. Each area should be al-
lowed to rest (2-3 days) be-
tween applications of
wastewater to allow soil to
drain.

4f. Store wastewater until soil
has drained.

5. Irrigated crop is dead. 5a Too much (or not encogh)
water has been applied.

5b. Wastewater contains ec-
cessive amount of tcric
elements.

5c. Too much insecticide or
weed killer applied.

5c. Inadequate drainage has
flooded root zone of crop.

5a. Water needs of specific
crop versus application
rate.

5b. Analyze wastewater and
consult with county agricul-
tural agent.

5c. Application of insecticide or
weed kil:er.

5d. Water ponding.

5a. Reduce (or increase) appli-
cation rate

5b. Eliminate industrial dis-
charges of toxic materials.

5c. Proper control of applica-
tion of insecticide or weed
killer.

5d. (See Item 1)

6. Growth of irrigated crop is
poor.

6a. Too little nitrogen
(N) or phosphorus
(P) applied.

6b. Timing of nutrient applica-
tion not consistent with crop
need (Also, see 5a - 5c)

6a N and P quantities applied
- check with county ag-
ricultural agent.

6b Consult with county agncul-
turai agent.

6a. If increased wastewater
application rates are not
practical, supplement
wastewater N or P with
commercial fertilizer.

6b. Adjust application schedule
to meet crop needs.

7. Irrigation pumping station
shows normal pressure
but above normal flow

7a. Broken main, lateral, nser,
or gasket.

7b. Missing sprinkler head or
end plug.

7c. Too many laterals on at one
time.

7a. Inspect distribution system
for leaks.

7b. Inspect distnbution system
for leaks.

7c. Number of laterals in serv-
ice

7a. Repair leak.

7b. Repair leak.

7c. Make appropriate valving
changes.

8. Irrigation pumping station
shows above average pres-
sure but below average flow.

8. Blockage in distnbution sys-
tem due to plugging
spnnklers, valves, screens,
or frozen water.

8. Locate blockage and elimi-
nate.

9. Irrigation pumping station 9a.
shows below normal flow
and pressure.

Pump impeller is worn.

9b. Partially clogged net
screen.

9a Pump impeller

9b. Screen.

9a Replace impeller (5(.9 Sec-
tion 25.11, "Review of
Plans and Specifications,"
No. 5.)

9b. Clean screen.

10. Excessive erosion occ.,;.ng. 10a Excessive apolication 10a Application rate
rates.

10b Inadequate crop coves 10b. Condition of crop cover

10a. Reduce application rate.

10b. (See Items 5 and 6)

11. Odor complaints. 11a. Wastewater turning sep-
tic dunng transmission to ir-
rigated site and odors
being released as it is dis-
charged to pretreatment.

11 b Odors from storage re-
servoirs.

11 a Sample wastewater as it
leaves transmis, In sys-
tem.

110 DO in storage reservoirs

11a. Contain and treat off-gases
from discharge point of
transmission system by
covenng inlet with budding
and passing off -gases
through deodorizing sys-
tem.

11 b. Improve pretreatment or
aerate reservoirs.

12 Center pivot irrigation rigs
stuck in mud

12a Excessive application
rates.

12b. Improper tires or rigs.

12c. Poor drainage.

12a Reduce application rates.

12b. Install tires with higher flota-
tion capabilities.

12c. Improve drainage (See Item
1b).

13. Nitrate concentration of
groundwater in vicinity of ir-
ngation site is increasing

13a. Applicatior of nitrogen is
not in balance with crop
needs.

13b Nitrogen being applied dur-
ing periods when crops are
dormant.

13c Crop is not being harvested
and removed.

13a Check lbsiacreiyr of ni-
trogen being applied with
needs of crops.

13b. Application schedules

13c. Farming managemen
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13a Change crop to one with
higher nitrogen needs

13b. Apply wastewater only dur-
ing periods of active crop
growth.

13c. Harvest and remove crop.



QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 430.

7.7C What is the main objective of a land disposal system?

7.7U List the three main areas of process control in a land
disposal system.

7.7E How many points in a storage reservoir should be
sampled for DO?

7.7F What are the minimum recommended DO require-
ments for a storage reservoir?

7.7G What are the probable causes of water ponding in an
irrigated area where ponding normally has not been
observed?

7.8 MONITORING

7.80 Monitoring Schedule

The four monitoring areas for an irrigation system where
crops are grown are: effluent, vegetation, soils, and ground-
water (or collected seepage). This is reduced to thq two
areas of effluent and groundwater for systems where crops
are not grown. Wells should be monitored to identify any
adverse effects on groundwaters. Testing requirements and
frequencies are shown on Table 7.19.

Wells should be monitored to identify any harmful effects
on groundwaters. Sampling wells should be located within
the irrigation site as well as near the site and on all sides to
identify any changes or trends in water quality. Typical tests
and frequencies are listed in Table 7.20.

TABLE 7.19 TESTING REQUIREMENTS

Area Test

Effluent and
groundwater
or seepage

Vegetation

Soils

BOD
Fecal coliform
Total coliform
Flow
Nitrogen
Phosphorus
Suspended

solids
pH
Total dissolved

solids (TDS)
Boron
Chloride

Frequency

two times per week
weekly
weekly
continuous
weekly
weekly

two times per week
daily

monthly
monthly
monthly

vanable depending on crop

Conductivity
pH
Cation exchange

capacity6

two times per month
two times per month

two times per month
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TABLE 7.20 WELL MONITORING PROGRAM

Area Test Frequency

Wells Salinity
Conductivity Monthly
Chloride Quarterly
TDS Quarterly

Chemical Buildup
Nitrate Monthly
Calcium Semi-annually
Magnesium Semi-annually

Toxicity (Heavy Metals)
Cadmium Monthly
Lead Annually
Zinc Annually
Mercury Annually
Molybdenum Annually
Selenium Annually

Organics
Trihalomethanes Quarterly
Pesticides Quarterly
(depends on local

application)

7.81 Interpretation of Test Results and Follow-up
Actions

Excessive levels and concentrations greater than desired for
effluent BOO, fecal and total coliforms, nitrogen, phosphorus,
and suspended solids are not a concern for crop-growing op-
erations. The total dissolved solids (TDS), boron, chloride, and
pH are important during long periods of land treatment, but not
for times less than 2 to 3 weeks. Excessive nitrogen is a poten-
tial problem in spreading basics since nitrate in water supplies
can be harmful to infants. I, .3S, boron, or chloride levels
increase and do not retum to previous levels, a change in
farming practices may be necessary.

increased levels in any of the constituents in the groundwa-
ter are unacceptable. Most likely the only constituent that will
increase is nitrate - nitrogen. If this occurs, then a nitrogen re-
moval system (partial or complete) should be added to the
treatment plant.

7.9 SAFETY

Safe operating procedures should be practiced in all under-
takings. The operation of a spnnkler irrigation system has
caused fatalities among operation personnel. Many of the
fatalities have resulted from contact with electricity used either
to power the pumping plant or to transmit electricity associated
with the area being irrigated.

Moving of portable spnnkler lateral pipelines has been the
worst offender. Raising a pipeline into the air to dislodge a
small animal or debris and contacting overhead electrical
transmission lines has resulted in severe electrical shock or
death to the person holding the pipe.

A sprinkler throwing a stream of water into a power line has
shorted the power to ground through the sprinkler system and

Caton Exchange Capacity. The ability of a soil or other solid to exchange ,,ations (positive ions such AS calcium, Ca 42) with a liquid
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resulted in severe electrical injuries to anyone touching the
sprinkler system parts.

Always have the electnc motor well bonded to a good
ground with suitable-size conductors. Injunes have occurred
from touching an ungrounded motor or pump frame having
shorted electrical windings in electrically powered pumping
plants.

Electrical shocks have occurred from faulty starting equip-
ment and from working on energized circuits. Always pull the
line disconnect switch; lock out and tag it when making repairs
or checks on electrical equipment of any kind.

Look over each sprinkler system and mark the potential
safety hazards, then avoid the hazards.

Surfaca spreading systems can be hazardous due to wet
surfaces and muddy areas.

7.10 MAINTENANCE

Maintenance of land treatment systems requires keeping
the wastewater distribution piping, valves and sprinklers in
good working condition. Pump and valve maintenance is
discussed in Chapter 15, "Maintenance," Vol. II. Storage
reservoir maintenance is similar to pond maintenance out-
lined in Chapter 9, Vol. I.

7.11 REVIEW OF PLANS AND SPECIFICATIONS

Many operational and maintenance problems can be
avoided by a careful review of the plans and specifications for
a land treatment system. Be suro to look for the itens listed in
this section.

1. Ponding

Ponding problems can be avoided if the proper site is
selected and provided with proper drainage Soils at the site
must be suitable for percolation and for planned crops.
Adequate drainage (no poncling) can be provided by level-
ing of sloping of the and surface so the water will flow
evenly over all of the Ian, D. ?AINAGE WELLS' or DRAIN
TILE SYSTEMS8 may be necessary to .emove excess
water and prevent ponding

2. Plastic pipe laterals

Plastic pipe laterals installed above ground may break
because of cold weather or deteriorate due to sunlight In-
stall plastic pipe laterals below ground

3. Screens

Install screens on the inlet side of irrigation pumps to
prevent spray nozzles from becoming plugged

4. Buffer area

Be sure sufficient buffer area is provided around spray
areas to prevent mist from drifting onto nearby homes and
yards. If necessary, do not schedule spraying during days
when the wind is blowing toward neighbors

5. Odor

If odors may be a problem, consider furrow or flood irriga-
tion rather than spraying Spraying can cause odor prop-
lems by releasing odors to the atmosphere.

6. Protection of pumps

Ex:essive wear on pumps can result from sand in the
water being pumped. If sand is a problem, improve pm
treatment or install a sand trap ahead of the pumps. Re-
member to drain out of service pumps before freezing
weather occurs in the fall or winter.

7. Alternate place to pump effluent

An alternate location to pump or dispose of effluent is
very important in case of system failure.

7.12 REFERENCES AND ADDITIONAL READING

7.120 References

1 Pound, C.E , et al., COSTS OF WASTEWATER TREAT-
MENT BY LAND APPLICATION, Environmental Protec-
tion Agency, EPA-430/9-75-003, June 1975.

2. Pound, C.E., et al., EVALUATION OF LAND APPLICA-
TION SYSTEMS, Environmental Protection Agency, EPA
430/9-74-015, September 1974.

3 Norun' Edward (editor), WATER RESOURCE MANUAL,
available t:-.-ough The Irrigation Association, 1911 N. Ft.
Myer Drive, Suite 1009, Arlington, VA 22090. Price
$60.00.

4. Richard, L.A. (editor), DIAGNOSIS AND IMPROVEMENT
OF SALINE AND ALKALINE SOII.S, Agricultural Handbook
No 60, U S Department of AgricLIture, August 1969,

7.121 Additional Reading
1. MANUAL OF WASTEWATER OPERATIONS, Chapters 3

and 22, prepared by the Texas Water Utilities Association.
Obtainable from Texas Water Utilities Association, 6521
Burnet Lane, Austin, Texas 78757. Price $19.09.

2 California Fertilizer Association, WESTERN FERTILIZER
HANDBOOK, available through Customer Service, The
Interstate Printers and Publishers, Inc., 19-27 North Jack-
son Street, Danville, Illinois, 61832. Price $10.95.

3 McKee, J.E. and Wolf, H.W., WATER QUALITY CRITE-
RIA, Second Edition, report to California State Water
Resources Control Board, SWRCB Publication 3A, Sac-
ramento. California 1963 Available from National Techni-
cal Information Service, 5285 Port Royal Road, Spring-
field, VA 22161. Order No. PB8 2188244. Price $40.00.

o Pettygrove, G.S., and Asano, T, IRRIGATION WITH RE-
CLAIMED MUNICIPAL WASTEWATER A GUla-INCE
MANLAL Obtain from Lewis Publishers, Inc., 121 South
Main Street, PO Drawer 519, Chelsea, Michigan 48118.
Price $34 95.

7 Dralnage wells. Wells that can be pumped to lower the groundwater table and prevent pcnding
8 Drain tile systems A system of tile pipes buneo under the crops that collect percolated wat4,rs and rieep the groundwater table opiow the

ground surface to prevent ponding
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QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 430.

7.8A What are the four monitoring areas for an irrigation
system where crops are grown?

7.9A What is the major cause of accidents to operators
while working with sprinkler irrigation systems?

7.10A What equipment needs to be maintained in a land
treatment system?
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7.11A List the items that should be examined when review-
ing plans and specifications for a land disposal sys-
tem.

END OF 1,e5ON2OF 2 1-56GONI5
On,

WA4TOWAIER RECLAMATION

DISCUSSION AND REVIEW QUESTIONS

(Lesson 2 of 2 Lessons)

Chapter 7. WASTEWATER RECLAMATION

Write the answers to these questions in your notebook be-
fore continuing The question numbering continues from Les-
son 1.

6 How does land treatment work?

7. What should be done with wastewater that seeps out of
storage reservoirs and runs off from a land treatment sys-
tem'?

9. How long should the pumps be run while irrigating a plot of
land9

10. What water quality indicators should be monitored to in-
sure that a land disposal system does not adversely affect
a groundwater supply?

11. How can safety hazards be avoided while operating a
sprinkler irrigation system9

WORK THE OBJECTIVE TEST NEXT

SUGGESTED ANSWERS

Chapter 7. WASTEWATER RECLAMATION

Answers to questions on page 400

7.0A Uses of reclaimed wastewater include

1. Irrigation for crop or plant growth,
2 Indirect reuse by downstream users,
3. Direct reuse by industry,
4. Use as a fresh wa',er barrier to prevent salt water

intrusion by deep well injection,
5. Groundwater recharge by spreading basins, and
6. Reservoirs for recreation.

7.0B Oil that was not removed by previous pumping efforts
will doat on top of water supplied by deep well injec-
tion. The oil is then easier to pump to the surface from
underground areas.

Answers to questions on page 410.

71A Conforms and pathogenic bacteria can be killed by
chlorination.

7 1B "Blend" water is sometimes mixed with plant effluent
because this may be the best (most ecoriom:cal)
means of achieving the water quality desired by the
water users.

7 1C Probable causes of wastewater reclamation plant
being unable to maintain a chlorine residual include:

1. Chlorinator not working properly, and
2. An increase in the chlorine demand.

Answers to questions on page 412.

7.2A Possible causes
of clogging

1. Slimes

Possible cures
for cause

1. Chlorination or allow well to
rest.

2 Carbon fines 2 Remove fines by passing
the water through a sand/
anthracite filter.

7.2B If reclaimed effluent was being used by industry and
one of the water quality standards was not being met,
NOTIFY THE INDUSTRY IMMEDIATELY.

7.3A Always work with another operator when working
around storage reservoirs or blending tanks so help
will be available and prevent you from drowning if you
fall into the water.

END OF ANSWERS TO QUESTIONS IN LESSON 1
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Answers to questions on page 418.

7.6A EVAPOTRANSPIRATION. The total water removed
from an area by transpiration and by evaporation from
soil, snow and water surfaces. HYDROLOGIC CY-
CLE The processes involved in the transfig of mois-
ture from the sea to the land and back to the sea
again.

7.6B Land disposal of wastewater is accomplished by:

1. Irrigation,
2. Overland flow, and
3. Infiltration-percolation.

7.6C The major parts of land application systems include:

1. Preapplication treatment,
2. Transmission to the land site,
3. Storage,
4. Distribution over sate,
5. Runoff recovery system (if needed), and
6. Crop systems.

7.60 Known Unknown

Length, ft = 2000 ft Hydraulic Loading,
Width, ft = 1000 ft 1. MGD/acre
Flow. MGD= 1 MGD 2 Inches/day

1 Determine surface area in acres.

Area, acres = Length, ft x Width, ft

43,560 sq ft/acre

2000 ft x 1000 ft

43,560 sq fVacre

= 45 9 acres

2. Determine hydraulic loading, MGD/acre

Loading, MGD/ac = Flow, MGD

Area, acre

1 MGD

45.9 acres

= 0.02 MGD/ac

3. Determine hydraulic loading, inches/day

Flow, MGD x 1,000,00C/M x 12 ir'ft

Length, ft x Width, ft x 7.48 gal/cu ft

1 M Gal/day x 1,000,000/M x 12 in/ft

Loading, in/day =

2000 ft x 1000 ft x 7 48 gal/cu ft

= 0 8 in/day

Answers to questions on page 423.

7.7A The major items of equipment that should be in-
spected before starting a spray irrigation system in-
clude:

1. Electric motors,
2. Pumps,
3. Aluminum tubing, and
4. Sprinkler systems.

7.7B Known Unknown

Area, ac = 30 acres
Soil type = Medium
Root
zone, ft = 2 ft deep

Moisture = 50% retention
Pump, (3PM = 1200 GPM

Time to irrigate, hr

47J

1. Determine inches of water to be applied.

From Table 25.16
Application, in = 1.69 inches

2 Determine time to irrigate 30 acres to apply one
inch with a 1200 GPM pumping system capacity.

From Figure 7.13
Time to irrigate 1 inch = 11 hours

3. Determine total time to irrigate in hours.

Time, hrs = Time (hr) to irrigate x Amount to apply, in

= 11 hour/inch x 1.69 inches

= 18.6 hours

Answers to questions on page 427

7.7C The main objective of a land disposal system is to
dispose of effluent withcut harming surface waters or
creating nuisance condiOns.

7.7D The three main areas of process control in a land
disposal system are:

1. Storage reservoir,
2. Runoff and seepage water recycle systems, and
3. Impact of minerals in effluent on crop production in

saline and alkali soils.

7.7E A minimum of four points in a storage reservoir should
be sampled for DO.

The minimum DO requirements for a storage reservoir
are a minimum DO of 0.4 mg/L for all samples and the
average of all samples should be at least 0.8 mg/L

7.7G Probable causes of ponding include:

1 Application rate is excessive,
2. If application 'ate is normal, drainage may be in-

adequate; and
3. A broken pipe in the distribution system.

Answers to questions on page 429.

7.8A The four monitoring areas for an irrigation system
where crops are grown are:

1. Effluent,
2 Vegetation,
3 Soils, and
4. Groundwater

7.9A The major cause of -ccidents to operators while
working with sprinkler irrigation systems is contact
with electricity used either to power the pumping
plant or to transmit electricity associated with the
area being irrigated.

7 10A Equipment requiring maintenance in a land treatment
system includes distribution piping, pumps, valves
and sprinklers.

7.11A Items to be examined when reviewing the plans and
specifications for a land disposal system include:

1. Ponding,
2 Plastic pipe laterals,
3. Screens,
A. Buffer area, and
5. Protection of pumps.

END OF ANSWERS TO QUESTIONS IN LESSON 2



OBJECTIVE TEST

Chapter 7. WASTEWATER RECLAMATION

Please wnte your name and mark the correct answers on the
answer sheet as directed at the end of Chapter 1. There may
be mom. than one correct answer to each question.

1. Industrial cooling waters must be of a higher quality than
water used for food processing.

1. True
2. False

2. One purpose of the aeration tank in a wastewater reclama-
tion plant for a steel mill is for biological oxidation.

1. True
2. False

3. There are no safety hazards associated with the hardhng
of portable sprinkler pipelines.

1. True
2. False

4. An industry may use reclaimed effluent directly for wash-
ing purposes or as influent to a specialized water treat-
ment plant.

1 True
2. False

5 The method of irrigation depends on the type of crop being
grown.

1. True
2. False

6. Which of the following constituents in reclaimed water
could cause problems for the water user in a nuclear
generating station?

1. Ammonia
2. Alkalinity
3. Calcium
4. Silica
5. Sulfate

7. Reclaimed wastewater may be used for

1 A freshwater barrier to prevent salt water intrusion.
2. Cooling water by industry.
3. Dist' Ilad water in a car battery.
4. Irriga"-ti r.s crops.
5. Recrec. lakes.

8. Problems that may develop during the injection of re-
claimed wastewaters into deep wells include

1. Groundwater contamination.
2. Increased lowering of groundwater table.
3. Salt water intrusion.
4. Slime growths.
5. Well clogging and loss or recharge capacity.
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9 Safety hazards around a wastewater -eclamation facility
include

1. Drowning.
2. Electrical shock.
3. Pathogenic bacteria.
4 Slippery surfaces.
5. Toxic gases.

10. Water quality criteria for wastewater reclaimed for recre-
ational uses include

1. Alkalinity.
2. Coliform group bacteria.
3. Floatable solids.
4. Hardness.
5. Nutrients.

11. What would you do if the effluent from a wastewater rec-
lamation facility did not meet the water quality standards of
the water users?

1. Divert the finWS to emergency storage if available
2. Install better monitoring equipment
3. Locate the cause of the problem and attempt to correct

the problem
4. Notify the user immediately
5 Try to have the standards adjusted to more reasonable

values

12. Land disposal of wastewater may be done by which of the
following methods?

1. Dilution
2. Discharge to a river
3. Infiltration-percolation
4. Irrigation
5. Overland flow

13. Which of the following methods of wastewater disposal
are best suited for crop production?

1. Deep-well injection
2 Groundwater recharge
3 Infiltration-percolation
4. Irrigation
5. Overland flow

14. Which of the following uhemical properties are used in the
classification of irrigation waters?

1. BOD
2. Boron
3. Chloride
4. pH
5. Total dissolved solids
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15. How can an operator determine if too much water is being
applied to a land disposal irrigation system?

1. By observing growth of multiple crops
2. By observing ponding
3. By observing runoff
4. By observing that the storage reservoir is empty
5. By observing weeds

16. Probable causes of ponding in a land disposal system
include

1. Broken pipe in distnbution system.
2. Bulking sludges.
3. Clogged sprinkler nozzles.
4. Excessive application rates.
5. Inadequate drainage.

17. What could be possible causes of a dead irrigated crop?

1. Inadequate drainage has flooded root zone of crop
2. Not enough water has been applied
3. Too much insecticide or weed killer applied
4. Too much water has been applied
5. Wastewater contains an excessive amount of toxic

elements

18. Safety hazards when operating a sprinkler irrigation sys-
tem include

1. A sprinkler throwing a stream of water into a power line.
2. Drowning.
3. Faulty electrical pump motor starting equipment.
4. Portable sprinkler pipelines coming in contact with

overhead electrical transmission lines.
5. Ungrounded motor or pump frames.

19. Possible solutions to deterioration of lateral aluminum des
tribution piping include

1. Adding corrosion inhibiting chemicals to water.
2. Adjusting the pH of the water.
3. Burying the pipe.
4. Draining lines except when in use.
5. Installing cathodic or anodic protection.

20. Why might the effluent from your wastewater treatmemt
plant be reused directly by someone?

1. Cost of obtaining groundwater is prohibitive.
2. Cost of purchasing treated water is too high
3. Sufficient municipal water is not available
4. Surface waters are not available
5. To discourage community growth

21. Which of the following tests are performed on the soils in
an effluent disposal on land program'

1. BOD
2 Cation exchange capacity
3. Conductivity
4. DO
5. pH

22. Which one(s) of the following items are limitations of land
treatment systems?

1. Energy requirements for land treatment systems are
high

2. Maintenance requirements for land treatment systems
are both complex and costly

3. Rain can soak the soil so no wastewater can be treated
4. Salts can build up in the soil to levels toxic to plants
5. Suspended solids can form a mat that will seal the land

surface

23. Problems caused by the buildup of salts in soils can be
corrected by

1. Adding an acid to the soil, such as nitric acid.
2. Adding a base to the soil, such as sodium hydroxide.
3. Leaching out the salts by applying fresh water.
4. Removing the salts from the effluent by a distillation

process.
5. Ripping up the field and turning it over to a depth of 4 or

5 feet.

24. The most important observations in a land treatment sys-
tem where crops are grown and surface runoff is not al-
lowed are Ceserving

1. Exfiltration.
2. Percolation.
3. Ponding.
4. Salt buildup.
5. Surface runoff
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OBJECTIVES
Chapter S. INSTRUMENTATION

After completion of Chapter 8 you should be able to do the
following:

1. Describe the need for instrumentation and controls,

2. Indicate t variable:: or valt.,es measured by instruments
and how they are measured,

3. Identify a controller and describe its purpose,

4. Identify recorders indicators and describe their purpose,

5. Read instruments and controls and make proper adjust-
ments in operation of treatment plant,

6. Determine location and cause of instrument and control
failures and take corrective action, and

7. Maintain instruments and controls.

ALWAYS REMEMBER: If you don't know what you are do-
ing, HANDS OFF!
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GLOSSARY
Chapter 8. INSTRUMENTATION

HYDROSTATIC SYSTEM HYDROSTATIC SYSTEM

In a hydrostatic sludge removal system, the surface of the water in the clarifier is higher than the surface of the water in the sludge
well or hopper. This difference in pressure head forces sludge from the bottom of the clarifier to flow through pipes to the sludge well
or hopper.

OFFSET (or DROOP) OFFSET

The difference between the actual value and the desired value or set point) characteristic of proportional controllers that do not
incorporate reset action.

PROCESS VARIABLE PROCESS VARIABLE

A physical or chemical quantity which is usually measured and controlled.

SET POINT SET POINT

The position at which the control or controller is set This is the same as the desired value of the process vanable.

SOFTWARE PROGRAMS SOFTWARE PROGRAMS

Computer programs designed and written to monitor and control wastewater treatment processes or other processes

TIME LAG TIME LAG

The time required for processes and control systems to respond to a signal or to reach a desired level
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CHAPTER 8. INSTRUMENTATION
(Lesson 1 of 4 Lessons)

8.0 NEED FOR INSTRUMENTATION AND CONTROLS

With today's tougher discharge and monitoring require-
ments, more and more wastewater treatment plants are being
designed and constructed with sophisticated instrumentation
and control systems to help operators do their job. Con-
sequently, this chapter on instrumentation and controls is ded-
icated to familiarizing the operator with the role instruments
and controls play in the operation of a wastewater treatment
plant. We will define instruments and controls, what they do,
how they do their job, how they are related to plant operations.
and the care they should receive. This chapter will not attempt
to cover the theory of instruments and controls, their design,
construction, and repair These matters are best left to qual-
ified instrument personnel that have the necessary training,
experience, and equipment to do the job. So let's get started'

8.00 What are Instruments and Controls?

Simply stated AN INSTRUMENT IS NOTHING MORE THAN
A MEASURING DEVICE. Let's look at a few samples.

One of the simplest and most common examples of a
measuring device is the rule or tape measure. Rulers are
used to measure linear (lengthwise) distances. The dis-
tances may be measured in the terms of inches, feet,
fractions, decimals or in metric units. Depending upon the
job we have to do, we may choose to use a 6-inch pocket
scale or a 100-foot tape measure as a measuring device
(Fig. 8.1).

Another common and familiar instrument is the clock or wrist
watch which we use to measure time We may measure time in
units of seconds, minutes, hours or days, depending upon our
needs. The clock may be mounted on a building for all to see or
it may be a wrist watch for personal use (Fig. 8.2).

Another common instrument is the bathroom scale that
we use to measure our weight. Scales may measure in terms
of pounds and ounces, pounds and decimals of a pound, or
in grams in the metric system. There are many different
types of scales used to measure weight. A postage scale
(Fig 8 3) used to weigh letters cannot be used to weigh
groceries nor can the scale used to weigh chlorine contain-
3rs be used to weigh the small amounts of solid residues
measured in the lab.

An instrument is selected on the basis of a particular job it
has to do.

In review of what has been discussed, we may simply state
that instruments are measuring dunces. They may directly or
indirectly measure many quantities whose values or changes
in values are both necessary and useful information fur operat-
ing a treatment plant.

Next, let us describe controls and their uses. Simply stated
CONTROLS ARE DEVICES OR A SFRIES OF DEVICES THAT
EFFECT SOME CHANGE DUE TO SOME OTHER CHANGE
IN CONDITIONS.

4 8 7

One of the most sophisticated and common control systems
is the human body An example of this concept is a person
opening a door We can designate the eyes as a sensing in-
strument to determine (measure) whether the door is closed or
open and the nervous system as a transmission system (mes-
sage sending receiving device) The brain is the control logic
and the arms-hands are the control output We can simulate a
control system as follows:

1 The eyes measure the door as closed

2 The eyes transmi` a signal to the brain whose logic has
been established for "door open

3. The brain, receiving the signal coded as closed door,
institutes an action to open the door.

4 The brain transmits a coded signal to the arm and hand
calling for turning of the door knob and opening the door

5 The eyes then measure the door as opened and transmit a
signal coded as "satisfactory" to the brain ending this par-
ticular control sequence

An example of a simple household control system is the
thermostatically controlled heating system in your house. In
this case the thermostat (Fig. 8.4), which is a temperature
measuring and sensing device, sends an electrical signal to
the heater causing it to fire up whenever the room tempera-
ture drops below a pre-determined level. After the rooms
have warmed up to the pre-determined level, the thermostat
stops sending an electrical message to the heater (Fig. 8.5)
and the heater will shut down automatically. The control
process may be analyzed as follows.

1 The thermostat senses the temperature has dropped below
70°F (21°C) and trips an electrical relay

2 The relay transmits an e'ectrical message to the hearer's
fuel regulation system where another device (solenoid)
turns the fuel source to th - "ON" position, his causes the
heater to "light up" and pi cJuce heat

3 After a period of heating, the room warms up to 70 F (21 C)
or slightly more and causes the thermostat to cease send-
ing an electrical signal to the heater s fuel regulation sys-
tem. This, in turn, causes the heater to go -OFF" and pre-
vents overheating of the room

4. The whole sequence will repeat itself when the room tem-
perature again falls below 70°F (21`C)

So far we have discussed a sophisticated biologic. ,;ontrol
system, the human body, and a simple electrical control sys-
tem. Next let us examine a simple hydro-mechanical control
system that is familiar to all of us

The toilet bowl flush tank uses a simple hydraulic and me-
chanical control system When the bowl is flushed and the tank
is empty, the tank starts to fill up automatically. Also, the tank
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Fig. 8.1 Rulers and tape measures are common devices
used to measure length

Fig. 8.2 Clocks are instruments that measure time
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Fig 8 3 A postage scale measures weight
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Fig. 8.4 A thermostat senses and measures heat
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Fig. 8.5 A gas burner heater system is controlled by a
thermostat
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shuts off automatically when it is full. This control system may
be analyzed as follows:

1. The bowl is flushed and the water level drops in the flush
tank.

2. This causes the float to drop (Fig. 8.6). The dropping of
the float mechanically opens a hydraulic valve which
releases water into the flush tank.

3. As water begins to rise in the tank, the float also rises. This
in turn controls the amount of water entering the flush tank.
Thus, the higher the float level, the lower the rate of water
coming into the tank.

4. Finally, when the water level in the flush tank reaches its
pre-set level, the float will also have risen to its maximum
height. When the float reaches its maximum height (Fig.
4.7), it will automatically shut off the valve feeding water
into the flush tank. This is accomplished through a set of
mechanical levers.

5. The sequence will repeat itself whenever the toilet is
flushed again.

The example above illustrates a hydro-mechanical control
system using a simple float as the water-level measuring de-
vice and control system to either turn the water "ON" or "OFF"
into the flush tank.

Therefore, an instrument may be defined as a measuring
device; a control system is a device or series of devices that
cause changes to occur In the next section, we will examine
why we need instruments and controls to operate a treatment
plant.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 487.

8.0A Why are treatment plants being designed and con-
structed with sophisticated instrument-control sys-
tems?

8.0B What is an instrument'?

8.0C What is a control'?

8.01 Why Use instruments and Controls?

So far we have discussed simple instrument and control
systems; now let us examine why they are necessary and
useful in operating a treatment plant. Since instruments basi-
cally measure values, let us examine why we need to use
instruments in place of or to assist the opeator's sense of sight,
hearing, touch, and smell. When we talk about measuring, we
are taking into consideration the following related factors:

1. Accuracy of the measurement,

2. Repeatability of the measurement,

3. Sensitivity of the measurement, and

4. Permanence of the measurement.

8.010 Accuracy

Let us first examine the need for accuracy of measure-
ment In some instances it may be adequate to "eyeball" a
linear measurement. An example of this would be roughly
pacing off the width of a sand sludge drying bed. No great
degree of accuracy is required or implied by this method.
However, in another situation where we were installing
expensive piping between pieces of machinery, we would
want to increase the degree of accuracy by using a tape
measure instead of pacing off the distance. Another situa-
tion requiring still greater accuracy would be measuring the
diameter of a replacement pump shaft. Here a micrometer
would be used for measuring the diameter of the shaft to the
nearest thousandth of an inch (Fig. 8.8). In the last two
examples, an operator's eyeball calibration is inadequate for
the accuracy needed and specific instruments must be used.

In another example, an operator would be able to tell th e
passing of a day's time, let's say from sunset to sunset, and
that would be accurate enough to mark the days off a
calendar. However, if the operator wanted to operate the
primary sludge pumps ten minutes each hour, .. Natch would
be needed since the degree of accuracy required is greater
than the ability to "guesstimate" the passing of time (Figs. 8.9
and 8.10).

So, we may conclude that depending upon the degree of
measurement accuracy required, different types of instru-
ments are needed to assist the operator perform different
tasks. The accuracy of an instrument depends on the
preciseness or exactness of the measurements or how
close the measurement is to the true value.

8.011 Repeatability

For our use, repeatability may be defined as the ability to
measure something again and obtain the same answer that
resulted previously.

In our very first accuracy measurement example of pacing
off the width of a sludge drying bed, our repeatability would
probably not be too consistent. However, since the information
would not be sought day after day and would not change, it
would not be too important. However, in the situation where we
were using a micrometer to measure the diameter of a pump
shaft, repeatability would be very critical. We could not tolerate
even a small discrepancy in repeatability.

Therefore, we may summarize that the repeatability of in-
struments is unquestionably superior to that of human sense
measurements and that in many treatment plant operations
using flow, temperature, pressure and other process variables,
repeatability is absolutely essential for good operations.

49j
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Fig. 8.6 Toilet bowl float in down position. Water will flow
into toilet

4

Fig. 8.7 Toilet bowl float in up position. Water will be shut
off from flowing into toilet
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Fig. 8.8 A micrometer is used for close tolerance
measurements
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Fig. 8.9 A calendar is used to measure long lengths of time
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Fig. 8.10 A sundial is used to measure the approximate
time of day. Sundials cannot measure time precisely.
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8.012 Sensitivity

Sensitivity, for our use, may be defined as the ability to
measure the smallest or largest value necessary.

As an example, the tape measurement would not be
sensitive enough to measure to the nearest one thousandth
of an inch. In another example, if we wanted to measure the
gas pressure in an anaerobic sludge digester, we would
want a pressure gage calibrated in inches or centimeters of
water because 9 inches of water is only 0.32 psi. Therefore,
a pressure gage calibrated in five-pounds-per-square-inch
(5 psi or 0.4 kg/sq cm) increments would be too insensitive
for our needs. In yet another example, a laboratory scale or
balance (Fig. 8.11), calibrated in hundredths of a gram would
be more sensitive than necessary and would not have the
capacity to measure the weight of a chlorine cylinder in
pounds. Therefore, the operator needs instruments that are
properly sensitive to measure the smallest or largest unit
(length, weight, time) increments necessary.

8.013 Permanence

For the purposes of our use, permanence will be defined as
maintaining accuracy, sensitivity, and repeatability over a long
period of time. That is to say, a ruler or tape measure con-
structed out of paper would have little permanence. Con-
versely, a ruler constructed out of Inver metal would have very
high permanence since it would be dimensionally stable.

In summary, we might say that good instruments exhibit a
high degree of permanence, which is necessary for precise
process control.

Vo this point we have discussed the ability of instruments to
behave in an accurate, sensitive, repeatable and permanent
manner in measuring numerous PROCESS VARIABLES'
necessary for plant operations.

Instruments also measure variables which cannot be
directly measured otherwise, for instance electricity. Human
senses, for all practical purposes are incapable of measur-
ing voltage and amperage (Fig. 8.12). Instruments also
measure variables that would be unsafe to measure other-
wise, such as extreme heat. Instruments that record also
remove much of the drudgery associated with constant and
repeated data taking. With the proper instruments, opera-
tors can measure chemical variables such as dissolved
oxygen levels, pH (Fig. 8.13), chlorine residuals, and certain
specific ions which could not otherwise be easily and/or
quickly determined. Also, valuable time is saved by not
having operators do jobs that could be done by instruments.

Therefore, we need and use instruments to accurately and
quickly measure physical and chemical process variables that
influence and/or contrcl treatment plant processes. Human
senses and "gut feelings" are no longer adequate to control a
modem treatment plant.

' Process Variable.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 487.

8.0D Why do we need to use instruments in place of or to
assist the operators sense of sight, hearing, touch,
and smell?

8.0E What is meant by the sensitivity of a measurement?

8.0F What is the difference between an instruments accu-
racy and repeatability?

8.1 WHAT DO INSTRUMENTS MEASURE?

Thus far we have leamed that instruments are some sort of
measuring device. Also, that they are needed and used be-
cause they provide a more accurate, consistent, sensitive, and
permanent means of monitoring (measuring) treatment pro-
cesses than we can achieve by seeing, hearing, touching, or
smelling.

Next we will discuss which values or variables are measured
by instruments commonly used in wastewater treatment
plants. We will define the meaning of the following meas-
urements:

1. Temperature,

2. Pressure,

3. Flow,

4. Level,

5. Density,

6. Velocity, and

7. Analytical measurements (physical, chemical, or biologi-
cal).

8.10 Temperature

Temperature may be defined as the degree of "hotness" or
"coldness" of a substance from a given reference temperature.
High temperatures are associated with a high level of molecu-
lar activity in a substance, and conversely, cold temperatures
are associated with a low level of molecular activity. A good
example of this would be water which, if heated enough, would
tum into steam; if cooled enough, it would tum ii.to ice.

Therefore, a thermometer (Fig. 8.14) or some other tem-
perature-measuring device is used to measure the degree of
hotness or coldness. With this information, we were able to
..ontrol heat-sensitive processes within their optimum
ranges (anaerobic sludge digestion) or be warned if safe
temperature levels are exceeded (steam boiler).

8.11 Pressure

Pressure may be defined as a stress (push) uniformly
exerted in all directions. For example, gas inside of a belloon
exerts pressure uniformly to all parts of the balloon. A mano-
meter (Fig. 8.15) or some other pressure measuring instru-

c>

A physical or chemical quantity which is usually measured and controlled.
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0

Fig. 8.118.11 A laboratory scale or balance is used to
accurately measure small amounts of weights. Heavy

quantities cannot be measured by lab scales.
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Fig. 8.12 A wattmeter is used to measure electrical energy.
Human senses cannot measure electrical quantities.

000 o as s

pH

N1. NM

Fig. 8.13 A laboratory pH meter is used to measure a
chemical quality of a liquid.
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Fig. 8.14 A liquid-filled thermometer is used to measure
temperature.

'411.111111n

Fig. 8.15 An inclined manometer is used to measure
relatively low pressures.
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instrument iv commonly used to measure the amount of
1s sure. Themore, we are able to measure air pressure in
order to limit the air pressure inside an air tank so that safe
limits are not exceeded. Also, the suction and discharge
pressures of a pump allow us to deterrn:'s the total dynamic
head (TDH) on a pump.

8.12 Flow

Flow may be defined in two ways, rate of flew enc.: .otal flow
or volume. Rate of flow may be defined as the volume of mate-
rial passing E. given point at any given INSTANT OR TIME
PERIOD. Total flow may be defined as the amount c. volun.,
of flow passing a given point WITHIN A SPECIFIC TIME
PERIOD.

For example, the return activated sludge (RAS) "flow rate"
may be 200 GPM and the "total flow volume" would be 0.288
million gallons during one day.
Flow volume. 1 MillionFlow rate. gaVmon x Tune, day x 1440 mm /day x

MG
1.000.000

200 gal/min x 1 day x 1440 mon/day x 1 Million

1.000.000

0 288 MGai

8.13 Level

Level may be defined as a height measurement. Liquid sur-
face levels car be measured directly by a floating ball or a
measuring (dip) stick. For example, the amount of diesel fuel in
a tank can be determined from the level of fuel. Sight tubes are
used to measure liquid levels directly in a tank (Fig. 26.16).
Levels also can be measured by indirect means such as elec-
trical probes or by ultrasonic sound waves which bounce back
like radar and induce a signal. Hydrostatic pressure in psi can
be converted to a level or head by using the conversion factor
2.31 feet = 1 psi.

8.14 Density

Density may be defined as the weight of a material per unit
volume. For example, the density of water is 62.4 lbs/cu ft.
Liquid density may be measured by a hydrometer such as the
type used to measure the amount of anti-freeze in a radiator.
Primary sludge density may be measured by radioactive sens-
ing cells.

8.15 Velocity (Speed)

Velocity may be defined as the length of travel in a given
unit of time or: velocity = distance/time. An automobile
speedometer (Fig. 8.17) measures velocity in terms of miles
per hour. Another velocity or speed measurement is the
RPM (revolutions per minute) made by an engine or pump
(Fig. 8.18).

8.16 Analytical Measurements

Instruments also may be used to make analytical meas-
urements. Chemical analytical or laboratory measurements
are made for pH, dissolved oxygen, electrical conductivity,
chlbline concentrations, and others. Physical measurements
include turbidity and temperature while examples of a biologi-
cal measurement are the tests to indicate the concentralot:s of
coliform group bacteria or algae. Many laboratory meas

-urements involve instruments using some sort of specialized
probe and meter.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 487.

8.1A Why are instruments used instead of our human
senses of seeing, hearing, touching, and smelling?

8.1B What do instruments measure?

8.1C How can flow be defined?

8.2 UNITS OF MEASUREMENT

Now that we understand what variables instruments meas-
ure, ,3t us examine the common units of expression for these
meas rements.

1. TEMPERATIIRE
Fahrenheit: A unit of expression for temperature is the
(English) Fahrenheit scale, where the freezing of

water is sot at 32°F, and boiling of water is
set at 212°F, covering a range of 180°F be-
tween the two points.

Celsius or
Centigrade:

(Metric)

Kelvin
(Metric)
Rankine
(English)

2. PRESSURE
Pounds per
Square Inch:

Another common unit of temperature ex-
pression is the Celsius or Centigrade scale,
which is commonly used in laboratory
measurements and the metric system. The
freezing of water is set at 0°C and boiling of
wate" is set at 100°C, covenng a range of
100°C between the two points.

There are two other less commonly used
temperature scales which incorporate the
value of "Absolute Zero" where, theoreti-
cally, no molecular motion exists. The Kelvin
scale sets the freezing point of water at
+273°K and the boiling point at +373°K, giv-
ing a spread of 100° just like the Celsius
sc.Je. The Rankine scale sets the freezing
point of water at +491.7°R and the boiling
point at +671.7°R, giving a 180° spread be-
tween the points just like the Fahrenheit
scale.

The most common expression for pres-
sure is pounds per square inch (psi). This
means that each square inch of surface
area is subjected to that many pounds of
force. 1 psi = 0.070 kg/sq cm = 6895
Pascal = 6.9 kPa

Pounds per Another pressure expression is given in
Square Foot: pounds per square foot (psf). This means

each square foot of surface area is sub-
jected to that many pounds of force. 1 psf
= 4.882 kg/sq m = 993 kPa
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Fig. 8.16 Sight tubes are used to measure liquid levels
directly in a tank.
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Fig. 4.17 A speedometer is used to measure linear velocity.
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Fig. 8.18 A tachometer is used to measure rotational
velocity.
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Inches or
Feet of
Head:

Pressure. lbsisq in

Gage and
Absolute
Pressure

Vacuum
Pressure

Pressure may also be expressed in terms of
inches of water. feet of water, or inches of
mercury (Hg). Each of these expressions is
relater.' o the pressure that would be re-
quired to support a column of given liquid
sometimes called "Head." Mathematically
stated, since one cubic foot of fresh water
weioh:. 62.4 pounds and there are 144
square inches per square foot, a one square
inch column of water one foot or 12 inches
high exerts a pressure of 0.433 lbs/sq in. For
example, when the manometer conne.:ted
to the dome of an anaerobic sludge digester
reads 9 inches (23 cm) of water (H2O), what
the manometer is telling us is that the gas
pressure inside the digester is exerting a
force equivalent to that required to support a
column of water (head) 9 inches (23 cm)
..igh

Weight. lbs.

Area, sq in

Volume. cu ft x Density. lbsicu ft

Area, sq in

Area, sq in x Height, in x Density. lbs/cu ft

Area, sq in x 1728 cu inicu ft

1 sq in x 12 in x 62 4 lbsicu ft

1 sq in x 1728 cu inicu ft

= 0 433 lbs

1 sq in

0 433 lbsisq in

Therefore. 0 433 psi = 1 ft head = 0 3 m
or 1 psi = 2 31 ft head = 0 7 m

Pressure also is expressed as gage p. es-
sure or absolute pressure (Fig. 8.19). Gage
pressure does not take into consideration
the weight of the atmosphere above the
earth; one atmosphere = 14.7 psi or 29 97
inches of mercury at sea level. Therefore, in
converting to absolute pressure from gage
pressure you must add barometric pressure
(14 7 psi) to the gage pressure reading.

Gage Pressure Barocnetnc Pressure. .. Abso:ute Pressure
PS, psi psi

For practical purposes. operators commonly
use gage pressure because they want to
know the DIFFERENCES in water pressure
Usually atmospheric (barometric) pressure
does not influence work done by operators
Absolute pressure is used when working
with gases and calculating changes result-
ing from changes in the pressure, tempera-
ture, and/or volume of a gas.

So far we have been discussing positive
pressures Whenever a pressure falls below
atmosphenc pressure, a negative pressure
is exerted which is called a vacuum. Con-
sequently, when an open-tube manometer
on a vacuum filter or vacuum receiver reads
20 inches (51 cm) of mercury (Hg), this is
equivalent to a negative or minus gage
pressure of 9.76 lbsisq in (0.69 kg sq cm).
Mercury has a density 13,55 times heavier
than water.

Pressure. lbs se in
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Density. lbs2cu ft X Head. ft

144 sq inisq ft

13 55 x 62 4 lbsicu ft x 20 in

14.: sq inisq ft x 12 int
= 9 79 lbs'sq in (0 69 kg /sq cm)

Absolute Pressure. Atmos Press . psi + Gage Press psi

= 14 7 psi + ( -9 8 psi)

4 9 psi

means a vacuum or negative pressure

Note that the units of pressure are the same for liquids and gases

psi

3 FLOW RATE

Liquids Flow rates for liquids are usually expressed
as volume per unit time The most common
units are gallons per minute, gpm (gal/min),
cubic feet per second (cis or cu ft/sec) and
million gallons per day (MGD). In each of the
above cases, a given volume of liquid
moves past a given point during a unit of
time.

Gases Flow rates for gases are usually expressed
as cubic feet per minute (cfm or co ft/min),
cubic feet per hour (cfh or cu ft/hr), and cubic
feet per day (cfd or cu ft/day). Many instru-
ments are calibrated in SCFM where the S
refers to Standard conditions of tempera-
ture. nressure and humidity. The same flow
rate definitions apply to gases as for liquids.

Solids Flow rates for solids are commonly ex-
pressed as pounds per hour (pph or lbs/hr),
pounds per day (ppd or lbsIday) or tons per
hour They also may be expressed in vol-
umetric terms such as cubic feet per day
(cfd or cu ft/day) or cubic yards per day (cyd
or cu yd/day). Therefore, we may conclude
that flow may he measured in terms of vol-
ume or weight

4 LEVEL

5 DENSITY

Percent
Solids

Spec&c
Gravity

6. VELOCITY
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The units for expression for level are usually
expressed in terms of inches or feet (cm or
m) However, in the laboratery, the metnc
units of measurement are used such as mil-
limeter (mm). centimeter (cm), or mete: (m).

Although we have defined density as weight
per unit volume, instrumentation in a treat-
ment plant can be calibrated to read in per-
cent solids for sludges

The density of liquids is measured by a hy-
drometer expressing units of specific gravity
(which is the ratio of specific gravity of a
liquid to the specific gravity of water, which
is one).

Velocity measurements in a treatment plant are usually ex-
pressed in terms of feet per second (fps or ftrsec), feet per
minute (fpm or ft min), or for rotational velocities, in revolu-
tions per minute (rpm or rev/min).
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7. ANALYTICAL MEASUREMENTS

Analytical measuring instruments are very specific in what
and how they measure. Some of the units of expression for
the more common analytical instruments found in a treat-
ment plant laboratory are discussed in the next paragraphs.

pH meters read in units of pH; dissolved oxygen meters
read in milligrams per liter (mg/L); and electrical conductiv-
ity meters usually read in mhos which are equal to 1 /ohm.

There are also other more sophisticated laboratory
instruments such as Total Organic Carbon Analysers,
Gas Chromatographs, Infrared Spectrophotometers,
Atomic Absorption Units, and others which are way
beyond the capability of this section, and therefore will
not be discussed further. Table 8.1 summarizes the
common units of measurement.

aglz`lot LAtC17at4
(444 gNeLtAkcift.

umn4W49 ilf8gUY:500073. Affgc44°
AC, 5,0 VPatee gkEoW

OtASP I s'..;

QUESTION
Write your answers in a notebook and then compare your

answer with the one on page 487.

8.2A Complete the following table by writing both the Eng-
lish and Metric units for the following vanables meas-
ured by instruments or sensors.

Measurement English Metric
1. Temperature
2. Pressure
3. Flow
4. Level
5. Density
6. Velocity

6mO OF 1.644olo 1 0P4 (6c-orooN

I Orfr2umearAiloN

Please answer the discussion and review questions before
continuing with Lesson 2.
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TABLE 8.1 UNITS OF MEASUREMENTS AND
ABBREVIATIONS

Measurement

1 Temperature

2 Pressure

3 Flow

Common units of Measurement
and Abbreviations

ENGUSH
a) Fahrenheit.

Freezing Point of Water
Boiling Point of Water

b) Rankine:
Freezing Point of Water
Boiling Point of Water

METRIC
c) Celsius or Centigrade:

Freezing Point of Water = 0°C
Boiling Point of Water = +100°C

d)
Freezing Point of Water = +273°K
Boiling Point of Water = +373°K

ENGUSH
a) Pounds per square inch = psi or lb/m2
b) Pounds per square foot = psf or lb/ft2
c) Inches of wf"^r = inches H2O
d) Feet of wa, r = feet H2O
e) Inches of Mercury = inches Hg
f) Absolute pressure = psia
g) Gage pi ,gsure = psig

a) Liquids (volume)
gallons per minute = gpm or gat/min

= +32°F
= +212°F

= +491 7°R
= +671.7°R

b)

c)

d)

4 Level a)
b)

5 Density a)
b)
c)

6 Velocity a)

b)

7 Analytical a)
b)
c)

8 Energy or
Work

9 Power
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gallons per hour = gph or gat/hr
cubic feet per second = cfs or f13/sec
million gallons per day = MGD
Gases (volume)
cubic feet per minute = cfm or ft3/sec

cubic feet per hour = cfh or ft3/hr
cubic feet per day = cfd or ft3/day
Solids or Liquids (weight)
pound per minute = ppmin or lbs/min
pound per hour = pphr or lbs/hr

pound per day = ppd or !bs/day
Solids (volume)
Cubic feet per day = cfd or ft3/day
Cubic yard per day = cyd or yd3/day

inches = in
feet = ft

Percent solids = %
Specific Gravity = Sp Gr
Pans per Million = ppm

Linear:
feet per second = fps or ft/sec
feet per minute = fpm or ft/min

Rotational:
Revolutions per minute = RPM

Hydrogen Ion Concentration = pH
Dissolved Oxygen = ppm or mg/L
Electncal Conductwity = mhos

foot - pounds

foot - pounds/sec or horsepower

METRIC
kg1sq cm
kg/sq m
mm H20
m H20
mm Hg
kg1sq cm
kg1sq cm

L/sec or
cu m/sec
L/sec
cu m/sec
cu mlday

L/sec or
cu m/sec
L/sec
L/sec

gm/sec
gm/sec or
kg/hr
kg/day

cu mlday
cu mlday

mm
m

m/sec
mlmin or
mm/sec

RPM

pH
mg/L
mhos

joule

joule/sec
or watt
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DISCUSSION AND REVIEW QUESTIONS

(Lesson 1 of 4 Lessons)

Chapter 8. INSTRUMENTATION

At the end of each lesson in this chapter you will find some
discussion and review questions that you should work before
continuing. The purpose of these questions is to indicate to you
how well you understand the material in the lesson.

Write the answers to these questions in your notebook.

1 Why do treatment plants have instruments and controls?

2 Why are some instruments more accurate, consistent and
sensitive than human senses9

3. How would you measure the depth of water in a wet well?

CHAPTER 8. INSTRUMENTATION

(Lesson 2 of 4 Lessons)

8.3 HOW DO INSTRUMENTS (SENSORS) MEASURE?

Now that we are familiar with the units of measurements
expressed by instruments, let's examine in a simple manner
how treatment plant instruments function. The operator must
be reasonably familiar with what makes instalments "tick" in
order to determine if an instrument or control is operating
property or if a problem exists.

Due to a wide and ever-expanding variety of instrumentation
and control systems, only the most common types that an
operator might work with will be discussed in this section

1. TEMPERATURE

Temperature measurements involve the transfer of heat
or cold between the material whose temperature is being
measured and the temperature sensing instrument. Let's
examine the workings of several of the more common
temperature-sensing instruments.

A. LIQUID-FILLED THERMOMETER

Everyone is familiar with this device, a sealed, hollow
glass tube filled with liquid. Let us examine how a mer-
cury filled thermometer works. Mercury expands when
heated. Consequently, when heat is applied to or re-
moved from a mercury thermometer, the volume of
mercury expands or contracts at a much greater rate
than the glass tube containing the mercury. This forces
the mercury tc move up or down a precise amount for
each degree change in temperature. The amount of
mercury movement and sensitivity of the thermometer
depends on the size (diameter) of the bore of the glass
tube. The outside of the glass tube is equally sub-
divided to correspond to the change in mercury volume
as a function of the change in temperature.

All liquid-filled thermometers work on the stated
basic principle that the liquid inside the thermometer
expands at a greater rate than the glass tube surround-
ing it and the &stance of movement in the tube is cali-
brated in degrees. A variation of this principle uses a
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bulb containing the temperature sensitive liquid
which is connected to a capillary tube in which the
expanding liquid travels up or down in the tube (Fig.
8.20). The capillary tube is connected to a specially
shaped hollow tube vyi in -n bends as the liquid from
the capillary tube enters or leaves it. The free end of
the hollow tube is connected to a mechanical linkage
which is calibrated to indicate the change in tempera-
ture.

Still another variation of the above principle uses a
gas as the expanding media in the bulb instead of the
liquid, otherwise, they are quite similar in operation and
principle

SPIRAL

POINTER

TP

INDICATING
SCALE

Fig 8.20 An expanding or contracting fluid may be used to
measure temperature.



B. BIMETALLIC THERMOMETER

In a bimetallic-type of temperature measuring de-
vice, two metals with different rates of thermal expan-
sion are fused together. When heat is applied to the
bimetallic element which has one end fixed, the metal
with the greater coefficient of thermal expansion ex-
pands a greater amount and causes the bimetallic
element to bend or flex. The amount of bending is
called "flexivity." The bending end of the bimetallic
element is mechanically connected to a pointer which
indicates the temperature change in degrees.

C. THERMOCOUPLE

Simply stated, a thermocouple is a device consist-
ing of two different types of metallic wires joined
together, which when heated produce an electrical
voltage (electromotive force or EMF). The voltage
produced is proportional to the amount of heat
applied at the junction of the two different metals and
can be read by a millivoltmeter which is calibrated so
as to convert the change in voltage to the corre-
sponding change in temperature (see Fig. 8.21).

T1 T2

MEASURING
JUNCTION

C

THERMOCOUPLE

MEASURING
JUNCTION

REFERENCE
JUNCTION

REFERENCE
JUNCTION

INSTRUMENT

Fig. 8.21 A thermocouple is used to measure temperature.

So far we have examined severs! ways of sensing tempera-
ture. Each method hes its most suitable application based on
such factors as temperature range, accuracy, sensitivity,
costs, durability, and corrosion resistance.

2 PRESSURE

We defined pressure as the amount of force applied to a
unit area. For our purpose, we will be primarily concerned
with gage pressure which is the amount of pressure shown
on the pressure-measuring instrument. I et us examine how
several common pressure-sensing (meas 'ring) instru-
ments function.

A. MANOMETER

A manometer is a liquid-filled glass tube device
(Fig. 8.22). The liquid is raised or lowered by the
pressure exerted by the fluid (liquid or gas) being
measured. Different ranges of pressure may be
measured by changing the liquid in the manometer to
one of a lower or higher specific gravity; water and
mercury are the most common liquids used. The
sensitivity of a manometer also may be increased by
inclining (sloping) the measuring leg of the mano-
meter rather than using a vertical measuring leg.

The applied presses a on one tube of a U-tube man-
ometer (the other tube is open to atmospheric pres-
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sure) is equal to the total vertical height of the liquid
column times the density of the liquid.

Pressure, lbs/sq ft = Height, ft x Density, lbs/cu ft

or Pressure, lbs/sq in = Height, in x Density, lbs/cu in

When pressure is applied to both tubes of a U-tube man-
ometer, the differential pressure may be read directly without
regard to the actual pressures involved. Again, in this case, the
differential pressure is equal to the height of the liquid column
times the density of the manomc.er liquid (Fig. 8.23).

Differential Pressure, psi = P2, lbs/sq in P,, lbs/sq in

= Height, in x Density, lbs/cu in
When reading the U-tube manometer, the value of h is the

difference in height between the top of the liquid of the left
and right legs of the U-tube. To eliminate this step, a well
manometer can be used. In this type of manometer, the area
of the well is large enough in comparison to the bore of the
manometer so that the applied pressure may be read
directly (Fig. 8.24). Also, the scale of the manometer may be
made (calibrated) to compensate for the drawdown of the
fluid in the large well.

Pressure, psi = Height, in x Density, lbsicu in

B. PRESSURE GAGES

The most common types of pressure-measuring in-
struments use some type of element that undergoes
elastic deformation (bends or flexes and then returns to
its original shape or location). Both low and high pres-
sures may be measured with gages employing this
principle.

BOURDON TUBE (Fig. 8.25)

The Bourdon Tube is one of the most common pres-
sure element devices employing the elastic deforma-
tion pnnciple. The element consists of a thin metal
tube, elliptical in cross section, formed into a "C"
shape; one end of the "C" is rigidly attached to a socket
where the pressure to be measured is applied, the
other free end is mechanically linked to a gage move-
ment which is calibrated to indicate the desired pres-
sure units. When pressure is applied to the "C" shaped
tube, it begins to straighten (unwind) out (just like a
New Year's Eve party blower). The amount of move-
ment caused by the straightening out process is not
linear; it moves more per unit pressure at first and then
decreases in the amount of movement as the pressure
increases. Therefore, only a small part of the possible
movement is used to measure pressure. A 0 to 60 psi
(4.22 kg/sq cm) element will move only 0.25 of an inch
(0.64 cm).

In elastic deformation elements, pressures in excess
of that designed for a particular unit will deform the
element and it will not return to zero (or original shape),
thus ruining the gage. Lower pressure elements are
usually made of copper alloys; some of the higher
pressure elements are made of carbon steels.

DIAPHRAGM OR BELLOWS ELEMENTS

Another type of elastic deformation pressure ele-
ment is the diaphragm or the bellows (Fig. 8.26). In both
of these systems, the applied pressure deforms
(moves) the diaphragm or the bellows a small amount.
The amount of movement is mechanically linked to a
gage movement for expression of the applied pres-
sure. Diaphragm- and bellows-type pressure elements
are commonly used for low pressures such as 0 to 10
inches (25.4 cm) of water. Although the bellows are
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atmospheric pressure

P=hxd

a'
14

I.
*

4

h

d = density of the
manometer fluid

Fig. 8.22 A simple U-tube manometer used to measure
pressure.
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h

d = density of the
manometer fluid

Fig. 8.23 A U-tube manometer used to measure a
differential pressure.
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Fig. 8.24 A wet-well manometer used to measure pressure.
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Fig. 8 25 A Bourdon tube is used 'o measure pressure
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Fig. 8 26 A metal diaphragm is used to measure pressure.
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usually constructed from metals, the diaphragms can
be made from 'Afferent matenals depending upon the
application, suzh as the need for a corrosion-resistant
material.

3. FLOW

There are several different types of instruments used to
measure flow in either pipes or open channels. All of these
instruments attempt to measure the flow velocity and area.

Flow or Quantity = Area x Velocity

= AV
Q, cu ft/sec = Area, sq ft x Velocity ft/sec

Many flow meters estimate the velocity by measuring
the difference in pressure as the fluid flows through a
restriction such 2s an orifice or a Venturi. Because flow
measurements are so important to the operation of a
wastewater treatment plant, this topic was covered in
Chapter 15, "Maintr-ance," Section 15.4, "Flow Measure-
ments," Voiume OPERATION OF WASTEWATER
TREATMENT PLANTS. Flow measurements are used by
operators to determine what and how many units of
treatment plant facilities must be on-line at any one time.
Daily flows are used to calculate plant loadings and plant
efficiencies.

4. LEVEL

The simplest and most direct means of measunng levels
for clean liquids is the sight tube. However, it may net be
practical to install a sight tube in many applications, there-
fore, other level-measuring devices are employed.

A. FLOAT SYSTEM

A float tied to a cable or rod is one of the most
commonly used level-measuring devices. The float
rests on the surface of the liquid being measured and
rises or falls with the liquid surface. In another
system, the float is connected to a mechanical link-
age and the buoyancy of the float is used to signal
the liquid level (Fig. 8.27).

B. ELECTRIC PROBE

Electric probes are commonly used to measure a
single level, such as a high- or low-level alarm. In the
case of the high-level alarms, the rising liquid allows an
electrical current to flow between two contacts in the
probe. When the current flows, a relay is tripped which
energizes a secondary signal. In the low-level situation,
the reverse is true. When the liquid drops below the
probt', the electrical current stops flowing and causes
another relay to activate another secondary signal.

C. CAPACITANCE PR BE

Smilax to electric probes, capacitance probes are
also used. In this system, the capacitance (an electncal
term used to measure the capability of holding an elec-
tncal charge) changes when the liquid is in or out of
contact with the probe, which in turn actuates a relay,
which can trip a secondary device or send a signal.

D. ULTRASONIC SOUND

Another type of probe is the ultrasonic probe. This
device uses a miniature transmitter and receiver at the
end of the probe. The signal sent by the transmitter to
the receiver changes when tne probe is in et out of the
liquid, which in tum activates a relay system to perform
the necessary function.

The ultrasonic system also may be used to t.cn-
stantly monitor the process level. In this system the
transmitter and receiver are mounted on top of the tank

and the time interval it takes for a transmitted ultra-
sonic sound signal to be reflected off the liquid
surface or solid being measured and bounced back
to the receiver is electronically translated into a level
measurement (Fig. 8.28).

E. DIAPHRAGM BOX

The diaphragm-box level indicator uses a sealed box
containing a flexible diaphragm exposed to the liquid
being measured. The hydrostatic pressure exerted
upon the submerged diaphragm causes the volume of
the sealed box to fluctuate with the changes in liquid
level; this change in air volume (pressure) is transmit-
ted through a tube to a pressure gage calibrated to
read in inches or feet (centimeters or meters).

F. BUBBLER TUBE

The bubbler tube uses air pressure to measure
liquid levels. This system is based on the required air
pressure necessary to overcome the hydrostatic
pressure at the bottom of a container. In practice,
tube is vertically lowered into a container and the air
pressure increased to the point where wetter is blown
out of the tube and air bubbles begin to flow out. The
PRESSURE REQUIRED to force air out of the tube
VARIES WITH THE LIQUID LEVEL and this relation-
ship is converted to level measurement. This particu-
lar system is applicable only to liquid surfaces open
to the atmosphere and cannot be used for sealed
containers (Fig. 8.29).

5. DENSITY

Process density measurementb in a treatment Want are
usually made for pnmary sludge or return activated sludge
concentrations in a pipeline. Almost all of the measunnc
instruments use the principle of sending a signal across P
sludge flow path and relating the density of the sludrua the
strength of the signal received. This is based on the fact
that the greater the density of the sludge, the greater the
attentution (reduction) in signal strength. The signal source
may be a radioactive cell, an ultrasonic sound wave, or a
light beam. The reduction in signal strength is usually cali-
brated against flows with known solids concentrations and
the instruments are adjusted to read accordingly.

6. VELOCITY

Usually the only velocity measurement made in a treat-
ment plant is rotational velocity or RPM. This is commufily
accomplished by some type of tachometer.

An electro-mechanical tachometer uses a flexible cable
or some other device to pick up the rotating movement. The
tachometer may use a gear box to increase or decrease the
rotating motion. This rotating movement is used to drive a
small electrical generator whose electrical output is cali-
brated in RPM (revolutions per minute). The faster the RPM
the higher the electrical output and visa versa.

Another tachometer system uses a strobe light. The fre-
quency of the strobe light is adjusted until the motion of the
equipment whose rotation is being measured appears to
stop or stand still. This frequency is then converted into ttIe
equivalent RPM.

An electrical tachometer consists of a transducer which
converts rotational speed into an electrical signal cot , led to
an indicator or recorder. One type of transducer is a mag-
netic pickup head which produces electric pulses each time
a tooth of a rotating gear passes. The pulses can be digit-
ally counted and displayed in terms of revolutions per min-
ute.
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Fig. 8.27 A float is used to measure liquid level.

513



464 Treatment Plants

Receiver Transmitter

ik

Reflected
Signal

.."...--"....."........"-A-....
411,oNNIII

i

olis. ..111In Ism....

....11...
...-

10101....
ON. amnia. Val..

4.001111111 alloomp.......
...................

.roPT,

....

.....s...."

.1111.11. 11111.

..

1-I'

........ww.

.. -,!..",r......'OIN11.-

Level Being Measured

Fig. 8.28 Ultrasonic sound is used to measure liquid levels

514



0-4LEVEL (PRESSURE)
RECORDER

REGULATOR

Instrumentation 465

NEEDLE
VALVE -1

_ -
BUBBLE

TUBE

CLEARANCE

k FLOW
INDICATOR

.4AiR
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7. ANALYTICAL MEASUREMENT

Most analytical instruments are more fragile, sophisti-
cated, and expensive and also require a greater degree of
attention than do most of the routine treatment pant pro-
cess instruments. These analytical instruments are used
mainly in the laboratory. Consequently, their theory of op-
eration is beyond the scope of this section which has been
devoted to familiarizing the operator with the basic instru-
ments used in process control.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 487.

8.3A List three different types of temperature-measunng in-
struments or sensors.

8.3B What are the most common liquids used in manomet-
ers to measure pressures?

8.3C Determine the pressure in psi if a manometer reads:

1. 8 inches of water; and

2. 8 inches of mercury.

Assume wate- has a density of 62.4 lbs per cubic
foot and that mercury has a specific gravity of 13.55.

U,

, ....1 ..r ti, ei 4.4 a 'ice .

wo 0 yd.'.
Ne" 6 ,,,. i

8.4 INDICATORS

We have examined some measuring tools such as rulers
which give a direct measurement. Other instruments require
a secondary device to make the measurement. For example,
a thermocouple needs an electrical meter to indicate and
translate voltage (electrical pressure) into temperature read-
ings. The indicators may be as simple as a notch on an oil
level dip stick or as complex as a digital readout on a
Czthode Ray Tube (CRT) connected to a computer. Indica-
tors also are known as the measuring element and are a part
of most instrumentation systems (Fig. 8.30). The indicator
may oe visual or audio (sound sensed).

Visual indicators usually consist of two major parts, the fixed
or moveable scale (unit of measurement) and a movable indi-
cator In some cases, the fixed scale may be as simple as color
coding, such as green for "OK" and red for an unacceptable

situation. Most of the indicators in a treatment plant use either
a fixed scale and movable indicator (pointer) such as a pres-
sure gage or a movable scale and movable indicator like those
used on a circular-flow recording chart.

The scales on an indicator may be straight, curved, or circu-
lar in shape. The scale divisions (units of measurement) also
may be uniformly divided or unequally divided. For example, a
liquid -fillE.d theromometer has equa' inform divisions, but an
ohm meter (measure of electrical resistance) has unequally
divided scale divisions.

In most cases the units of measurement are direct reading,
such as a pressure gage indicating the pressure in psi. How-
ever, in some cases it may be necessary to convert the gage
reading into some other unit of measurement. An example of
this would be a mercury filled U-tube manometer reading 10
inches (24.4 cm) of mercury. We would have to divide the 10
inches of mercury by 2.04 inches of mercury per psi to get a
pressure of 4.9 psi.

Pressure, psi = Height, inches of mercury

2.04 inches of mercury/psi

10 in. Hg

2.04 in. Hg/psi

= 4.9 psi

The same type of situation could exist for temperature
readi-is from thermocouples which produce a signal in mil-
livolts which would be converted to degrees by multiplication or
division by a conversion factor (K).

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 487.

8.4A What is the purpose of transmitting instruments?

8.4B What are the different types of receivers?

8.5 CONTROLLERS

8.50 What are Controllers?

One of the basic objectives of an instrumentation system is
the automatic control of measurable process vanables (flow,
pressure, level, or temperature). Therefore, by the use of pri-
mary measurement elements and controllers we automatically
measure the process variable, compare it with the desired
value (SE7 POINT2) and institute some corrective action
(change the energy Iwo') if the measured process variable is
different from the desired range of values The process vari-
able also may be simultaneously recorded or monitored as
needed.

We will examine some simple process control functions
used in treatment plants. Remember that thae are many ways
to accomplish process control and each sy:. n should be tai-
lored to meet the needs of your treatment plant Usually there
are five parts to a control system.

1 PRIMARY ELEMENT OR SENSOR

The pnmary element or sensor is the instrument that
measures (senses) a physical condition or vanabie of inter-
est. A float or a thermocouple would an example (A a
pnmary element. We have just examined many of these
types of devices.

2 Set Point The position at which the control or controller is set This is the same as the desired value of the process variable
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Fig. 8.30 Instrimentation system.
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2. TRANSMITTER

A mechanical, hydraulic, pneumatic, or electrical system
that transmits a signal from the primary element to the re-
ceiving element, and/or control cc -vice.

3. RECEIVING ELEMENT OR RECEIVER

The receiving element receives the signal or output of the
pnmary element.

The millivolt meter connected to the thermocouple is an
example. Another example would be the pressure gage that
expresses the level in a diaphragm-box level system.

4 CONTROLLING ELEMENT OR CONTROLLER

The controlling element or controller is the device that
reacts to the changes in the measured vanable. The device
may react pneumatically, electrically, mechanically, or hy-
draulically depending upon the application. An example of
this would be an electncal relay connected to the pressure
gage from a diaphragm box. Whenever the level reached a
previously determined set point, it would cause the pres-
sure gage mechanism to physically move. This movement
would trigger a relay to perform some secondary action,
such as Riming off (switching off) the pump to the tank.

5. FINAL ELEMENT

The final element is the device that controls the energy
supplied to the process being controlled. The final element
could be the pump being turned-off (as in the previous
example) or it could be a more sophisticated system where
several valve openings would be modulated (changed).

In the previous pressure diaphragm box example, the
liquid in the tank is the controlled medium, the controlled
variable would be the liquid level in inches or feet (centime-
ters or meters), and the manipulated variable is the pump
being Rime(' on or off. The set point would be a predeter-
mined maximum level the operator selects for the tank. The
set point also may be called the control point.

The control system may or may not include facilities to
visually or audibly monitor nr record the process. Systems
which automatically control without indicating the control
process are called "blind" systems

In summary, a control system is a series of devices which
measures, compares, controls an energy source, and finally
causes some action to be taken automatically to maintain a
previously established or desired control variable The control-
ler may perform this function with or without visual indications
or verifications

8.51 Huts Do Controllers Work?

The human body is an excellent example of a controller. Let
us examine how it works. In the very beginning of this chapter,
we used the example of a person opening a door. Howev3r, for
this example let us have a person desiring warm watoi for a
shower. In this example, the eyes and skin would he the pri-
mary sensing elements. The nerves would be the transmitter.
The brain would be the receiver and also measuring and con-
trolling elements and the hands would be the final element
When a person first enters a shower, the eyes sense that the
shower water is off The brain measures this message and
compares it with the set point of warm water. The brain then
activates the hand to turn on both the hot and cold shower
faucet handles If the desired warm water comes out, no other

action is initiated since the skin signals (feedback) to the brain
that all is "OK However, if the water is too warm or too cold,
the skin signals the brain which again measures the signal
from the sensing element (skin) and compares it to the desired
set point (warm water) and then signals the right or left hand to
adjust either the hot or cold water faucet. This feedback pro-
cess automatically continues until the desired set point is
reached

Although we have defined what controllers (control ele-
ments) are and discussed how a system would operate, we
need to better define some of the terminology (name of) and
specific control methods.

OPEN AND CLOSED LOOPS

Control systems are divided into two general categories, (1)
open loop, and (2) closed loop systems. In an open loop sys-
tem, there is no information fed back to the cortroller to change
the control function. An example of this would be an automatic
lawn sprinkler system operated by a i..iock-timer. The sprinkler
system will operate at the set time every day and for the set
watering duration, regardless of whether it is raining or not. In
an automatic closed loop system, a moisture sensing device
would be added to the sprinkler control system which would tell
the cc- 'troller not to water during a rain or when a moist grow la
condition exists. In other words, a closed loop system incorpo-
rates some sort of feedback mechanism to modify the behavior
of the controller

MANUAL CONTROL

The simplest control system is the manual control system in
which the operator senses, measures, and initiates any neces-
sary action Assuming the operator is alert, it is the most flexi-
ble and sophisticated system available since it uses the mas-
sive resources and adaptability of the human brain. Our brain
probably will never be completely surpassed However, one of
the weaknesses associated with manual control is the lack of
consistency or uniformity, s.nce no two people think or act
alike, and the human senses are not adequate to monitor all
process situations.

ON-OFF CONTROL

The thermostat control for heating is a good example of
on-off control If the set point is ;et at 68°F (20-C), the control-
ler will turn the heater on at about 67°F (19"C) and shut it off at
about 69°F (21°C) Another way to look at it is that the final
control element has only two positions (heater on or heater
off).

PROPORTIONAL CONTROL

The next more complex level in control systems is the pro-
portional control mode This system has the capability to give
the final control element varying intermediate positions be-
sides on and off. The ariount of control r;xercised is dependent
upon how much deviation (difference) exists between the set
point and the measured variable (OFFSET)). A example of

3 Offset (or Droop) The difference between the actual value and the desired value (or set point) characteristic of proportional controllers that
do not incorporate reset action.
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this world be three pumps connected to fill a tank. The propor-
tional control system would turn one pump on if the level
dropped to 3/4 depth, tum two pumps on if that level dropped to
1/2 depth, and turn on all three pumps if the level dropped to ', 4
depth. In other words, the degree of control exercised would be
proportional to the need, but the degree of control exercised
will not change until the measured vanable changes. In this
example, three pumps would remain on as long as the level did
not exceed 1/2 depth.

PROPORTIONAL CONTROL WITH RESET

Proportional control with reset is a proportional control
system with the addition of reset control. Reset control may
be thought of as a correction device that cannot function by
itself. What reset control does is provide a correction signal
to minimize the amount and time the measured variable
deviates from the desired set point. As an example, if the
control system for a gas water heater had proportional
control only, it would regulate the amount of gas sent to the
burners based on the amount of water temperature devi-
ation from the set point. However, if we also had proportion-
al control with reset, the reset portion would also fire an
additional burner to reduce the amount of time for the
measured variable (temperature of water) to reach the set
point (water temperature).

PROPORTIONAL CONTROL WITH RESET AND DERIVATIVE

The next more complex control system adds a derivative
function to proportional control with reset.

The derivative function controls the rate at which the correc-
tive action takes place based upon the rate at which the meas-
ured variable is changing. Therefore, if the control system
senses (measures? a slow or small amount of deviation occur-
ring, the proportional control system would most likely handle
the situation. However, if a large or rapidly occunng deviation
was measured, the derivative control would attempt to in-
crease the action taken by the final element to minimize the
amount and time period that the measured variable was under
of over the set point.

it

Let's again use the person desiring warm water for a shower
as an example. The measuring elements are the eyes and
skin, the measured vanables are the water temperature and
volume, the control element is the brain, and the final elements
are the hands. With on and off control only, the hot and cold
water would turn on or off. If we add proportional control, we
would turn the faucet on or off proportional to the amount of hot
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or cold water we desired based on the temperature of the
shower water. If we add reset, we would control or turn the hot
or cold faucet in anticipation of the water temperature changing
due to the TIME LAG4 between the faucet and shower head.
Finally, if we add derivative control, we would control the rate
at which we turned the faucet handle. That is to say if we were
dose to the desired water temperature we would turn the
faucet handle a small amount very slowly However, if we were
being scalded with very hot water, we would most rapidly turn
the hot water off and the cold water on.

RATIO CONTROL

Ratio control is a closed loop system where two or more
variables are mixed or metered at a redetermined ratio. An
example of ratio control is the bleriding of two liquids such
as adding polymer to wastewater (Fig. 8.31). In this case, the
main line flow (wastewater) signal goes to the controller. The
controller sends a sign.! to the secondary flow-control valve
(polymer) to control the amount of polymer added. The flow
of polymer is also measured and a signal is sent back to the
controller to determine if the required amount is being added
(closed loop control).

So in summary, we have discussed in simple terms the dif-
ferent classes of controllers and how they are supposed to
perform. The actual working components of controllers are
complex and sophisticated and some of the features of control-
lers such as Bandwidth, Reset Rate, and others have been left
out for the sake of clarity. In addition, program controllers
which control on the basis of time and Cascade controllers
which use two controllers for a wider range of controls may
also be found in a treatment plant, but have not been included
in this discussion in an attempt to keep explanations as simple
and straight forwara as pobG:ble

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 487.

8.5A List the five common parts to a control system.

8.5B What are the common types of control methods9

8.6 RECORDERS

8.60 What Are Recorders?

We have discussed "Indicators" (measuring elements)
which usually give some visual indication of process status.
However, in many cases it is necessary to keep a continuous
and permanent record of process variables. To obtain a con-
tinuous and permanent record, we normally use some sort of
recording device, commonly called a "Recorder".

A recorder is a device that records information onto a sheet
of paper that is moving at a specified speed. In this manner,
the value of the process variable at any given point in time may
be retrieved. Although this information could be taken manu-
ally by an operator reading a visual indicator and rioting the
time, it would be a very burdensome procedure especially if
many process variables were to be continuously monitored.
Also, in some instances the frequency or location of monitoring
required may make it impractical to use operators Recorders
are more practical than having operators take readings every
second or take readings in the middle of the night at remote
locations where there are no operators

' Timo Lag. The time required for processes and control systems to respond to a signal or to reach a Jesired level
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8.61 Types of Recorders

There are two basic types of recorders found in a treat-
ment plant. One type uses a circu'ar chart and the other type
uses a long strip of paper (Fig. 8.32). In both cases, the
papers have lines indicating the various levels of process
variables and time.

8.210 Circular Chart

In the circular chart, the process variable coordinates are
cor.:;entric circles radiating outwards and the time frame is
shown as arcs crossing the concentnc circles. Circular flow
charts are sometimes referred to as polar or polar graphic
charts.

The chart is mechanically rotated at speeds between 15
minutes and 28 days per revolution, thus covering a wide
range of time periods. The size of the chart may vary between
3 and 12 inches (7.5 and 30 cm) in diameter. Circular charts
may use up to four recording pens. Each pen records a differ-
ent variable or measurement.

8.611 Strip Chart

The other commonly used type of recorder is called a "Strip
Chart Recorder." Strip charts use a long continuous piece of
paper to record data. The chart may move horizontally or verti-
cally with the time frame axis printed horizonta:ly for horizontal
recorders and vertically for vertical recorders. The strip may be
up to 12 inches (30 cm) in width and available in various
lengths. The speed of the strip chart may be moved rapidly for
special recordings. The strip may be rolled up or "Z" folded
after being marked. Strip charts also have the capability of
operating twelve or more marking pens simultaneously.

8.612 Recording Media

Most circular or strip chart recorders use some sort of pen to
record the information. Numerous means of inking the pen
have been devised to prevent skipping or smeanng of ink. In
some units ball point, felt tip, electrical stylus, or some other
marking device may be used.
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8.613 Mechanisms

Recorder mechanisms will vary depending upon what is
being recorded. Some circular chart pressure recorders use a
modified Bourdon Tube mechanism and a spring-wound clock
moto, to move the chart. This design does not require any
external power source and is suitable for field use. Other re-
corders require some source of power supply for the chart
drive and recording pen mechanisms.

8.7 INTEGRATORS OR TOTALIZERS

Integrators or totalizers are devices that add and/or multiply.
They are calculating devices which may operate continuously
or intermittently. Some of the devices are mechanically oper-
ated and others are electrically powered. They may tally up the
amount of digester gas produced or count the number of times
a booster pump is switched on. Integrators are sometimes
called summators or totalizers. A common example of an in-
tegrator would be the odometer on your cars speedometer.

Their basic use in a treatment plant is to sum up the amount
of liquid or gaseous flow. This is commonly done by updating a
digital counter. The operator usually subtracts the numbers
recorded from the previous time period to determine the quan-
tity that was produced or used.

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 488.

8.6A What is the purpose of recorders?

8.6B List the two basic types of recorders found in treat-
ment plants?

8.7A What is the basic use of integrators or totalizers in
treatment plants?

6NO OP 1.664oN 2 0P4 iWvoNiS

1 ta 6T2d'AeqrAonoN

Please answer the discussion and review questions before
continuing with Lesson 3.
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DISCUSSION AND REVIEW QUESTIONS

(Lesson 2 of 4 Lessons)

Chapter 8. INSTRUMENTATION

Please write the answers to these questions in your
Notebook before continuing with Lesson 3. The problem num-
bering continues from Lesson 1.

4. How can the depth of water in a wet well be measured or
sensed? List as many different types of devices as you
can recall.

5. Why are recorders used instead of operators?

6. What is the purpose of a controller or a control system?

7. Why does an operator need to know the rate of inflow to a
treatment plant?

8.8 OPERATION
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8. How does a thermocouple work?

9. Give an example of each of the following types of indi-
cators:
1. Fixed scale and movable indicator, and
2. Movable scale and movable indicator.

10. What is the difference between an open and closed loop
control system9

11. What is the basic use of an integrator in a treatment plant?

CHAPTER 8. INSTRUMENTATION

(Lesson 3 of 4 Lessons)

8.80 How Instruments and Controls Affect Plant
Operation

So far we have discussed what instruments and controls are
supposed to do. Now we will discuss how instruments and
controls are used in basic treatment plant operations

Instrumentation and controls are necessary and often opera-
tions are performed automatically because:

1. Time is saved by not having an operator do the job,

2. An operator couldn't do the job.

3. Hiring an operator to do the jot would be impractical or too
costly,

4 The job can be done better and faster automatically, and

5. An operator would not want to do the job

The instrumentation and controls in a treatment plant per-
form a number of small jobs, each simple and repetitious,
which would be a nuisance, an annoyance, an inconvenience,
a source of errors, or a safety hazard for an operator to perform
manually. You must be able to recognize when instruments
and controls are not doing their job properly and be able to take
command cf the situation and do whatever is necessary to
make the instrumentation and control systems operate prop-
erly. Instruments and controls do not replace operators, but
serve as helpers working for the operator.

8.81 Preliminary Treatment

Depending upon the particular design of the treatment plant,
the preliminary treatment section could contain instrumenta-
tion monitoring and/or controlling the following functions.

1. Influent level (high-low levels),

2. Influent flow (rate),

3. Explosive gas detection (hydrocarbon, LEL),

4. Bar screen operation (On-Off),

5. Grit removal (On-Off),

6. Ventilation system (On-Off),

7. Valves and gates (closed, percent open),

8. Sump pump (On-Off),

9. High water alarm, and

10. pH.

In addition to the above list of instruments and controls,
some plants may have influent pump controls, specific ion
probes, dissolved solids concentration instruments. or special
application instruments or controls such as computers How-
ever, they are beyond the scope of this introducton discussion
into the interface of treatment plant operations and instruments
and controls. More information may be obtained from the ma-
tenal listed in Section 8.10, "Additional Reading."

1. INFLUENT LEVEL

Most treatment plants have some type of level detection
system in the influent sewer or ,hannel leading to the bar
screens. The level detection system may be a simple high
or low water alarm system or the level detection system
may actually measure the depth of flow. Operators need to
know the depth of flew (or rate of flow) into the plant so that
the operator can determine how many bar screens or gnt
channels to put on-line. P.bnormally low flows could indicate
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an obstruction in the influent sewer line or worse yet, failure
in the sewer system. A high water alarm could indicate
blockage at the bar screens or perhaps only a partially
opened valve or gate hindering the downstream flow. In
small plants, an increase in level could mean that some
large industrial discharger was on-line and that treatment
processes would have to be adjusted accordingly.

High or low water level detection may be done with elec-
trical probes connected to visual or audible annunciators
(alarms). The alarm level is usually mechanically adjusted
up or down as needed.

The water level detection system may be a bubbler tube
system translating air pressure requirements into water
level or an ultrasonic proximity device sensing water level
by reflected sound waves. A simple stilling well containing a
float attached to a cable and indicator also may be use

2. INFLUENT FLOW

One of the most important and necessary pieces of in-
formation provided by instruments is the rate of flow and
total flow in 24 hours.

The rate of flow (GPM or MGD) determines what and how
many units of treatment plant' facilities must be on-line at
any one time. For example, if each of 3 grit channels is
designed to handle 30 MGD (113,550 cu m/day) and the
flow rate into the plant is 60 MGD (227,100 cu m/day), two
grit channels should be in service. If low flows at night
amount to 20 MGD (75,700 cu rn/day) only one grit channel
should be in service. Finally, if during wet weather the flows
reach 80 MGD (302,300 cu m/day), all three grit channels
should be on-line.

The daily flow is used to calculate the amount (pounds or
kilograms) of suspended solids and organics coming into
the 'lant, and in and out of the various unit processes (as-
suming additional flow metering is not used). For example,
in determining the pounds of suspended solids loading on a
plant or treatment process we use the formula:

Susp. Solids
Loading, = Flow, MGD x SS Conc., mg/L x 8 34 lbs/gal
lbs/day

The pounds (kilograms) per day of solids coming into the
plant or the pounds (kilograms) per day lea trig the plant
both require a knowledge of the flow rate:

Solids Entering Flow, MGD x SS In, mg/L x 8 34 lbs/gal
Plant, lbs/day

Solids Leaving Flow, MGD x SS Out, mg/L x 8 34 lbs/galPlant, lbs/day

The same basic calculation is required to determine the
BOD (organic) load and removal efficiencies.

Without accurate flow rate information it would be very
difficult, if not impossible, to operate a modem treatment
plant efficiently. Accurate flow measurements and records
usually are required by regulatory agencies and most plants
continuous'y monitor the flow rate on a circular or strip
chart. Therefore, it cannot be stressed too strongly that
accurate and reliable flow measurements are necessary in
order to properly operate a treatment plant.

3. EXPLOSIVE GAS DETECTION

Some of the treatment plants that are subject to receiving
wastewater which contains spills of gasoline or other petro-
leum products have installed an explosive or combustible
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gas detection instrument. This type of instrument is de-
signed to sense the Lower Explosive Limit (LEL) for hydro-
cal bons mixed in air.

This type of instrument may be portable or permanently
installed. Usually it has some type of sampling pump that
passes the air sample across a combustible gas detection
cell, which activates an alarm when the LEL is approached.
In some permanent installations it may actually shut off
electric motors or other ignition sources before the LEL is
reached.

The major emphasis given to this type of instrumentation
is for safety. This instrument may or may not be useful in
detecting hydrocarbon concentrations which affect treat-
ment, but it is unquestionably necessary for safety reasons
if the treatment plant is subject to explosive gases or va-
pors.

4. BAR SCREEN OPERATION

Instrumentation or control for a bar screen may consist of
a simple in or out of service indicator with manual start and
stop switches. This is usually accomplished by connecting
a panel light to the bar screen rake or conveyor motor so
that the light is on when the motor is running and is off when
the motor is off or trips-out on overload. A light indicating
availability of power also may be provided. An alarm (usu-
ally audible) may be sounded if the bar screen motor trips-
out. Another indication of bar screen difficulties would be
the rising water level ahead of any plugged bar scree! and
subsequently a high water level alarm will sound.

The bar screens are one of the most important pieces of
equipment in a treatment plant since all of the plant flow
usually must pass through the bar screen. Any plugging or
obstruction of the screen usually will result in a lowered
water level downstream and an increased water level up-
stream. If the problem is not immediately resolved, flooding
may occur. Although it is possible to bypass the bar screens
in many plants, this usually leads to other problems later
since rags, trash, and other debris usually caught by the bar
screen hang up someplace later in the treatment process.

In most cases the number of bar screens on-line is con-
trolled by the plant influent flow. However, in special cases
of heavy rag loads or debrib loads, additional bar screens
may be put on-line Tho bar screenings hopper also may
have a level alarm detection device for high levels.

5. GRIT REMOVAL

The gravity design grit channels are very simple and reli-
able in operation. The instruments and controls associated
with this system may be an indicator showing whether the
grit collection drive system and pumps were on or off. Usu-
ally some alarm function also is availab's for motors tripping
out on overload.

The grit hoppers also may contain a grit level detection
device or a high grit level alarm. The grit level device usu-
ally works on the ultrasort sound wave principle and is
similar to the influent water level sensing instruments. The
high level alarms may be electric probes, optical sensors or
ultrasonic sound wave instruments.

Usually, aerated grit removal systems would also feature
instrumentation to in.Acate and to control the amount of air
being used, and an alarm to indicate high air pressure or
loss of air. High air pressure would usually indicate plugging
of the grit aerators and loss of air or low pressure would
indicate leakage or low water level in the grit tank.



In most plants the number of grit tanks in service is a
function of flow and is manually controlled by the operator.

6. VENTILATION SYSTEM

Most preliminary treatment ventilation systems consist of
single-stage fans or blowers evacuating foul air to the act:-
voted sludge process, an odor removal system or direct to
the atmosphere. In most cases an indicator light shows
whim fans are on-off and if power is available to the fans.
Alarms indicating motor trip out also may be provided.

A manometer or other low pressure gage also may be
used to show the air pressure in the air duct. This is one
means of determining whether the proper amount of foul air
is actually being removed. As an example, the fan motor
may be running but failure of the vee belts to the fan would
result in no air transport.

The ventilation system must be kept operating both for
the operator's safety and for minimizing the accumulation of
concentrations of moist or otherwise corrosive and toxic
gases.

7. VALVES AND GATES

Motor-operated gates and valves are usually monitored
to indicate whether they are opened, closed, or percent
open and if power (air or electrical) is available to the motor
operator. The valves and gates also may be remotely
opened or closed ir. many cases, as well as being con-
trolled locally.

Gates and calves control the flow of wastewater in a
treatment plant and their proper operation is absolutely es-
sential to efficient treatment plant operations. Motor-
controlled gates may be use d ahead of bar screens and gnt
tanks. They also usually feature limit switches that cut the
power off to the motor operators when a gate reaches the
top or bottom of its travel. Without this provision, the gates
or valves are likely to jam themselves open or closed or,
worse yet, some structural failure of the system could re-
sult. Large butterfly valves can be modulated (partially
opened or closed) to keep a constant flow rate to one bat-
tery (portion of a treatment process such as one clarifier) of
the plant and the remaining flow would be diverted to
another battery.

8. SUMP PUMP

Usually a sump pump has indicators showing power
availability and whether it is on or off. However, in some
cases a %vet sensing and control system will turn on a
second set of pumps if the flow is greater than that which
can be handed by one pump.

A common system could incorporate the use of a float
connected to a switch. When water enters the sump, it
raises the float which tnps a switch starting the sump pump
motor After the pump dewaters the sump, the float drops
tripping the switch and turning the pump off.

9. HIGH WATER ALARM

In basements or pipe gallsnes, high water alarm probes
are usually installed to alarm any possible flooding condi-

tions that may occur The devices are usually electrical
probes that short out when touched by water and ring an
audible alarm.
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 488.

8.8A List as many functions in the preliminary treatment
section as you can recall that could contain instrumen-
tation.

8.88 Why does an operator need to know the influent level
to a plant?

8.8C How can gasoline or other petroleum products be de-
tected in a wet well?

8.8D Why should wet well ventilation systems be kept
operating continuously/

8.82 Primary Treatment

Primary treatment usually consists of gravity sedimentation
tanks with facilities (flights) to scrape the settled organic solids
into a sludge hopper or sump, facilities to move floatable mate-
rials into grease or scum troughs or boxes; and weirs to control
the flow of the clarified effluent.

Usually an operator would be concerned with the following
instrumented activities in primary treatment:

1. Collector dnve motor, ON-OFF Power Available,

2. Flights, running stopped,

3. Grease skimmers, ON-OFF Power Available,

4. Primary sludge blanket depth, feet or inches (meters or
centimeters),

5 Primary sludge pumps, ON-OFF Power Available,

6. Primary sludge draw-off valve, OPEN-CLOSED
Open,

7 Primary sludge flow (gpm or L/sec),

8. High water alarm, Audible Visible, and

9. Water level control valve, Closed % Open.

Some treatment plants may have additional facilities which
are instrumented, such as primary influent or effluent channel
aeration, secondary treatment flow diversion or control sys-
tems, temperature probes, and ethers depending upon the
specific situation.

1 COLLECTOR DRIVE MOTOR

Depending upon the location of the power ccntrot panel
and the operations controi room, the drive motors usually
have colored lights indicating that power is available, and
whether the motor is "ON" or "OFF". The motors usually
have "local" (on-site) on and off switches, circuit breaker
switches at the electrical power panel, and in addition may
have control switches in the central control room.

%

2. FLIGHTS

A flight movement-detection system is used to ensure
that sludge is being continuously moved. In some instances
the collector chain may fail and scraping of the primary
(raw) sludge to the discharge point would cease even
though the collector drive motor would still be operating.

Unless flight movement failure is promptly detected and
the primary tank is taken out of service, dewatered and
washed down, serious odor problems could result as well
as transfer of septic wastes to the secondary treatment
system, which would negatively affect the process. The ac-
tual flight movement detection system may be as simple as
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a pivoted stick which moves everytime a flight strikes it. A
more soptiisticated flight detection system uses a proximity
device which sends out an ultrasonic signal which is re-
flected everytime the flight passes by. An alarm signal
would be generated if a signal is not reflected back atter a
specified time delay.

3. GREASE SKIMMERS

Grease skimmers are usually rotating blades driven by
an electric motor. Their function is to scrape and push float-
ables (grease-oils) into a trough for transport to further
treatment. In most cases the grease skimming operation is
relatively simple and reliable. Complexity of the skimming
operation depends on the amount of floatables being re-
moved in the primary tank. The skimmers may be operated
continuously or only once a shift depending upon the load
of scum and floatables.

The controls for the grease skimmer drive motors are
similar to those used for flight collector drive motor;. There
are usually colored indicator lights showing power available
and whether the units are on or off. The drives may be
turned on and off locally, or remotely in the central control
row, In some installations, a timer may be incorporated
into the skimmer drive control to regulate the amount of
time the skimmers operate each period.

4. PRIMARY SLUDGE BLANKET DEPTH

One of the important measurements in the coeration of
primary sedimentation tanks is the pnmary sludgy blanket
level. Unless the proper level is maintained by co:No:ling
the removal of sludge from the tanks, two situations oz....J
occur. Ons problem de'ielops when high blankets and poor
susperied solids and BCD removal efficiencies occur in
the primary tanks. The other is the removal of dilute sludge
or, in the wort case, primary wastewater instead of sludge
from ;Ile sludge hopper.

Sludge blan: et depths may be manually me.sured by
using a hose and an aspirator. This is done py lowering the
hose into the tank until sludge comes out oi the aspirator
and then measuring the length of hose used.

Another method of measuring blanket depths use two
ultrasonic transmitters and receivers (probes), one hi, Icy
level and one for high level. The height of the low and high
level probes are mechanically set at the desired minimum
and maximum blanket levels. Whenever the sludge blanket
level drops below the desired minimum, a signal is genar-
ated which may turn on an indicator light, alarm or turn off
the sludge pump. Convey _ly, when the sludge blanket
level exceeds the maximum desired level, another indicator
light or alarm may come on or the sludge pump may be
turned on depending upon the specific design.

The probes operate on the principle that the denser
sludge mixture attenuates (decreases) the signal level be-
tween the ultrasonic transmitter and receiver more than that
which would occur due to wastewater alone. The changes
in signal level correspond to the sludge blanket density.
Under these circumstances, the lower probe shot,ld always
indicate an attenuated (decreased or diminished) signal
and the upper probe should indicate an unattenuated (un-
diminished) signal.

5. PRIMARY SLUDGE PUMPS

One of the most important and critical operations in the
primary treatment system is the proper operation of the
primary sludge pumps. Under-pumping can result in high
sludge blankets and poor removal efficiencies in the pri-
mary tanks. When this happens the suspended solids and
BOD capture efficiencies could be adversely affected.
Under the worst circumstances, when a pump does not
work, a situation similar to that of inoperative flights caused
by a broken collector chain would result. These circum-
stances could produce odors and septic wastes.

Over-pumping, on the other hand, can send very dilute
primary sludge to the anaerobic digesters and cause prob-
lems in digester operation by reducing the hydraulic deten-
tion time and temperature and also by wasting energy by
unnecessary pumping.

Again the basic controls for the pump motors would con-
sist of colored lights to indicate power availability, and
whether the motor was on or off. The control switches are
usually located next to the pumps and also may be dupli-
cated in the central control room.

The amount of pumping can be regulated by manually
turning the pumps on and off, by using a timer control to
turn the pumps on and off for a given number of minutes
each hour in sequence or by using a signal from a sludge
density meter control to turn the pumps off after the pumps
have been turned on manually or by timer sequence.

6. PRIMARY SLUDGE DRAW-OFF VALVES

In some treatment plants, primary sludge is removed
from the tanks by a HYDROSTATIC SYSTEMS (gravity) in-
stead of using pumps. In these installations the controls
usually operate a motorized valve. Indicator lights usually
show whether c valve is open or closed. In addition, there
may be an indicator (meter) located in the control showing
what percent the valve is open with a switch to power the
valve open or closed. A mechanical indicator is usually at-
tached to the valve itself to indicate the valve position.

A timer system also may be incorporated to open each
valve a predetermined amount for a set number of minutes
each hour.

A sludge density meter also may be used to control the
closing Df each draw-off valve. In this case when the pri-
mary sludge density drops below a pre-set limit, for exam-
ple four percent, a signal is generated closing that particular
valve and opening the valve in the next tank. This process
is continuously repeated.

7. PRIMARY SLUDGE FLOW AND PRESSURE

Most treatment plants carefully meter the amount of pri-
mary sludge that is withdrawn and sent to the anaerobic
digestion system. The amount of flow per day is used to
compute the volatile solids quantity and distribution to the
digesters. Improper metering could result in shock over-
loads to the digester which could upset the process The
percent soiids of the primary sludge and its volatile solids
content are usually analyzed in the laboratory Hc Never, a
sludge density meter may be used to determine the percent
solids concentration and a historically valid number for the
percent volatile solids may be used in the calculations:

5 Hydrostatic System. In a hydrostatic sludge removal system, the surface of the water in the clarifier is higher ttar, the surface of the water in
the sludge well or hopper. This difference ir. pressure head forces sludge from the bottom of the clarifier to flow' through pipes to the sludge
well or hopper.
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Digester = pnm st gal 8.34 lbs Tot Sot, % Vol Sol, %
Loading,

100%lbs VS/day day gal 100%

Or

Digester Prim liters 1 kg Tot Sol, % Vol Sol, %
Loading, day 1 1. 100% 100%kg VS/day

The pnmary sludge flow is usually metered by a Venturi
meter, or a magnetic flow meter, although other closed-
conduit metering devices may be used. The signal rom the
flowmeter is usually transmitted to a read out device (meter)
and flow recorder (circular or strip chart). An integrator is
usually included to determine the total sludge flow per day.
The flow readings may be indicated locally or in the central
control room.

Besides knowing the flow rate and total flow, the operator
also is interested in the primary sludge line pressure.
Higher than normal pressure readings usually indicate a
possible obstruction in the line or that the line is due for
routine cleaning. In most cases, a pressure gage is
mounted directly on the line; however, a pressure trans-
ducer may be used to transmit a signal to a remote indicator
in the central control room.

8. H/GH WATER ALARM

A high water alarm system !s usually incorporated into
the primary treatment system to indicate potential or possi-
ble flooding. The alarm systems are usually identical
throughout the plant and they are discussed in the prelimi-
nary treatment section.

Instrumentation 477

9. WATER LEVEL CONTROL VALVE

Modulating (regulating or adjusting) butterfly valves are
used in some plants to control the flow into each primary
tank in an attempt to equalize the flow and water level in
each tank. This will promote the most efficient use of the
tanks in service. When some tanks get more flow, their
suspended solids and BOD capture efficiencies usually
drop and cause an overall decrease in treatment efficiency.

The actual operation of a level control system usually
incorporates some type of level detection device (probes or
proximity device) which transmits a signal to a motorized
valve. The water level signal and percent opening of the
valve are calibrated together to obtain the desired water
level in each tank. If the water level is dropping, the valve
would open more and if the water level is rising, the valve
would close The percent open of each valve is usually read
at the motorized valve operator and in most cases should
change with the change in flow.

QUESTIONS
Write your answers in a notebook at d then compare your

answers with those on page 488.

8.2E

8.8F

8 8G

r3°!-:

List the instrumented activities that could concern an
operator in primary treatment.

How can movement of flights be detected?

How can sludge pumps be controlled o.. regulated?

Why are butterfly valves used in some plants to con-
trol the flow to each primary tank?

6N0 OF L6640t4 30F4 L-61;loom
ato

1 NorraimeivrAatioN

Please answer the discussion and :evieN questions before
continuing with Lesson 4
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DISCUSSION AND REVIEW QUESTIONS

(Lesson 3 of 4 Lessons)

Chapter 8. INSTRUMENTATION

Please write the answers to these questions in your
notebook before continuing with Lesson 4. The problem num-
bering continues from Lesson 2.

12. Why are operations performed automatically by in-
strumentation and controls?

13. Why are accurate flow measurements and records impor-
tant?

14 How would you determine if a wet well ventilation system
was working?

15. What problems can develop if an improper sludge blanket
depth is maintained in a primary clarifier?

CHAPTER 8. INSTRUMENTATION

(Lesson 4 of 4 Lessons)

8.83 Activated Sludge Process

After primary treatment, wastewater can be further purified
by secondary treatment. One of the common forms of biologi-
cal secondary treatment is the activated sludge process. In this
process, dissolved and colloidal organic wastes not removed
by primary treatment are broken down and stabilized by bac-
teria in the presence of air.

n the activated sludge process, pnmary effluent is gently
mixed into a biological culture (mixed liquor suspended solids
or MLSS) by air diffusion in the aeration tank. After a period of
time, the mixture (MLSS) is sent to the secondary clarifiers
where the biological floc settles out. Part of the settled biologi-
cal floc (return activated sludge or RAS) is returned to the
aeration tank and the excess biological floc (waste activated
sludge or WAS) is sent to the head of the primary sedimenta-
tion tanks or to some o'her alternative sludge treatment pro-
cess. In order for the process to function properly and effi-
ciently the operator must carefully control (balance) the
amounts of organic waste, biological floc, and air in the aera-
tion tanks. Since the operator usually has little or no contr:.%1
over the amount of organic waste coming into the aeration
tank, the operator can only control (balance) the amount of
biological mass (MLSS) and air used

Usually, an operator would be conJerned with the following
instrumented activities in the aeration part of the process

1. Primer\ (fluent flow (MGD or cu m/day);

2. Aeration air rate (cfm or cu m/sec);

3. Aeration air pressure (psi or kg/sq cm),

4. Air compressor ON-OFF, Power Available, Temperature
(°F or °C) of Air and Oil, Speed (rpm), % Vane Opening, 0;1
Level, Oil Pressure and Blower Vibration;

5. Mixed liquor suspended solids (mg/L);

6 Dissolved oxygen concentration in the mixed liquor sus-
pended solids (MLSS) (mg/L); and

7 Final sedimentation tanks (Influent Flow, Return Activated
Sludge Flow (RAS), and Waste Activated Sludge Flow
(WAS).

Other laboratory information is also necessary to operate the
activated sludge process, for example, BOD and COD, sus-
pended solids, percent volatile solids, sludge settleability, and
sludge volume index (SVI).

1. PRIMARY EFFLUENT FLOW

In many cases the primary effluent inflow is the same as
the plant flow, except in cases where only part of the flow
receives secondary treatment, where there are process re-
cycle flows, or there are sidestreams such as cooling water
flows. Flow rate and 24-hour total flow are usually meas-
ured in terms of million gallons per day (cu mlday). Accu-
rate flow measurements and laboratory data are necessary
to determine the organic loading in the aeration system and
for information such as the air rate per gallon (cu m) of
wastewater treated.

Flow rates are usually recorded on a circular or strip chart
and the total flow is obtained from an integrator or totalizer
The flow sensing, indicating and recording devices have
been previously discussed as part of preliminary treatment
instrumentation.

2. AERATION AIR RATE

The aeration air flow rate is usually measured in terms of
cubic feet per minute (cfm) or cubic meters per second (cu
nVsec). The air flow rate may be measured at each air
compressor or be read as a total from the main air header,
usually by a differential pressure metering device such as
an orifice plate.
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Accurate air flow measurements are very important be-
cause oxygen (air) is one of the basic components in the
activated sludge process Insufficient or under-aeration
process air will usually result in under-treatment and poor
effluent quality, while excess or over-aeration will waste
energy and unnecessarily stress and wear the air compres-
sion system.

In most conventional activated sludge treatment plants,
air is supplied at the rate of 1 to 2 cubic feet of air per gallon
(0 13 to 0 26 cu m of air per cu m) of wastewater being
treated For example, in a 5 MGD plant the air rate may be
6,000 cfm (2.8 cu misec). To determine the air rate per
gallon of wastewater treated, perform the following calcula-
tion:

Air Supplied, = Total Cubic Feet of Air per Day
cu ft gal Total Gallons of Wastewater Treated per Day

6000 cu ft air/min x 1440 mm /day

5,000,000 gallons wastewater day

= 1 728 cu ft air/gallon treated

Or

Air Supplied,
cu m air -

cu m water

Total Cubic Meters of Air per Day

Total Cubic Meters of Wastewater Treated per Day

2 8 cu misec 60 secimin x 1440 min/day

19,000 cu m/day

= 12 7 cu m air/cu m water

Aoz 4ortiEp
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3 AERATION AIR PRESSURE

Besides the air flow rate, another =poi tent measure-
ment is air pressure. Abnormally high or low air pressures
usually indicate clogged air diffusion devices or air leaks

Pressure gages are usually placed at the air compres-
sors and also downstream at main aeration lines. A differ-
ence in pressure between the two points would indicate
head losses (pressure losses) due to partially closed valves
or other restrictions, such as before and after air filters

Most aeration systems operate at about 7 psig (0 5 kg, sq
cm) to overcome the static head on submerged diffusers
Bourdon tube pressure gages are commonly used to
measure pressure directly. The read-out of pressure is
usually transmitted and also displayed in the control room
by use of pressure transducers Unlike air flow, air pressure
is isuafly fairly constant and usually is not automatically
recorded.

4 AIR COMPRESSOR ON-OFF, POWER AVAILABLE,
TEMPERATURE (AIR AND COMPRESSOR OIL), SPEED,
% VANE OPEN, VIBRATION, RUNNING HOURS, OIL
LEVEL, AND OIL PRESSURE

Besides the air flow, pressure and temperature, it is nec
essary to know other facts about the air generation system.

In multi-air compressor systems, a read-out (from
either TV screen (CRT) or computer print-out) is provided
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to show what compressors are operating and if power is
available (for electricity driven compressors) or the status
of other fuel supply systems (for example, how much
diesel fuel is in the storage tanks). Available fuel volumes
may be measured by a float or other sensing devices
which will indicate the amount of fuel remaining. Also, air
compressor failure or power failure alarms are usually
incorporated into the system. As discussed previously for
electrically operated equipment, the ON-OFF indicator
lights are wired into the power supply. Liquid fuel volume
indicators usually have float or similar types of level
indicators that are calibrated to read in terms of gallons
(cubic meters) or fractions of tank capacity.

Another important measurement in air compression op-
eration is the temperature of both air and lubrication oil.
Excessive compressed air temperatures may indicate an
open bypass valve or other possible mechanical malfunc-
tions. Excessive lubrication oil temperatures may indicate
motor overload, low t, 1 levels or inoperative oil coolers.
High oil temperatures usually trigger alarm circuits and also
may automatically shut the compressor off in some in-
stallations.

Ambient (surrounding or room level) air and compressed
air temperatures may be measured directly by the use of
bimetallic thermometers or capillary bulb thermometers in
the air stream. However, remote reading thermometers will
commonly use some sort of a thermocouple for gas or oil
temperature sensing

Compressor speed in terms of RPM is used by the
operator to determine if the proper amount of air flow and
pressure is resulting from a given RPM for engine-driven
compressors Most air compressors operate efficiently
within given RPM ranges, however, low ranges are very
inefficient while high speeds may damage the equipment or
cause the motor to overheat.

The RPM is usually measured by a mr ianical drive
tachometer, electrical gene. atoi tachometer, electrical im-
pulse tachometer, or photo electric tachometer All except
the mechanical drive tachometer allows for remote signal
transmission and read-out of RPM

Constant RPM electrically driven air compressors mod-
ulate the inlet air vanes to control air discharge output This
information is usually read as percent opening of the inlet
vanes

Some compressors, usually electrically driven, are
eouipped with vibration sPrISirig devices These devices are
designed to sense displacement. velocity, or acceleration.
They are basically a safety device to sout down the com-
pressor and initiate an alarm if the compressor or motor
starts to vibrate excessively due to any unbalanced forces
or loose floor connections

Both internal combustion and electrically driven air com-
pressors usually have some sort of Hour-Meter to deter-
me how many hours each unit has operated since the last
repair or overhaul. To equalize wear, compressors are usu-
ally rotated after so many hours of operation Also the
Hour-Meter can be used to schedule preventive mainte-
nance functions such as oil changes.

Most Hour-Meters are a form of electric clock that regis-
ters the number of hours on a totalizer. The hours of run-
ning time may be indicated at the compressor control panel
and, or remotely indicated in a central control room.

Electrically driven compressors also usually have an
ammeter read-out for indicating power consumption. The
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ammeter also may be set t^ signal an alarm and, or shut off
the compressor when it is overloaded.

Another important measurement is that of oil level. The
measurement may be manually performeo by a dip stick,
read from a sight glass, or by use of other level sensing
devices (electronic or ultrasonic systems) which may ini-
tiate alarms if the oil level is too high or too low.

5. TEMPERATURE OF MIXED LIQUOR SUSPENDED
SOLIDS (MLSS)

Temperature changes greatly influence all biological pro-
cesses. You must carefully monitor the temperature of the
mixed liquor in the activated sludge process The biological
metabolism rate (activity) increases with temperature in-
creases and decreases with decreasing temperature. Con-
sequently, more biological mass is required dunng cooler
temperatures to obtain the same degree of treatment.
Therefore, you must increase the MLSS concentration dur-
ing the cooler months and decrease it dunng the warmer
months in accordance with the particular conditions at the
plant.

The temperature readings may be taken and recorded
manually or they may be continously monitored and re-
corded on a chart The temperature may be sensed by any
of the previously described temperature sensing devices

6. DISSOLVED OXYGEN CONCENTRATION

In some activated sludge plants, dissolved oxygen (DO)
mete' are provided to monitor the level of dissolved oxy-
gen in the aeration mixed liquor suspended solids.

The oxygen level in mg/L is monitored to ensure that
adequate oxygen (air) is being provided in the aeration
tanks. A dissolved oxygen level of 1 to 4 mg/L is usually
maintained in the aerators, depending upon the particular
requirements of the given activated sludge process

The oxygen level is measured by a probe and meter The
probe may be portable or perinanrotly installed in the
aerator Single or multi-probes may be installed in one or
more aerators. At the present state of development, most
DO meters are basically lab instruments and should be
treated with care. The probes require frequent cleaning and
the meters should be calibrated routinely to ensure their
accuracy.

In some plants the output from the DO meters controls
the aeration blowers (compressors) thereby theoretically
optimizing the air flow rate to the biological vulture in the
aeration tanks Remote oxygen level read outs are usually
indicated and recorded along with the corresponding air
rates.

5,3

7 The instrumentation and control of the final secondary
sedimentation tanks are very similar to the primary
sedimentation tanks For all practical purposes, the follow-
ing operations are identical.

a. Collector dnve motor,

b Sludge blanket depth,

c Sludge pumps,

d. Sludge draw-off valves, and

e. High water alarm

The operation of the sludge pumps for return activated
sludge (RAS) and metering may vary slightly from pnmary
sludge pumping end metering since usually only part of the
flow (25 percent up to 100 percent) is returned to the aera-
tion tank, the remaining waste activate sludge (WAS) is
usually routed back to the head of the primary tanks or to
some other sludge handling process.

Consequently, the total RAS flow and WAS flow may be
metered or the RAS flow to the aeration tanks and the WAS
flow may be monitored. In either case, it is important to
have accurate measurements of RAS and WAS flows to
calculate the return rate, and the Mean Cell Residence
Time (MCRT).

A turbidimeter is used in some planis to monitor the
effluent quality from the secondary sedimentation tanks. In
on-line turbidimeters, a pump directs a small stream of final
effluent across a light beam The scattering or attenuation
of the light beam due to particles in the effluent is measured
and indicated in turbidity units. The turbidity may be con-
tinuously monitored or measured from grab samples
analyzed in the lab. The process used is commonly dictated
by the legal monitoring requirements specified in the
NPDES permit for the plant

\ \

QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 488.

8 81 How is air flow measured?

8 8J Where are air or ssure gages usually placed in the
aeration system of the activated sludge process?

8 8K How are oil levels ,n air compressors measured?

8.84 Anaerobic Sludge Digestion

The settled organic solids from the primary sedimentation
tanks and the was ; activated sludge from secondary treat-
ment require further processing One common method of pro-
cessing and treating the sludge is anaerobic sludge diges-
tion Under ideal environmental conditions, anaerobic bac-
teria stabilize and convert most of the organic matter into
methane gas, carc.;n dioxide gas and ;hater. in this airless
process, you must carefully control the amount and rate of



sludge feeding to the digester, the operating temperature of
the digester, and the rate of change of temperature. Excessive
organic loadings or temperature changes adversely affect the
anaerobic bacteria and can cause an upset of the biological
treatment process.

The following activities are usually instrumented or con-
trolled:

1. Raw sludge feed controller,

2. Digester tank level and alarms,

3. Digester sludge flow,

4. Digester gas flow,

5. Digester gas pressure,

6. Digester sludge temperature,

7. Digester heating system (steam, hot water),

8. Digester transfer and recirculation pumps,

9. Digester gas quality,

10. Combustible gas alarm, and

11. Digester gas mixing compressor.

1. RAW SLUDGE FEED CONTROL

Feeding the digester(s) with primary sludge may be a
relatively simple operation in small primary treatment
plants with only one or two digesters. In these situations
the primary sludge is intermittently fed to the digester
whenever the sludge pumps are activated. The sludge
solids and volatile solids concentrations are analyzed in
the laboratory. The flow may be metered or estimated
from the pump curves and time of pump operation. Load-
ings are calculated on the basis of solids concentrations
and flows. In all systems the pumping is either controlled
by the sludge blanket depth or sludge concentration.

However, in larger plants with many primary tanks and
digesters, more sophisticated controls are necessan
since large volumes of primary sludge must be continu-
ously distributed to many digesters. In addition, not all
digesters are loaded at the same rate since individual di-
gesters may have varying operating capacities For
example, a modern, clean, heated, and gas-mixed diges-
ter may be loaded between 0 1 and 0 2 pounds of volatile
solids per day per "ubic foot (1 and 2 kg VS/day/cu m) of
digester capacity. Uncleaned, unmixed digesters may be
able to handle only 0.05 lbs VS/day/cu ft (0.5 kg VS/day/cu
m). Consequently, a well operating and closely controlled
primary sludge feed system is essential.

As an example, a primary sludge feed system would
pump all of the primary sludge to one battery (row) of
digesters for a set period of time or for a set volume such
as so many gallons (cubic meters). In either case, the
calculations would be based on the pounds (kilograms) of
volatile scuds pumped during that time period to that bat-
tery. Next, each digester in that battery would be fed the
desired amount of sludge (pounds or kilograms of volatile
solids) controlled by the amount of time a valve to that
digester was open, the percentage opening of the valve,
or the gallons (cubic meters or liters) of sludge metered
into that particular digester. The gallons (cubic meters or
liters) of sludge metered in the last case may be monitored
by a flow meter or by the change in digester tank level.
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Therefore, in its most basic form, much of the control is
done manually by the operator. In the most automated
form, the control is perfoimed by SOFTWARE PRO-
GRAMMING6 from a computer. In most cases, each bat-
tery of digesters is loaded in sequence or by level priority
continually around the clock.

Ideally, the control system would permit continuous
loading of all digesters in proportion to the pounds of vol-
atile solids being sent to the digestion system. Such a
system would proportion a part of the total primary sludge
flow tc each digester by having a flow meter and automatic
control valve at each digester. In addition, the digested
sludge flow withdrawal rate would also be automatically
controlled to maintain a set or desired level in the digester.
In order to obtain this level of control, a process control
computer would be necessary and discussion of such a
system is beyond the scope of this chapter.

2 DIGESTER TANK LEVEL AND ALARMS

Almost all digester tanks have some means of dete.-
mining their liquit. level. Some of the older digesters use
simple overflow pipes. An example is the opening of an
overflow pipe at the desired digester level and pumping
primary sludge into the digester until digested sludge over-
flows from the pipe. Other systems use a variable-level
swing overflow pipe in which the discharge level of the
pipe is raised or lowered to the desired level and primary
sludge coming into the digester automatically displaces or
forces digested sludge out of the overflow.

These examples obviously require the operator to be at
the digester to determine or change the level. Other level
control systems may use a pressure transducer calibrated
to translate liquid hydrostatic pressure into feet (meters) of
sludge in the digester. The tank level may be indicated
and recorded in the control room from where it would also
be possible to raise or lower the level by operating pow-
ered remote control valves.

In addition to digester tank levels, most systems use
some type of high or low level alarm. The alarms may be
triggered by any of the previously discussed level sensing
instruments or software sensing devices winch detect
when levels are too low or too high. A low level alarm
could indicate that a digested sludge valve was accidently
left open, a possible control system malfunction, or a pos-
sible leak or break somewhere in the system. A high level
alarm could indicate plugging of the overflow, a control
system malfunction, or an inoperative digested sludge
withdrawal system.

3. DIGESTED SLUDGE FLOW

The digested sludge is not metered in some plants be-
cause the operators assume that digested sludge flow
equals the primary sludge flow. For small plants with one
or two digesters, this assumption is piobably acceptable.
However, in large plants with large capacities it is impor-
tant to know the digested sludge flow pattern. This permits
monitoring of the rate and frequency of withdrawal and
provides a verification of the primary sludge flow. Flows
may be monitored from each tank, battery of digesters, or
total digested flow.

Venturi meters or magnetic flow meters are commonly
used to measure the digested sludge flows. Flow data are
usually recorded, especially in situations where the di-

6 Software Programs. Computer programs designed and viritten to monitor and control wastewater treatment processes or ether processes.
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gested sludge receives additional treatment, such as de-
watering or chemical conditioning. The flow rate and total
flow are usually recorded at the control room.

4. DIGESTER GAS FLOW

Gas production from each digester is monitored daily.
This information is used to analyze the volume of gas
production per '.pound (gram or kilogram) of volatile solids
added and destroyed. Gas production is also a strong
indicator of digester performance with low gas production
usually indicating some type of problem.

Since digester gas pressure is relatively low, about 8 to
12 inches iao to 30 cm) of water, metering systems with
very low head losses must be used. Also, the meters must
operate over a fairly wide range of gas flows. Positive
displacement meters and turbine meters are commonly
used to measure gas flows. The total gas production may
be manually determined from daily mechanical integrator
readings of the gas production rate, or it can be automati-
cally monitored continuously and recorded in the control
MOM.

5. DIGESTER GAS PRESSURE

Digester gas pressure must be monitored to ensure that
the safety valves are operating properly (fixed cover diges-
ters). Although the vs pressure is relatively low, usually 8
to 12 inches (20 to 30 cm) of water, higher pressures may
seriously over pressure the digesters and a low pressure
may indicate gas leakage from the system.

"-, e gas pressures in many digesters are monitored by
the use of water-filled manometers. Since the gas pres-
sure is relatively constant, it is usually not automatically
monitored and recorded, but visually checked by an
operator during every shift.

=---44:---i'"
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6. DIE" ER SLUDGE TEMPERATURE

One of the most 'ortant operating controls is digester
temperature. To acnieve efficient digestion, the tempera-
ture should be maintained near 95°F or 35°C (mesophilic
operations). Therefore, nearly every digester has some
type of built-in temperature sensing device. Ther-
mocc2ples are uommonly used with remote readings in
the control room. Temperatures are usually continuously
recorded on a circular chart. Manual temperature readings
may be made by placing a thermometer in sludge running
into the sample sink.

7. DIGESTER HEATING SYSTEM

Assuming that the digesters are heated either by direct
steam injection, steam eductors, or by steam-heated ex-
changers, some means of indicating the rate of steam flow
and the total pounds of steam used per day is necessary.
Usually, steam pressure is also monitored. Steam to each
digester is usually cxmtrolled by remotely controlled steam
valves. The percent opening and length of time each valve
is opened is determined by the temperatu-e in the diges-
ter. A fully automated digester heating system would use a
process controller to sense the difference between the
existing digester temperature and the set point tempera-
ture and route steam (heat) according to the needs of
each digester. This, process controller would also control

the steam production of the steam boiler to match the
digester hearing needs.

8. DIGESTER TRANSFER AND RECIRCULATION PUMPS

Transfer and recirculation pumps are an important part
of anaerobic sludge digestion operation. The pumps are
used to mix the digester contents, transfer sludge between
digesters, pump ow digested sludge and pump supernat-
ant out of digesters. Several pumps are usually intercon-
nected to maximize flexibility of operations.

The instrumentation and control of the transfer or recir-
culation pumps are very similar to primary sludge and re-
turn activated sludge pumping operations.

9. DIGESTER GAS QUALITY

In some plants, automatic means of analyzing digester
gas quality is provided. Either the carbon dioxide (CO2) or
methane (CH4) gas content is analyzed and the read-out
is usually given in percent carbon dioxide or methane.

The percent of carbon dioxide or methane in digester
gas is usually a good indicator of the status of the biologi-
cal process. Digestion gas usually contains 60 to 70 per-
cent methane and the remainder is considered to be car-
bon dioxide gas. Upset digesters tend to have a much
lower percentage of methane gas and a higher percent-
age of carbon dioxide gas, for example, 40 to 50 percent
CH4 and 50 to 60 percent CO2.

The digester gas quality can be measured at the diges-
ter itself or a small side stream of digester gas may be
pumped to the analyzer from the digester or the main gas
line. In most cases, digester gas tends to be saturated with
moisture and some type of moisture trap or drier is neces-
sary to protect the analyzer. Also, some digester gases
tend to have significant amounts of corrosive hydrogen
sulfide (H2S) gas and a means of absorbing the H25 also
may be necessary.

A gas chromatograph may be used to perform the gas
analysis. Instruments like the gas chromatograph and
spectrophotometers are basically laboratory instruments
and require significant skill and knowledge to operate and
maintain them.

10. COMBUSTIBLE GAS ALARM

In plants where there are tunnels or other confined
spaces, a combustible gas alarm may be provided. This
instrument is essentially identical to the explosive gas de-
tection instrument described in the preliminary treatment
section. This device is calibrated to activate an alarm at a
set Lower Explosive Limit (LEL). If the tunnels or other
spaces being monitored do not have a good ventilation
pattern in v,Iiich to place the detector, a sample pump may
be built in to pass air over or through the detection device.
The purpose of the instrument is to detect any explosive
gas leaks or to detect the generation of explosive gases in
confined spaces for the safety of the plant and operators.

11. DIGESTER GAS MIXING COMPRESSOR

In most modern treatment plants, some form of digester
gas mixing is usually provided. Gas mixing is one of the
more popular means of nixing the digester. Digester gas
compression is similar to aeration air compression with the
following differences. (1) the volume is much less, (2) the
pressure is usually higher, (3) digester gas tends to be
saturated with moisture and contain particulate impurities,
and (4) for higher pressure, reciprocating compressors
may be used instead of centrifugal or rotary vane types.
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As a vile, the gas mixing volume and pressure remain
constant and consequently the load on the compressor
and its dnver also remain constant. Depending upon the
design, individual compressors may be provided for each
digester, or several manifolded together. In either case
ON-OFF, power availability, flow, pressure, and alarm
functions are usually provided.

QUESTIONS
Write your answers In a notebook and then compare your

answers with those on page 488.

8.8L List the activities that are usually instrumented or con-
trolled in the anaerobic sludge digestion process

8.8M Under what circumstances would digested sludge flow
be recorded?

8.8N How are temperatures measured in an anaerobic
sludge digester?

8.80 What is the purpose of digester transfer and recircula-
tion pumps?

8.9 ROUTINE MAINTENANCE AND
TROUBLESHOOTING

So far we have discussed how instruments and controls
work and how they are used in treatment plant process control
Next we will discuss what the operator's role is in maintaining
and troubleshooting the .. iotruments and controls. As we have
already pointed out, though, unless the operator is qualified,
the repair of most types of instruments should be assigned to a
specialist in the field. There are many practical and important
things an operator can and must do to keep the system oper-
ating efficiently.

First, it is important for the operator to recognize that like
other equipment in a treatment plant, instruments and controls
need attention such as cleaning, adjusting, calibrating, repair-
ing and/or replacement from time to time. In most cases, in-
struments and controls are more fragile than other pieces of
treatment plant equipment and must be given appropriate care
whenever handled.

Before we begin routine maintenance or troubleshooting the
instruments and controls, it is essential teat the operator be
familiar with the process and the instrumentation and'or con-
trols used to control the process. If you don't know what you're
doing, leave it alone and request assistance!

A routine maintenance program will minimize instrument and
control failures. The routine maintenance program should be a
written, prescribed procedure defining what the operator is re-
sponsible for and what the instrument specialist is responsibe
for and who will do what and when. Each plant with its different
processes, instruments, controls and people will have a unique
routine maintenance program. The maintenance program
should provide for a file on each instrument and control sys-
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tem. Date of purchase, date of installation, installer, make, and
model - serial numbers should all be recorded, along with any
maintenance manual, or technical specifications supplied with
the equipment. Provisions for on-the-job and oil-the-job train-
ing should be sought whenever possible.

Based on the manufacturers' recommendations and plant
experience, spare parts, plus any special tools should be pur-
chased ahead of time and properly stored. Whenever possible,
appropriate areas for instrument maintenance and storage
should be dedicated for this purpose; areas with high humidity
and corrosive gases are to be avoided.

Before troubleshooting for instrument and control failures,
the operator must make certain that the difficulty is truly due
to defective instrumentation or control and not due to some
quirk in operations. There have been cases where so-called
instrument failures have been traced back to sinVe things
like unplugged power supplies, the pneumatic air receiver
lefi out of service after being drained of water and similar
types of minor problems.

Before starting work on the system, safety precautions must
be observed, such as unplugging electrically connected in-
struments and controls. Even though they may be low voltage,
there is always the possibility of shock to the operator and/or
damage to the equipment. Also, care must be exercised when
handling toxic materials such as mercury or flammable mate-
rial such as alcohol which could be encountered when working
with manometers. Care also must be exercised with certain
types of density meters that use a radioactive cell which by law
can only be handled by an appropnately licensed technician.
Such devices are required to be identified and labeled accord-
ingly

Additional precautions must be observed whenever you in-
tend to work on or remove instruments and controls directly
attached to live or operating processes. For example, before
you remove a pressure gage from an air or water line, be sure
that the service has been turned off. Before you turn the serv-
ice off, be sure it will not adversely affect the system or some-
one else.

In other words, be sure that others are advised of your in-
tended scope of work They must be notified or warned of what
you are going to do, when you are going to do it, how long it will
take, and what will be affected. Therefore, just like any other
piece of plant equipment, instruments and controls being
worked on should be "tagged-out". This will advise others that
the instruments and controls are out of service and must not be
used.

The lagged-out" instruments and controls (Fig. 0.33) must
also be logged" in the shift or daily operations log book. You
must note alarm functions that are out of service, so that
other means may be used to detect out-of-limit conditions.
The use of "Good Communications" and "Common Sense"
will avoid a lot of unnecessary "Headaches."

Table 8.2 contains some guidelines on what maintenance
and trouble-shooting duties an operator can generally per-
form.
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TABLE 8.2 MAINTENANCE AND TROUBLESHOOTING DUTIES

Instrument - Device Maintenance - Service by the Operator

1, THERMOMETERS

Liquid or
Capillary

1 Check for leakage or breakage
2. Clean off surface
3. Replace with spare

Bimetallic 1 Clean sensing surface
2. Replace with spare

Thermocouples 1 Check for loose connections, corrosion, or
damaged insulation, and repair as neces-
sary

2 PRESSURE GAGES

Manometer 1 Clean and/or add fluid
2 Check and tighten connections

Bourdon Tube, 1. Check for sticking or damage
Diaphragm or 2 Replace with spare
Bellows

3 LEVEL INDICATORS

Float

Probes
Electric
Capacitance
Ultrasonic

Bubbler Tube

Diaphragm Box
or Sight Tubes

1 Clean float
2 Check and clean cable and pulley; lubricate

as necessary

1 Check and clean connections
2 Clean probe if possible
3. Check power supply (fuse)

I Check air supply
2 Check air tube and clean

1 Clean

4 DENSITY METERS

Optical
Ultrasonic
Radioactive

1. Clean (flush) sensors with water
2 Check "zeroing" with water
3. Ched. power supply (fuse)
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7 METERS (Also see Chapter 15, Section 15.4, "Flow Meas-
urements - Meters and Maintenance," Volume li,
OPERATION OF WASTEWATER TREATMENT
PLANTS)

Venturi

Orifice Plate

Magnetic

Weirs

1. Check purge water
2 Check flow zero
3 Clean taps with bayonet, if appropriate

1. Check flow zero
2 Clean taps with bayonet, if appropriate

1 Check flow zero
2 Check power supply

1. Clean weir face
2. Check level indicator

8. ALARM FUNCTIONS -
HIGH TEMPERATURE,
PRESSURE & LEVEL

Lights 1. Test bulb, change as necessary

Audible Signal 1 for sound

9. CONTROLLERS

Pneumatic 1 Check for air supply availability

Electronic 1 Check for power availability

Timers 1. Check to see that they are working

Auto Manual 1. Switch from one mode to the other, to see
that they work

10 INTEGRATORS

Mechanica; or 1 Check power supply
Electrical

11 OTHER INSTRUMENTS

5. RPM INDICATOR LEL Probe 1. Check zero setting

TACHOMETER 2
3

Check alarm function
Test with gas, if appropriate

Cable Drive 1 Check cable, clean, lube, tighten
DO Probe 1 Clean probe

D.0 Generator 1 Check terminal connections 2 Check for loose connections
2 Check drive coupling

pH Probe 1 Clean probe
Strobe 1 Check battery or power supply 2 Check electrolyte

2 Check for burned out bulb
Turbidimeter 1 Check meter zero

Pulse Detector 1 Check terminal connections
2 Check pulse sensor clearance CH, or CO2 1 Check for gas supply

Analyzer 2 Check for power supply
6 VISUAL READ-OUTS

Circular or
Strip Chart

1 Change charts
2. Check for irregular movements
3 Check power supply

Pens 1 Clean pen
2. Refill or replace ink cartridge

OTHER CONTROLS -
INDICATORS

On-Off Lights 1 Test bulbs

Percent Open- 1

Closed
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QUESTIONS
Write your answers in a notebook and then compare your

answers with those on page 488.

8.9A What kind of attention do instruments and controls re-
quire?

8.9B What information should you provide other operators
before you start to work on an instrument or control?

8.10 ADDITIONAL READING

1. PROCESS INSTRUMENTATION AND CONTROL SYS-
TEMS, MOP OM -6. Publications Order Department, Wa-
ter Pollution Control Federation, 601 Wythe Street, Alex-
andria, VA 22314. Order No. MOM6OHO. Price $24.00 to
members; $32.00 to others.

2. INSTRUMENTATION FOR WASTEWATER TREATMENT

SYSTEMS, by J.S. Samkoff, Technical Reprint IW-113,
Graver Water, Division of the Graver Company, 2720,
U.S. Highway 22, Union, New Jersey 07083.

3 AUTOMATION AND INSTRUMENTATION, M-2, AWWA
Computer Sorvices, American Water Works Association,
6666 West Quincy Avenue, Denver, Colorado 80235.
Order No 30002 Price $18.00 to members, $23.00 to
others.

4. WASTEWATER TREATMENT PLANT INSTRUMENTA-
TION HANDBOOK. Available from National Technical
Information Service, 5285 Port Royal Road, Springfield,
VA 22161 Order No. PB 86-108 636/AS. Cost $30.95.
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Material in this chapter was reviewed by Norman Ole
Thompson.
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Please answer the discussion and review questions before

working the objective test

DISCUSSION AND REVIEW QUESTIONS
(Lesson 4 of 4 Lessons)

Chapter 8. INSTRUMENTATION

Please write the answers to these questions in your
notebook before continuing with the objective test The prob-
lem numbering continues from Lesson 3.

16. Why are accurate air flow measurements very important in
the activated sludge process?

17 How is the air compi:nsor speed in RPM measured?

18 What precautions should be taken to enure accurate dis-
solved oxygen readings in aeration tanks?

19 A low level alarm in a sludge digester could indicate what
types of problems?

20 Why must the digester gas pressure be monitored in fixed
cover digesters?

21. Where should combustible gas alarms be installed?

22 What special safety hazards may be encountered when
maintaining and troubleshooting instruments and con-
trols?

PLEASE WORK THE OBJECTIVE TEST NEXT.
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SUGGESTED ANSWERS
Chapter 8. INSTRUMENTATION

Answers to questions on page 4 2.

8.0A Plants are being designed and constructed with
soplisticated instrument and control systems be-
cause of tougher discharge and monitoring require-
ments and also to help operators do their job.

8.0B An instrument is a measuring device.

8.0C A control is a device or series of devices that effect
some change due to some other change in conditions

Answers to questions on page 446.

8.0D Instruments are used in place of or to assist the
operator's sense of sight, smell, touch and heanng
because of the need for:

1. Accuracy of the measurement,
2. Repeatability of the measurement,
3. Sensitivity of the measurement, and
4. Permanence of the measurement.

8.0E The sensitivity of a measurement is the ability to
measure the smallest or largest value necessary.

8.0F An instrument's accuracy depends on the preciseness
or exactness of the measurements. Repeatability is
the ability of an instrument to measure something
again and obtain the same answer that resulted previ-
ously.

Answers to questions on page 450.

8.1A Instruments are used instead of our human senses
because they provide a more accurate, consistent,
sensitive and permanent means of monitoring
(measuring) treatment processes.

8.1B Instruments measure temperature, pressure, flow,
level, density, velocity and analytical measurements
(physical, chemical and biological).

8.1C Flow can be defined as a "flow rate" (volume passing
a point at any given instant or time period) or as a
"total flow or volume" (total volume passing a point
within a specified time period).

Answers to questions on page 455.

8.2A Typical units of measurement for the listed parameters
in both English and metric units.

Parameter

1 Temperature

2 Pressure

3 Flow
Liquids (volume)
Gases (volume)
Solids or Liquids
(weight)
Solids (volume)

4 Level

5 Density

6 velocity
Linear
Rotational

I

English

'r": cr °R

psi or psf
in H2O or Hg

cfs, GPM or MGD
cfm
lb/hr

cu ft/day
or cu yd/day

in or ft

lbs/cu ft

ft/sec or ft/hr
RPM

Metric

°C or 1<

kg/sq cm
or kg/sq m
cm H2O or Hg

L/s or cu m/s
cu m/s
g/s

cu m/day

cm or m

kg/cu m

m/sec or rn/hr
RPM
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Answers to questions on page 466.

8.3A Three different types of temperature measuring in-
struments or sensors are:

1. Liquid filled thermometer,
2. Bimetallic thermometer, and
3. Thermocouple.

8.3B The most common liquids used in manometers to
measure pressures are water and mercury.

8.3C Known Unknown

Density of = 62.4 lbs/cu ft
Water

Specific
Gravity of = 13.55
Mercury

1 Determine pressure in psi if manometer reads 8
inches of water.

Pressure, psi = Density, lbs/cu in x Height, in

62.4 lbs/cu ft x 8 in

Pressure, psi, if
manometer reads:
1. 8 inches of water
2. 8 inches of mercury

1728 cu in/cu ft

= 0 29 psi

2. Determine pressure in psi if manometer reads 8
inches of mercury.

Pressure, psi = Density, lbs/cu in x Height, in

13.55 x 62.4 lbs/cu ft x 8 in

1728 cu in/cu ft

3.91 psi

Answers to questions on page 466.

8.4A The purpose of transmitting instruments is to send the
variable, as measured by the measuring device (sen-
sor), to another device for conversion to a usable
number.

8 4B The different types of receivers include indicators,
recorders, totalizers (integrators) and multipurpose.

Answers to questions on page 469.

8.5A The five common parts to a control system are:

1. Primary element or sensor,
2. Transmitter,
3. Measuring element or receiver,
4. Controlling element, and
5. Final element.

8.5B The common types of control methods include:

1. Open and closed 5. Proportional control with
loops, reset, and

2. Manual control, 6. Proportional control with
3. On-off control, reset derivative.
4. Proportional con-

trol,
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Answers to questions on page 471.

8.6A The purpose of recorders is keeping continuous and
permanent records of process variables.

8.6B The two basic types of recorders found in treatment
plants are circular charts and strip charts.

8.7A Integrators or totalizers are used in treatment plants to
sum up the amount of liquid or gaseous flow.
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Answers to questions on page 475.

8.8A The preliminary treatment section could contain in-
strumentation monitonng and/or controlling the follow-
ing functions:

1. Influent Level (high-low levels)
2. Influent Flow (rate)
3. Explosive Gas Detection (hydrocarbon, LEL)
4. Bar Screen Operation (On-Off)
5. Grit Removal (On-Off)
6. Ventilation System (On-Off)
7 Valves and Gates (Closed, percent Open)
8. Sump Pump (On-Off)
9. High Water Alarm

8.8B The influent level is an important indicator of the rate
of inflow. The number of bar screens or grit channels
on-line depends on the inflow rate. Abnormally low
flows could indicate an obstruction in the influent
sewer line or, worse yet, failure of the sewer pipe. A
high water alarm could indicate a blockage at the bar
screens or perhaps only a partially opened valve or
gate hindering the flow downstream.

8.8C Gasoline or other petroleum products can be detected
in a wet well by using an explosive or combustible gas
detection instrument. This instrument may or may not
be useful in detecting hydrocarbon concentrations
which affect treatment, but it is necessary for safety
reasons with regard to explosive gases and vapors.

8.8D Wet well ventilation systems must be kept operating
continuously both for the operator's safety and for
minimiL.ng the accumulation of concentrations of
moist or otherwise corrosive and toxic gases.

Answers to questions on page 477.

8.8E Instrumented activities that could concern an operator
in primary treatment inc' ide:

1. Collector drive J. Sludge pumps,
motor, 6. Sludge draw-off valve,

2. Flights, 7. Sludge flow,
3. Grease skimmers, 8. High water alarm, and
4. Sludge blanket 9. Water level control valve.

depth,
8.8F Flight movement can be detected by:

1. A pivoted stick moving every time a flight strikes it,
or

2. An ultrasonic signal which is reflected by a passing
flight.

8.8G Sludge pumps can be controlled or regulated by:

1. Turning the pumps on and off,
2. Using a timer control, and
3. Using a sludge density meter control.

8.8H Butterfly valves are used to control the flow to each
primary tank to equalize the flow and promote the
most efficient use of tanks in service.
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Answers to questions on page 480.
8.81 Air flow is usually measured by a differential pressure

metering device such as an orifice plate.

8.8J Air pressure gages are usually placed at the air com-
pressors and also downstream at main aeration lines.

8.8K Oil levels in air compressors may be measured manu-
ally by a dip stick, read from a s'ght glass or by the use
of electronic or ultrasonic systems.

Answers to questions on page 483.

8.8L Activities that are usually instrumented or controlled in
the anaerobic sludge digestion process include:

1. Raw sludge feed controller,
2. Digester tank level and alarms,
3. Digester sludge flow,
4 Digester gas flow,
5. Digester gas pressure,
6. Digester sludge temperature,
7. Digester heating system (steam, hot water),
8. Digester transfer and recirculation pumps,
9. Digester gas quality,

10. Combustible gas alarm, and
11. Digester gas mix1ng compressor.

8.8M Digested sludge flow would be recorned if the sludge
receives additional treatment, such as dewatenng or
chemical conditioning

8.8N Temperatures in an anaerobic sludge digester may be
measured by:

1. A built-in temperature-sensing device such as a
thermocouple,

2 Manually placing a thermometer in sludge running
into the sample sink.

8.80 Digester transfer and recirculation pumps are used to
mix the digester contents, transfer sludge between di-
gesters, pump out digested sludge and pump super-
natant or plant effluent in or out of digesters.

Answers to questions on page 486.

8.9A Instruments and controls need attention such a::
cleaning, adjusting, calibrating, repairing and/or re-
placement from time to time.

8.9B Before starting to work on an instrument or control,
notify other operators what you are going to do, when
you are going to do it, how long it will take, and what
will be affected.
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OBJECTIVE TEST

Chapter 8. INSTRUMENTATION

Please write your name and mark the correct answers on the
answer sheet as directed at the end of Chapter 1 There may
be more than one answer to each question.

1. One of the most sophisticated and common control sys-
tems is the human body.

1. True
2. False

2. A control System is a measuring device.

1. True
2. False

3. Repeatability means measuring something over and over
again until you get the same answer twice.

1. True
2. False

4. Gage pressure does not take into consideration the weight
of the atmosphere above the earth.

1. True
2. False

5. A manometer with a vertical leg is more sensitive than a
manometer with an inclining or sloping measuring leg.

1. True
2. False

6. In a control system, the final element is the devica that
controls the energy supplied to the process being con-
trolled.

1. True
2. False

7. A recorder is a device that records information onto a
sheet of paper that is moving at a specific speed.

1. True
2. False

8. In large treatment plants, all digesters are loaded at the
same rate to evenly balance the digester loadings.

1. True
2. False

9. If you don't know how to maintain or troubleshoot instru-
ments and controls, leave them alone and request assist-
ance.

1. True
2. False

10. Special areas should be designated for instrument main-
tenance and storage and areas with high humidity. and
corrosive gases should be avoided.

1. True
2. False
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11. Which of the following are measuring devices?

1. Bathroom scaie
2. Computer
3. Heater
4. Ruler
5. Thermometer

Questions 12, 13, and 14. In the human body the eyes are
the (12) the nervous system is (13)
and the brain is the (14)

Answers to questions 12, 13, and 14.

1. Control logic
2. Indicator
3. Probe
4. Sensing instrument
5. Transmission system

15. The operation of a toilet bowl flush tank is an example of
what type of control system?

1. Biological and cybernetic
2. Cybemetic and electrical
3. E ctrical and hydraulic
4. Hydraulic and mechanical
5. Mechanical and pneumatic

16. What method or device should you 'rise to measure the
diameter of a replacement pump shaft?

1. Engineer's scale
2. Metallic tape
3. Micrometer
4. Ruler
5. Surveyor's chain

17 Temperature can be measured on which of the following
scales?

1. Celsius
2. Fahrenhe:t
3. Joule
4. Kelvin
5. Pascal

18. Common types of pressure gages include

1. Bellows.
2. Bourdon.
3. Diaphragm.
4. Parshall.
5. Venturi.

. Liquid levels may be measured by

1. Bubbler tubes.
2. Floats.
3. Probes.
4. Sight tubes.
5. Ultrasonic sounds.
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20. A tachometer measures

1. Density.
2. Distance.
3. Rotational velocity.
4. Temperature.
5. Time.

21. The primary element in a control system is also called a

28 Excessive air cc mpressor lubrication oil temperatures
may indicate

1. Heater malfunction.
2. High oil levels.
3. Inoperative oil coolers.
4. Low oil levels.
5. Motor overload.

1. Controller. 29. Which of the following factors are usually measured by air

2. Receiver. compressor vibration sensing devices?

3. Recorder. 1. Acceleration
4. Sensor. 2. Displacement
5. Transmitter. 3. Flow

4. Time
22. The set point is the position at which the is 5. Velocity

set.

1. Controller
2. Receiver
3. Recorder
4. Sensor
5. Transmitter

23. Different types of control systems include

1. Manual.
2. On-Off.
3. Project.
4. Proportional.
5. Ratio.

24. Abnormally low flows into a treatment plant could indicate

1. A broken sewer pipe.
2.. A downstream blockage.
3. A failure in the sewer system
4 An industrial waste discharge.
5. An obstruction in the sewer.

25. What types of alarm systems are usually installed on grit
channel equipment?

1. Collection drive system on or off
2. Explosive gas detection
3. High water level
4. Motors tripped-out on overload
5. Oxygen deficiency

26 Sludge blanket depths may be measured by use of

1. Bubbler tubes.
2. Floats connected to cables and pulleys
3. A hose and an aspirator
4. Pressure gages.
5. Ultrasonic transmitters and rtLeivers.

27. Primary sludge flow is usually metered by

1. A magnetic flow meter
2. An orifice.
3. A Parshali flume.
4. A Venturi meter.
5. A weir.

5.10

30. A high level alarm in a sludge digester could indicate

1. A control system malfunction.
2. A digested sludge valve left open.
3. An inoperative digested sludge withdrawal system
4. A plugging of the overflow.
5. A possible leak or break somewhe-e in the system.

31. Digester gas flows are commonly measured by the use of

1. Orifice plates.
2. Positive displacement meters.
3 Rotameters.
4. Turbine meters.
5. Venturi meters.

32. Which of the following maintenance services can be per-
formed by operators on Venturi meters?

1. Check flow zero
2. Check level indicator
3. Check power supply
4. Check purge water
5. Clean taps

33 Which of the following maintenance services can be per-
formed by operators on LEL meters?

1. Check alarm function
2. Check electrolyte
3. Check zero setting
4. Check probe
5 Test with gas
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CONGRATULATIONS

irou've worked hard and completed a very difficult program.
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FINAL EXAMINATION

VOLUME III

This final examination was prepared TO HELP YOU
review the material in this manual. The questions are divided
into four types:

1. True-false,

2 Multiple choice,

3 Problems, and

4. Short answer

To work this examination.

1. Write the answer to each question in your notebook,

2 Atter you have worked a group of questions (ynu decide
how many), check your answers with the suggested an-
swers at the end of this exam, and

3 If you missed a question and don't understand why, reread
the material in the manual.

You may wish to use this examination for review purposes
when preparing for civil service and certification examinations

Sy iu have already completed this course, you do not
have id your answers to California State University, Sac-
ram

True-False

1 Microorganisms breakdown nitrate compounds before sul-
fate compounds to obtain oxygen.

1. True
2. False

2. Hydrogen sulfide gas is a more serious problem at lower
temperatures than at higher temperatures.

1. True
2. False

3 Chemicals are the only method available for operators to
control odors.

1. True
2. False

4. The grey appearance of out-of-service activated carbon
that has been in service for along time indicates that the
activated carbon is worn out.

1. True
2. False

5. Pure oxygen systems may be used to supply oxygen to
any of the activated sludge process modes - conven-
tional, step-feed, complete mix or contact stabilization.

1. True
2. False
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6 Cord liquid oxygen (LOX) can cause skin burns

1 True
2. False

7. Changes in activated sludge quality cause changes in the
settling charactenstics of the sludge

1 True
2. False

8. The activated sludge process is controlled by attempting
to achieve preconceived levels of individual danables such
as MLSS, MCRT and F/M ratio

1. True
2. False

9. Primary sludges have specific gravities closer to that of
water than secondary sludges.

1 True
2. False

10. If gasification problems develop in a gravity thickener as a
result of excessive sludge retention times, the rate of
sludge withdrawal should be increased so as to lower the
sludge blanket depth with a subsequent lowering of the
sludge retention time

1 True
2. False

11. Sludge should be th '<ened as much as possible in order
to minimize digestion time in aerobic digesters

1. True
2 False

12 Chemical stabilization of slud s finds application at over-
loaded plants and at plants t icing stabilization facil-
ity upsets.

1. True
2 False

13 In the wet oxidation process, an increase in oxidation is
due primarily to reacting the sludge with greater quantities
of oxygen at elevated temperatures and pressures.

1. True
2. False

14. Primary sludges dewater more readily and require ri,,,re
chemical conditioners than secondary sludges.

1. True
2. False



15 The ideal operating belt speed for a belt filter press is the
fastest the operator can maintain without washing out"
the belt

1 True
2 False

16 A burnout occurs in a multiple hearth furnace when the
sludge feed has been stopped and the fire burns out

1 True
2 False

17 Storage often must be provided in sluoge treatment and
uisposal systems to accorr,modate differences betwten
sludge disposal rates and sludge production rates

1. True
2. False

18 Addition of alum will increase the alkalinity in the water
being treated dunng the coagulation process

1 True
2. False

19 The formation of limestone (calcium carbonate) is rct a
serious problem in lime systems used for phosphorus re-
moval

1. True
2 False

20 In the luxury uptake phosphorus removal process, bac-
teria relea5c, onosphorus in cIn aerobic release tank

1 True
2 False

21 The method of irrigation 'epends on the type of crop being
grown

1 True
2 False

22 An instrt
1 True
2 False

is a device that causes changes to occur

23 The scales on an indicator may be straight, curved. or
circular in shape

1 True
2 False

24 The headworks ventilation system must be kept operating
both for the operator s safety and for minimizing the ac-
cumulation of concentrations of most or otherwise corro-
sive and toxic gases

1 True
2 False

25 Short-circuiting is not caused by differences in water aen-
sity due to different temperatures existing at the surface
and the bottom of the clarifier

1 True
2 False

Multiple Choice

1 Inorganic oases found around treatment plants include

1 Ammonia
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2 Hydrogen sulfide
3 Mercaptans
4 Metnane
5 Skatole

2 Cryogenic oxygen plants are usually shut down
for maintenance

1 Once every six months
2 Once every year
3 Once every two years
4 Once every five years
5 Once every :en years

3 Return activated sludge (RAS) flow rate may be adjusted
or controlled by which of the following techniques?

1 Food/Microorganisms Ratio
2 Mean Cell Residence Time (MORI ,
3 Monitoring the depth of the sludge blanket
4. SVI approach
5. Settleability approach

4 Which of the following I,ems could indicate that a high
organic waste load has reached an activated sludge pro-
cess?

1. Decrease in DO residual in aeration tank
2 Decrease in nutnerts in effluent from secondary

clanfier
3 Decrease in turbidity in effluent from secondary clarifier
4 Increase in DO resioual in aeration tank
5 Increase in turbidity in effluent from secondary clarifier

5 Major factors affecting biological nutrification include

1 Dissolved oxygen
2 Nitrogenous food.
3 pH.
4 Toxic materials
5 Wastewater temperature

6 Which of the following items are pcssible causes of sludge
rising and solids carry-over in a gravity thickener with a
clear liquid fuei?

1 Blanket disturbances
2 Chemical inefficiencies
3 Excessive loading:,
4 Gasification
5 Septic feed

7 In dissolved air flotation thickr,nurs floated solids are kept
out of the effluent by use of

1 Effluent baffles
2 Hardware cloth screens
3 Macroscreens
4 Scum scrapers
5 Wale sprays

8 A belt filter press is pluce3sing secondary sludges Some
of the sludge is squeezing out Von )etween the belts and
contaminating the effluent by falling into the filtrate trays
How could this problem be corrected?

1 Blend pnmary sludge with the secondary sludge
2 Build Laffles around the belts
3 Chlorinate the effluent
4 Filter the effluent
5 Move the filtrate trays
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9 If no coagulation occurs in a chemical treatment process,
which of the following items should be inspected?

1. Actual feeder output by catching a timed sample
2. Applied water for a significant change
3. Feed chemical strength
4. Skimmer arms
5. Tank drain valve

10 Abnormal operating conditions for microscreens include

1 High flows.
2. High pH levels.
3. Low applied water flows
4. Low pH flows.
5. Toxic wastes.

11. Which of the following items should be inspected or
checked before starting a chemical feeder?

1. Direction and rotation of moving parts in motors
2. Operation of control lights on control panel
3. Operation of safety lock-out switches
4. Proper voltage
5. Size of overload protection

12 Which of the following items would you check if laboratory
tests indicated high turbidity and suspended solids in the
effluent of a gravity filter?

1. Check for excessive head loss
2. Determine filter aid dosages
3. Examine backwash cycle for complete wash
4. inspect for damaged bed due to backwashing
5. Look for fluctuating flows that could caL'se break-

through

13. Phosphorus removal efficiencies by the lime precipitation
process are affected by

1. Changes in pH.
2. Performance of lime feed equipment.
3. Plugged pumps Jr piping.
4. Recarbonation system.
5. Small straggler floc.

14 The hydraulic loading fora phosphate stripper depends on
the

1. Ability of the aerobic phosphate stripper to remain
aerobic.

2. Ability of the anaerobic phosphate strpper to remain
anaerobic.

3. BOD loading of the unit
4 Dissolved oxygen of the activated sludge
5. pH of the wastewater being treated.

15 Which of the following chemical properties are used in the
classification of irrigation waters?

1. BOD
2. Boron
3. Chloride
4. pH
5. Total dissolved solids

16 Which of the following tests are performed on the soils in
an effluent disposal on land program?

1. BOD
2. Cation exchange capacity
3. Conducti 'sity
4. DO
5. pH

5 4 (I)

17 Which method or device should you use to measure the
diameter of a replacement pump shaft?

1. Engineer's scale
2 Metallic tape
3. Micrometer
4. Ruler
5. Surveyor's chain

18. The primary element in a control system is also called a

1. Controller.
2. Receiver.
3. Recorder
4. Sensor
5. Transmitter.

19. Sludge blanket depths may be measured by the use of

1. Bubbler tubes.
2. Floats connected to cables and pulleys.
3. A hose and an aspirator.
4. Pressure gages.
5. Ultrasonic transmitters and re,eivers.

20. Which of the following factors are usually measured by air
compressor vibration sensing devices?

1. Acceleration
2. Displacement
3. Flow
4. Time
5 Velocity

Short Answer

1. Define the following terms:

a. Absorption
b Oxidation
c. Stripped odors

2. Define the following items:

a. Batch process
b. Bulking
c. Coagulation
d. Filamentous bacteria
e. RAC

3. Why are pure oxygen reactors in the activated sludge pro-
cess staged?

4. How can variations or fluctuations in influent organic load-
ings be smoothed out before the aeration basin?

5. Define the following items:

a. Elutriation
b. Vector

6. List three process alternatives for each of the following
types of sludge processing alternatives.

1. Thickening,
2. Conditioning, cnd
3. Volume reduction.

7. List the factors that affect the performance of dissolved air
flotation (DAF) thickeners.



8 How can an operator control the digestion !ime in an
aerobic digester?

9. What is the purpose of wetting dry polymers?

10. How can the cake dryness from a vacuum filter be in-
creased?

11. What safety precautions are required for handling ferr .
chloride in concentrated solutions?

12. Why should the backwash ,,rater for a gravity filter be of
the best quality available?

13. Why are chemicals commonly used with a filtration pro-
cess?

14. Define the following terms.

a Recalcine
b Slake

15 What is luxury uptake of phosphorus?

16. Define the following terms

a Reclamation
b Recycle

17. List possible causes of dogging in a recharge well and
possible cures for each cause

18 Define the following terms

a. Offset
b Set point

19 Why are treatment plants being designed and constructed
with sophisticated instrument-control systems?

20 Why are instruments used instead of our human senses of
seeing, hearing, touching, and smelling?

21 What does a thermocouple measure?

22 What does a Bourdon -i-ube measure?

23 What is the purpose of transmitting instruments?
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24. Why are detection devices for explosive gases installed in
the headworks of treatment plants?

25. How is air flow measured in the activated sludge process?

Problems

1 Determine the desired waste activated sludge (WAS) flow
rate using the F, M control technique. The influent flow is 4.0
MGD, total aeration tank volume is 0.8 MG, COD to aera-
tion tank is 110 mg/L, the mixed liquor suspended solids
(MLSS) are 3100 mg,'L and 69 percent volatile matter, the
RAS suspended solids are 6,400 mg/L and the desired fooa
to microorganism (F/M) ratio is 0.28 lbs COD/day/lb
MLVSS. Current WAS flow rate is 0.35 MGD.

2 Estimate the total volume (sum of primary and secondary)
of sludge produced in gallons per day from a 2 MGD acti-
vated sludge plant. Primary clarifier influent suspended sol-
ids are 300 mg/L and 120 mg/L in the effluent. Primary
effluent BOD is 175 mg/L and secondary effluent BOD is 25
mg/L. The bacterial growth rate, Y, is 0.50 lbs SS per lb
BOD. Primary sludge solids are 5 percent solids and sec-
ondary solids are 1.5 percent solids.

3 Jar tests indicate that a waste activated sludge flow of
35,000 GPD with a solids concentration of 1.4 percent
sludge solids will require 20 pounds per day of Polymer A or
180 pounds per day of Polymer B for successful gravity
thickening. Polymer A is a dry product and costs $2.20 per
dry pound. Polymer B is a liquid product and costs $0.22
per liquid pound. Find the cost of using both Pr;!jii.er A and
B in dollars per ton of sludge.

4 Polymer is supplied at a concentration of 0.5 pounds
polymer per gallon of water being treated. The polymer
feed pump delivers a flow of 0.18 GPM and the flow to the
pressure filters is 6,000 GPM Calculate the concentration
or dose (mg/L) of polymer in the water applied to the filter.

5 Determine the suspended solids and BOD loadings on a
dissolved air flotation unit if the flow ii. 0.8 MGD and the
influent suspended solids are 1,800 mg/L with a BOD of
150 mg/L What is the percent removal of suspended solids
if the effluent suspended solids are 100 mg /L"
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SUGGESTED ANSWEAS FOR FINAL EXAMINATION
VOLUME III

True-False

True Microorganisms reakdown nitrate compounds
before sulfate compounds to obtain oxygen.

2. False Hydrogen sulfide gas s a more serious problem at
higher temperatures than at lower temperatures.

3. False Good housekeeping and biological odor reduction
towers are methods used to control odors in addi-
tion to chemicals.

4. False The grey appearance of out-of-service activated
carbon is caused by salts. The activated carbon
may not be worn out.

5. True Pure oxygen systems may be used to supply oxy-
gen to any of the activated sludge process modes

conventional, step-feed, complete mix or con-
tact stabilization.

6. True Cold liquid oxygen can cause skin burns.

7. True Changes in activated sludge quality cause
changes in the settling characteristics of the
sludge.

8. False The activated sludge process is NOT controlled by
attempting to achieve preconceived levels of indi-
vidual variables such as MLSS, MCR i and F/M
ratio.

9. False Secondary sludges have specific gravities
CLOSER to that of water than primary sludges.

10. True If gasification problems develop in a gravity thick-
ener as a result of excessive sludge retention
times, the rate of sludge withdrawal should be in-
creased so as to lower the sludge blanket depth
with a subsequent lowering of the sludge retention
time.

11. False Sludge should be thickened as much as possible
in order to MAXIMIZE digestion time .n aerobic
digesters.

12. True Chemical stabilization of sludge finds application
at overloa:-"A plants and at plants experiencing
stabilization facility upsets.

13. True In the wet oxidation process, an increase in oxida-
tion is due primarily to reacting the sludge with
greater quantities of oxygen at elevated tempera-
tures and pressures.

14. False Primary sludges dewater more readily and require
LESS chemical conditioners than secondary
sludges.

15. False The ideal operating belt speed for a belt filter press
is the SLOWEST the operator can maintain without
"washing out" the belt.

16. False A burnout occurs in a multiple hearth furnace
when the sludge feed has been stopped and the
fire continues to burn.

17, True Storage often must be provided in sludge treat-
ment and disposal systems to accommodate dif-
ferences between sludge disposal rates and
sludge production rates.

18. False Alum REDUCES the alkalinity in the water being
treated during the coagulation process.

19. False Formation of limestone (calcium carbonate) is a
serious problem in lime systems used for phos-
phorus removal.

20 False In the luxury uptake phosphorus removal profess,
bacteria release phosphorus in an ANAEROBIC
release tank.

21. True The method of irrigation depends on the type of
crop being grown.

22. False An instrument is a measuring device.

23. True The scales on an indicator may be straight,
curved, or circular in shape.

24. True The headworks ventilation system must be kept
operating both for the operator's safety and for
minimizing the accumulation of concentrations of
moist or otherwise corrosive and toxic gases.

25 False Short-circuiting may be caused by differences in
water density due to different temperatures exist-
ing at the surface and the bottom of the clarifier.

Multiple Choice

1. 1, 2 4 Ammonia, hydrogen sulfide and methane
e inorganic gases found aro,...id treatmen,

plants.

2. 2 Cryogenic oxygen plants are usually shut
down once every year for maintenance.

3. 3, 4, 5 RAS flow rate may be adjusted by
1. Monitoring the depth of the sludge blan-

ket,
2. SVI approach, and
3. Settleability approach.

4 1, 2, 5 When a high organic waste load reacnes an
activated sludge process, the DO residual
will drop due to organism activity, effluent
nutrients will drop due to a lack of nutrients
in most industrial wastes, and effluent turbid-
ity will increase due to a reduction in the
level of treatment.
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5. 1, 2, 3, 4, 5

6. 1, 2 3, 4, 5

7. 1

8. 1

9. 1, 2, 3

10. 1, 2, 3, 4

11. 1, 2, 3, 4, 5

12. 1, 2, 3, 4, 5

13. 1, 2, 3, 4, 5

14. 2, 4

15. 2, 3, 5

16. 2, 3, 5

17. 3

18. 4

All items listed are major factors affecting
biological nitrification DO, nitrogenous
food, pH, toxic materials, and wastewater
temperature.

Blanket disturbances, chemical inefficien-
cies, excessive loadings, gasification and
septic feed are all possible causes of sludge
rising and solids carry-over in a gravity
thickener with a clear liquid level.

Effluent baffles are used to keep floated sol-
ids out of the effluent of dissolved air flota-
tiol thickeners.

Blend primary sludge with secondary sludge
to stop secondary sludges from squeezing
out from between belts and contaminating
the effluent by falling into the filtrate trays.

If no coagulation occurs in a chemical treat-
ment process, inspect applied water for a
significant change, actual feeder output by
catching a timed sample, and feed chemical
strength. Also inspect tne chemical feed
pump operation, chemical supply and valve
positions and solution carrier water flow and
vat -ositions.

Abnormal operating conditions for mi-
croscreens include high flows, high pH
levels, low applied water flows and low pH
levels.

Before staling a chemical teeder, inspect or
check for direction of rotation of moving
parts in motors, operation of control lights on
control panel, operation of safety lock-out
switches, proper voltage, and size of over-
load protection.

If laboratory tests indicate high turbidity and
suspended solids in the effluent of a gravity
filter, check for excessive head loss, deter-
mine filter aid dr-ages, examine backwash
cycle for complete wash, inspect for dam-
aged bed due to backwashing, and look for
fluctuating flows that could cause break-
thrcugh.

Phosphorus removal efficiencies by the lime
precipitation process are affected by
changes in pH, performance of the lime feed
&Moment, plugged pumps or piping, recar-
bonation system and small straggler floc.

The hydraulic loading for a phosphate strip-
per depends on fie ability of the anaerobic
phosphate stripper to remain anaerobic and
the dissolved oxygen of the activated
sludge.

Chemical properties used in the classifica-
tion of irrigation waters include boron,
chloride and total dissolved solids.

Tests performed on the soils in an effluent
disposal on land program include cation ex-
change capacity, conductivity and pH.

A micrometer should be used to measure
the diameter of a replacement pump shaft.

The primary element in a control system is
also called a sensor.
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19. 3, 5 Sludge blanket depths may be measured by
use of a hose and an aspirator or ultrasonic
transmitters and receivers.

20. 1, 2, 5 Air compressor vibration sensing devices
usually measure acceleration, displacement
and velocity.

Short Answer

1. Define the following terms.

a. Absorption. Taking in or soaking up of one sub-
stance 'nto the body of another by molecular or chem-
ical action (as tree roots absorb dissolved nutrients in
the soil).

b. Oxidation. Oxidation is the addition of oxygen, re-
moval e hydrogen, or the removal of electrons from
an element or compound. In wastewater treatement,
organic matter is oxidized to more stable substances.

c. Stripped odors. Odors that are released from a liquid
by bubbling air through the liquid or by allowing the
liquid to be sprayed and/or tumbled over media.

2. Define the following terms.

a. Batch process. A treatment process in which a tank
or reactor is filled, the water is treated, and the tank is
emptied. The tank may then be filled and the process
repeated.

b. Bulking. Clouds of billowing sludge that occur
throughout secondary clarifiers and sludge thickeners
when the sludge becomes too light and will not settle
properly.

c. Coagulation. The use of chemicals that cause very
fine particles to clump together into larger particles.
This makes it easie. to separate the solids from the
liquids by settling, skimming, and draining or filtering.

d. Filamentous bacteria. Organisms that grow in a
thread or filamentous form. Common types are thio-
thrix and actinomycetes.

e. RAS. Return Activated Sludge, mg/L. Settled acti-
vated sludge that is collected in the secondary clarifier
and returned to the aeration basin to mix with incom-
ing raw or primary settled wastewater.

3. Pure oxygen reactors are staged to increase the efficiency
of the use of oxygen.

4. Organic loadings can be smoothed out by the use of an
equalizing tar" and also '4 keeping the contents of the
equalizing tank we; mixed.

5. Define the fol!owing terms:

a. Elutriation. The washing of digested sludge in plant
effluent. The objective is to remove (wash out) fine
particulates and/or the alkalinity in the sludge. This
process reduces the demand for conditioning chemi-
cals and improves settling or filtering characteristics of
the solids.

b. Vector. An insect or other organism capable of
transmitting germs or other agents of disease.
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6. Types of Sludge Processing Alternatives

Volume
Thickening Conditioning Reduction

1. Gravity 1. Chemical
2. Flotation 2. Thermal
3. Centrifugation 3. Elutnation

4. Wet Oxidation

1. Drying
2. Incineration
3. Composting

7. The performance of DAF thickeners depends on (1) type
and age of the feed sludge, (2) solids and hydraulic load-
ing, (3) air to solids (NS) ratio, (4) recycle rate, and (5)
sludge blanket depth.

8. The operator can control digestion time by controlling tl is
degree of sludge thickening prior to digestion. The thicker
the sludge, the longer the digestion time.

9. The purpose of wetting dry polymers is to produce a prop-
erly mixed solution that will not have balls of undissolved
polymer.

10. Cake dryness from a vacuum filter can be increased by (1)
increasing vacuum, (2) reducing drum speed, and (3) im-
proving chemical conditioning.

11. Safety precautions required for handling ferric chloride in
concentrated forms should be the same as those for acids.
Wear protective clothing, face shields and gloves. Flush
off all splashes on clothing and skin immediately

12. If nonfiltered water is supplied to the backwash system,
dogging of the underdrain system may occur.

13. Chemicals are commonly used with a filtration process as
coagulants for the solids and turbidity to aid in their re
moval by filtration

14. Define the following terms:

a Recalcine. A lime-recovery process in which the
calcium carbonate in sludge is converted to lime by
heating at 1800°F (980°C).

b. Slake. To become mixed with water so that a true
chemical reaction takes place, such as in the slaking
of lime

15. Luxury uptake of phosphorus is a biological process
whereby the bacteria normally found in the activated
sludge treatment portion of the secondary wastewater
treatment plant are withdrawn to an environment without
oxygen (anaerobic) for release of phosphorus. When the
bacteria are returned to an ideal environment, the first
thing they take in is phosphorus. This phosphorus take-up
is known as luxury uptake

16. Define the following terms:

a. Reclamation. The operation or process of changing
the condition or characteristics of water so that im
proved uses can be achieved.

b. Recycle. The use of water or wastewater within (in-
ternally) a facility before it is discharged to a treatment
system.

17. Possible Causes
of Clogging

1. Slimes

Possible Cures
for Cause

1. Chlorination or
allow well to rest.

2. Carbon fines 2. Remove fines by
passing the water
through a sand/
anthracite filter.

18. Define the following terms:

a. Offset. The difference between the actual value and
the desired value (or set point) characteristic of pro-
portional controllers that do not incorporate reset ac-
tion.

b. Set point. The position at which the control or con-
troiler is set. This is the same as the desired value of
the process variable.

19 Plants are being designed and constructed with sophisti-
cate(' *nstrument and control systems because of tougher
disch, ge and monitoring requirements and also to help
operators do their job.

20. Instruments are used instead of our human senses be-
cause they provide a more accurate, consistent, sensitive
and permanent means of monitoring (measuring) treat-
ment processes.

21 A thermocouple measures temperature.

22. A Bc,urrion Tube measures pressure.

23 The purpose of transmitting instruments is to send the
variable, as measured by the measuring device (sensor),
to another device for conversion to a usable number.

24. Detection devices for explosive gases are installed in the
headworks of treatment plants for safety reasons if explo-
sive gases or vapors may reach and accumulate in the
headworks.

25 Air flow in the activated sludge process is usually meas-
ured by a differential pressure metering device such as an
orifice plate.

Problems

1. Known Unknown

Intl Flow, MGD = 4 0 MGD WAS Flow,MGD

Tank Vol., MG = 0 8 MG

COD, mg/L = 110 mg/L

MLSS, mg/L = 3,100 mg/L

MLSS VM, % =69%
RAS SS, mg/L = 6,400 mg/L

Desired F/M
lbs COD/day = 0.28 lbs COD/day
lb MLVSS lb MLVSS

Current WAS, MGD = 0.35 MGD
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a. Determine COD applied in pounds per day.

COD, lbs/day = Flow, MGD x COD, mg/L x 8 34 lbs/gal

= 4 MD x 110 mg/L x 8.34 lbs/gal

= 3,670 lbs/day



b Determine the desired pounds of MLVSS

Desired MLVSS, COD applied. lbs/day
lbs

F/M, lbs COD/day/lb MLVSS

3,760 lbs COD/day

0 28 lbs COD/day/lb MLVSS

= 13,107 lbs

Use 13,100 lbs*

From a practical standpoint, you can't measure MLSS or MLVSS
any closer than to the nearest 100 pounds

c Determine the desired pounds MLSS.

Desired MLSS, lbs = Desired MLVSS, lbs

MLSS VM portion

13,107 lbs

d.

0 69

= 18,996 lbs

Use 19,000 lbs

Determine actual MISS pounds under aeration

Actual MISS. lbs = Tank Vol, MG x MLSS. mg/L x 8 34 lbs/gal

= 0 8 MG x 3,100 mg/L x 8 34 lbs/gal

= 20,683 lbs

Use 20,700 lbs

e Calculate the additiona; WAS, MGD, to maintain the
desired food to microorganism (F/M) ratio.

Additional WAS Actual MLSS, lbs - Desired MISS. lbs
Flow, MGD

RAS SS, mg/L x 834 lbs/gal

20,700 lbs - 19,000 lbs

6,400 mg/L x 8 34 lbs/gal

= 0 032 MGD x 694 GPM/MGD

= 22 GPM

f. Calculate the total WAS flow in MGD and GPM.

Total WAS Current WAS Additional WAS
Flow. MGD Flow, MGD Flow. MGD

= 0 35 MGD + 0 032 MGD

= 0 35 MGD x 694 GPM/MGD

= 243 GPM

2 Known

Flow, MGD = 2 MGD

Prim Effl SS, mg/L = 120 mg/L

Prim Intl SS, mg/L = 300 mg/L

Prim Effl BOD, mg/L = 175 mg/L

Sec Effl BOD, mg/L = 25 mg/L

Y, lbs SS/lb BOD = 0.5 lbs SS/lb BOD

Prim Sludge Solids, % = 5%

Sec Sludge Solids, % = 1 5%

Unknown

Volume of Sludge,
gal/day

a. Calculate the amount of dry primary sludge produced in
pounds per day.

Pnmary Sludge, = Flow, MGD (In SS, mg/L - Ef SS, mg/L) 8.34 lbs/gal
lbs/day

= 2 MGD (300 mg/L = 120 mg/L) 8.34 lbs/gal

= 3000 lbs..ay (dry solids)
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b Calculate the amount of BOD removed by the second-
ary system in lbs BOD per day

BOD Removed, ---- Flow. MGD (BOD In, mg/L BOD Out, mg/L) 8 34 ibs/gai
lbs/day

= 2 MGD (175 mg/L 25 mg/L) 8 34 lbs/gal

2500 lbs BOD/day

c. Determine the secondary sludge produced in terms of
dry sludge solids per day

Sludge Produced BOD Removed. lbs SI Sol Prod/day
lbs dry solids/day lbs BOD/day

BOD Removed/day

= 2500 lbs BOD/day x 0 5 lbs SI S0/day

1 lb BOD/day

1250 lbs dry Mudge solids/day

d. Estimate the total volume of sludge produced in gallons
per day.

Sludge Volume, Pnmary Sludge Secondary Sludge
gal/day Volume, gaVday Volume, gal/day

Prim Sludge, lbs dry solids/dRy

Pnrn Sludge Solids, %/100% x 8 34 lbs/gal

Sec Sludge, lbs/dry solids/day

Sec Sludge Solids, %/100% x 8.34 lbs/gal

3000 lbs/day 1250 lbs/day

5%/100% x 8 34 lbs/gal 1.5%/100% x 8.34 lbs/gal

= 7200 gal/day + 10,000 gal/day

= 17,200 gal/day

3. Known Unknown

Jar Tests on Waste Activated Sludge Costs of Polymers A
Flow, GPD = 35,000 GPD
SI Sol, % = 1.4%
Polymer A, lbs/day = 20 lbs/day
Polymer B, lbs/day = 180 lbs/day
Polymer A, $/lb = $2.20/dry lb
Polymer B, $ /Ib = $0 22/liquid lb

and B, $/ton of sludge

a. Determine the polymer dosage in pounds of polymer
per ton of sludge for both Polymer A and B.

1. Calculate the tons of dry sludge solids per day
treated by the polymers.

Sludge, Flow, GPD x 8 34 lbs/gal x SI Sol, %/100°/.
tons/day 2000 lbs/ton

35,000 gal/day x 8.34 lbs/gal x 1.5%/100%

2000 lbs/ton

= 2.19 tons/day

2. Calculate the dosage of Polymer A in dry pounds of
polymer per ton of sludge solids.

Polymer A Dose,
lbs polymer Arm : of Polymer A, lbs/day

ton sludge Sludge, tons/day

20 lbs Polymer A/day

2.19 tons/day

= 9.1 lbs dry Polymer A/ton sludge
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3. Calculate the dosage for Polymer B in liquid pounds
of polymer per ton of sludge solids.

Polymer B Dose,
lbs polymer Amount of Polymer B, lbs/day

ton sludge Sludge, tons/day

180 lbs Polymer B/day

2 19 tons/day

= 82.2 lbs liquid Polymer B/ton sludge

b. Calculate cost for Polymer A in dollars of polymer per
ton of sludge solids treated.

Cost, $/ton = Dose, lbs polymer x Polymer Cost, $/lb
ton sludge

= 9.1 lbs polymer x $2.20/1b polymer
ton sludge

= $20.02/ton of sludge

c. Calculate the cos' for Polymer B in dollars of polymer
per ton of sludge solids treated.

Cost, $/ton = Dose, lbs polymer x Polymer Cost, $/lb
ton sludge

lbs polymer= 82.2 x $0.22/1b polymer
ton sludge

= $18.08/ton of sludge

4. Known

Polymer Conc , lb/gal = 0.5 lbs/gal
Polymer Pump, GPM = 0 18 GPM
Flow to Filter, GPM = 6,000 GPM

Unknown

Polymer Dose,
mg/L

r- r-J t) t

Calculate the polymer dose in mgd..

Dose. mg/L Flow, gal/min x Conc., lbs polymer/gal

Flow, gal/min x 8.34 lbs/gal

0 18 gal/min x 0 5 lbs/gal=

6,000 gal/min x 8 34 lbs/gal

0.09 lbs polymer 1,000,000

50,040 lbs water 1 M

= 1.8 mg/L

5. Known Unknown

Flow, MGD = 0.8 MGD
!nfl SS, mg/L = 1,800 mg/L
Effl SS, mg/L = 100 mg/L
Infl BOD, mg/L = 150 mg /L

1. SS Loading, lbs/day
2. BOD Loading, lbs/day
3. SS Removal, %

a. Calculate the influent suspended solids loading in
pounds per day.

SS Loading, Flow, MGD x Ira' SS, mg/L x 8 34 lbs/gal
lbs/day

= 0.8 MGD x 1800 mg/L x 8.34 lbs/gal

= 12,000 lbs suspended solids/day

b. Calculate the influent BOD loading in pounds BOD per
day.

BOD Loading, Flow, MGD x BOD, mg/L x 8.34 lbs/gal
lbs/day

-- 0.8 MGD = x 150 mg/L x 8.34 lbs/gal

= 1,000 lbs BOD/day

c. Determine the percent suspended solids removal.

SS Removal, % = (Infl SS, mg/L Effl SS, mg/L)

Intl SS, mg/L

(1800 mg/L 100 mg/L)

1800 mg/L

= 94 40/0
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Project Pronunciation Key

by Warren L. Prentice

The Project Pronunciation Key is designed to aid you in the
pronunciation of new words. While this key is based primarily
on familiar sounds, it does not attempt to follow any particular
pronunciation guide. This key is designed solely to aid
operators in this program.

You may find it helpful to refer to other available sources for
pronunciation help. Each current standard dictionary contains
a guide to its own pronunciation key. Each key will be different
from each other and from this key. Examples of the difference
between the key used in this program and the Webster's NEW
WORLD DICTIONARY "Key"' are shown below:

In using this key, you should accent (say louder) the syllable
which appears in capital letters. The following chart is pre-
sented to give examples of how to pronounce words using the
Project Key.

WORD 2nd

SYLLABLE

1st 3rd 4th 5th

acid AS id

lentcoagulant co AGG you

biological BUY o LODGE ik cull

The first word, ACID, has its first syllable accented The
second word, COAGULANT, has its second syllable ac-
cented The third word, BIOLOGICAL, has its first and third
syllables accented.

We hope you will ;Ind the key useful in unlocking the pro-
nunciation of any new word.

Term

acid
co l,form

Prolect Key

AS-id
COA L-I -f or mi

,biological BUY-o-LODGE-tk-cup
.1111111....-

WebsterKey
a s

k - la -f o r m
b 1-a-1 a ) - I

' The Webster's NEW WORLD DICTIONARY, College Edition, 1968, was chosen rather than an uricibridged dictionary because of its
availability to the operator

553



Glossary 505

GLOSSARY

ABS ABS

Alkyl Benzene Sulfonate A type of surfactant, or surface active agent, present in synthetic detergents in the United States before
1965 ABS was especially troublesome because it caused foaming and resisted breakdown by biological ;:eatment processes. ABS
has been replaced in detergents by linear alkyl sulfonate (LAS) which is biodegradable.

ABSOFIPTIOt (ab-SO RP-shun) ABSORPTION

Taking in or soaking up of one substance into the body of another by molecular or chemical action (as tree roots absorb dissolved
nutrients in the soil).

ACID ACID

(1) A substance that tends to lose a proton (2) A substance that dissolves in water with the for nation of hydrogen ions. (3) A
substance containing hydrogen which may be replaced by metals to form salts.

ACIDITY ACIDITY

The capacity of water or wastewater to neutralize bases. Acidity is expressed in milligrams per liter of equivalent calcium carbonate.
Acidity is not the same as pH because water does not have to be strongly acidic (low pH) to have a nigh acidity. Acidity is a measure
of how much base can be added to a liquid without causing a great change in pH.

ACTIVATED SLUDGE (ACK-ta-VATE-ed sluj) ACTIVATED SLUDGE

Sludge particles produced in raw or settled wastewater (primary effluent) by the growth of organisms ;including zoogleal bacteria) in
aeration tanks in the presence of dissolved oxygen. The term "activated comes from the fact that the particles are teeming with
bacteria, fungi, and protozoa Activated sludge is different from primary sludge in that the sludge particles contain many living
organisms which can feed on the incoming wastewater.

ACTIVATED SLUDGE PROCESS (ACK-ta-VATE-ed sluj) ACTIVATED SLUDGE PROCESS

A biological wastewater treatment process which speeds up the decomposition of wastes in the wastewater being treated. Activated
sludge is added to wastewater and the mixture (mixed liquor) is aerated and agitated. After some time in the aeration tank, the
activated sludge is allowed to settle out by sedimentation and is disposed of (wasted) or reused (returned to the aeratiol tank) as
needed. The remaining wastewater then undergoes more treatment.

ADSORPTION (add-SORP-shun) ADCORPTION

The gathering of a gas, liquid, or dissolved substance on the surface or interface zone of another substance.

ADVANCED WASTE TREATMENT ADVANCED WASTE TREATMENT T

Any process of water renovation that upgrades treated wastewater to meet specific reuse requirements. ik.1"?., include general
cleanup of water or removal of specific parts of wastes insufficiently removed by conventional treatment processes. Typical
processes include chemical treatment and pressure filtration. Also called TERTIARY TREATMENT.

AERATION (air-A-shun) AERATION
The process of adding air In wastewater treatment, air is added to freshen wastewater and to keep solids in suspension. With
mixtures of wastewater and activated sludge, adding air provides mixing and oxygen for the microorganisms treating the wastewa-
ter.

AERATION LIQUOR (air-A-shun) AERATION LIQUOR

Mixed liquor The contents of the aeration tank including living organisms and material carried into Ir., tank by either untreated
wastewater or primary effluent.
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AERATION TANK (air-A-shun) AERATION TANK

The tank where raw or settled wastewater is mixed with return sludge and aerated The same as aeration bay, aerator, or reactor.

AEROBES AEROBES

Bacteria that must have molecular (dissolved) oxygen (DO) to survive.

AEROBIC (AIR-0-back) AEROBIC

A condition in which "free" or dissolved oxygen is present in the aquatic environment.

AEROBIC BACTERIA (AIR -O -bick back-TEAR-e-ah) AEROBIC BACTERIA

Bacteria which will live and reproduce only in an environment containing oxygen which is available for their respiration (breathing),
namely atmoschenc oxygen or oxygen dissolved in water. Oxygen combined chemically, such as in water molecules (H20), cannot
be used for respiration by aerobic bacteria.

AEROBIC DECOMPOSITION (AIR-0-back) AEROBIC DECOMPOSITION

The decay or breaking down of organic material in the presence of "free" or dissolved oxygen

AEROBIC DIGESTION (AIR -O -bick) AEROBIC DIGESTION

The breakdown of wastes by microo.ganisms in the presence of dissolved oxygen. 'Waste sludge is placed in a large aerated tonu.
where aerobic microorganisms decompose the organic matter in the sludge. This is an extension of the activated sludge nrocess.

AEROBIC PROCESS (AIR -O -bick) AEROBIC PROCESS

A waste treatment process conducted under aerobic (in the presence of "free" or dissolved oxygen) conditions.

AGE TANK AGE TANK

A tank used to store a known concentration of chemical solution for feed tc a chemical feeder. Also called a "day tank."

AGGLOMERATION (a-GLOM-er-A-shun) AGGLOMERATION

The growing or coming together of small scattered particles into larger flocs or particles which settle rapidly. Also see FLOC

AIR BINDING AIR BINDING

The clogging of a filter, pipe or pump due to the presence of air released from water

AIR GAP

An open vertical drop, or vertical empty space, between a drinking (potable) water
supply and the point of use in a wastewater treatment -,-..:;2nt. ills eap prevents
back siphonage because there is no way wastewater can reach thr, drinking water

AIR GAP AIR GAP

AIR LIFT AIR LIFT

A special type of pump. This device consists cf a vertical riser pipe submerged in the wastewater or sludge to be pumped.
Compressed air is injected into a tail piece at the bottom of the pipe. Fine air bubbles mix with the wastewater or sludge to form a
mixture lighter than the surrounding water which causes the mixture to rise in the discharge pipe to the outlet k air -lift pump works
similar to the center stand in a percolator coffee pot.

AIR PADDING AIR PADDING

Pumping dry air into a container to assist with the withdrawal of a liquid or to force a liquid gas such as chlorine or sulfurdo tide out
of a container.

ALGAE (AL-gee) ALGAE

Microscopic plants which contain chlorophyll and float or are suspended and live in water They also may be attached to structures,
rocks, or other similar substances.

ALIQUOT (AL-h-kwot) ALIQUOT

Portion of a sample.

ALKALI ALKALI

Any of certain soluble salts, principally of sodium, potassium, magnesium, and calcium, that have the property of combining with
acids to form neutral salts and may be used in chemical processes such as water or wastewater treatment.

JJOrr,



Glossary 507

ALKALINITY (AL-ka-LIN-ity) ALKALINITY
The capacity of water or wastewater to neutralize acids. This capacity is caused by the water's content of carbonate, bicarbonate,
hydroxide, and occasionally 'orate, silicate, and phosphate. Alkalinity is expressed in milligrams per liter of equivalent calcium
carbonate Alkalinity is not the same as pH because water does not have to be strongly basic (high pH) to have a high alkalinity.
Alkalinity is a measure of how much acid can be added to a liquid without causing a great change in pH.

AMBIENT TEMPERATURE (AM-bee-ent)

Temperature of the surroundings.

AMPEROMETRIC (am- PURR -o- MET -rick)

AMBIENT TEMPERATURE

AMPEROMETRIC
A method of measurement that records electnc current flowing or generated, rather than recording voltage. Amperometnc titration is
a means of measuring concentrations of certain substances in water.

ANAEROBES

Bacteria that do not need molecular (dissolved) oxygen (DO) to survive.
ANAEROBES

ANAEROBIC (AN-air-O-bick) ANAEROBIC
A condition in which "free" or dissolved oxygen is NOT present in the aquatic environment

ANAEROBIC BACTERIA (AN-air-O-bick back-TEAR-e-ah) ANAEROBIC BACTERIA
Bactena that live and reproduce in an environment containing no "free" or dissolved oxygen. Anaerobic bacteria obtain their oxygen
supply by breaking down chemical compour.ds which contain oxygen, such as sulfate (SO4).

ANAEROBIC DECOMPOSITION (AN-air-O-bick) ANAEROBIC DECOMPOSITION
Tne decay or brer1/4ing down of organic material in an environment containing no "free" or dissolved oxygen.

ANAEROBIC DIGESTION (AN-air-O-bick) ANAEROBIC DIGESTION
Wastewater solids and water (about 5% solids, 95% water) are placed in a large tank where bacteria decompose the solids in the
absence of dissolved oxygen At least two general groups of bacteria act in balance. (1) SAPROPHYTIC bactena break down
complex solids to volatile acids, and (2) METHANE FERMENTERS break down the acids to methane, carbon dioxide, and water.

ANHYDROUS (an-HI-drous)

Very dry. No water or dampness is present
ANHYDROUS

ANION ANION
A negatively charged ion in an electrolyte solution, attracted to the anode under the influence ,,iectric potential.

ASEPTIC (a-SEP-tick) ASEPTIC
Free from the living germs of disease, fermentation or putrefaction. Sterile.

ASPIRATE (ASS-per-RATE) ASPIRATE
Use of a hydraulic device (aspirator or eductor) to create a negative pressure (suction) by forcinga liquid through a restriction, such
as a Venturi An aspirator (the hydraulic device) may be used in the laboratory in place of a vacuum pump, sometimes used instead
of a sump pump.

BOD (BEE-OH-DEE) BOD
Biochemical Oxygen Demand The rate at which microorganisms use the oxygen in water or wastewater while stabilizing decom-
posable organic matter under aerobic conditions In decomposition, organic matter serves as food for the bacte . and energy
results from its oxidation

BTU (BEE-TEA-YOU) BTU
British Thermal Unit The amount of heat required to raise the temperature of one pound of water one degree Fahrenheit

BACTERIA 'back-TEAR-e-ah) BACTERIA
Bacteria are .iving organisms, microscopic in size, which consist of a single cell Most bacteria utilize organic matter for their food
and produce wac.:te products as the result of their life processes.

BACTERIAL CULTURE (back-TEAR-e-al) BACTERIAL CULTURE
In the case of activated sludge, the bacterial culture refers to the group of bacteria classed asAEROBES, and facultative organisms,
which covers a wide range of organisms ,Aost treatment processes in the United States grow facultative organisms which utilize the
carbonaceous (carbon compounds) BOD Facultative organisms can live when oxygen resources are low. When nitrification' is
required, the nitrifying organisms are OBLIGATE AEROBES (require oxygen) and must have at least 0.5 mg/ of dissolved oxygen
throughout the whole system to function properly.
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BAFFLE BAFFLE

A flat board or plate, deflector, guide or similar device constructed or placed in flowing water, wastewater, or Slurry systems to cause
more uniform flow velocities, to absorb energy, and to divert, guide, or agitate liquids

BASE BASE

A compound which dissociates (separates) in aqueous solution to yield hydroxyl tons.

BATCH PROCESS BATCH PROCESS

A treatment process in which a tank or reactor is filled, the water is treated, and the tank is emptied The tank may then befilled and
the process repeated.

BENCH SCALE ANALYSIS BENCH SCALE ANALYSIS

A method o. ,tudying different ways of treating wastewater and solids on a small scale in a laboratory.

BENZENE BENZENE

An uomatic hydrocarbon (C61-16) which is a colorless, volatile, flammable liquid. Benzene is obtained chiefly from coal tar and is
used as a solvent for resins and f.... ,n the manufacture of dyes.

BIOASSAY (BUY-o-ass-SAY) BIOASSAY

(1) A way of showing or measunng the effect of biological treatment on a particular substance or waste, or (2) a method of
determining toxic effects of industrial wastes or other wastes by using live organisms such as fish for test crganisms.

BIOCHEMICAL OXYGEN DEMAND (BOO) BIOCHEMICAL OXYGEN DEMAND (BOD)

The rate at which microorganisms use the oxygen in water or wastewater while stabilizing decomposable organic mater under
aerobic conditions. In decomposition, organic matter serves as food for the bacteria and energy results from its oxidatioc.

BIOCHEMICAL OXYGEN DEMAND (BOD) TEST BIOCHEMICAL OXYGEN DEMAND (BOD) TEST

A procedure that measures the rate of oxygen use under controlled conditions of time and temperature. Standard test conditions
include dark incubation at 20°C for a specified time (usually five days).

BIODEGRADABLE (BUY-o-dee-GRADE-able) BIODEGRADABLE

Organic matte- :hat can be broken down by bacteria to more stable forms which will not create a nuisance or give off foul odors

BIODEGRADATION (BUY-o-de-grah-DAY-shun) BIODEGRADATION

The breakdown of organic matter by bacteria to more stable forms which will nut create a n Jisance or give off foul odors.

BIOFLOCCULATION (BUY-o-flock-u-LAY-shun) BIOFLOCCULATION

The clumping together of fine, dispersed organic particles by the action of sertain bacteria and algae. This results in faster and more
complete settling of the organic solids in wastewater

BIOMASS (BUY-o-MASS) BIOMASS

A mass or clump of living organisms feeding on the wastes in wastewater, dead organ, ns and other debris This mass may be
formed for, or function as, the protection against predators and storage of food supplies Also see ZOOGLEAL MASS

BLANK BLANK

A. bottle containing only dilution water or distilled water, but the sample being tested 's not added Tests are frequently run on a
SAMPLE and a BLANK and the differences compared.

BLINDING BLINDING

The clogging of the filtering medium of a microscreen or a vacuum filter when the hol;s or spaces in the media become sealed off
due to a buildup of grease or the material being filtered.

BOUND WATER BOUND WATER

Water contained within the cell mass of sludges or strongly held on the surface of colloidal particles

BREAKOUT OF CHLORINE BREAKOUT OF CHLORINE

A point at which chlorine leaves solution as a gas because the Lnlorine feed rate IS too high Tne solution is saturated and cannot
dissolve any more chlorine.

BREAKPOINT CHLORINATION BREAKPOINT CHLORINATION

Addition of chlorine to water or wastewater until the chlorine demand has been satisfied and furthel additions of chlurine result in a
residual that is directly proportional to the amount added beyond the breakpoint.

557



BUFFER

A solution or liquid whose chemical makeup neutralizes acids or bases without a great cha; ge in pH

BUFFER ACTION

The action of certain ions in solution in oppos:ng a change in hy&ogen-ion concentration

Glossary 5U9

BUFFER

BUFFER ACTION

BUFFER CAPACITY BUFFER CAPACITY

A measure of the capacity of a soldtioh or liquid to neutralize acids or bas .s This is a measure of the capacity of water or
wastewater for offering a resistance to changes in pH

BUFFER SOLUTION BUFFER SOLUTION

A solution containing two or more -,ubstances which, in combination, resist any marked change in pH following addition of moderate
amounts of either strong acid or base.

BULKING (BULK-ing) BULKING

Clouds of billowing sludge that occur t' iroughout seccidary clarifiers and sludge thickeners when the sludge becomes too light and
will not settle properly.

CALORIE (KAL-o-ree) CALORIE

The amount of heat required to raise the temperature of one gram of water one degree Celsius

CAR3ONACEOUS STAGE (car-bun-NAY-shus) CARBONACEOUS

A stage of decomposition that occurs in biological treatment processes when aerobic bacteria, using dissolved oxygen, change
carbon compounds to carbon dioxide Sometime,, . &erred to as "first-stage BOD' because the microorganidms attack organic or
carbon compounds 'first anti nitrogen compounds late! A!sc see NITP.IFICAl!ON STAGE.

CATHODIC PROTECTION (ca-71-100-ick) CATHODIC PROTECTION

An electrical system for prevention of rust, con.:-.,,on, and (..,tling of steel and don surfaces in contact with water, wastewater or soil

CATION EXCHANGE CAPACITY CATION EXCHANGE CAPACITY

The ability of a soil or other solid to exchange cations (positive ions such as calcium, Ca 42) with o liquid.

CAVITATION (CAV-i-TAY-shun) CAVITATION

The formation and collapse of a gas pocket or bubble on the blade of an impelit i The collapse of this gas pocket or bubble drives
water into the impeller with a ternfic force that can cause pitting on the impeller surface

CENTRATE CENTRATE

The water leaving a centrifuge after most of the solids have been removed

CENTRIFUGE CENTRIFUGE

A mechanical device that uses centrifugal or rotational forces to separate solids from liquids

CHEMICAL EQUIVALENT CHEMICAL EQUIVALENT

The weight in grams of a substance that combines with or displaces one gram of hydrogen Chemical equivalents usually are found
by dividing the formula weight by its valence

CHEMICAL OXYGEN DEMAND or COD CHEMICAL OXYGEN DEMAND or COD

A measure of the oxygen-consuming capacity of inorganic and organic matter present in wastewater COD is expressed as the
amount of oxygen consumed from a chemical oxidant in mg,L during a specific test Results are not necessarily related to the
biocaemical oxygen demand because the chemical oxidant mdy react with substances that bacteria do not stabilize.

CHEMICAL PRECIPITATION CHEMICAL PRECIPITATION

(1) Precipitation induced by addition of chemicals (2) The process of softening water by the addition of lime or lime and soda ash as
the precipitants.

CHLORAMINES (KLOR-a-means) CHLORAMINES

Chloramines are compcimds formed by the reaction of chlorine with ammonia

CHLORINATION (KLOR-i-NAY-shun) CHLORINATION

The application of chlorine to water or wastewater, generally for the purpose of disii ifection, but frequently for d,complishing other
biological or chemical results.
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CHLORINE DEMAND CHLORINE DEMAND

Chionne demand is the difference between the amount chlorine aaded to wastevter and the amount of residual chlorine
remaining after a given contact time. Chionne demand may change with dosage, time, temperature, pH, and nature and amount of
the impurities in the water.

Chlorine Demand, mg/L = Chionne Applied, mg/L Chlorine Residual, mg/L

CHLORINE REQUIREMENT CHLORINE REQUIREMENT

The amount of chlonne which is needed for a particular purpose. Some reasons for adding chlorine are reducing the number of
conform bacteria (Most Probable Number), obtaining a particular chlorine residual, or destroying some chemical in the water. In
each case a definite dosage of chlonne will be necessary. This dosage is the chlorine requirement.

CHLORORGANIC (chloro-or-GAN-nick) CHLORORGANIC

Chlororganic compounds are organic compounds combined with chlorine. These compounds generally originate from, or are
associated with, living or dead organic materials.

CILIATES (SILLY-ates) CILIATES

A class of protozoans distinguished by short hairs on al! or part of their bodies

CLARIFICATION (KLAIR-i-fi-KAY-shun) CLARIFICATION

Any process, or combination of processes the main purpose of w hich is to reduce .-k..ncentration of suspended matter in a liquid.

CLARIFIER (KLAIR-i-fire) CLARIFIER

Settling Tank, Sedimentation Basin. A tank ui basin in which wastewater is held fu,- a period of time, during which the heavier solids
settle to the bottom and the lighter material will float to the water surface.

COAGULANT AID COAGULANT AID

Any chemical or substance used to assist or modify coagulation.

COAGULANTS (co-AGG-you-lents) COAGULANTS

Chemicals that cause very fine particles to clump together Into larger particles. This makes it easier to separate the solids from the
liquids by settling, skimming, draining or filtering.

COAGULATION (co -AGG- you -LAi' -shun) COAGULATION

The use of chemicals that cause very fine particles to clump together into larger particles. This makes ,, easier to separate the solids
from the liquids by setting, skimming, draining or filtering

COLIFORM (COAL-i-form) COLIFORk.

One type of bacteria The presence of conform -group bacteria is an indication of possible pathogenic bacterial contamination. The
human intestinal tract is one of the main habitats of conform bacteria They may also be found 'n the intestinal tracts of warm-
blooded animals, and in plants, soil, air, and the aquatic environment Fecal conforms are those coliforins found in the feces of
venous warm-blooded animals, whereas the term "conform" also includes other environmental sources.

COLLOIDS (KOL-loids) COLLOIDS

Very small, finely divided solids (particles that do not dissolve) that remain dispersed in a liquid for a long time due to their small size
and electrical charge.

COLOPIM:. SIC MEASUREMENT COLORIMETRIC MEASUREMENT

A means of oring unknown concentrations of water ouality indicators in a sample by measuring the sample s color intensity.
The color of the ,ample after the addition of specific, chemicals (reagents) is compared with colors of known concentrations.

COMBINED AVAILABt E CHLORINE COMBINED AVAILABLE CHLORINE

The concentration of ch., ne which is combined with ammonia (NH3) as chlorarr ine or as other chloro derivati les, yet is still
available to oxidize organic ratter.

COMBINED AVAILABLE RESIDUAL CHLORINE COMLINED AVAILABLE RESIDUAL CHLORINE

That portion of the total residual chlorine which remains ir water or wastewater at the ,-nd of a specified contact period and reacts
chemically and biologically as ch'oramines or organic chloramines

COMBINED RESIDUAL CHLORINATION COMBINED RESIDUAL CHLORINATION

The application of chlorine to water or wastewater to produce a combined chlorine residu The residual may consist of chlorine
compounds formed by the reaction of chlorine with nature; or added ammonia (NH3) or with certain orpa-ic nitrogen compounds
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COMBINED SEWER COMBINED SEWER
A sewer designed to carry both sanitary wastewaters and storm- or surface-water runoff.

COMMINUTION (corn-mi-NEW-shun) COMMINUTION
Shredding A mechanical treatment process which cuts large pieces of wastes into smaller pieces so they won't plug pipes or
damage equipment. COMMINUTION and SHREDDING usually mean the same thing

COMMINUTOR (com-mi-NEW-ter) COMMINUTOR
A device used to reduce the size the solid chunks in wastewater by shredding (comminuting). The shredding action is like
many scissors cutting or chopping to shreds all the large influent solids material.

COMPOSITE (PROPORTIONAL) SAMPLE (com-POZ-it) COMPOSITE (PROPORTIONAL) SAMPLE
A composite sample is a collection of individual samples obtained at regular intervals, usually every one or two hours dunng a
24-hour time span Each individual sample is combined with the others in proportion to the flow when the sample was collected. The
resulting mixture (composite sample) forms a representative sample and is analyzed to determine the average conditions during the
sampling period.

COMPOUND COMPOUND
A pure stoustance composed of two or more elements whose composition is constant. For example, table salt (sodium chloride - Na
CI) is a compound.

CONING (CONE-ing) CONING
Development of a cone-shaped flow of liquid, like a whirlpool, through sludge. This can -.;cor in a sludge hopper during sludge
withdrawal w ten the sludge becomes too thick. Part of the sludge remains in place while Lquii rather than sludge flows out of the
hopper. Also called "coring."

CONTACT STABILIZATION CONTACT STABILIZATION
Contact stabilization is a modification of the conventional activated sludge pro.,ess. In contact stabilization, two aeration tanks are
used One tank is for separate re-aeration of the return sludge for at least f,,ur hours before it is permitted to flow into the other
aeration tank to be mixed with the primary effluent requiring treatment.

CONTINUOUS PROCESS CONTINUOUS PROCESS
A treatment process in which water is treated continuously in a tank or reactor The water being treated continuously flows into the
tank at one end, is treated as it flows tnrough the tank, and 'lows out the opposite end as treated water.

CONVENTIONAL TREATMENT CONVENTIONAL TREATMENT
The pretreatment, sedimentation, flotation, trickling filter, activated sludge and chlorination wastewater treatment processes

CROSS CONNECTION CROSS CONNECTION
A connection between drinking (potable) water and an unsafe water supply For example, if you have a pump moving nonpotable
water and hook into the drinking water system to supply water for the pump seal, a cross connection or mixing between the two
water systems can occur. This mixing may lead to contamination of the drinking water.

CRYOGENIC (cry-o-JEN-nick) CRYOGENIC
Low temperature.

DO (DEE-OH) DO
Abbreviation of Dissolved Oxygen. DO is she atmospheric oxygen dissolved in water or wastewater.

DATEOMETER (day-TOM-uh-ter) DATEOMETER
A small calendar disc attached to motors and equipment to indicate the , in which the last maintenance service was performed.

DAY TANK DAY TANK
A tank used to store a known concentration of chemical solution for feed to a chemical feeder. Also called an age tank.

DECHLORINATION (dee-KLOR-i-NAY-shun) DECHLORINATION
The removal of chlorine from the effluent of a treatment plant

DECIBEL DECIBEL
A unit for expressing the relative intensity of sounds on a scale from zero ir the averaye least perceptible sound to about 130 for the
average pain level.
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DECOMPOSITION, DECAY DECOMPOSITION, DECAY

Processes that convert unstable materials into more stable forms by chemical or biological action Waste treatment encourages
decay in a controlled situation so that material may be disposed of in a stab'' form. When organic matter decays under anaerobic
conditions (putrefaction), undesirable odors are produced The aerobic processes in common use for wastewater treatment produ e
much less objectional odors.

DEFINING DEFINING

A process that arranges the activated carbon particles according to size This process is also used to remove small particles from
granular contactors to prevent excessive head loss.

DEGRADATION (de-grah-DAY-shun) DEGRADATION

The conversion of a substance to simpler compounds. For example, the degradation of organic matter to carbon dioxide and
water.

DENITRIFICATION DENITRIFICATiON

A condition that occurs when nitrite or nitrate ions are reduced to nitrogen gas and bubbles are 'ormed as a res.ilt of tnis process
The bubbles attach to the biological flocs and float the flc...s to the surface of the secondary clarifiers. This condition is often the
cause of rising sludge c )served in secondary clarifiers or gravity thickeners.

DENSITY (DEN-sit-tee) GENSITY

A measure of how heavy a substance (solid, liquia or gas) is for .ts size. Density is expressed in terms of weight per unit volume, that
is, grams per cubic centimeter or pounds per cubic foot. The density of water (at 4°C or 39'F) is 1.0 gram per cubic centimeter or
about 62.4 pounds per cubic foot.

DESICCATOR (DESS-i-KAY-tor) DESICCATOR

A closed container into which heated ieighing or drying dishes are placed to cool in a dry environment. The dishes may be empty or
they may contain a sample. Desiccators contain a substance, such as anhydrous calcium chloride, which absorbs moisture and
keeps the relative humidity near zua so that the dish or sample will not gain weight from absorbed moisture

DETENTION TIME DETENTION TIME

The time iequired to fill a tank at .en flow or the theoretical time required for a given flow of wastewater to pass through a tank.

DETRITUS (dee-) RI-tus) DETRITUS

The heavy, coarse mixture of grit and organic material carried by wastewater.

DEW POINT DEW POINT

The temperature to which air with a given quantity of water vapor must be cooled to cause condensation of the vapor in the air.

DEWATER DEWATER

To remove or separate a portion of the water present in a sludge or slurry.

DEWATERABLE DEWKi cRABLE

This is a property of a sludge related to the ability to separate the liquid portion from the solid, with or without chemical conditioning.
A material is considered dewaterable if water will readily drain from it

DIAPHRAGM PUMP D'APHRAGM PUMP

The pump in which a lexible diaphragm, generally Jf rubber or ecicc.11y flexible material, is the operating part It is fastened at the
edges in a vertical cyliiider. When the diaphragm is raised suction is c erted, and when it is depressed, the liquid is forced through a
discharge valve.

DIATOM DIATOM

A group of microscopic, unicellular, marine or fresh-water alga, having siliceous (consisting of :.Mica) cell walls.

DIATOMACEOUS EARTH DIATOMACEOUS EARTH

A fine, siliceous earth consisting mainly of the skeletal remains of diatoms.

DIFFUSED-AIR AERATION DIFFUSED-AIR AERATION

A diffused air activated sludge plant takes air, compresses it, and then discharges the air below the water surface of the aerator
through some type of air diffusion device.

DIFFUSER DIFFUSER

A device (porous plate, tube, bag) used to break the air stream from the blower system into fine bubbles in an aeration tank or
reactor.
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DIGESTER (die-JEST-er) DIGESTER

A tank in which sludge is placed to allow decompooition by microorganisms. Digestion may occur under anaerobic (more common)
or aerobic conditions.

DISCHARGE HEAD DISCHARGE HEAD

The pressure (in feet (meters) or pounds per square inch (kilog t ms per square centimeter)) on the discharge side of a pump. The
pressure can be measured from the center line of the pump t.) the hydraulic grade line of the water in the discharge pipe.

DISINFECTION (dis-in-FECT-shun) DISINFECTION

The process designed to kill most microorganisms in wastewater. including essentially all pathogenic (disease-causing) bacteria.
There are several ways to disinfect, with chlorine being most frequently used in water and wastewater treatment plants. Compare
with STERILIZATION.

DISSOLVED OXYGEN DISSOLVED OXYGEN

Molecular oxygen dissolved in water or wastewater, usually abbreviated DO.

DISTILLATE (DIS-tuh-late) DISTILLATE

In the distillation of a sample, a portion is evaporated, the part that is condensed afterwards is the distillate.

DISTRIBUTOR DISTRIBUTOR

The rotating mechanism that distributes the wastewater evenly over the surface of a trickling filter or other process unit. Also see
FIXED SPRAY NOZZLE.

DOCTOR BLADE DOCTOR BLADE

A blade used to remove any excess solids that may cling to the outside of a rotating screen.

DRAIN TILE SYSTEMS DRAIN TILE SYSTEMS

A system of tile pipes buried under he crops that collect percolated waters and keep the groundwater table below tile ground
surface to prevent ponding.

DRAINAGE WELLS DRAINAGE WELLS

Wells that can be pumped to lower the groundwater table and prevent ponding.

DROOP DROOP

The difference betweer the actual value and the desired value (or set point; characteristics of proportional controllers that do not
incorporate reset action. Also called OFFSET

DYNAMIC HEAD DYNAMIC HEAD

When a pump is operating, the vertical distance (in feet or meters) from a point to the energy grade lines. Also see TOTAL
DYNAMIC HEAD and STATIC HEAD.

EDUCTOR (e-DUCK-tor) EDUCTOR

A hydraulic device used to create a negative pressure (suction) by forcing a liquid through a restriction, such as a Venturi. An
eductor or aspirator (the hydraulic device) may be used in the laboratory in place of a vacuum pump, sometimes used instead of a
suction pump.

EFFLORESCENCE (EF-low-RESS-ense) EFFLORESCENCE

The powder or crust formed on a substance whan moisture is given off upon exposure to the atmosphere

EFFLUENT (EF-lu-ent) EFFLUENT

Wastewater cr other liquid raw, partially of completely treated flowing FROM a basin, treatment process, or treatment plant.

ELECTRO-CHEMICAL CORROSION ELECIRO-CHEMICAL CORROSION

The decomposition of a material by (1) stray current electrolysis, (2) galvanic corrosion caused by dissimilar metals, and (3)
galvanic corrosion cat, ed by differential electrolysis.

ELECTRO-CHEMICAL PROCESS ELECTRO-CHEMICAL PROCESS

A process that causes the deposition or formation of a seal or coating of a chemical element or compound by the use of electiicity.
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ELECTRO-MAGNETIC FORCES ELECTRO-MAGNETIC FORCES
Forces resulting from electrical charges that either attract or repel particles. Particles with opposite
other. For example, a particle with positive charges is attracted to a particle with negative charges.
repel each other. A particle with positive charges is repelled by a particle with positive charges and a
is repelled by another particle with negative charges.

ELECTROLYSIS (ELECT-TROLLEY-sis)

The decomposition of material by an electric current.

ELECTROLYTE (ELECT-tro-LIGHT)

A substance which dissociates (separates) into two or more ions when it is dissolved in water.

ELECTROLYTIC PROCESS (ELECT-tro-LIT-ick)

A process that causes the decomposition of a chemical compound by the use of electricity.

.harges are attracted to each
Particles wth similar charges
particle with negative charges

ELECTROLYSIS

ELECTROLYTE

ELECTROLYTIC PROCESS

ELECTRON ELECTRON

An extremely small (microscopic), negatively charged particle. An electron is much too small to be seen with a microscope.

ELEMENT ELEMENT

A substance which cannot be separated into substances of other kinds by ordinary chemical means. For example, sodium (Na) is an
element.

ELUTRIATION (e-LOO-tree-A-shun) ELUTRIATION

The washing of digested sludge in plant effluent. The objective is to remove (wash out) fine particulates and/or alkalinity in sludge.
This process reduces the demand for conditioning chemicals and improves settling or filtenng characteristics of the solids.

EMULSION (e-MULL-shun) EMULSION

A liquid mixture c' rwo or more liquid substances not rormally dissolved in one another, but one liquid held in suspension in the
other.

END PC.NT END POINT

Samples are titrated to the end pint. This means that a chemical is added, drop by drop, to a sample until a certain color change
(blue to clear, for example) occurs which is called the END POINT of the titration. In addition to a color change, an end point may be
reached by the formation of a precipitate or the reaching of a specified pH. An end point may be detected by the use of an electronic
device such as a pH meter. The completion of a desired chemical reaction.

ENDOGENOUS (en-DODGE-en-us) ENDOGENOUS

A reduced level of respiration (breathing) in which organisms break down compounds within their own cells to produce the oxygen
they need.

ENERGY GRADE LINE (EGL) ENERGY GRADE LINE (EGL)

A line that represents the elevation of energy head (in feet) of water flowirg in a pipe, conduit or channel. The line is drawn abovethe
hydraulic grade line a distance equal to the velocity head of the water flowing at each section or point along the pipe o channel.

ENTERIC ENTERIC
Intestinal.

ENZYMES (EN-zimes) ENZYMES

Enzymes are organic substances which are produced by living organisms and speed up chemical changes.

EQIJALIZING BASIN EQUALIZING BASIN
A holding basin in which vat ations in flow and composition of liquid are averaged. Such basins are usea to provide a flow of
reasonably uniform volume and composition to a treatment unit. Also called a balancing reservoir.

ESTUARIES (ES-chew-wear-eez)

Bodies of water which arm located at the lower end of a nver and are subject to tidal fluctuations.
ESTUARIES

EVAPOTRANSPIRATION (e-VAP-o-trans-spi-RAY-shun) EVAPOTRANSPIRATION
The total water removed from an area by transpiration (plants) and by evaporation from soil, snow and water surfaces.

EXPLOSIMETER EXPLOSIMETER

An instrument used to detect explosive atmospheres. When the Lower Explosive Limit (L.E.L.) of an atmosphere is exceeded, an
alarm signal on the instrument is activated.
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F/M RATIO F/M RATIO

Food to microorganism ratio. A measure of food provided to bacteria in an e eratior tank.

Food BOD, lbs/day

Microorganisms MLVSS, lbs

Flow, MGD x BOD, mg/L x 8.34 lbs/gal

Volume, MG x MLVSS, mg/L x 8.34 lbs/gal

Or = BOD, kg/day

MLVSS, kg

FACULTATIVE (FACK-ul-TAY-tive) FACULTATIVE

Facultative bacteria can use either molecular (dissolved) oxygen or oxygen obtained from food materials such as sulfate or nitrate
ions. In other words, facultative bacteria can live under aerobic or anaerobic conditions.

FACULTATIVE POND (FACK-ul-TAY-tive) FACULTATIVE POND

The most common type of pond in current use. The upper portion (supernatant) is aerobic, while the bottom :ayer is anaerobic.
Algae supply most of the oxygen to the supernatant.

FILAMENTOUS BACTERIA (FILL-a-MEN-tuss) FILLMEN IOUS BACTERIA

Organisms that grow in a thread or filamentous form. Common types are thiothrix and actinomycetes.

FILTER AID FILTER AID

A chemical (usually a polymer) added to water to help remove fine colloidal suspended solids.

FIXED FIXED

A sample is "fixed" in the field by adding chemicals that preve the water quality indicators of interest in the sample from changing
before final measurements are performed later in the lab.

FIXED SPRAY NOZZLE FIXED SPRAY NOZZLE

Cone-shaped spray nozzle used to distribute wastewater over the filter media, similar to a lawn spnnkling system. A deflector or
steel ball is mounted within the cone to spread the flow of wastewater 'hrough I. k.A.,ne, thus causing a spraying action. Also see
DISTRIBUTOR.

FLAME POLISHED FLAME IOLISHED
Melted by a flame to smooth out irregularities Sharp or broken edges of glass (such as the end of a glass tube) are rotated in a
flame until the edge melts slightly and becomes smooth.

FLIGHTS FLIGHTS

Scraper boards, made from redwood or other rot-resistant woods or plastic, used to collect and move settled sludge or floating
SCUM.

FLOC FLOC

Groups or clumps of bactena and particles or coagulants and impurities that have come together and formed a cluster. Found in
aeration tanks, secondary clarifiers and chemical precipitation processes.

FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION

The gathering together of fine particles to form larger particles.

FLOW-EQUALIZATION SYSTEM FLOW-EQUALIZATION SYSTEM

A device or tank designed to hold back or store a portion of peak flows for release during low-flow penods.

FOOD/MICROORGANISM RATIO

Food to microorganism ratio. A measure of food provided to bacteria in an a ;ration tanl .

Food BOD, lbs'.4ay

Microorganismsrganisms MLVSS, lbs

= Flow, MGD x BOD, mg/L x 8.34 lbs/gal

Volum-;, MG x MLVSS, mg/L x 8.34 lbs/gal

Or = BOD, kg/day

MLVSS, kg

Commonly abbreviated F/M Ratio
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FORCE MAIN FORCE MAIN

A pipe that conveys wastewater under pressure from the discharge side of a pump to a point of gravity flow.

FREE AVAILABLE CHLORINE FREE AVAILABLE CHLORINE

The amount of chlorine available in water. This chlorine may be in the form of dissc,ved gas (Cl2), hypochlorous acid (HOCI), or
hypochlorite ion (OCI-), but does not include chlorine combined with an amine (ammonia or nitrogen) or other organic compound.

FREE AVAILABLE RESIDUAL CHLORINE FREE AVAILABLE RESIDUAL CHLORINE

That portion of the total residual chlorine remaining in water or wastewater at the end of a specified contact period. Residual chlorine
will react chemically ?net biologically as hypochlorous acid (HOCI) or hypochlorite ion (OCI-).

FREE CHLORINE FREE CHLORINE

Free chlonne is chlorine (Cl2) in a liquid or gaseous form. Free chlorine combines with water to form hypochlorous (HOCI) and
hydrochloric (HCI) acids In wastewater free chlorine usually combines with an amine (ammonia or nitrogen) or other organic
compounds to form combined chlorine compounds.

FREE OXYGEN FREE OXYGEN

Molecular oxygen available for respiration by organisms. Molecular oxygen is the oxygen molecule, 02, th.; is not combined with
another element to form a compound.

FREE RESIDUAL CHLORINATION FREE RESIDUAL CHLORINATION

The application of chlorine or chlorine compounds to water or wastewater to produce a free available chlorine residual directly or
through the destruction of ammonia (NH3) or certain organic nitrogenous compounds.

FREEBOARD

The vertical distance from the normal water surface to the top of the confining wall.
_37

FREEBOARD

FREEBOARD

WATER DEPTH

FRICTION LGSS FRICTION LOSS

The head lost by water flowing in a stream or conduit as the result of the disturbances set up by the contact between the moving
water and its containing conduit and by intermolecular friction.

GASIFICATION (GAS-i-fi-KAY-shun) GASIFICATION

The conversion of soluble and suspended organic materials into gas during anaerobic decomposition. In clarifiers the resulting gas
bubbles can become attached to the settled sludge and cause large clumps of sludge to rise and float on the water surface. In
anaerobic sludge digesters, this gas is collected for fuel or disposed of using the waste gas burner.

GATE GATE

A movable watertight barrier for the control of a liquid in a waterway

GRAB SAMPLE GRAB SAMPLE

A single aample of wastewater taken at neither a set time nor flow.

GRAVIMETRIC GRAVIMETRIC

A means of measuring unknown concentrations of water quality indicators in a sample by WEIGHING a precipitate or residue of the
sample.

GP'T GRIT

The heavy mineral material present in wastewater, such as sand, eggshells, gravel, and coders.

GRIT REMC AL GRIT REMOVAL

Grit removal is accomplished by providing an enlarged channel or chamber which causes the flow velocity to be reduced and allows
the heavier grit to settle to the bottom of the channel where it can be removed.

GROWTH RATE GROWTH RATE

An experimentally determined constant to estimate the unit growth rate of bacteria while degrading organic wastes.

HEAD HEAD

A term used to describe the height or energy of water above a point A head of water may be measured in either height (feet or
meters) or ores' :pounds per square inch or kilograms per square centimeter). Also see DISCHARGE HEAD, DYNAMIC HEAD,
STATIC HEAD, SUCTION HEAD, SUCTION LIFT and VELOCITY HEAD.
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HEAD LOSS

An indirect measure of loss of energy or pressure. Flowing water will lose some of
its energy when it passes through a pipe, bar screen, comminutor, filter or other
obstruction. The amount of energy or pressure lost is called "head loss." Head loss
is measured as the difference in elevation between the upstream water surface
and the downstream water surface and may be expressed in feet or meters.

Glossary 517

HEAD LOSS

HEAD LOSS

HEADER HEADER

A large pipe to which the ends of a series of smaller pipes are connected. Also called a "manifold."

HEADWORKS HEADWORKS

The facilities where wastewater enters a wastewater treatment plant. The headworks may consist of bar screens, comminutors, a
wet well and pumps.

HEPATITIS HEPATITIS

Hepatitis is an acute viral infection of the liver. Yellow jaundice is one symptom of hepatitis.

HUMUS St UDGE HUMUS SLUDGE

The sloughed particles of biomass from trickling filter ME dia that are removed from the water being treated in secondary clarifiers.

HYDRAULIC GRADE LINE (HGL) HYDRAULIC GRADE LINE (HGL)

The surface or profile of water flowing in an open channel or a pipe flowing partially Lull If a pipe is under pressure, the hydraulic
grade line .s at the level water would rise to in a small tube connected to the pipe. To reduce the release of odors from wastewater,
the wate: surface should be kept as smooth as possible

:-1.YDRAULIC LOADING HYDRAULIC LOADING

Hydraulic loading refers to the flows (MGD or cu m,day) to a treatment plant or treatment process. Detention times, surface loadings
and weir overflow rates are directly influenced by flows.

HYDROGEN ION CONCENTRATION (Hi) HYDROGEN ION CONCENTRATION (Hi)

The weight of hydroger ion in moles per liter of solution. Commonly expressed as the pH value, which is the logarithm of the
reciprocal of the hydrogen-ion concentration

pH = log 1

(Hi)

HYDROGEN SULFIDE (H2S) HYDROGEN SULFIDE (H2S)

Hydrogen sulfide is a gas with a rotten egg odor This gas is produced under anaerobic conditions Hydrogen sulfide is particularly
dangerous because it dulls your st -Ise of smell so that you don t nutice it after you have been around it for a while and because the
odor is not noticeable in high concentrations The gas is very poisonous to your respiratory system, explosive, flammable and
colorless.

HYDROLOGIC CYCLE (HI-d o-loj-ic) HYDROLOGIC CYCLE

The process of evaporation of water into the air and its return to earth by precipitation (rain or snow) This process also includes
transpiration from plants, groundwater movement and runoff into rivers, streams and the ocean

HYDROLYSIS (hi-DROL-e-sis) HYDROLYSIS

The addition of water to the molecule to break down complex substances into simpler ones.

HYDROSTATIC SYSTEM HYDROSTATIC SYSTEM

In a hydrostatic sludge removal system, the surface of the water in the clarfier is higher than the surface of the water in the sludge
well or hopper. This difference in pressure heap forces sludge :rum the bottom of the clarifier to fluw through pipes to the sludge well
or hopper.

HYGF.OSCOPIC (HI-grow-SKOP-ic) HYGROSCOPIC

A substance that absorbs or attracts moisture from the air.

HYPOCHLORINATION (hi-po-KLOR-i-NAY-shun) HYPOCHLORINATION

The application of hypochlorite compounds to water or wastewater for the purpose of disinfection.
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HYPOCHLORINATORS (hi-poe-KLOR-i-NAY-tors) HYPOCHLORINATORS

Chlonne pumps or devices used to feed chlonne solutions made from hypochlontes such as bleach (sodium hypochionte) or
calcium hypochlorite.

HYPOCHLORITE (hi-po-KLOR-ite) HYPOCHLORITE

Hypochlonte compounds contain chlorine and are used for disinfection. They are available as liquids or solids (powder. grariles,
and pellets) in barrels, drums, and cans.

IMHOFF CONE

A clear, cone-shaped container marked with graduations. The cone is used to
measure the volume of settleable solids in a specific volume of wastewater.

IMPELLER

A rotating set of vanes designed to impart rotation of a mass of fluid.

IMHOFF CONE

IMPELLER

IMPELLER PUMP IMPELLER PUMP

Any pump in which the water is moved by the continuous application of power from some rotating mechanical source.

INCINERATION INCINERATION

The conversion of dewatered sludge cake by combustion (burning) to ash, carbon dioxide and water vapor.

INDICATOR (CHEMICAL) INDICATOR (CHEMICAL)

A substance that gives a visible change, usually of color, at a desired point in a chemical reaction, generally at a specified end po. t.

INDOLE (IN-dole) 'NDOLE

An organic compound (C81-17N) containing nitrogen which has an ammonia odor

INFILTRATION (IN-fill-TRAY-shun) INFILTRATION

Thy seepage of groundwater into a sewer system, including service connections. Seepage frequently occurs through defective or
cracked pipes, pipe Joints, connections or manhole walls.

INFLOW INFLOW

Water discharged .. to the sewer system from sources other than regular connections. This includes low from yard drains,
foundation drains and ai,,nd manhole covers. Inflow differs from infiltration in that it is a direct discharge into the sewer rather than
a leak in the sewer itself

INFLUENT (IN-flu-ent) INFLUENT

Wastewater or other liquid raw or partially treated flowing INTO a reservoir, basin, treatment process, or treatment plant

INHIBITORY SUBSTANCES INHIBITORY SUBSTANCES

Materials that kill or restrict the ability of organisms to treat wastes.

INOCULATE (in-NOCK-yoi -late) INOCULATE

To introduce a seed culture into a system.

INORGANIC WASTE INORGANIC WASTE

VV,...,tt material such as sand, salt, iron, calcium, and other mineral materials - hich are only slightly affected by the aciton of or-
ganisms. Inorganic wastes are chemical substances of mineral origin, whereas organic wastes are chemical substances
usually of animal or plant origin. Also see NONVOLATILE MATTER.

INTERFACE INTERFACE

The common boundary layer between two fluids such as a gas (F....r) and a liquid (water) or a liquid (water) and another liquid (oil)

IONIC :ONCENTRATION IONIC CONCENTRATION

The concentration of any ion in solution, generally expressed in moles per liter.

ION:ZATION IONIZATION

The process of adding electrons to, or removing electrons from, atoms or molecules, thereby creating ions. High temperatures,
electncal discharges, and nuclear radiation can cause ionization.
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JAR TEST JAR TEST

A laboratory procedure that simulates coagulation:flocculation with differing chemical doses. The purpose of the procedure is to
ESTIMATE the minimum coagulant dose: required to achieve certain water qualit; goals. Samples of water to be treated are placed
in six jars. Various amounts of chemica .re added to each jar, stirred and the settling of solids is observed. The lowest dose of
chemicals that provides satisfactory set g is the dose used to treat the water.

JOULE (jewel) JOULE

A measure of energy, work or quantity of heat. One louse is the work done when the point of application of a force of one newton is
displaced a distance of one meter in the direction of the force.

KJELDAHL NITROGEN (KELL-doll)

Organic and ammonia nitrogen.

LAUNDERS (LAWN-ders)

Sedimentation tank effluent troughs.

LIMIT SWITCH

A device that regulates or controls the travel distance of a chain or cable.

LINEAL (LIN-e-al)

The length in one direction of a lino. For example, a board 12 feet long has 12 lineal feet in its length.

KJELDAHL NITROGEN

LAUNDERS

LIMIT SWITCH

LINEAL

LIQUEFACTION (LICK-we-FACK-shun) LIQUEFACTION

The conversion of large solid particles of sludge into very fine particles which either dissolve or remain suspended in wastewater.

LOADING LOADING

Quantity of material applied to a device at one time.

M or MOLAR M or MOLAR

A molar solution z'onsists of one gram molecular weight of a compound dissolved in enough water to make one liter of solution. A
gram molecular weight is the molecular weight of a compound in grams. For example, the molecular weight of sulfuric acid (1-1SO4)
is 98. A 1M sc:ution of sulfuric acid would consist of 98 grams of H2504 dissolved in enough distiller water to make cne liter of
solution.

MBAS MBAS

Methylene Blue Active Substance. Another name for surfactants, or surface active agents, is methylene blue active substances.
The determination of surfactants is accomplished by measuring the color change in a standard solution of methylene blue dye.

MCRT MCRT

Mean Cell Resider :e Time, days An expression of the average time that a microorganism will spend in the activated sludge
process.

MCRT, days = Solids in Activated Sludge Process, lbs

Solids Removed from Process, lbs/day

MLSS MLSS

Mixed Liquor Suspended Solids, mg/L. Suspended solids in the mixed liquor of an aeration tank.

MLVSS MLVSS

Mixed Liquor Volatile Suspended Solids, mg L The organic or volatile suspended solids in tha mixed liquor of an aeration tank This
volatile portior, is used as a measure or indication of the microorganisms present

MPN (EM-PEA-EN) MPN

MPN is the Most Probable Number of coliform-group organisms per unit volume. Expressed as a density or population of organisms
per 100 ml.

MANIFOLD

A large pipe to which the ends of a series of smeller pipes are ccinected. Also called a "header."
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MANOMETER (man-NAH-met-ter) MANOMETER

An instrument for measunng pressure. Usually a glass tube filled with a liquid and used to measure the difference in pressure across
a flow- measunng device such as an orifice or Venturi meter. The instrument used to measure blood pressure is a type of
manometer.

VENTURI METER

MANOMETER

MASKING AGENTS MASKING AGENTS

Substances used to cover up or disguise unpleasant odors Liquid masking agents are dripped into the wastewater, sprayed into the
air, or evaporated (using heat) with the unpleasant fumes or odors and then discharged into the air by blowers to make an
undesirable odor less noticeable.

MEAN CELL RESIDENCE TIME (MCRT) MEAN CELL RESIDENCE TIME (MCRT)

An expression of the average time that a microorganism will spend in the activated sludge process

MCRT, days Solids in Activated Sludge Process, lbs

Solids Removdd from Process, lbs/day

MECHANICAL AERATION MECHANICAL AERATION

The use of machinery to mix air and water so that oxygen can be absorbed into the water Some examples are paddle wheels.
mixers, or rotating brushes to agitate the surface of an aeration tank, p,mps to create fountains, and pumps to discharge water
down a series of steps forming falls or cascades.

MEDIA MEDIA

The material in a trickling filter on which slime organisms grow. As settled wastewater trickles over the media, slime organisms
remove certain types of wastes thereby pditally treating the wastewater Also the material in a rotating biological contactor or in a
gravity or pressure filter.

MEDIAN MEDIAN

The middle measurement or value When several measurements are ranked by magnitude (largest to smallest), half of the
measurements will be larger and half will be smaller

MENISCUS (meh -NlS -cuss) MENISCUS

The curved top of a column of liquid k water, oil, mercury; n a small tube When the liquid wets the sides of the container (as with
water), the curve forms a valley liVhen the confining sides are not wetted (as with mercury), the curve forms a hill or upward bulge

WATER MERCURY

(READ

BOTTOM)

(READ

TOP)

MERCAPTANS (mer-CAP-tans) MERCAPTANS

Compounds containing sulfur which have an extremely offensive skunk odor

MESOPHILIC BACTERIA (mess-O-FILL-lick) MESOPHILIC BACTERIA

Medium temperature bacteria A group of bacteria that grow and thrive in a moderate temperature range between 68 F k20 C) and
113°F (45°C). The optimum temperature range for those bacteria in anaerobic digestion is 85 F (30 C) to 100 F (38 C).
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MICRON (MY-kron) MICRON
A unit of length One millionth ot a meter or one thousandth ot a millimeter 0-e. micron equals 0.00004 of an inch.

MICROORGANISMS (mice-ORGAN-is-sums) MICROORGANISMS
Very small organisms that can be seen only through a microscope Some microorganisms use the wastes in wastewater for food
and thus remove or after much of the undesirable matter.

MICROSCREEN MICROSCREEN
A device with a fabric straining media with openings usually between 2 and 60 microns The fabric is wrapped around the outside of
a rotating drum Wastewater enters the open end of the drum and tows out through the rotating screen cloth. At the highest point of
the drum, the collected solids are backwashes; by '.ign-pressure water jets into a trough located within the drum.

MILLIGRAMS PER LITER, mg/L (MILL-i-GRAMS per L EET-er) MILLIGRAMS PER LITER, mg/L
A measure of the concentration toy weight of a substance der unit volume For practical purposes, one mgL is equal to one part per
million parts (ppm) Thus a liter of water with a specific gravity of 1.0 Neighs one million milligrams, and if it contains 10 milligrams of
dissolved oxygen, the concentration is 10 milligrams per millior milligrams, or 10 milligrams per (10 mg,L), or 10 parts of oxygen
per million parts of water, or 10 parts per million (10 ppm).

MILLIMICRON (MILL -e-MY-cron) MILLIMICRON
One thousandth of a micron or a millionth of a millimeter.

MIXED LIQUOR MIXED LIQUOR
When the activated sludge in an aeration tank :s mix-d with primary effluent or the raw wastewater ai id return sludge, this mixture is
then referred to as -nixed liquor as long as it is in the aeration tank Mixed liquor also may refer to the contents of mixed aerobic or
anaerobic digesters.

MIXED LIQUOR SUSPENDED SOLIDS (MLSS) MIXED LIQUOR SUSPENDED SOLIDS(MLSS)
Suspended solids /n the mixed liquor of an aeration tank.

MIXED LIQUOR VOLATILE SUSPENDED
SOLIDS (MLVSS)

The organic or volatile suspended solids in the mixed liquor of an aeration tank

MIXED LIQUOR VOLATILE SUSPENDED
SOLIDS (MLVSS)

MOLECULAR OXYGEN MOLECULAR OXYGEN
The oxygen molecule, 02, that is not combined with another element to form a compound.

MOLECULAR WEIGHT MOLECULAR WEIGHT
The molecular weight of a compound ,n grams the sum of the atomic weights of the elements in the compound The molecular
weight of su:fur d (F12504) in grams is 98.

Atomic NumLer Molecular
Element Weight of Atoms Weight

H 1 2 2
S 32 1 32
0 16 4 64

98

MOLECULE (MOLL-uh-kule) MOLECULE

A molecule is the smalest portion of an element or compound that still retains or exhibits all the properties of the substance.

MOTILE (MO-till) MOTILE
Motile organisms exhibit or are capable of movement

MOVING AVERAGE MOVING AVERAGE

To calculate the moving average for the last 7 days, add up the values for the last 7 days and divide Oy 7 Each day add the most
recent day to the sum of values and subtract the oldest value. By using the 7-day moving average, each day of the week is always
represented in the calculations.

MUFFLE FURNACE MUFFLE FURNACE

A small oven capable of reaching temperatures up to 600'C. Muffle furnaces are used in laboratories for turning or incinerating
samples to determine the amounts of volatile solids and or fixed solids in samples of wastewater

MULTI-STAGE PUMP MULTI-STAGE PUMP
A pump that has more than one impeller. A single-stage pump has one impeller.
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N or NORMAL N or NORMAL

A normal solution contains one gram equivalent weight of a reactant (compound) per liter of solution The equivalent weight of an
acid is that weight which contains one gram atom of ionizable hydrogen or its chemical equivalent. For example, the equivalent
weight of sulfunc acid (H2SO4) is 49 (98 divided by 2 because there are two replaceable hydrogen ions). A 1 N solution of sulfunc
acid would consist of 49 grams of H2SO4 dissolved in enough water to make one liter of solution.

NPDES PERMIT NPDES PERMIT

National Po Ilosant Discharge Elimination System permit is the regulatory agency document designed to control all discharges of
pollutants from point sources into U.S. waterways. NPDES permits regulate discharges into navigable waters from all point sources
of pollution, including industnes, municipal treatment plants, large agncultural feed lots ano return imgation flows.

NEUTRALIZATION (new-trail -i-ZAY-shun) NEUTRALIZATION

Addition of an acid or alkali (base) to a liquid to cause the pH of the liquid to move towards a neutral pH of 7.0.

NITRIFICATION (NYE-tri-fi-KAY-shun) NITRIFICATION

A process in which bactena change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate). The
second-stage BOD is sometimes referred to as the nitnfication stage' (first-stage BOD is called the carbonaceous stage' ).

NITRIFYING BACTERIA NITRIFYING BACTERIA

Bacteria that change the ammonia and organic nitrogen in wastewater into oxidized nitrogen (usually nitrate).

NITROGENOUS (nye-TROG-en-ous) NITROGENOUS

Nitrogenous compounds contain nitrogen.

NOMOGRAM NOMOGRAM

A chart or diagram containing three or more scales used to solve problems with three or more variables instead of using mathemati-
cal formulas.

NONCORRODIBLE NONCORRODIBLE

A matenal that resists corrosion and will not be eaten away by wastewater or chemicals in wastewater.

NONSPARKING TOOLS NONSPARKING TOOLS

These tools will not produce a spark during use.

NONVOLATILE MATTER NONVOLATILE MATTER

Material such as sand, salt, iron, calcium, and other mineral materials which are only slightly affected by the action of organisms
Volatile matenals are chemical substances usually of animal or vegetable origin. Also see INORGANIC WASTE.

NUTRIENT CYCLE NUTRIENT CYCLE

The transformation or change of a nutrient from one form to another until the nutrient has returned to the original iorm, thus
completing the cycle. The cycle rr,ay take place under either aerobic or anaerobic conditions.

NUTRIENTS NUTRIENTS

Substances which are required to support living plants and organisms. Major nutrients are carbon, hydrogen, oxygen, sulfur,
nitrogen and phosphorus Nitrogen and phosphorus are difficult to remove from wastewater by conventional treatment processes
because they are water soluble and tend to recycle. Also see ',IUTRIENT CYCLE.

0 & M MANUAL (Operation and Maintenance Manual) 0 & M MANUAL

A manual which outlines procedures for operators to follow to operate and maintain a specific wastewater treatment plant and the
equipment in the plant.

OSHA OSHA

The Williams-Steiger Occupational Safety and Health Act of 1970 (OShA) is a law designed to protect the health and safety of
industrial workers and treatment plant operators. It regulates the design, =is" ction, operation and maintenance of industrial
plants and wastewater treatment plants. The Act does not apply directly to muilicipalities at present (1980,, E)JEPT in those
states that have approved plans and have asserted jurisdiction under Section 18 of the OSHA Act. However, wastewater treat-
ment plants have come under stricter regulation in all phases of activity as a result of OSHA standards.

OBLIGATE AEROBES OBLIGATE AEROBES

Bacteria that must have molecular (dissolved) oxygen (DO) to reproduce

ODOR PANEL ODOR PANEL

A group of people used to measure odors.
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OFFSET OFFS:: i

The difference between the actual value and the desired value (or se! point) characteristic of proportionai controllers that do not
incorporate reset action. Also called DROOP.

OLFACTOMETER (ol-FACT-tom-meter) OLFACTOMETER
A device used to measure odors in the field by diluting odors with odor free air.

ORGANIC WASTE ORGANIC WASTE
Waste material which comes mainly from animal or plant sources. Organic waste generally can be consumed by bacteria and
other small organisms. Inorganic wastes are chemical substances of mineral origin.

ORGANISM ORGANISM
Any form of animal or plant life. Also see BACTERIA

ORIFICE (OR-uh-fiss) ORIFICE
An opening in a plate, wall or partition. In a trickling filter distributor, the wastewaterpasses through zsri orifice o the surface of
the filter media. An orifice Hang.) set in a pipe consists Jf a slot or hole smaller than the pipe diameter. The difference in pres-
sure in the pipe above and at the orifice may be related to flow in the pipe.

ORTHOTOLIDINE (or-tho-TOL-i-dine) ORTHOTOLIDINE
Orthotolidine is a colorimetric indicator of chlorine residual If chlorine is present, a yellow-colored compound is produced. This
method is no longer approved for tests of effluent chlorine residual.

OVERFLOW RATE

One of the guidelines for the design of settling tanks and clarifiers in treatment plants

Overflow Rate, gpd/sq ft = Flow, gallons/day

Surface Area, sq ft

OVERFLOW RATE

OXIDATION (ox-i-DAY-shun) OXIDATION
Oxidation is the addition of oxygen, removal of hydrogen, or the removal of electrons from an element or compound In wastewater
treatment, organic matter is oxidized to more stable substances The opposite of REDUCTION.

OXIDATION-REDUCTION POTENTIAL OXIDATION-REDUCTION POTENTIAL
The electncal potential required to transfer electrons from one compound or element (the oxidant) to another compound or element
(the reductant) and user, as a qualitative measure of the state of oxidation in wastewater treatment systems

OXIDIZED ORGANICS OXIDIZED ORGANICS
Organic materials that have been broken down in a biological process Examples of these materials are carbohydrates and proteins
that are broken down to simple sugars

OXIDIZING AGENT OXIDIZING AGENT

An oxidizing agent is any substance, such as oxygen (02) and chlorine (Cl2), that can add (take on) electrons. When oxygen or
chlorine is added to wastewater, organic substances are oxidized These oxidized organic substances are more stable and kiss
likely to give off odors or to contain disease bacteria. The opposite of REDUCING AGENT

OZONATION (O -zoe- NAY -shun) OZONATION

The application of ozone to water, wastewater. or air, generally for the purposes of disinfection or odor control

PACKAGE TREATMENT PLANT PACKAGE TREATMENT PLANT
A small wastewater treatment plant often fabricated at the manufacturer s factory. hauled to the site, and installed as one facility.
The package may be either a small primary or a secondary wastewater treatment plant

PARALI EL OPERATION PARALLEL OPERATION

When wastewater being treated is split and a portion flows to one treatment unit while the remainder flows to another similar
treatment unit Also sae SERIES OPERATION

PARASITIC BACTERIA (PAIR-a-SIT-tick) PARASITI .. BACTERIA

Parasitic bacteria are those bacteria which normally live off another living organism, known as the host

PATHOGENIC ORGANISMS (path-o-JEN-ick) PATHOGENIC ORGANISMS

Bacteria, viruses or cysts which can cause disease (typhoid, cholera, dysentery) There are many types of bacteria which do NOT
cause disease and which are NOT called pathogenic Many beneficial oacteria are found in wastewater treatment processes
actively cleaning up organic wastes.
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PERCENT SATURATION PERCENT SATURATION

The amount of a substance that is dissolved in a solution compared with the amount that could be dissolved in the solution,
expressed as a percear

Percent Saturation, % = Amount of Sub. that is Dissolved x 100%

Amount that Could be Dissolved in Solution

PERCOLATION (PURR-ko-LAY-shun)

The movement or flow of water through soil or rocks.

PERISTALTIC PUMP (pen-STAL tick)

A type of positive displacement pump.

pH (PEA-A-ch)

PERCOLATION

PERISTALTIC PUMP

pH

pH is an expression of the intensity of the basic or acid condition of a liquid. Mathematically, pH is the logarithm (base 10) of the
reciprocal of the hydrogen ion concentration.

pH = Log
(H+)

The pH nay range from 0 to 14, where 0 is most 14 most basic, and 7 is neutral. Neutral waters usually have a pH between
6.5 and 8.5.

PHENOL (FEE-noll)

An organic compound that is a denvative of benzene.

PHENOL

PHENOLPHTHALEIN ALKALINITY PHENOLPHTHALEIN ALKALINITY

A measure of the hydroxide ions plus one half of the normal carbonate ions in aqueous suspension. Measured by the amount of
sulfuric acid required to bnng the water tr, a pH value of 8 3, as indicated by a change in color of phenolphthalein. It is express in
milligrams per liter of calcium carbonate.

PHOTOSYNTHESIS (foto-SIN-the-sis) F HOTOSYNTHESIS

A process in which organisms with the aid of chlorophyll (green plant enzyme) convert carbon dioxide and inorganic substances to
oxygen and additional plant material, utilizing sunlight for energy. All green plants grow by this process.

PHYSICAL WASTE TREATMENT PROCESS PHYSICAL WASTE TREATMENT PROCESS

Physical waste treatment processes include use of racks, screens, comminutors, and clarifiers (sedimentation and flotation).
Chemical or biological reactions are not an important part of a physical treatment process.

PLUG FLOW PLUG FLOW

A type of flow that occurs in tank, b: sins or reactors when a slug of wastewater moves through a tank without ever dispersing or
mixing with the rest of the wastewater flowing through the tank

DIRECTION
OF FLOW ---41Sz"

PLUG FLOW

POLLUTION POLLUTION

Any change in the r,atural state of water which interferes with its beneficial reuse or causes failure to meet water-quality require-
ments.

POLYELECTROLYTE (POLY-electro-light) POLVELECTROLYTE

A high-molecular-weight substance that is formed by either a nature, or synthetic process Natural polyelectrolytes may be of
biological origin or denved from starch products, cellulose derivatives, and alignates. Synthetic polyelectrolytes consist of simple
substances that haw:. seen made into complex, high-molecular-weight substances. Often called a 'polymer."

POLYMER (POLY-mer) POLYMER

A high-molecular-weight substance that is formed by either cr: natural or synthetic process. Natural polymers may be of biological
origin or derived from starch products, cellulose derivatives, and alignates. Synthetic polymers consist of simple substances that
have been made into complex, high-molecular-weight substances. Often called a "polyelectrolyte."

POLYSACCHARIDE (polly-SAC-a-ride)

A ,-arbohydrate such as starch, insulin or cellulose. 573
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PONDING PONDING

A condition occurring on trickling filters when the hollow spaces (voids) become plugged to the extent that water passage through
the filter is inadequate. Ponding may be the result of excessive slime growths, trash, or media breakdown

POPULATION EQUIVALENT POPULATION EQUIVALENT

A means of expressing the strength of organic material in wastewater In a domestic wastewater system, microorganisms use up
about 0 2 pounds of oxygen per day for each person using the system (Es measured by the standard BOD test).

Pop. Equiv., = Flow, MGD x BOD, mg/L x 8.34 lbs/gal

persons 0 2 lbs BOD/day/person

POSTCHLORINATION POSTCHLORINATION

The addition of chlorine to the plant discharge or effluent, FOLLOWING plant treatment, for disinfection purposes.

POTABLE WATER (POE-to -b1) POTABLE WATER

Water that does not contain objectiorable pollution, contamination, mii.erals, or infective agents and is considered safe for domestic
consumption.

PRE-AERATION PRE-AERATION

The addition of air at the initial stages of treatment to freshen the wasewater, remove gases, add oxygen, promote flotation of
grease, and aid coagulation.

PRECHLORINATION PRECHLORINATION

The addition of chlorine at the headwurks of the plant PRIOR TO other treatment processes mainly for odor and corrosion control.
Also applied to aid disinfection, to red, ,ce plant BOD load, to aid in settling, to control foaming in Imhoff units and to help remove oil.

PRECIPITATE (pre-SIP-i-TATE) PRECIPITATE

To separate to substance) out in solid form from a solution, as by the use of a reagent. The substance precipitated.

PRECOAT PRECOAT

Application of a free-draining, non-cohesive material such a. diatomaceous earth to a filtering media Precoating reduces the
frequency of media washing and facilitates cake discharge.

PRETREATMENT PRETREATMENT

The removal of metal, rocks, rags, sand, eggshells, and similar materials which may hinder the operation of a treatment plant
Pretreatment is accomplished by using equipment such as racks, bar screens, comminutors, and grit removal systems.

PRIMARY TREATMENT PRIMARY TREATMENT

A wastewater treatment process that takes place in a rectangular or circular tank and allows those substances in wastewater that
readily settle or float to be separated from the water being treated.

PROCESS VARIABLE

A physical or chemical quantity which is usually measured and controlled

PROTEINACEOUS (PRO-ten-NAY-shus)

Materials containing proteins which are organic compounds containing nitrogen.

PROTOZOA (pro-toe-ZOE-. .-1

A group of microscopic animals (usually single-celled) that sometimes cluster into colonies.

PRUSSIAN BLUE

A paste or liquid used to show a contact area. Used to determine if gate valve seats fit properly.

PROCESS VARIABLE

PROTEINACEOUS

PROTOZOA

PRUSSIAN BLUE

PSYCHROPHILIC BACTERIA (sy-kro-FILL-lick) PSYCHROPHILIC BACTERIA

Cold temperature bacteria. A group of bacteria that grow and thrive in temperatures below 68"F (20'C).

PUG MILL PUG MILL

A mechanical device with rotating paddles or blades that is used to mix and blend different materials together.

PURGE PURGE

To remove a gas or vapor from a vessel, reactor or confined space.
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PUTREFACTION (PEW-tree-FACK-shun) PUTREFACTION

Biological decomposition of organic matter with the production of ill-smelling products associated with anaerobic conditions.

PUTREECIBLE (pew-TRES-uh-bull)

Material that will decompose under anaerobic conditions and produce nuisance odors.

PYROMETER (pie-ROM-uh-ter)

An apparatus used to measure high temperatures.

RAS

PUTRESCIBLE

PYROMETER

RAS

Return Activated Sludge, mgdL. Settled activated sludge that is collected in the secondary clarifier and returned to the aeration basin
to mix with incoming raw or primary settled wastewater.

RABBLING RABBLING

The process of moving or plovi mg the material inside a furnace by using the center shaft and .abble arms

RACK RACK

Evenly spaced parallel metal bars or rods located in the influent channel to remove rags, rocks, and cans from wastewater.

RAN WASTEWATER RAW WASTEWATER

Plant influent or wastewater before any tre- tment.

REAGENT (re-A-gent) REAGENT

A substance which takes part in a chemical reaction and is used to measure, detect, or examine other substances.

RECALCINATION (re-CAL-si-NAY-shun) RECALCINATION

A lime-recovery process in which the calcium carbonate in sludge is converted to lime by heating at 1800T (980"C).

RECARBONATION (re-CAR-bun-NAY-shun) RECARBONATION

A process in which carbon dioxide bubbled through the water being treated to lower the pH.

RECEIVING WATER

A stream, river, lake or ocean into which treated or untreated wastewater is discharged.

RECHARGE RATE

Rate at which water is added beneath the ground surface to replenish or recharge groundwater.

RECIRCULATION

The return of part of the effluent from a treatment process to the incoming flow.

RECLAMATION

RECEIVING WATER

RECHARGE RATE

RECIRCULATION

RECLAMATION

The operation or process of changing the condition or characteristics of water so that improved uses can be achieved.

RECYCLE RECYCLE

The use of water or wastewater within (internally) a facility before it is discharged to a treatment system. Ak o see REUSE.

REDUCING AGENT REDUCING AGENT

A reducing agent is any substance, such as the chloride on (CI ) and sulfide ion (S 2), that can give up electrons The opposite of
OXIDIZING AGENT.

REDUCTION (re-DUCK-shun) REDUCTION

Reduction is the addition of hydrogen, removal of oxygen, or the addition of electrons to an element or compound. Under anaerobic
conditions in wastewater, sulfate compounds or elemental sulfur arc reduced to odor-producing hydrogen sulfide (H,S) or the
sulfide ion (S-2). The opposite of OXIDATION.

RELIQUEFACTION (re-LICK-we-FACK-shun)

The return of a gas to a liquid. For example, a condensation of chlorine gas returning to the liquid form.

RELIQUEFACTION

REFRACTORY MATERIALS (re-FRACK-tory) REFRACTORY MATERIALS

Matenal difficult to remove entirely from wastewater such as nutrients, color, taste and odor producing substances and some toxic
materials.
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REPRESENTATIVE SAMPLE REPRESENTATIVE SAMPLE

A portion of material or water identical in content to that in the larger body of material or water being sampled.

RESIDUAL CHLORINE RESIDUAL CHLORINE

Residual chlorine is the amount of chlorine remaining after a given contact time and under specific conditions.

RESPIRATION RESPIRATION

The process in which an organism uses oxygen for its life processes and gives off carbon dioxide.

RETENTION TIME RETENTION TIME

The time water, sludge or solids are retained or held in a clarifier or sedimentation tank. See DETENTION TIME.

RETURN ACTIVATED SLUDGE (RAS) RETURN ACTIVATED SLUDGE (RAS)

Settled activated sludge that is collected in the secondary clarifier and returned to the aeration basin to mix with incoming raw or
primary settled wastewater.

REUSE REUSE

The use of water or wastewater after it has been discharged and then withdrawn by another user. Also see RECYCLE.

RIPRAP RIPRAP

Broken stones, boulders, or other materials placed compactly or irregularly on levees or dikes for the protection of earth surfaces
against the erosive action of waves.

RISING SLUDGE RISING SLUDGE

Rising sludge occurs in the secondary clarifiers of activated sludge plants when the sludge settles to the bottom of the clarifier, is
compacted, and then starts to rise to the surface, usually as a result of denitrification.

HOTAMETER ROTAMETER

A device used to measure the flow rate of gases and liquids. The gas or liquid being measured flows vertically up a calibrated tube.
Inside the tube is a small ball or a bullet-shaped float (it may rotate) that rises or falls depending on the flow rate. The flow rate may
be read on a scale behind the middle of the ball or the top of the float.

ROTARY PUMP ROTARY PUMP

A type of displacement pump consisting essentially of elements rotating in a pump case which they closely fit. The rciation of these
elements altemately draws in and discharges the water being pumped. Such pumps act with neither suction nor discharge valves,
operate at almost any speed, and do not depend col centrifugal forces to lift the water.

ROTIFERS (ROE-ti-fers) ROTIFERS

Microscopic animals characterized by short hairs on their front end.

ROTOR ROTOR

The rotating part of a machine. The rotor is surrounded by the stationary (non-moving) parts of the machine (stator).

SAR (Sodium Adsorption Ratio) SAR

This ratio expresses the relative acl,vity of sodium ions in the exchange reactions with soil. The ratio is defined as follows.

SAR = Na

[1/2 (Ca + Mg) ]1/2

where Na, Ca, and Mg are concentrations of the respective on in milliequivalents per liter of water.

Na, meq/L

Mg, meq/L

. Na, mg/L

23.0 mg/meg

= Mg, mg/L

12.15 mg/meg

Ca, meq/L = Ca, mg/L

20.0 mg/meg

SCFM SCFM

Cubic Feet of air per Minute at Standard conditions of temperature, pressure and humidity.
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SVI (Sludge Volume Index) SVI

7-..s is a test used to indicate the settling ability of activated sludge (aerated solids) in the secondary clarifier. The test is a measure
of the volume of sludge compared with its weight. Allow the sludge sample from the aeration tank to settle for 30 minutes. Then
calculate SVI by dividing the volume (ml) of wet settled sludge by the weight (mg) of that sludge after it has been dried. Sludge with
an SVI of one hundred or greater will not settle as readily as desirable because it is as light as or lignter than water.

SVI = Wet Settled Sludge, ml x 1000

Dried Sludge Solids, mg

SANITARY SEWER (SAN-eh-tare-ee SUE-er) SANITARY SEWER

A sewer intended to carry wastewater from homes, businesses, and industries. Storm water runoff should be collected and
transported in a separate system of pipes.

SAPROPHYTIC ORGANISMS (SAP-pro-FIT-tik) SAPROPHYTIC ORGANISMS

Organisms living on dead or decaying organic matter. They help natural decomposition of the organic solids in wastewater.

SCREEN SCREEN

A device used to retain or remove suspended or floating objects in wastewater. The sz:reen has openings that are generally uniform
in size. It retains or removes objects larger than the openings. A screen may consist of bars, rods, wires, gratings, wire mesh, or
perforated plates.

SEALING WATER SEALING WATER

Water used to prevent wastewater or dirt from reaching moving parts Sealing water is at a higher pressure than the wastewater it is
keeping out of a mechanical device.

SECCHI DISC (SECK-key) SECCHI DISC

A flat, white disc lowered into tne water by a rope until it is just barely visible At this point, the depth of the disc from the water
surface is the recorded secchi disc reading.

SECONDARY TREATMENT SECONDARY TREATMENT

A wastewater treatment process used to convert dissolved or suspended materials into a form more readily separated from the
water being treated. Usually the process follows primary treatment by sedimentation The process commonly is a type of biological
treatment process followed by secondary clarifiers that allow the solids to settle out from the water being treated.

SEED SLUDGE SEED SLUDGE

In wastewater treatment, seed, seed culture or seed sludge refers L. a mass of sludge which contains very concentrated populations
of microorganisms. When a seer! sludge is ,nixed with the wastewater or sludge being treated, the process of biological decomposi-
tion takes place more rapidly

SEIZING SEIZING

Seizing occurs when an engine overheats and a component expands to the point where the engine will not run. Also called
"freezing."

SEPTIC (SEP-tick) SEPT IC

This condition is produced by anaerobic bacteria. If severe, the wastewater turns black, gives off foul odors, contains little or no
dissolved oxygen a id creates a heavy oxygen demand.

SEPTICITY (sep-TIS-it-tee) SEPTICITY

Septicity is the condition in which organic matter decomposes to form foul-smelling products associated with the absence of free
oxygen. If severe, the wastewater turns black, gives off foul odors, contains httle or no dissolved uxygen and creates a heavy oxygen
demand.

SERIES OPERATION SERIES OPERATION

When wastewater being treated flows through one treatment unit and then flows through another similar treatment unit. Also see
PARALLEL OPERATION.

SET POINT SET POINT

The position at which the control or controller is set. This is the same as the desired value of the process variable.

SEWAGE SEWAGE

The used water and solids from homes that flow to a treatment plant. The preferred term is wastewater.
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SHEAR PIN SHEAR PIN

A straight pin with a groove around the middle that will weaken the pin and cause it to fail when a certain load or stress is exceeded.
The purpose of the pin is to protect equipment from damage due to excessive loads or stresses

SHOCK LOAD SHOCK LOAD

The arrival at a plant of a waste which is toxic :o organisms in sufficient quantity or strength to cause operating problems. Possible
problems include odors and sloughing off of the growth or slime on the trickling-filter media Crganic or hydraulic overloads also can
cause a shock load.

SHORT-CIRCUITING SHORT-CIRCUITING

A condition that occurs in tanks or ponds when some of the water or wastewater travels faster than the rest of the flowing water.

SHREDDING SHREDDING

Comminution. A mechanical treatment process which cuts large pieces of wastes into smalle. pieces so they won't plug pipes or
damage equipment. SHREDDING and COMMINUTION usually mean the same thing.

SIDESTREAM SIDESTREAM

Wastewater Cuws that ievelop from other storage or treatment facilities. This wastewater may or may not need additional treatment.

SIGNIFICANT FIGURE SIGNIFICANT FIGURE

The number of accurate numbers in a measurement. If the distance between two points is measured tc the nearest hundredth and
recorded as 238.41 feet, the measurement has five significant figures

SINGLE-STAGE PUMP SINGLE-STAGE PUMP

A pump that has only one impeller. A multi-stage pump has more than one impeller.

SKATOLE (SKATE-tole) SKATOLE

An organic compound (C9H9N) containing nitrogen which has a fecal odor

SLAKE SLAKE

To become mixed with water so that a true chemical reaction takes place, such as in the slaking of lime.

SLOUGHINGS (SLUFF-ings) SLOUGHINGS

Tnckling-filter slimes that have been washed off the filter media. They are generally quite high in BOD and will luvver effluent quality
unless removed.

SLUDGE (sluj) SLUDGE

The settleable solids separated from liquids during processing or the deposits of :reign materials oi. the bottoms of streams or
other bodies of water

SLUDGE AGE SLUDGE AGE

A measure of the length of time a particle of suspended solids has been undergoing aeration in the activated sludge process.

Sludge Age, days = Suspended Solids Under Aeration, lbs or kg

Suspended Solids Added, lbs/day or kg/day

SLUDGE DENSITY INDEX (SDI) SLUDGE DENSITY INDEX (SDI)

This test is usea in a way similar to the Sludge Volume Index (SVI) to indicate the settleability of a sludge in a secondary clarifier or
effluent. SDI = 100/SVI. Also see SLUDGE VOLUME INDEX (SVI).

SLUDGE DIGESTION SLUDGE DIGESTION

The process of changing organic matter in sludge into a gas or a liquid or a more stable solid form. These changes take place as
microorganisms feed on sludge in anaerobic (more common) or aerobic digesters.

SLUDGE GASIFICATION SLUDGE GASIFICATION

A process in .4hich soluble and suspended organic matter are converted into gas by anaerobic decomposition. The resulting gas
bubbles can become attacheu to the settled sludge and cause large clumps of sludge to rise and float on the water surface.
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SLUDGE VOLUME INDEX (SVI) SLUDGE VOLUME INDEX (SVI)

This is a test used to indicate the settling ability of activated sludge (aerated solids) in the secondary clarifier. The test is a measure
of the volume of sludge compared with its weight. Allow the sludge sample from the aeration tank to settle for 30 minutes. Then
calculate SVI by dividing the volume (ml) of wet settled sludge by the weight (mg) of that sludge after it has been dried. Sludge with
an SVI of one hundred of greater will not settle as readily as desirable because it is as light as or lighter than water.

SVI = Wet Settled Sludge, ml x 1000

Dried Sludge Solids, mg

SLUDGE-VOLUME RATIO (SVR) SLUDGE-VOLUME RATIO (SVR)

The volume of sludge blanket divided by the daily volume of sludge pumped from the thickener.

SLUGS SLUGS

Intermittent releases or discharges of industnal wastes.

SLURRY (SLUR-e) SLURRY

A thin watery mud or any substance resembling it (such as a grit slurry or a lime slurry).

SODIUM ADSORPTION RATIO (SAR) SODIUM ABSORPTION RATIO (SAR)

This ratio expresses the relative activity of sodium ions in the exchange reactions with soil. The ratio is defined as follows.

SAR = Na

[1/2 (Ca + Mg)]1/2

where Na, Ca, and Mg are concentrations of the respective ions in milliequivalents per liter of water.

Na, meq/L Na, mg/L Ca, meq/L
23.0 mg/meq

Mg, mg/L

12.15 mg/meq
Mg, meq,'L

Ca, mg/L

20.0 mg/meq

SOFTWAPE PROGRAMS SOFTWARE PROGRAMS

Compute, programs designed and written to monitor and control wastewater treatment processes or other processes.

SOLUBLE BOD SOLUBLE BOD

Soluble BOD is the BOD of water that has been filtered in the standard suspended solids test.

SOLUTE SOLUTE

The substance dissolved in a solution. A solution is made up of the solvent and the solute.

SOLUTION SOLUTION

A liquid mixture of dissolved substances. In a solution it is impossible to see all the separate parts.

SPECIFIC GRAVITY SPECIFIC GRAVITY

Weight of a particle or substance in relation to the weight of water Water has a specific gravity of 1.000 at 4-C for 39 F). Wastewater
particles usually have a specific gravity of 0.5 to 2.5.

SPLASH PAD SPLASH PAD

A structure made of concrete or other durable material to protect bare soil from erosion by splashing or falling water.

STABILIZE STABILIZE

To convert to a forn that resists change Organic material is stabilized by bacteria which convert the material to gases and other
relatively inert substances. Stabilized organic material generally will not give off obnoxious odors.

STABILIZED WASTE STABILIZED WASTE

A waste that has been treated or decomposed to the extent that, if discharged or released, its rate and state of decomposition would
be such that the waste would not cause a nuisance or odors.

STANDARD SOLUTION STANDARD SOLUTION

A solution in which the exact concentration of a chemical or compound is known.
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STANDARDIZE STANDARDIZE

(1) To compare with a standard. In wet chemistry, to find out the. exact strength of a solution Ly comparing with a standard of known
strength. This information is used to adjust the strength by adding more water or more of the substance dissolved. (2) To compare
an instrument or device with a standard. This helps you to adjust the instrument so that it reads accurately or to prepare a scale,
graph or chart that is accurate.

STAS!.3 (STAY-sis)

Stagnation or inactivity of the life processes within organisms.

ST^TIC HEED

V% -a water is not moving, the distance (in feet or meters) from a point to the water surface.

STASIS

STATIC HEAD

STATOR STATOR

That portion of a machine which contains the stationary (non-moving) parts that surround the moving parts.

STEP-FEED AERATION STEP-FEED AERATION

Step-feea aeration is a modif cation of the conventional activated sludge process. In step aeration, primary effluent enters the
aeration tank at several points along the length of the tank, rather than all of the primary effluent entering at the beginning or head of
the tank and flowing through the entire tank.

STERILIZATION (star-uh-luh-ZAY-shun) STERILIZATION

The removal or destruction of all living microorganisms, including pathogenic ar d saprophytic bacteria, vegetative forms and
spores. Compare with DISINFECTION.

STETHOSCOPE

An instrument used to magnify sounds and convey them to the ear

STOP LOG

A log or board in an outlet box or device used to control the water level in ponds.

STETHOSCOPE

STOP LOG

STORM SEWER STORM SEWER

A separate sewer that carries runoff from storms, surface drainage, and street wo,,.., but does not include domestic and industnal
wastes.

STRIPPED GASES STRIPPED GASES

Gases that are released from a liquid by bubbling air through the liquid or by allowing the liquid to be ,prayed or tumbled over media.

STRIPPED ODORS STRIPPED ODORS

Odors !hat are released from a liquid by bubbling air through the liquid or by allow,ny the liquid to be sprayed and, or tumbled over
media.

STUCK STUCK

Not working. A stuck digester does not decompose organic matter properly. TI it, digester is characterized by low gas production,
high volatile acid to alkalinity relationship, and poor liquid-solids separation A digester in a stuck condition is sometimes called a
"sour" or "upset" digester.

SUCTION HEAD SUCTION HEAD

The POSITIVE pressure (in feet (meters) or pounds per square inch (kilograms per square centimeter)) on the suction side of a
pump The pressure can be measured from the center line of the pump UP TO the elevation of the hydraulic grade line on the
suction side of the pump.

SUCTION LIFT SUCTION LIFT

The NEGATIVE pressure (in feet (meters) or inches (centimeters) of mercury vacuum) on the suction side of the pump. The
pressure can be measured from the center line of the pump DOWN TO the elevation of the hydraulic grade I.ne on the suction
side of the pump.

SUPERNATANT (sue-per-NAY-tent) SUPERNATANT

Liquid removed from settled sludge. Sipernatant commonly refers to the liquid between the sludge on the bottom and the scum on
the surface of an anaerobic digester. This liquid is usually returned to the influent wet well or to the pnmary clanfier.
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SURFACE LOADING SURFACE LOADING
Surface lc.. ,y is calculated by dividing the flow into a sedimentation tank or a clarifier by the surface area of the unit.

Surface Loading, gpd/sq ft = Flow, gpd

Surface Area, sq ft

SURFACTANT SURFACTANT
Abbreviation for surface-active agent. The active agent in detergents that possesses a high cleaning ability.

SUSPENDED SOLIDS SUSPENDED SOLIDS
(1) Solids that either float on the surface or are suspended in water, wastewater, or other liquids, and which are largely remov-
able by laboratory filtering (2) The quantity of material removed from wastewater in a laboratory test, as prescribed in
STANDARD tvlETHODS FOR THE EXAMINATION OF WATER AND WASTEWATER and referred to as Total Suspended Solids
Dried at 103-105°C.

TOC

Total Organic Carbon. TOC measures the amount of organic carbon in water.

TARE WEIGHT

The weight of an empty weighing dish or container.

TERTIARY TREATMENT (TER-she-AIR-ee)

TOC

TARE WEIGHT

TERTIARY TREATMENT
Any process of water renovation that upgrades treated wastewater to meet specific reuse requirements. May include general
cleanup of water or removal of specific parts of wastes insufficiently removed by conventional treatment processes. Typical
processes include chemical treatment and pressure filtration. Also called ADVANCED WASTE TREATMENT.

THERMOPHILIC BACTERIA (thermo-FILL-lick) THERMOPHILIC BACTERIA

Hot temperature bacteria A group of bactena that grow and thnve in temperatures above 113'F (45-C). The optimum temperature
range for these bacteria in anaerobic decomposition is 120°F (49°C) to 135°F (57°C).

THIEF HOLE THIEF HOLE
A digest4r sampling well.

THRESHOLD ODOR THRESHOLD ODOR

The minimum odor of a sample (gas or water) that can just be detected after successive odorless (gas or water) dilutions.

TIME LAG TIME LAG

The time required for processes and control systems to respond to a signal or to reach a desired level

TITRATE (TIE-trate) TITRATE

To TITRATE a sample, a chemical solution of known strength is added on a drop-by-drop basis until a color change, precipitate, or
pH change in the sample is observed (end point). Titration is the process of adding the chemical solution to completion of the
reaction as signaled by the end point.

TOTAL DYNAMIC HEAD (TDH) TOTAL DYNAMIC HEAD (TDH)

When a pump is lifting or pumping water, the vertical distance (in feet or meters) from the elevation of the energy grade line on the
suction side of the pump to the elevation of the energy grade line on the discharge side of the pump.

TOTAL RESIDUAL CHLORINE TOTAL RESIDUAL CHLORINE

The amount of chlorine remaining after a given contact time. 1 he sum of the combined available residual chlorine and the free
available residual chlorine. Also see RESIDUAL CHLORINE.

TOTALIZER TOTALIZER

A device that continuously sums or adds the flow info a plant in gallons or million gallons or some other unit of measurement.

TOXIC (TOX-ick)

Poisonous.

TOXICITY (tox-IS-it-tee)

A condition which may exist in wastes and will inhibit or destroy the growth or function of certain organisms.

TRANSPIRATION (TRAN-spear-RAY-shun)

The process by which water vapor is lost to the atmosphere from living plants.
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TRICKLING FILTER TRICKLING FILTER

A treatment process in which the wastewater trickles over media that provide the opportunity for the formation of siimes or biomass
which contain organisms that feed upon and remove wastes from the water treated.

TRICKLING-FILTER MEDIA TRICKLING-FILTER MEDIA

Rocks or other durable materials that make up the body of the filter Synthetic (manufactured) media have been used successfully.

TRUNK SEWER TRUNK SEWER

A sewer that receives wastewater from many tributary branches or sewers and serves a large terntory and contributing population.

TURBID TURBID

Having a cloudy or muddy appearance

TURBIDIMETER TURBIDIMETER
See TURBIDITY METER.

TURBIDITY (ter-BID-it-tee) TURBIDITY

The cloudy, appearance of water caused by the presence of suspended and colloidal matter. In the waterworks field, a turbidity
measurement is used to indicate the clarity of water. Technically, turbidity is an optical property of the water based on the
amount of light reflected by suspended particles. Turbidity cannot be directly equated to suspended solids because white par-
ticles reflect more light than dark-colored particles and many small particles will reflect more light than an equivalent large par-
ticle.

TURBIDITY METER TURBIDITY METER

An instrument for measuring and comparing the turbidity of liquids by passing light through them and determining how much
light is reflected by the particles in the liquid.

TURBIDITY UNITS (TU) TURBIDITY UNITS (TU)

Turbidity units are a measure of the cloudiness of water. If measured by a nephelometric (deflected light) instrumental
procedure, turbidity units are expressed in nephelometric turbidity units (';TU) or simply TU. Those turbidity units obtained by
visual methods are expressed in Jackson Turbidity Units (JTU) which are a measure of the cloudiness of avatar, they are used
to indicate the dark of water. There is no real connection between NTUs and JTUs. The Jackson turbidimetei is a visual meth-
od and the nephelometer is an instrumental method based on deflected light.

TWO-STAGE FILTERS TWO-STAGE FILTERS

Two filters are used Effluent from the first filter goes to the second later, either directly or after passing through a clarifier.

ULTRAFILTRATION

A membrane filter process used for the removal of organic compounds in an aqueous (watery) solution

UPSET UPSET

An upset digester does not decompose organic matter properiy Tne digester is characterized by low gas production, high volatile
acid'alkalinity relationship, and poor liquid-solid; separation. A ct.gester in an upset condition is sometimes caned a sour or stuck
digester.

ULTRAFILTRATION

VECTOR

An insect or other organism capable of transmitting germs or other agents of -lioease

VECTOR

VELOCITY HEAD VELOCITY HEAD

A vertical height (in feet or meters) equal to the square of the velocity of flowing water divided by twice the acceleration due to gravity
(V2/2g)

VOLATILE (VOL-a-til)

A volatile substance is one that is capable of being evaporated or changed to a vapor at relatively low temperatures.

VOLATILE

VOLATILE ACIDS VOLATILE ACIDS

Acids producJ during digestion Fatty acids which are soluble in water and can be sttam-distilled at atmospheric pressure. Also
called "organic acids." Volatile acids are commonly reported as equivalent to acetic acid.

VOLATILE LIQUIDS

Liquids which easily vaporize or evaporate at room temperature.
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VOLATILE SOLIDS VOLATILE SOLIDS
Those solids in water, wastewater, or other liquids that are !ost on ignition of the dry solids at 550-C

VOLUMETRIC VOLUMETRIC

A means of measuring unknown concentrations of water quality indicators in a sample BY DETERMINING THE 1.0LOME of tttrant or
liquid reagent needed to complete particular reactions.

VOLUTE (vol-LOOT) VOLUTE

The spiral-shaped casine which surrounds a pump, blower, or turbine impeller and collects the liquid or gas discharged by the
impeller.

WAS WAS

Waste Activated Sludge, mg,L. The excess growth of microorganisms which must be removed from the process to keep the
biological system in balance.

WASTE ACTIVATED SLUDGE (WA2) WASTE ACTIVATED SLUDGE (WAS)

The excess growth of microorganisms which must be removed from the process to keep the biolcgical system in balance.

WASTEWATER WASTEWATER

The used water and solids from a community that flow to a treatment plant Storm water, surface water, and groundwater infiltration
also may be included in the wastewater that enters a plant The term sewage usually refers to household wastes, but this word is
being replaced by the term "wastewater."

WATER HAMMER WATER HAMMER

The sound like someone hammenng on a pipe that occurs when a valve is opened or closed very rapidly. When a valve position is
changed quickly, the water pressure in a pipe will increase and decrease back and forth very quickly This rise and fall in pressures
can do serious damage to the system

WEIR (weer) WEIR

(1) A wall of plate placed in an open channel and used to measure the flow. The depth of the flow over the weir can be used to
calculate the flow rate, or a chart or conversion table may be used (2) A wall or obstruction used to control flow (from clanfiers) to
assure uniform flow and avoid short-circuiting.

WEIR DIAMETER (weer) WEIR DIAMETER
Many circular clarifiers have a circular weir within the outside edge of
the clarifier. AU the water leaving the clanfier flows over this weir. The
diameter of the weir is the length of a line from one edge of a weir to
the opposite edge and passing through the center of the circle formed
by the weir.

C,IC.,11

it, SI C110%

WEIR, PROPORTIONAL (weer) WEIR, PROPORTIONAL
A specially shaped weir in which the flow through the weir is directly proportional to the head

WET OXIDATION WET OXIDATION

A method of treating or conditioning sludge before the water is removed Compressed air is blown into the Liquid sludge The air and
sludge mixture is fed into a pressure vessel where the organic material is stabilized The stabilized organic matenal and inert
(inorganic) solids are then separated from the pressure vessel effluent by devvatenng in lagoons or by mechanical means.

WET WELL WET WELL

A compartment or room in which wastewater is collected The suction pipe of a pump may be connected to the wet well or a
submersible pump may be located in the wet well.

Y, GROWTH RATE Y, GROWTH RATE
An experimentally determined constant to estimate the unit growth rate of bacteria while degrading organic wastes.

ZOOGLEAL FILM (Z0E-glee-al) ZOOGLEAL FILM

A complex population of organisms that form a slime growth on the trickling-filter media and break down the organic matter in
wastewater These slirr.es consist of living organisms feeding on the wastes .n wastewater, dead organisms, silt, and other debris.
"Slime growth" is a more common word.

ZOOGLEAL MASS (ZOE-glee-al) ZOOGLEAL MASS

Jelly-like masses of bacteria found in both the trickling filter and activated sludge processes. These masses may be formed for or
function as the protection against predators and for storage of food supplies. Also see BIOMASS
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NOTE: All chapter numbers refer to Volumes I and II of
OPERATION OF WASTEWATER TREATMENT
PLANTS

A
ABS, 407
Abnormal operation

alum flocculation, 359
chemical feed systems. 291
gravity filters. 312
lime precipitation, phosphorus, 346
luxury uptake of phosphorus, 356
microscreens. 297
pressure filters. 327

Absolute pressure. 453. 454
Absorption, odor control. 17. 22
Acclimation of microorganisms, 74
Accuracy, instruments, 442
Acids, 70
Activated carbon, odor control, 23
Activated sludge

also see Chapters 8 and 11
acclimation of microorganisms, 74
Al West, 66
ammonia treatment, 63, 101
amoeboids. 66
artichoke wastes. 95
BOD, 73
biological nitrification, 102
brewery wastewaters. 85
bulking, 64, 78, 85, 89
COD, 73
characteristics, wastes. 72
ciliates, 66, 67, 78
clarification, 78
complete mix, 50, 56
constant percentage RAS flow. 53
constant RAS flow. 53
control of WAS. 60
controls, 478
conventional, 50. 53, 56, 60. 62
cryogenic air separation, 47, 49
dairy wastes, 97
denitrification, 105
dissolved oxygen, 78, 89, 97, 99. 102
effects of industrial wastes, 70, 71
extended aeration, 53. 60, 62, 97, 99
F/M, 60. 61, 92. 97
filamentous organisms, 65. 78, 85. 89. 93. 97
flagellates, 66, 67
flow, industrial wastes. 72, 73
Food/Microorganism, 60. 61, 92, 97
food processing wastes, 95
high rate. 60. 62
industrial wastes, 70
instrumentation, 106. 478
laboratory testing, 95, 99
layout, 43, 46
luxury uptake of phosphorus. 356
MCRT, 60, 63. 66, 67, 84
MLVSS, 60, 65
maintenance, 50, 52, 106
mean cell residence time, 60, 63, 6F. 67. 92, 97
methods of wasting, 59
microorganisms, 63. 65, 66, 67, 84
microscopic examination, 65, 84

Index E35

modes, 50, 53
monitoring, 69, C9
neutralization, Tr
nitrification, 53, 6.3. 99, 101
nutrients, 73, 76, 77, 85, 88, 97
observations, 71, 78, 99
odors, 25
operation, activated sludge process, 53. 59
operation, industrial wastes, 77, 89, 97, 99
operation, RAS and WAS, 53, 59
operational strategy. industrial wastes, 71, 77. 85
organic wastes, 71
oxygen generation, 47, 106
PSA, 47, 48
periodic feeding for start-up, 82
petroleum refinery wastes, 99
pH, 73, 78, 97, 99, 101
phenols, 101
pilot plant, 95
pin Hoc, 66, 67
plan view, 44
pressure ing absorption, 47, 48
pretreatment, 70, 72, 74, 86, 95
protozoa, 65, 66, 84
pulp and paper mill wastes,
pure oxygen, 43
recordkeeping, 79, 95
restart, 76
return activated sludge, 53, 78
review of plans and specs. 105
rising sludge, 105
rotifers. 65, 66, 67, 78
SVI approach for RAS, 57
safety, 51, 83. 106
screening, 74
seed activated sludge, 76
separate sludge reaeration. 57
settleability approach for RAS, 57
shock loadings, 99
shutdown. 81
silica gel trap. 50
sludge age An, 92
sludge depth. 55
sphaerotilus natans, 93
start-up, 50, 53, 97
steady state, 59, 81
steep feed, 50, 76, 81, 82
straggler floc. 66, 67
sulfide shock load, 99
surface aerators, 43, 46
suspended solids, 73
temperature effect, 63, 85
toxic wastes, 71, 73, 78
troubleshooting, 56, 58, 60, 83
turbulent mixers, 43
volatile solids inventory, 64
WAS, 59, 78, 92
waste activated sludge, 59, 78, 92

Activated sludge processes
denitrification, 382, 383
nitnfication, 374, 382, 393
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Adsorption
see activated carbon

Advanced waste treatment effluent quality, 401
Aerobic digestion

air requirements, 162, 163
batch operation, 160
bulking, 162
continuous operation, 160
description, 159
digestion time, 160, 161, 163, 165
dissolved oxygen, 162-166
efficiency, 160, 163
factors affecting performance, 160
filamentous organisms, 162, 165, 166
foam, 162-166
guidelines, operation, 160-163
hydraulic loading, 165
laboratory analysis, 162
loadings, 161, 165
nitrification, 165
observations, 165
odors, '63
operation, 160, 162
overflow, 159
oxygen uptake, 163-166
performance, 160, 163
pH, 165, 166
sampling, 162
sludge type, 160, 163
solids loading, 165
temperature, 161, 165
time of digestion, 160
toxicity, 166
troubleshooting, 164-166
underflow, 159
variables, 160
visual inspection, 165
volatile solids loading, 161, 163, 165, 166

Aerobic microorganisms, 8
Age tank, 277
Air binding, 312, 326
Air pollution

cyclonic separator, 217
impingement scrubber, 222
scrubbers, 217, 221
Venturi scrubber, 217, 222

Al West, 66
Alarms, level, 462
Alarms, process control, 310
Algae, 332
Alkalies, 70
Alkalinity test

see Chapter 16
Alkyl Benzene Sulfonate, 407
Alum, 276, 357, 359, 361
Alum flocculation, phosphorus removal

abnormal operation, 359
alum, 357, 359, 361
clarification, 357
equipment, 359
filtration, 359, 361
guidelines, operation, 361
hydraulic loading, 361
jar tests, 359, 361
layout, 358, 360
loadings, 361
maintenance, 359
operation, 359
overdose, alum, 361

IM

pH, 361
plans and specifications, 361
plugging of pipes and pumps, 359
pumps, 359, 361
review of plans and specifications, 361
safety, 361
storage of alum, 361
suspended solids removal, 359
variations in process, 357

Aluminum sulfate, 276
Ambient temperature, 50
Ammonia, 7, 11, 12
Ammonia stripping

calcium carbonate scale, 385
freezing, 385
how it works, 382
nitrogen removal, 101, 371, 372, 382-385
operation, 383-385
pH, 382-384
process, 382-385
temperature, 383, 384
troubleshooting, 385

Ammonia, treatment, 101
Amoebo'ds, 66
Anaerob , 133
Anaerobic digester

see Chapter 12
controls, 480
instrumentation, 480
odors, 26
sludge handling, 127, 235

Anaerobic digestion, 159
also see Chapter 12

Anaerobic microorganisms, 8
Analytical measurements, 450, 466
Anhydrous, 277
Artichoke wastes, 95
Aspirate, 140
Attached growth reactors, 375, 380
Autogenous burn, 229
Automatic monitoring units, 70

B
BOD, industrial wastes, 73
Backwashing filters, 100, 311, 324
Baffle, 133
Bar screen instrumentation, 474
Basins

see Lagoons
Basket centrifuge, 157
Beds, sludge, 199
Bellows, pressure measurement, 457, 461, 485
Belt filter press

belt speed, 188
belt tension, 188-190
belt type, 188
blinding, 189, 190
cake, 188-190
cleaning of belt, 188
conditioning, 186, 189
description, 186
factors affecting performance, 186
guidelines, operating, 186, 189
hydraulic loading, 188-190
operation, 186, 188
performance, 180
plans and specifications, 245
polymer dosage, 186, 189, 190
pressure, 188
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Belt filter press (continued)
sludge type, 186
solids recovery, 189
troubleshooting, 189
variables, 186
washing out, 189, 190

Belt-type gravimetric feeder, 278, 285
Bench scale analysis, 105
Beneficial uses of water, 498
Benzene, 17
Biochemical oxygen demand, industrial wastes, 73
Biological control system, 438
Biological filter

odor reduction tower, 14
odors, 25
rotating biological reactor

see Chapter I
trickling filter

see Chapter 6
Biological generation of odors, 7
Biological nitrification, 102
Biological odor reduction towers, 14
Biological treatment, odors, 14, 25
Birds, 244
Blanket depth, gravity thickeners, 134, 135, 137
Blending tank, 399. 400
Blind, filtering medium, 184, 189, 195, 197
Boron, 425, 427
Bound water, 133, 175
Bourdon tube, pressure, 457, 461, 485
Breakpoint chlorination

chlorine feed, 387
chlorine residuals, 386, 387
contact time, 387
equipment, 387
flash mixing, 387
how it works, 386, 387
nitrogen removal, 102, 371, 372, 386, 387
operation, 387
process, 386, 387

Brewery wastewater
Ilvated sludge treatment, 86

ammonia addition, 88
BOD, 86
bulking, 89
characteristics of wastewater, 86
chlorination, 89
dechlorination, 89
dissolved oxygen, 89
equalization tank, 86
F/M ratio, 92
filamentous organisms, 89, 93
flow diagram, 87, 90
foam, 93
grit channel, 86
laboratory testing, 95
layout, 87
MCRT, 92
mixed liquor suspended solids, 89
nutrients, 88
oil and grease, 88
operation, 89
operational strategy, 85
pH, 86
pretreatment, 86
primary clarifier, 88
recordkeeping, 95
return activated sludge, 89, 92
sludge age, 92

sludge blanket, 92
sludge wasting, 92
sphaerotilus natans, 93
sources of wastewater, 86
temperature, 89
toxic substances, 92
wasting sludge, 92

Brine solution absorption, 17
Bubble tube, 462, 465, 485
Bulking

activated sludge, 64, 78, 85
aerobic digesters, 162
brewery wastes, 89, 93
centrifuge thickehers, 151
chemical treatment, 273, 291
filamentous growth, 78, 85, 89, 93
pulp and paper mill wastes, 85

C
COD, industrial wastes, 73
Cadmium, 236
Capacitance probe, level, 462, 485
Carbon adsorption

see activated carbon
Case histories, 400
Cathode ray tube (CRT), 466
Cation exchange capacity, 427
Cavitation, 140
Centrate, 146
Centrifuge thickeners and dewatering

also see Dewatering
age of sludge, 151
basket centrifuge, 146
bowl speed, 152, 157
cake, 157, 197
centrate, 146, 157
centrifugal forces, 151, 152, 157
depth of pool, 152, 157
detention time, 152
dewatering, 196
differential scroll speed, 152
disc-nozzle centrifuge, 146, 152, 157, 158
factors affecting performance, 146
feed solids, 153
feed time, 152, 157
guidelines, operation, 151, 153, 197
hydraulic loading, 151, 157
nozzle size, 152
number of nozzles, 152
observations, 157
odors, 27
operation, 151, 153
performance, 146, 153, 196
plans and specifications, 245
polymers, 153-155, 157, 197
pool depth, 152
rising sludge, 151
scroll centrifuge, 146, 152, 155, 157, 158
scroll speed, 152, 157
shutdown, 153
solids loading, 151, 157, 197
solids recovery, 153, 156
start up, 153
thickened sludge, 153, 156
troubleshooting, 157, 158
variables, 146
vibrations, 157, 158
visual inspection, 157

Characteristics of industrial wastes, 72

586

Index 537



538 Advanced Waste Treatment

Characteristics of odors, 11
Charts, 471
Chemical addition, 273
Chemical conditioning of sludges

addition of chemicals, 174
alum, 169
automatic feeding systems, 174, 175
centrifuges, 174
chemical requirements, 169, 175
dissolved air flotation thickeners, 174
dosages, chemicals, 175
equipment, 174, 175
ferric chloride, 169, 175
gravity thickening, 174
jar tests, 170, 171
lime, 169, 175
mixing equipment, 174, 175
plans and specifications, 246
polymers, 169, 175
pressure filters, 174
seasonal chemical requirements, 169
solution preparation, 172, 174
troubleshooting, 175
typical chemical requirements, 174
vacuum filtration, 174

Chemical feed systems, operation, 286, 291, 310
Chemical oxygen demand

industrial wastes, 73
test

see Chapter 16
Chemical scrubbers, 17
Chemical solution preparation, 174
Chemical stabilization of sludges

chlorine stabilization, 167
lime stabilization, 166
operation, chlorine stabilization, 167
operation, lime stabilization, 167
pH, chlorination stabilization, 166
pH, lime stabilization, 166
slurry, lime, 167
troubleshooting, lime stabilization, 167

Chemical treatment, odors, 12
Chemical treatment, secondary effluent solids, 273
Chemical treatment, solids in effluents

abnormal operation, 291
age tank, 277
aluminum sulfate, 276, 320
belt-type gravimetric feeder, 278, 285
chemical addition, 273
chemicals, 276
coagulant aids, 276
coagulation, 273, 292
day tank, 277, 279
dosage, 289
feed equipment, chemicals, 278
feed systems, chemical, 286, 320
ferric chloride, 277
"fish eyes," 278
flc cculation, 273
foaming, 292
housekeeping, 289, 292
jar test, 289
lime, 277
liquid/solids separation, 273
maintenance, 292
metering equipment, 278
mixing equipment, 278
monitoring, 289
operation, chemical systems, 286, 291

operational strategy, 291
phosphate monitoring, 289
piston pumps, 278, 280
plans and specifications, 286
polymeric flocculants, 277, 320
positive displacement pumps, 278, 280-282
protective clothing, 276
recordkeeping, 286, 287
review of plans and specifications, 286
rotary feeder, 278, 284
safety, 276, 277, 291
screw feeder, 278, 283
selecting chemical feeders, 278
shutdown, chemical systems, 286
start up, chemical systems, 286
toxicity, 276
troubleshooting, 292
vibrating trough feeder, 278

Chemicals, 276
Chemisorption, 23
Chloramines, 12
Chlorination, 89
Chlorination, breakpoint, 102
Chlorination, odor control, 12
Chlorine

disinfection
see Chapter 10

odor control, 12
Chlorine dioxide, 17
Chlorine stabilization of sludges, 167
Chromate, odor control, 14
Ciliates, 66, 67, 78
Circular charts, 471, 485
Clarification, 71, 78
Classes of irrigation waters, 424, 425
Classification of odors, 11
Clinoptilolite, 372
Coagulation, 169, 273, 292, 343
Coarse screens

see Chapter 4
Collection systems, 7, 8, 70, 79
Collection systems, odor control, 7
Combustible gas alarm, 482
Combustion, odor control, 17
Comminutors, 71
Complaints, odors, 11
Completely mixed system, activated sludge, 50, 56
Composting

anaerobic conditions, 208, 209
balling, 204, 208, 209
blending, 204, 207, 208
bulking material, 204
climatic conditions, 207
descriptions, 203, 204
climatic conditions, 207
description, 203, 204
dimensions of stacks, 204
factors affecting performance, 204
frequency of turning stacks, 207, 208
mechanical, 204
moisture content, 204, 207, 208
odors, 204, 208, 240
operation, 204, 207
performance, 208
polymers, 204
pug mill, 209, 240
reduced volume sludge, 240
sludge type, 204, 208
static pile, 240, 242

587



Composting (continued)
temperature, 204. 208, 209, 240
time for composting, 208
troubleshooting, 208, 209
turning stacks, 207
variables, 204
windrow, 204-206, 240, 241

Computer systems, controls, 481
Concentration factor, sludge, 136, 145
Concentrators, gravity, sludge, 131, 134
Conditioning of sludges

chemical conditioning, 169
coagulation, 169
elutriation, 169, 180
flocculation, 169
purpose, 169
thermal conditioning, 175
wet oxidation, 178

Confined spaces, 8, 27
Coning, 137
Constant percentage RAS flow, 53
Constant RAS flow, 53
Contact stabilization, activated sludge, 50, 53, 56, 71, 97
Control logic, 438
Control methods, activated sludge, 53, 60
Control methods, instrumentation, 468, 485
Control system, 442
Controllers, 466-468, 485
Controls

see Instrumentation
Conventional activated slt.dge, 50, 53, 56, 60, 62
Cooling towers, 76
Corrosion, industrial wastes, 70
Corrosion, pipes, 425
Corrosion, wastewater, 7, 8, 27, 70
Counteraction, odor control, 17
Crop production, 413, 414
Cryogenic air separation, 47, 49
Cyanide, 70
Cycle, sulfur, 10

D
DO probe, 485
Dairy wastes, 97
Data collection

see Recordkeeping
Day tank, 277, 279
Decant tank, pressure filters, 326
Dechlorination, 89
Deep well injection, 398, 399
Dehydrogenation, 7
Denitrification

attached growth reactors, 380
equipment, 380
fixed film reactors, 380
nitrogen removal, 105. 133
operation, 380, 382
suspended growth reactors, 380, 382, 383

Density, 127
Density measurement, 450, 462
Detention time

aerobic digester, 160
anaerobic digester

see Chapter 12
primary sedimentation

see Chapter 5
Dewatering sludge

belt filter press, 186
centrifuge, 196
plate and frame filter press, 182

z
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pressure filtration, 182
purpose, 182
sand drying beds, 197
summary, 203
surfaced sludge drying beds, 199
vacuum filtration, 189

Diaphragm box, level measurement, 4E2, 485
Diaphragm pumps, chemical feeders, 281, 282
Diaphragm sensor, pressure measurement, 457, 461, 485
Digestion

aerobic, 159
anaerobic, 159

Digital receivers, 467, 468
Digital transmitters, 438, 467, 468
Direct reuse of effluent

advanced waste treatment effluent quality, 401
blending tank, 399, 400
case histories, 400
direct reuse, 398
emergency operating procedures, 410
equipment requirements, 400
groundwater, 400
limitatiors, 411
maintenance, 412
monitoring, 410
Muskegon County, Michigan, 402
nuclear generating station, Phoerix, Arizona, 402
operation, 409, 410
operational strategy, 410
Phoenix, Arizona, nuclear generating station, 402
plans and specifications, 412
review of plans and specifications, 412
safety, 412
shutdown, 410
South Lake Tahoe, California, 400
start up, 409
steel mill, 407
treatment levels for reuse, 398
troubleshooting, 410
uses, 398
water quality criteria, 400
Windhoek, South Africa, 402

Disc-nozzle centrifuge, 157
Disinfection

see Chapter 10
Disposal of sludges

agricultural reclamation, 236, 238
dedicated land disposal, 235, 237
environmental controls, 243
lagoons, 240
land disposal, 230
monitoring, 243
need, 127
on-site dedicated land disposal, 235, 237
sanitary landfill, 235
utilization, 242

Dissolved air flotation thickeners
age of sludge, 140, 142
air to solids (A/S) ratio, 142, 145, 146
biological flotation, 140
biological sludges, 142
blanket thickness, 143, 145, 146
chemical conditioning, 145, 146
concentration factor, 145
dispersed air flotation, 140
efficiency, 144, 145
effluent, 145, 146
factors affecting performance, 140
float characteristics, 145
guidelines, operation, 142
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Dissolved air flotation thickeners (continued)
hydraulic loading, 142, 144, 145
observations, 145
operating guidelines, 142, 144
operation, 142, 143
performance, 144
plans and specifications, 245
polymers, 144
pressure flotation, 140
primary sludge thickening, 142
shutdown, 144
sludge blanket, 143, 145, 146
solids loading, 142, 144, 145
solids recovery, 144
start up, 144
thickened sludge characteristics, 145
troubleshooting, 145, 146
vacuum flotation, 140
variables, 140
visual inspection, 145
withdrawal of sludge, 142

Dissolved oxygen
instrumentation, 480, 485
probe, 480, 485
test

see Chapter 16
Dosage, chemicals, 289
Downflow filters, 301
Drain tile systems, 428
Drainage wells, 428
Droop, controller, 468
Drying beds, sludge, 199
Drying beds, sludge odors, 26

E

Eductor, 174
Effects of industrial wastes, 70
Efficiency, 127
Effluent disposal,

see Chapter 13
Effluent, secondary, solids removal

chemicals, 273
filters, gravity, 300
filters, pressure, 318
gravity filters, 300
inert-media pressure filters, 318
microscreens, 273
need, 273
pressure filters, 318

Electric probe, level, 462
Electric receivers, 467, 468
Electric transmitters, 438, 467, 468
Electrical control system, 438
Electical equipment

see Auxiliary electrical equipment
Electrolyte, 20, 277
Electrolytic process, 17
Electro-magnetic forces, 343
Elutriation, sludge

definition, 169
guidelines, operation, 180
operation, 180
process description, 180

Emergency operation
direct reuse, 410
land disposal, 425
lime precipitation, 346

Emergency storage tanks, 74, 76, 79, 318, 410
Enclosed spaces, 8, 27

589

Endogenous, 160, 342
Enforcement, 497
Engines

see Gasoline engines
Equalization flows

filters, 318
industrial wastewater, 74, 76, 86

Equilibrium, hydrogen sulfide-sulfide, 8, 9
Equipment
Equipment records

see Recordkeeping
Evapotranspiration, 413
Explosive gas detection instruments, 474
Explosive gases, 8
Extended aeration, activated sludge, 53, 60, 62, 97, 99

F
F/M, 60, 61, 82, 84, 92, 97, 104
Facultative microorganisms, 8
Fecal odors, 11
Feed systems, chemicals, 278, 286
Filamentous organisms, 65, 78, 85, 89, 93, 97, 133, 162, 165,

166
Filter, air, 312
Filter press

belt, 186
odors, 27
plate and frame, 182
sludge dewatering, 182
types, 182

Filters
gravity, sand, 300
inert-media, 318
pressure, 318
trickling

see Chapter 6
Fire triangle, 222
"Fish eyes" (chemicals), 278
Fish kill, 342
Fixed film reactors, 375, 380
Flagellates, 66, 67
Flammable oils, 70
Flies, 244
Float mechanism, level measurement, 462, 463, 485
Flocculation, 169, 273, 342
Flow equalization

industrial wastes, 74
microscreens, 297

Flow instruments, 450
Flow measurement, 450, 510
Flow regulation, 74
Flow segregation, 74
Fluidized bed, 380, 381
Fluidized-bed reactors, 210, 212, 213
Foam control

aerobic digestion, 162, 165, 166
brewery wastes, 93
pulp mill wastes, 80

Foaming
aerobic digestion, 162, 165, 166
chemical treatment, 292

Food/microorganism, 60, 61, 82, 84, 92, 97, 104
Food processing wastes

activated sludge treatment, 95
artichoke wastes, 95
BOD, 95, 97
contact stabilization, 97
dairy wastes, q7
dissolved nxyge,:, 97, 99



Food processing wastes (contir ued)
extended aeration, 97
F/M, 97
filamentous organisms, 97
MCRT, 97
mixed liquor suspended solids, 97, 99
moving average, 97
nutrients, 97
odor control, 99
operation, 97, 99
pH, 95, 97
pilot plants, 95
pretreatment, 95
return activated sludge, 99
step-feed aeration, 97

G
Gage pressure, 453, 554
Gas, digester

flow, 482
pressure, 482
quality, 482

Gas chromatograph, 432
Gas phase hydrocarbon analyzer, 70
Gases

explosive, 8
organic and inorganic, 7
toxic, 8

Gasification, 133
Generation of odors, 7, 8
Glossary of terms, 503
Good housekeeping, 24, 289
Gravimetric chemical feeders, 278, 285
Gravity filters

abnormal operation, 312
air scour, 308
alarms, 310
algae control, 313, 315
backwashing, 300, 311, 317
depth filtration, 301
description, 300
differential pressure, 302
downflow filters, 301, 304
drain, 308, 310
filter aid, 312
filtering, 300, 310
head loss, 302, 308
inlet, 301
instrumentation, 308, 317
landscaping, 313
location in treatment system, 301
maintenance, 317
media, 301, 315
methods of filtration, 301
mud balls, 301
multi-media, 301, 304
operation, 310
operational strategy, 313
parts, 301
plans and specifications, 317
rapid sand filters, 301, 306
rate control, 308
recordkeeping, 315, 316
review of plans and specifications, 317
safety, 315
scouring media, 301
sectional filters, 308, 309
shutdown, 315
slime control, 313, 315
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start up, 310
static bed filters, 301
surface straining, 301
surface wash, 301
totalizer, :210
troubleshooting, 315
troughs, 308
turbidity, 310
types of filters, 301
underdrains, 301, 307
upflow filters, 301, 302, 304
use, 300, 305
water rate control, 308
water supply, 308

Gravity sludge thickening
age of sludge, 133
anaerobic, 133
baffle, 133
blanket depth, sludge, 134, 135, 137
bound water, 133
concentration factor, sludge, 136
concentrators, gravity, 131, 134
coning, 137
denitnfication, 133
detention time, 134
effluent, 136
factors affectinq performance, 133
filamentous organisms, 133
gasification, 133, 138
guidelines, operation, 134
hydraulic loadings, 134
liquid surface, 136
nitrifying bacteria, 133
observations, 136
operation, 134, 135
overflow rate, 134
performance, 135
plans and specifications, 245
rising sludge, 133
sampling, 135
septicity, 137
short-circuiting, 133
shutdown, 135
sludge-volume ratio (SVR), 134, 137
solids loading, 134, 135
start up, 13o
surface loading. 134, 135
temperature, 134
troubleshooting, 136
variables, 133
withdrawal rates, 135, 138

Grease, industrial wastes, 74, 86
Greenhouse hyacinth culture, 388
Grit

channels, 71, 86
industrial wastes, 74, 86

Grit channel instrumentation, 474
Groundwater contamination, effluent disposal, 400, 427
Groundwater contamination, lagoons, 230, 236, 244
Groundwater recharge, wastewater, 413, 415
Growth rate, Y, sludge, 129

H
Handling of sludges,

see Sludge handling and disposal
Hazards

see Safety hazards
Headworks, odors, 25
Heated discharges, 76
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Heavy metals, in industrial wastewaters, 70
High-rate activated sludge, 60, 62
Holding tanks, 74
Housekeeping

chemical systems, 289
odor control, 24

Hyacinth culture
greenhouse, 388
harvesting, 388, 389
how it works, 387
mosquito control, 389
nitrogen removal, 371, 373
operation, 388, 389
waste treatment, 387

Hydraulic loading gravity thickeners, 134
Hydro-mechanical control system, 438
Hydrocarbon gases, measurement, 70, 474
Hydrogen peroxide

filamentous organism control, 93
odor control, 12, 99
oxygen, source, 76
phenol control, 101

Hydrogen sulfide
equilibrium,9
odors, 7, 8
removal from air, 17
tests

see Chapter 16
Hydrogen transfer, 7
Hydrologic cycle, 413
Hydrometer, 450, 453
Hydrostatic system, 476
Hypochlorination, odor control, 12

I

Identification of odors, 8
Incineration (multiple hearth furnace)

air flow, 225-227
alarm systems, 226
ash handling systems, 226
autogenous burn, 229
auxiliary fuel, 223
bearings, 217
burner, 222
burnout, 226
cake feed rate, 225
clinkering, 229
combustion, 226
combustion zone, 223, 224
conditions in furnace, 223
controls, 223
cooling zone, 223
description, 210, 217, 222
draft, 225
drying zone, 223
fire triangle, 222
flame, 225
fluidized-bed reactors, 210, 212, 213
fuel, 223
furnace zones, 223
hearths, 210, 215, 216
instrumentation, 223
lute cap, 217, 218
moisture content, 225
multiple hearth furnace, 210, 211
off-gas system, 217, 221
operation, 223, 226, 228
oxygen analyzer, 225
oxygen demand, 226

protective clothing, 229
rabbling, 217, 218
refractory, 210
rotary kilns, 209, 210, 214
safety, 229
sand seals, 217, 219
shaft, 217
shutdown, 228
smoke, 225, 229
start-up, 228
temperature, 226, 228, 229
troubleshooting, 229
volatile content, 225

Indicators, instruments, 466, 467
Indirect reuse of wastewater, 398
Indole, 7, 11
Industrial waste monitoring, sewer-use ordinance 70, 72
Industrial waste treatment

See Industrial waste treatment, activated sludge
Industrial waste treatment, activated sludge

also see Chapters 5 and 6 in INDUSTRIAL WASTE
TREATMENT

acclimation of microorganisms, 74
ammonia treatment, 101
artichoke wastes, 95
BOD, 73
brewery wastewaters, 85
bulking sludge, 78, 85, 89
COD, 73
characteristics, 72
clarificaticl, 78
common industrial wastes, 70
contact stabilization, 71, 97
cooling towers, 76
dairy wastes, 97
dissolved oxygen, 78, 89, 97, 99
effects of industrial wastes, 70
emergency storage tanks, 75, 76, 79
equalizing basins, 75, 76, 79
extended aeration, 97, 99
F/M, 92, 97
filamentous organisms, 78, 85, 89, 93, 97
flow, 72, 73
flow regulation, 74
flow segregation, 74
food processing wastes, 95
grease, 74
grit, 74
heated discharges, 76
holding tanks, 74, 76
industrial wastes, 70
influent, 72
laboratory testing, 95, 99
MCRT, 92, 97, 99
microscopic examination, 65, 84
monitoring, 69, 79, 99
need for treatment, 72
neutralization, 73, 77, 80, 97
nutrients, 72, 73, 76, 77, 80, 85, 88
observations, 78, 99
odors, 78
oil, 74, 99
operation, 77, 89, 97, 99
operational strategy, 71, 77, 85
periodic feeding for start-up, 82
petroleum refinery wastes, 99
pH, 73, 78, 97, 99, 101
phenols, 101
pilot plant, 95
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Industrial waste treatment, activated sludge (continued)
pretreatment, 70, 72, 74, 75, 76, 86, 95
pulp and paper mill wastes, 79
recordkeeping, 70, 79, 95
restart, 76
return activated sludge (RAS), 78
sampling, 70, 99
screening, 74
seed activated sludge, 76
shock loads, 99
shutdown, 81
sludge age, 92
start-up, 76, 81, 82
step feed, 97
sulfide shock load, 99
suspended solids, 73
toxicity, 73, 78
troubleshooting, 76
waste activated sludge, 78, 92

nert-media pressure filters, 318
also see Pressure filters

nfiltration-percolation, 413, 415
nfluent instrumentation, 473, 474
nfluent odors, 25
norganic gases, 7
norganic matter, 127
nstrumentatiort, gravity filters, 308
nstrumentation, pure oxygen, 106
nstrumentation system, 466, 467
nstruments and controls

absolute pressure, 453, 454
accuracy, 442
activated sludge process, 478
aeration air rate, 478
alarms, level, 462, 475, 477, 481, 485
anaerobic sludge digestion, 480
analytical measurements, 450, 466
bar screen operation, 474
bellows, pressure, 457, 461, 485
biological control system, 438
Bourdon tube, 457, 461
bubbler tube, level, 462, 465
capacitance probe, level, 462, 485
cathode ray tube (CRT), 466
charts, 471, 485
circular charts, 471, 485
combustible gas alarm, 482
computers, 481
confined spaces, 482
control logic, 438
control methods, 468
control system, 442
controllers, 466-468, 485
density, 450, 462
description, 438
diaphragm, box, level, 462
diaphragm, pressure, 457, 461, 485
digester controls, 480-482
dissolved oxygen probe, 480, 485
droop, 468
electric probe, level, 462, 474, 485
electrical control system, 438, 468
explosive gas detection, 474
float system, level, 462, 463, 485
flow, 450
gage pressure, 453, 454
gas chromatograph, 482
grit removal, 474
hydro-mechanical control system, 438, 468

hydrocarbon detection, 474
hydrometer, 450, 453
indicators, 466, 467
influent flow, 474
influent level, 473
integrators, 471, 465
level, 450, 462, 473, 481, 485
lower explosive limit, 474, 482, 485
magnetic meter, 485
maintenance, 483, 485
manometer, 446, 449, 457-450, 485
manual control, 468
measurements, 446
mechanisms for recorders, 471
micrometer, 442, 444
motor-controlled gates, 475
need, 438
offset, 468
on-off control, 468
open and closed loops, 468
operation, plant, 473
orifice plate, 478, 485
permanence, 446
pH probe, 485
pneumatic system, 468
preliminary treatment. 473
pressure, 446, 485
primary element, 466
primary treatment, 473
probe, 467, 485
process variables, 446
proportional control, 468
ratio control, 469, 470
receiver, instrument, 467, 468
recordkeeping, 483
recorders, 469
recording media, 471
repeatability, 442
safety, 483
secondary device, instrument, 466
sensitivity, 446
sensors, 456, 466, 467
set point, 466
sight tube, 450, 451, 462
sludge blanket depth, 476
sludge density meter, 476
software programs, 481
spectrophotometer, 482
speed, measurement, 451
strip charts, 471, 485
strobe light, 462, 485
sump pump, 475
tachometer, 452, 462, 485
temperature, 446, 456, 482
thermocouple, 457, 482, 485
totalizers, 471, 485
transmission system, 438, 467, 468
troubleshooting, 483, 485
turbidimeter, 480, 485
ultrasonic sound, level, 462, 464, 485
units of measure, 450
use, 442
vacuum pressure, 453, 454
valves and gates, 475
velocity, 450, 462
ventilation system, 475
Venturi, 485
weirs, 485

Integrators, instruments, 471, 485
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Interface, 43
Ion exchange, nitrogen removal, 101, '71, 372
Irrigation

sludge, 236 238
wastewater, 413, 415, 417, 424

J
Jar test, 170, 289, 312, 359, 361

Kiln dryer, 209, 210, 214
K

L
Laboratory

procedures
see Chapter 16

safety
see Chapter 16

testing, 95, 99
Lagoons

facultative sludge storage, 230, 238, 240, 243,
groundwater contamination, 230, 236, 244
odors, 27, 240
permanent, 240
sludge storage, 230

Lake Tahoe, California, 400
Land application

solids, 230
solids management, 230

Land disposal, effluent
boron, 425, 427
cation exchange capacity, 427
classes of irrigation waters, 424, 425
corrosion, pipes, 425
crop production, 413, 414
description, 413
drain tile systems, 428
drainage wells, 428
emergency operating procedures, 425
equipment requirements, 413
evapotranspiration, 413
groundwater, 427
guidelines, loadings, 416
hydrologic cycle, 413
infiltration-percolation, 413, 415
irrigation, 413, 415, 417, 424
layout, 414
limitations, 418
loadings, 416
maintenance, 428
monitoring, 427
observations, 425
odors, 425, 426, 428
operation, 418, 426, 428
operational strategy, 423
overland flow, 413, 415
plans and specifications, 428
ponding, 428
review of plans and specifications, 428
safety, 427
salinity, soil, 418, 423
shutdown, 423
sidestreams, 413
sodium absorption ratio, 425
soil moisture determination, 420
soil sealing, solids, 418
start up, A18, 419
troubleshooting, 425
wells, monitoring, 427

Land disposal, solids
agricultural reclamation, 230, 235, 237, 244
alternatives, 230, 231-234
birds, 244
cadmium, 236
dedicated land disposal, 230, 235, 237, 244
disposal options, 235
environmental controls, 243
flies, 244
flooding, 237
groundwater, 230, 236, 244
high-rate dedicated land disposal, 237
lagoons, facultative sludge, 238, 240, 243, 244
landfilling, 236, 240, 243
monitoring, 243, 244
need, 230
nitrogen requirements, 236, 240
odors, 240, 243
on-site dedicated land disposal, 235
operation, 238

244 options, 234
public health, 244
regulatory constraints, 230
ridge and furrow, 237, 240
rodents, 244
sanitary landfill, 230. 235, 236, 243
sludge type, 243
stabilized sludge, dewate:.ed, 235
stabilized sludge, liquid process, 237
storage of sludge, 235, 237
subsurface injection, 238, 240
surface runoff, 230, 244
toxic substances, 230
transportation of sludge, 235, 237
trenching, 235
utilization options, 230, 243
vectors, 244

Land treatment processes, nitrogen removal, 371
Langelier Saturation Index, 298
Lead-acetate strips, 8
Level measurement, instruments, 450, 462, 481
Lime, 80, 166, 277, 243, 353, 357
Lime analysis

see Chapter 16
Lime feed, 357
Lime precipitation, phosphorus removal

abnormal operation, 346
clarification process, 343, 345-347, 350
description of process, 343, 344
dust control, 352
emergency operation, 346
equipment, 343, 345
guidelines operation, 351
hydraulic loading, 345, 347, 350, 351
industrial discharges, 347
jar test, 346
layout of process, 344
lime analysis

see Chapter 16
lime feed equipment, 343, 346, 347, 350, 351
lime strength, 343
loadings, 351
maintenance, 350
mixing chamber, 343, 346
operation, 343, 345, 346
operational strategy, 346
pH, 345, 347, 348
plans and specifications, 351
pumps, 345-347, 350
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Lime precipitation, phosphorus removal (continued)
recalcine, 342, 350
recarbonation, 346-350
revisw ()f plans and specifications, 351
safety, 350, 352
sampling, 345, 3'(
scale, lime, 34.6
shutdown, 3 :6
slake, 343
sludge disposal!, 345
slurry, 343
start up, 343-345
storm water, 347
troubleshooting, 350

Lime stabilization of sludges, 166
Lower explosive limit, (L.E.L) instruments, 446, 454, 457
Luxury uptake of phosphorus

abnormal operation, 356
activated sludge process, 356
anaerobic conditions, 353, 356, 357
clarification, 353
description, 353
equipment, 353, 357
guidelines, operation, 357
hydraulic loadings, 357
layout, 354, 355
lime clarification, 353
lime feed, 353, 356, 357
lime slurry, 357
loadings, 357
maintenance, 356
mixing tank, 353
operation, 353, 356, 357
operational strategy, 356
pH, 353, 356
piping, 356
plans and specifications, 357
principles of operation, 353, 356
pumps, 357
review of plans and specifications, 357
safety, 357
sampling, 356
shutdown, 356
sludge feed, 356
sludge recycle, 353
sludge withdrawal, 356, 357
start up, 353
straggler floc, 356
stripping tank, 353, 356

M
MCRT, 60, 63, 66, 67, 82, 92, 97, 99, 104
MEA (Monoethanolamine), 101
MI_VSS, 60, 65
Magnetic meters, 485
Maintenance

activated sludge, 50, 52, 106
alum flocculation, 359
chemical feed systems, 292
chemical scrubbers, 22
controls, 483
direct reuse of effluent, 412
gravity filters, 33
instruments, 483, 485
land disposal, 428
lime precipitation, phosphorus, 350
luxury uptake, phosphorus, 356
microscreens, 299
pressure filters, 327
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pure oxygen systems, 50, 52, 106
sampling equipment, 503
scruboers, 22

Manometer, 446, 449, 457-460, 485
Masking odors, 17
Mean cell residence time, 60, 63, 66, 67, 82, 92, 97, 99, 104
Measurement of odors, 8
Measurements, instruments, 446
Mechanical drying

description, 209, 240
operation, 210
performance, 210
reduced volume sludge, 240
sludge type, 210
types of driers, 209
variables, 209

Mechanisms for recorders, 471
Media

gravity filters, 301
vacuum filters, 195, 196

Mercaptans, 7, 11, 17
Metallic ions, odor control, 14
Metals, 70
Metering chemicals, 278
Micrometer, 442, 444
Microorganisms, activated sludge, 63, 65, 66, 67
Microscreens

also see Screening and microscreer. ig
advantages, 294
backwashing, 296
bearings, 296
bypass weir, 296
corrosion, 298
drive unit, drum, 296
drum, 296
flow-equalization system, 297
flows, 297
head loss, 296, 299
high flows, 297
high solids, 298
low flows, 297
maintenance, 299
microfabric, 293, 296
microstraining, 293
oil and grease, 298
operation, 297
operational strategy, 298
parts, 296
pH, 298
protective clothing, 299
safety, 299
scaling, 298
shutdown, 298
solids disposal, 293, 236
solids loading, 298
solids waste hopper, 296
start up, 297
structure, 296
support bearings, 296
troubleshooting, 298
ultraviolet light, 296
use, 293
water spray system, 296
weir, 296

Mixing, chemicals, 278
Monitoring chemical treatment, 298
Monitoring, industrial wastes

also see IndLstrial wastes monitoring
acids, 70
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Monitoring, industrial wastes (continued)
alkalies, 70
automatic monitoring units, 70
collection system, 70
corrosion, 70
cyanide, 70
flammable oils, 70
greases, 70
heavy metals, 70
hydrocarbon analyzers, 70
metals, 70
monitoring systems, 69, 79, 99
oils, 70
organic toxicants, 70
pesticide, 70
pollutant strength, 73
safety, 70
sampling units, 70
settleable solids, 70
sewer-use ordinance, 70, 72
standard industrial classification, 497
strength of pollutant, 73
toxic gases, 70
water supply, 70

Monitoring, sludge disposal, 243
Monitoring, wastewater reclamation, 410, 427
Monoethanolamine (MEA), 101
Moving average, 62, 97
Multi-media filters, 301
Multiple hearth incineration

see Incineration
Municipal and industrial waste treatment

also see Monitoring industrial wastes
activated sludge, 71
clarifiers, 71
comminutors, 71
contact stabilization, 71
effects on treatment processes, 70
grit channels, 71
industrial wastes, common, 70
monitoring, 69
nutrients, 72
observations, 71, 78
operation, 85
operational strategy, 71
organic wastes, 71
recorders, 70
sampling, 70
screens, 71
sludge digesters, 71
toxic wastes, 71

Muskegon County, Michigan, 402

N
National pollutant discharge elimination system (NPDES),

69, 273
Neutralization

activated sludge, 73, 77, 80
industrial waste treatment, 73, 77, 80

Nitrate compounds, odor control, 14
Nitrification

activated sludge nitrification, 101
activated sludge processes, 374, 382
actual operation, 374
aerobic digestion, 165
a!kalinity, 104, 374
ammonia-stripping, 101
attached growth reactors, 375, 377
bacteria, 102, 104, 133

bacteriological processes, 373
biological nitrification, i 01
breakpoint chlorination, 1C 2
chemical reactions, 373
chlorination, breakpoint, 102
denitrification, 105, 133
detention time, 104
dissolved oxygen, 102, 374, 377
equipment, 373, 375
F/M, 104
fixed film reactors, 373
guidelines, 102
industrial wastes, 102
influent nitrogen, 101
ion exchange, 101
MCRT, 63, 104
methods of nitrification, 101
microorganisms, 102, 104, 133
nitrogen, 374
nitrogen concentrations, 101
nitrogen cycle, 103
nitrogenous food, 375
nutrients, 104
operating guidelines, 102
oxygen, 374, 377
packed towers, 377, 378, 379
petroleum refinery wastes, 99, 101
pH, 104
phosphorus addition, 104
pretreatment, 104
RAS flow rate, 53
rising sludge, 105
rotating biological contactors, 375, 376
sludge age, 104
superchlorination, 102
suspended growth reactors, 373, 374, 382, 383
temperature, 374, 377
temperature effects, 63, 104
toxic materials, 104

Nitrification/denitrification
activated sludge, 380, 382
Jenitrification, 380, 381, 382, 383
hyacinth culture, 387-389
nitrification, 374, 381, 382, 383
nitrogen removal, 371, 382, 383

Nitrifying bacteria, 137
Nitrogen

ammonia stripping, 371, 372, 382-385
breakpoint chloriantion, 371, 372, 386, 387
denitrification, 371, 372, 380, 381, 382, 383
nitrification, 372, 373, 381, 382, 383
nutrient, 371
removal

see Nitrogen removal
Nitrogen cycle, 103
Nitrogen removal

ammonia stripping, 371, 372, 382-385
breakpoint chlorination, 371, 372, 386, 387
denitrification, 380
hyacinth culture, 371, 373, 387-389
ion exchange, 372
land treatment, 371
methods, 365
need, 371
nitrification, 372, 373
nitrification/denitrification, 371, 382, 383
overland flow, 371, 373
systems, 371
types of removal systems, 371
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Nitrogen removal (continued)
wet land treatment, 371
why, 371

Nonvolatile matter, 127
Nuclear generating station, reuse, 402
Nutrient removal, 342
Nutrients, 72, 73, 76, 77, 85, 88, 97, 442

0
Observations

activated sludge, 71, 78
centrifuge thickeners, 157
dissolved air flotation thickeners, 145
gravity thickeners, 136
land disposal, 425

Odor control
absorption, 17
activated carbon, 23
ammonia, 7
biological generation, 7
biological odor reduction towers, 14
chemical scrubbers, 17
chemical treatment, 12
chlorination, 12
chromate, 14
combustion, 17
complaints, 11
counteraction, 17
generation of odors, 7
good housekeeping, 24
hydrogen peroxide, 12, 101
hydrogen sulfide, 7, 8
hydrogen transfer, 7
identification, 8
lend disposal, 425, 426, 428
masking, modification and counteraction, 17
measurement, 9
metallic ions, 14
need, 7
nitrate compounds, 14
olfactometer, 8, 243
oxygen, 14
ozone, 14, 24
packed tower, 17
pH control, 14
phenols, 101
scrubbers, 17
solutions to problems, 12, 25
sources of odors, 7, 8
spray chamber, 17
treatment of odors, 17

Odor panel, 8
Odors

also see Odor control
ammonia, 7, 11
biological generation, 7
biological odor reduction towers, 14
Odors (continued)
causes, 7
characteristics, 11
classification, 11
collection systems, 7, 8
complaints, 11
dehydrogenation, 7
detection, 8
fecal, 11
gases, 7
generation of odors, 7, 9
good housekeeping, 24

hydrogen sulfide, 7, 8, 11
hyd:ogen transfer, 7
identification, 8
indole, 7, 11
incJstrial wastes, 78
land disposal, 243, 425, 426, 428
masking, 17
measurement, 8
mercaptans, 7
monitoring, 247
need for control, 7
nitrogen compounds, 7
pulp and paper mill wastes, 81
ronen egg, 7, 8, 11
skatole, 7, 11
skunk, 11
solutions to problem, 12
sources of odors, 7, 8, 12, 78
sulfur compounds, 7, 8, 11
temperature effect, 8
treatment of odors, 17
troubleshooting, 12, 25

Offset, controller, 468
Oil, industrial wastes, 70, 74, 99
Oil refinery wastes

see Petroleum refinery wastes
Olfactometer, 8, 243
Operation

absorption odor units, 24
activated sludge, 'nciustrial wastes, 77, 89, 97, 99
activated sludge process, 53, 59
activated sludge, RAS and WAS, 53, 59
actual plant performance, 375
aerobic digestion, 160, 162
alum flocculation, phosphorus, 359
ammonia stripping, 383-385
artichoke wastes, 97
attached growth reactors, 377
belt filter press, 186, 188
breakpoint chlorination, 387
carbon source feed control, 380
centrifuges, 151, 153
chemical conditioning, 174
chemical feed systems, 286, 291
chemical scrubbers, 22
chlorine stabilization, 167
composting, 207
controls, 473
dairy wastes, 97
denitrification, 380.
direct reuse of effluent, 409, 410
dissolved air flotation thickeners, 142, 1^3
elutriation, 180
food processing wastes, 97, 99
gravity filters, 310, 313
gravity sludge thickeners, 134, 135
incineration, 223, 226, 228
instruments, 473
land disposal, 418, 420
lime precipitation, phosphorus, 353, 356, 357
lime stabilization, 167
luxury uptake, phosphorus, 353, 356, 357
mechanical drying, 210
microscreens, 297
multiple hearth furnace, 223, 226, 228
nitrification, 374, 377
nitrification/denitrification, 374, 380, 382, 383
oxygen, 374, 377, 380
petroleum refinery wastes, 99
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Operation (continued)
plate and frame filter press, 164, 185
pressure filters, 327
pulp and paper mill wastes, 85
pure oxygen, 50
sand drying beds, 197, 198
scrubbers, 22
sludge thickeners, 134, 135, 142, 143
surfaced sludge drying beds, 202
temperature, 374, 377
thermal conditioning, 176, i "5
vacuum filtration, 194, 195
wet oxidation, 180

Operating guidelines
activated sludge, 53, 56, 58, 60, 63, 67
aerobic digestion, 160, 163
alum flocculation, phosphorus, 361
belt filter press, 186, 189
centrifuge, dewatering, 197
centrifuge thickeners, 151, 153
dissolved air flotation thickeners, 142, 144
elutriation, 180
gravity sludge thickeners, 134
land disposal, effluent, 416
lime precipitation, phosphorus, 351
luxury uptake, phosphorus, 357
nitrification, 102
plate and frame filter press, 182. 185
pulp and paper mill wastes, 85
sand drying beds, 201
thermal conditioning, 176, 177
vacuum filtration, 194, 195
wet oxidation, 180

Operational strategy
activated sludge, industrial wastes, 71, 77, 85
activated sludge, RAS and WAS, 53, 59
brewery wastewaters, 85
chemical feed systems, 291
direct reuse of effluent, 410
gravity filters, 313
industrial wastes, activated sludge, 71
land disposal, 423
lime precipitation, phosphorus. 346
luxury uptake of phosphorus, 356
microscreens. 298
pressure filters, 327

Organic
gases, 7
matter, 127
toxicants, 70
wastes, 71

Orifice pl-tes, 478, 485
Overflow rate, gravity thickeners, 134
Overland flow,

nitrogen removal, 371, 373
waste treatment, 413, 415

Oxidation-reduction potential, 14
Oxidized organics, 7
Oxygen

aerobic digestion, 162-166
odor control, 14

Oxygen activated sludge
see Activated sludge and also Pure oxygen

Oxygen generation equipment, 106
Oxygen production, pure oxygen activated sludge,
Ozone odor control, 14, 24
Ozonization, 17, 24

P
PSA, pure oxygen, 47, 48

Package plant, aerobic digestion
see Chapter 8

Packed town's, 17, 377, 378. 379
Periodic feeding for start-up. 82
Permanence, instruments. 446
Pesticides, 70
Petroleum refinery wastes

activated sludge treatment. 99
ammonia treatment, 101
characteristics, 99
dissolved oxygen, 99
extended aeration, 99
hydraulic loading, 99
hydrogen peroxide, 101
laboratory testing, 99
MCRT, 99
monoethanolamine (MEA), 101
nitrification, 99. 101
observations. 99
odors, 101
operation, 99
pH, 99, 101
phenols, 101
sampling, 99
shock loading, 99, 101
sulfide shock load, 99
thiocyanate, 101
toxicity, 101
treating ammonia, 101
waste characteristics, 99

pH
industrial waste treatment, 73
odor control, 14
test

see Chapter 16
pH measurement

see Chapter 16
pH probe, 485
Phenol, 12, 101
Phoenix, Arizona, reuse,
Phosphorus

test in wastewater
see Chapter 16

Phosphorus removal
alum flocculation, 357
lime precipitation, 343
luxury uptake, 353
purpose, 342
types of systems, 342

Pilot plant, activated sludge. 95
Pin floc, 66, 67
Piston pumps, chemical feeders, 278, 280
Plans and specifications

activated sludge, 105
alum flocculation, phosphorus, 361
centrifuges, 245
chemical conditioning, 246
chemical feed systems, 286
direct reuse of effluent, 412
dissolved air flotation method, 245
filter presses, 245
gravity filters, 317
gravity thickening, 245
land disposal, 428

47 lime precipitation, phosphorus, 351
luxury uptake, phosphorus, 357
odor control, 27
pressure filters, 329
pure oxygen systems, 105
sludge handling and disposal, 245

402

597



Plans and specifications (continued)
thermal conditioning, 246

Plate and frame filter presses
cake. 185, 186
cleaning media, 134
conditioning of sludge. 182, 185, 186
description, 182
factors affecting performance. 182
filter cloth, 182, 185
filter yield, 182, 185
guidelines, operation, 182, 185
operation, 182, 184, 185
performance, 185
plans and specifications, 24f,
precoat, 184-1815
pressure. 182, 1 S5 8E
solids loading. 184
solids recovery, 185
time of filtration, 184-186
troubleshooting, 185, 186
variables, 182
yield, 182, 185

Pneumatic transmitters, 438, 467, 468
Pollutant strength, 73
Polyelectrolyte, 169, 277, 346
Polymer feed, operation, ?36
Polymer usage. 157, 277, 346
Polysaccharide, 175
Ponding, land disposal, 428
Ponds, odors, 27
Positive displacement pumps, chemicals. 278. 280-282
Precipitate, 342
Precipitation

see Coagulation and precipitation
Precoat. 182
Preliminary treatment. instruments, 473
Pressure filters

abnormal operation. 327
cir binding, 326
Lackwash cycle, 326
backwash system. 324
bypass, 318, 327
chemical feed systems, 320
decant tank, 318, 320, 326
emergency storage, 318
equalization of flows, 318
facilities. 318
feed pumps, 320
filters, 322, 328
flow control, 324
holding tank, 318
inert media, 324
layout, 319
maintenance, 327
media, 324, 328
mud balls, 328
operation. 327
operational strategy. 327
performance test, 327
plans and specifications, 329
pumps, 320, 326, 328, 329
review of plans and specifications, 329
safety, 329
underdrain gravel, 324
use, 318
vessels, 321, 322
wet well, 318, 326

Pressure measurement, instruments, 446. 485
Pressure swing absorption, pure oxygen, 47, 48

Pretreatment
industrial wastes. 70, 72, 74, 86. 95
nitrification, 104

Primary clarifier, 88
Primary element. instrument, 466
''rimary sedimentation

instrumentation, 475
odors, 25

Primary sludge production, 127
Primary treatment, instruments, 475
Probe, instrument, 467
Process variables, 446
Production of sludges, 127
Proteinaceous, 175
Protozoa, 65, 66, 84
Public relations, odors, 11
Pug mill, 209, 240
Pulp and paper mill wastes

activated sludge treatment, 79
bulking sludge, 85
cellulose. 80
color, 81
dissolved oxygen. 85
emergency storage tanks, 79
emergency systems, 81
fiber, 80
filamentous growths, 85
flows, 81
foam control, 80
food /microorganism, 82, 84
MCRT, 82
microscopic examination, 84
mixed liquor suspended solids, 85
monitoring, 79
neutralization, 80
nutrients, 80. 85

Pulp and paper mill wastes (continued)
odor, 81
operating guidelines, 85
operation, 85
periodic feeding for start-up. 82
pH control. 80
protozoa. 84
recordkeeping, 79
return activated sludge, 85
recycle, 80
safety, 83
shutdown, 81
sources of wastes. 79
start-up, 81, 82
steady state conditions, 81
temperature effects, 85
treatment variables. 80
troubleshooting, 83
turbidity, 81

Pumps
maintenance

see Chapter 15
Pure oxygen

cryogenic air separation, 47, 49
description of systems. 43
dissolved oxygen. 50
explosive conditions 51
gas space pressure. 50
instrumentation, 106
layout, 44, 46
liquid oxygen, 50, 51
maintenance, 50, 52, 106
modes, 50
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Pere oxygen (continued)
noise, 106
oxygen, 50
PSA, 47, 48
plan view, 44
plans and specifications, 105
pressure swing absorption, 47
preventive maintenance, 106
process control, 50
purge, 47, 51
review of plans and specifications, 105
safety, 51, 106
silica gel trap, 50
spill, liquid oxygen, 51
start-up, 50
surface aerators, 43, 46
system control, 50
turbulent mixers, 43
vent, 47, 50

Pure gas, 47, 51

0
Quantities of sluk des, 127
Quicklime, 277

R

RAS
see Return activated sludge

Rabbling 217
Rapid sand filters, 301
Reactors

attached growth, 375, 380
fixed film, 375, 380
fluidized bed, 380, 381
suspended growth 373, 374, 380, 382, 383

Recalcine, 342
Recarbonation, 346
Receiver mechanisms, 467, 468
Recharge rate, 400
Reclaimed wastewater, 498
Recordkeeping

brewery wastewaters, 95
chemical treatment, 286-288
gravity filters, 315
industrial waste monitoring, 70
industrial waste treatment, 79, 95
instruments, 483
odor complaints, 12, 13
pulp and paper mill wastes, 79

Recorders, 70, 79, 469
Recording media, 471
Recycled wastewater, 498
Refractory furnace, 210
Repeatability, instruments, 442
Respireon, 342
Respiration system hazards, 8
Restart, industrial waste treatment, 76
Return activated sludge

adjustment of process, 56, 58
brewery wastes, 89, 92
comparison of RAS control approaches, 53
constant percentage RAS flow, 53
constant RAS flow, 53
control, 53
dairy wastes, 99
flow diagram, 54
industrial waste treatment, 78
measurement of sludge blanket depth, 55
methods of RAS flow control, 53

nitrification, 53
pulp and paper mill wastes, 85
purpose, 53
SVI approach, 57
separate sludge reaeration, 57
settleability approach, 55
sludge blanket depth, 55
troubleshooting, 56, 58

Reused wastewater, 498
Review of plans and specifications

alum flocculation, phosphorus, 361
centrifuges, 245
chemical conditioning, 246
chemical feed systems, 286
direct reuse of effluent, 412
dissolved air flotation, 245
filter presses, 245
gravity filters, 317
gravity thickening, 245
land disposal, 428
lime precipitation, phosphorus, 351
luxury uptake, phosphorus, 357
odor control, 27
pressure filters, 329
pure oxygen, 105
sludge handling and disposal, 245
thermal conditioning, 246

Rising sludge, 105, 133, 142, 151, 291
Rodents, 244
Rotary kiln dryers, sludge, 209, 210, 214
Rotating biological contactors, 375, 376

Also see Chapter 7
Rotifers, 65, 66, 67, 78
Rotten egg odors, 7, 8, 11

S

SAR, 425
SVI approach for RAS, 57
Safety hazards

activated sludge, 51, 106
alum flocculation, phosphorus, 361
chemical feed systems, 276, 277, 291
direct reuse of effluent, 412
explosive gases, 8
gravity filters, 315
hydrogen sulfide, 8
incineration, 229
industrial wastes, 70
instrumentation, 483
land disposal, 427
lime precipitation, phosphorus, 350, 352
luxury uptake, phosphorus, 357
microscreens, 299
noise, 106
pressure filters, 329
pulp and paper mill wastes, 83
pure oxygen, 51, 106
respiratory system, 8
sand drying beds, 202
toxic gases, 8

Salinity, soil, 418, 423
Sampling

devices, 70
equipment, 70
gravity thickeners, 135
industrial wastes, 70, 99
units, 70

Sampling units, 70
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Sand drying beds
application 01 sludge, 198, 199
blinding, 197
cake, 199
chemical requirements, 197
climatic conditions, 197
conditioning, 197
covered, 197
description, 197
factors affecting performance, 197
guidelines, operation, 197
loading rates, 197-199
operation, 197, 198
performance, 199
plugged media, 199
removal of dried sludge, 198
solids recovery, 199
troubleshooting, 199
type of sludge, 199
variables, 197

Screening and microscreening
also see Microscreens

Screens
industrial waste treatment, 71, 74
pretreatment, 74

Screw chemical feeders, 278, 283
Screw lift pumps

see Chapter 15
Scroll centrifuge, 152, 157
Secondary device, instrument, 466
Secondary effluents, solids removal

chemicals, 273
filters, gravity, 300
filters, pressure, 318
gravity filters, 300
inert-media pressure filters, 318
microscreens, 273
need, 273
pressure filters, 318

Secondary sedimentation, odors, 26
Secondary sludge protection, 129
Secondary treatment, 127
Sedimentation, odors, 25, 26
Seed activated sludge, 76
Sensitivity, instruments, 446
Sensors, 456, 466, 467
Septic wastewater, 7
Septicity, 137
Set point, 466
Settleability approach for RAS, 55
Settleable solids, 70
Sewer-use ordinance, 70, 72
Shock loads, 99
Shortcircuiting, gravity thickeners, 133
Shutdown

absorption, 23
centrifuge thickeners, 153
chemical feed systems, 286
chemical scrubbers, 22
direct reuse of effluent,
dissolved air flotation thickeners, 144
gravity filters, 315
gravity thickeners, 135
incineration, 228
industrial waste processes, 81
land disposal, 423
lime precipitation, phosphorus, 346
luxury upta'e, phosphorus, 356
microscreens, 298
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multiple hearth furnace, 228
pulp and paper mill, 81
scrubbers, 22
thermal conditioning, 177
vacuum filtration, 177

Sidestream treatment, 413
Sight tube, 450, 451, 462, 485
Silica gel trap, 50
Skatole, 7, 11
Skunk odors, 11
Slake, 277, 343
Sludge

aerobic digestion, 159
anaerobic digestion, 159
belt filter press, 186
centrifuges, 146, 196
characteristics, 127
chemical conditioning, 169
chemical stabilizaticn, 166
composting, 203
conditioning, 169
dewatering, 182
drying beds

see Sand drying beds and Surfaced drying beds
elutriation, 180
growth rate, Y, sludge, 129
handling alternatives, 130
incineration, 210
lagoons, 230
mechanical drying, 209
plate and frame filter press, 182
pressure filtration, 182
primary sludge production, 127
production of sludges, 127
quantities, 127
sand drying beds, 197
secondary sludge production, 129
stabilization, 159
surfaced sludge drying beds, 199
thermal conditioning, 175
thickening, 131
types of sludges, 127
vacuum filtration, 189
volume reduction, 203
volumes of sludges, 130
wet oxidation, 178
Y, growth rate, sludge, 129

Sludge age
activated sludge, 60, 92
nitrification, 104

Sludge blanket
depth measurement, 55, 476
gravity thickeners, 134
return activated sludge approach, 55
time of measurement, 55

Sludge density meter, 476
Sludge dewatering

see Dewatering, sludge
Sludge digestion, effects of industrial wastes, 71
Sludge disposal

agricultural reclamation, 236, 238
dedicated land disposal, 235. 237
environmental controls, 243
lagoons, 240
monitoring, 243
heed, 127
on-site dedicated land disposal, 235, 237
sanitary landfill, 235
utilization, 243



552 Advanced Waste Treatment

Sludge handling and disposal
aerobic digestion, 159
agricultural reclamation, 236, 238
anaerobic digestion, 159
belt filter press, 186
centrifuges, 150, 196
chemical conditioning, 169
chemical stabilization, 166
composting, 203
conditioning, 169
dedicated land disposal, 235, 237
dewatering, 182
dissolved air flotation, 140
elutriation, 180
environmental, controls, 243
gravity thickening, 131
growth rate, Y, sludge, 129
handling alternatives, 130
incineration, 200
lagoons, 230, 240
land disposal, 230
mechanical drying, 209
multiple hearth furnace, 210
need, 127
on-site dedicated land disposal, 235
plate and frame filter press, 182
pressure filtration, 182
primary sludge production, 127
production of sludges, 127
quantities, 127
sand drying beds, 197
sanitary landfill, 235
secondary sludge production, 129
stabilization, 159
surfaced sludge drying beds, 199
thermal conditioning, 175
thickening, 131
types of sludges, 127
vacuum filtration, 230
volume reduction, 203
volumes of sludges, 130
utilization, 243
wet oxidation, 178
Y, growth rate, sludge, 129

Sludge retention basins, odors, 27
Sludge volume index

activated sludge
see Chapter 11

test
see Chapter 16

Sludge-volume ratio (SVR), 134, 137
Slurry, 167, 343
Sodium absorption ratio, 425
Sodium hydroxide, 14, 17, 80
Sodium hypochlorite, 12, 17
Software programs, 481
Soil moisture determination, 420
Soil sealing, solids, 418
Solids, land application, 230
Solids loadings, gravity thickeners, 134, 135
Solids removal from secondary effluents

chemicals, 273
filters, gravity, 300
filters, pressure, 318
gravity filters, 300
inert-media pressure filters, 318
microscreens, 273
need, 273
pressure filters, 318

Solution preparation, chemical, 174
Sources of odors, 7, 8, 11
Specific gravity, 127
Spectrophotometer, 482
Speed measurement, 450
Sphaerotilus natans, 93
Spill, liquid oxygen, 51
Spray chamber, 17
Stabilization of sludges

aerobic digestion, 159
anaerobic digestion, 159

also see Chapter 12
chemical stabilization, 166
purpose, 159
sludge, 159
stabilization, 159

Start up
absorption, 23
activated sludge, industrial wastes, 76, 81, 82
biological odor reduction towers, 16
centrifuge thickeners, 153
chemical feed systems, 286
chemical scrubbers, 20
direct reuse of effluent, 409
dissolved air flotation thickeners, 144
gravity thickeners, 135
incineration, 228
industrial waste treatment, 76, 81, 82
land disposal, 418
lime precipitation, phosphorus, 343-345
luxury uptake, phosphorus, 353
microscreens, 297
multiple hearth furnace, 228
pulp and paper mill, 81, 82
pure oxygen, 50
restart, 76
scrubbers, 20
thermal conditioning, 177
vacuum filtration, 195

Static bed filters, 301
Static pile composting, 240
Steady state, activated sludge, 59, 81
Steel mill, reuse, 407
Step-feed, activated sludge, 50, 53, 97
Storm waters, 347
Straggler floc, 66, 67, 356
Strategy for monitoring,

see Operational strategy
Strength of pollutant, 73
Strip charts, 471, 485
Stripped gases, 47
Stripped odors, 14
Stripping tank, phosphorus, 353
Strobe light, 462, 485
Sulfide equilibrium, 9
Sulfide forms, 8, 9
Sulfide shock load, 99
Sulfur cycle, 8, 10
Sump pump instrumentation, 475
Super chlorination, 102
Support systems

See Chapter 7, INDUSTRIAL WASTE TREATMENT
Surface aerators, 43
Surface loading, gravity thickeners, 134
Surfaced sludge drying beds

application of sludge, 202
cleaning, 202
description 199-202
layout, 199-201
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Surfaced sludge drying beds (continued)
need, 199
operation, 202
removal of sludge, 202
safety, 202
sampling, 202
water-sludge separation, 202

Surveillance, sludge disposal, 243
Suspended growth reactors, 373, 374, 380, 382, 383
Suspended solids, industrial wastes, 73

T
Tachometer, 452, 462, 485
Temperature

measurement, instruments, 446, 456, 482
odor, 8

Temperature effect
activated sludge, 63, 85, 89
aerobic digestion, 161
anaerobic digester

see Chapter 12
gravity sludge thickening. 134
nitrification, 104

Tertiary treatment, 273
Thermal conditioning, sludge

acid flushing, 177
decant tank, 176-178
detention time, 175-178
dewaterability, 178
factors affecting performance, 176
fuel supply, 177
gasification, 177
guidelines, opEiration, 176, 177
heat exchanger, 178
heating requirements, 176
hydraulic !oadings, 176
influent sludge, 176
odor control, 177
operation, 176, 177
performance, 177
plans and specifications, 246
pressure, 176, 177
pressure drop, 177, 178
reactor, 177
shutdown, 177
sludge dewaterability, 178
solids loading, 176
start up, 177
temperature, 175-178
troubleshooting, 177, 178
variables, 176
withdrawal of sludge, 176, 178

Thermocouple, 457, 482, 485
Thermophilic, 204
Thickening, sludges

centrifuges, 146
dissolved air flotation thickeners, 140
gravity thickening, 131
purpose, 131

Thiocyanate, 97
Threshold odor, 11
Totalizer, 310, 471, 485
Toxic compounds, 14, 71, 92
Toxic gases, 70
Toxic wastes

activated sludge, 71, 73
ammonia, 101
fish, 101
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Transmission system, instruments, 438, 467, 468
Treatment levels for reuse, 398
Treatment plants, odor control, 7, 8
Trickling filters, odors, 25
Troubleshooting

activated sludge, 56, 58, 60
aerobic digestion, 164
belt filter press, 189
centrifuge thickeners, 157
chemical conditioning, sludge, 175
chemical feed systems, 292
composting, 208
controls, 483
direct reuse of effluent, 410
dissolved air flotation thickeners, 145
gravity filters, 315
gravity sludge thic; 3ners, 136
incineration, 229
instruments, 483, 485
land disposal, 425
lime precipitation, phosphorus, 350
lime stabilil,tion, 167
microscreens, 298
odor problems, 12, 25
plate and frame filter press, 185
pretreatment facilities, 76
pulp and paper mill wastes, 83
sand drying beds, 199
thermal conditioning, 177
vacuum filtration, 195
wet oxidation, 180

Turbidimeter, 480, 485
Turbidity, 310
Turbidity units, 313
Turbulent mixers, 43

U
Ultimate disposal

effluent, 413
solids, 235

Ultrasonic sound, level measurement, 462, 464, 485
Ultraviolet light, microscreens, 296
Underdrains, gravity filters, 301
Units of measure, 450
Upflow filters, 301, 303
Upgrading effluents, 273
Urea, 85

V
Vacuum filtration

blinding, 195, 196
cake, 195, 196
conditioning sludge, 194-196
cycle time, 194-196
depth of submergence, 195
description, 189
dewatering, 194
drum speed, 194
factors affecting performance, 190
filter loading, 194
filter yield, 194
guidelines, operation, 194, 195
loading, 194
media, 195, 196
odors, 27
operation, 194, 195
performance, 195
plans and specifications, 245
shutdown, 195
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Vacuum filtration (continued)
solids recovery, 195
sludge type, 190, 195
start up, 195
troubleshooting, 195
vacuum applied, 194-196
variables, 190
yield, 194, 199

Vacuum pressure, 453, 454
Valves, instrumentation, 475
Vector, 240
Velocity, instruments, 450, 462
Ventilation, safety, 27
Venturi meters, 485
Vibrating trough chemical feeder, 278
Vibrations, centrifuges, 157, 158
Visual inspection

activated sludge, 71, 78
aerobic digestion, 165
centrifuge thickeners, 157
dissolved air flotation thickeners, 145, 152
gravity thickeners, 136

Volatile matter, 127
Volatile solids inventory, 64
Volume reduction, sludc3.-J

composting, 203
incineration, 210
mechanical drying, 209, 240
multiple hearth furnace, 210
purpose, 203

Volumetric chemical feeders, 278
Volumes of sludges, 130

W

WAS
see Waste activated sludge

Waste activated sludge
adjustment of process, 60
Al West method, 66
control of wasting, 60
conventional, 60, 62
extended aeration, 60, 62
F/M control, 60, 61
filamentous bacteria, 65
flow diagram, 54
high rate, 60, 62
industrial waste treatment, 78, 92
MCRT control, 60, 63
MLVSS control, 60, 65
methods of wasting, 60
microscopic examination, 65
mixed liquor, 60
nitrification, 63
purpose of wasting, 59
sludge age control, 60
steady state, 59
troubleshooting, 60

volatile solids inventory, 64'
Wastewater, septic, 7-
Wastewater collection systems, 7, 8
Wastewater reclamation

also see Direct reuse of effluent and Land disposal,
effluent

case histories, 400
direct reuse, 398
equipment requirements, 400, 413
land disposal, 413
land treatment, 413
limitations, 400, 418
maintenance, 412, 428
monitoring, 410, 427
Muskegon County, Michigan, 402
nuclear generating station, Phoenix, Arizona, 402

operation, 409. 418
Phoenix, Arizona, nuclear generating station, 402

plans and specifications, 412, 428
review of plans and specifications, 412, 428
safety, 412, 427
South Lake Tahoe, California, 400
steel mill, 407
treatment levels for reuse, 398
uses, 398
Windhoek, South Africa, 402

Wastewater treatment plants, 7, 8
Wasting activated sludge, 59
Water hammer, 311
Water quality criteria, 400
Water supply, 70
Weirs, 485
Wells, monitoring, 427
West, Al, 66
Wet oxidation

air, 178, 180
detention time, 183
factors affecting performance, 180
feed sludge, 180
guidelines operation, 180
odor control, 178, 180
operation, 180
performance, 180
pressures, 180
temperatures, 180
troubleshooting, 180
variables, 180

Wetland treatment systems
also see Hyacinth cultures
nitrogen removal, 371

Windrow composting, 240
Windhoek, South Africa, 402

Y

Y, growth rate, sludge, 129

Z
Zeolite, nitrogen removal, 372
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