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PREFACE TO THE FIRST EDITION
of
INDUSTRIAL 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 the training needs of the operations
profession changes, we strive to keep our training programs cuirent.

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

WemmmmmmVWanWMngmamsm\gmm

industrial waste monitoring, industrial wasto treatment processes and maintenance. ADVANCED WASTE
TREATMENT is a continuation of Volumes | and Il of OPERATION OF WASTEWATER TREATMENT PLANTS. AD-
VANCED WASTE TREATMENT covers the topics of odor control, activated sludge, solids handiing and disposal,
solids removal from secondary effluents, phosphorus removal, nitrogen removal, wastewater reclamation and
instrumentation. The decision to leave out the handling, treatment and disposal of industrial process solids from
INDUSTRIAL WASTE TREATMENT was a difficult one. The industrial solids problem is serious and highly
regulated. Since the processes used by many industries are highly specific and specialized, an attempt was not
made to cover thase processes. However ADVANCED WASTE TREATMENT contains information on anaerobic
and aerobic digestion, gravity thickening, centrifuges, chemical stabilization, thermal conditioning, wet oxidation,
pressure filtration, beit filter presses, vacuum filtration, composting, incineration and land disposal.

Whenever California State University, Sacramento, reprints one of the 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 experience, knowledge and experience. Thanks.

Kenneth D. Kerri

Program Director

Office of Water Programs
CSU, Sacramento

6000 J Street

Sacramento, CA 95819-2694
Phone: (916) 278-6142




PREFACE TO THE FIRST EDITION
OF
OPERATION OF WASTEWATER TREATMENT PLANTS

The purposes of this home study program are:

a todewlopquﬂﬁedtmaﬁnpqtplalopembm; . ] ) ]
b. :ﬂmmmdmm,mmmwMﬂwmwmm;

c. to prepare operators for CERTIFICATION EXAMINATIONS.!

ToMMMWWbWWWMaMQM.
WMWMNM@WMW.mmmmm
Mmmmmmdﬂyw.mmmaumwmmb
solving oporational problems. This order of topics was determined during the testing program on the basis of

MM(mmmmmeﬁmammmmanmwm
mbm.MMMhmeMmemmmdm
mmmammmmmbmmmwmmmm.
This information will help you operae your plant as efficiently as possible.

Wastewatar treatment is a rapidly advancing field. To keep pace with scientific advances, the material in this
mmﬁmmwmm.WMMyw,mw,mmmwb
be aware of new advances and the need for continuous training beypnd this program.

mmmummmmmmeﬂAmmmmme
Committee of the Califomia Water Pollution Control Association. Messrs. Bil Dendy and Kenneth Kerri, Project
mwmmammbmmmmwwwam
MappicaﬁonbﬂerdualWab:PohﬁonCaﬁdMﬁisﬁaﬁon(STTﬁWP-16-oa).ﬂ\ednpbtsmwﬁmn.
wwmmammmm,mwmmmwwwm

mm&msmmbmmmwmwmmmmuwmm.sm
effort was made o acknowledge malerial from the many excellent references in the wastewats: treatment field.
WM&MM.MM“MMMOMWMbMW.W.
F.J. Ludzack, Chemist, National Training Center, Environmental Protaction Agency, Water Quality Office, offered
many technical improvements. A note of thanks is also due our typists, Miss Linda Siaith, Mrs. Gloria Uri, Mrs. Daryl
mnasmemm Vicki Sadlem, Mrs. Peggy Courtney, and Mrs. Pris Jemigan. ustratine were drawn by Mr.

mmmmdmwmmmmmmwhm,mmm
were necessary fo commect typing errors and omissions and also to rewrite and expand questions and sections that
could be clarified. improvements suggested by operators using the manual were summarized and forwarded 0 a
special Technical Advisory Task Force composed of operators familiar with the manual. This Task Force was
formed as a subcommittee of the Water Pollution Control Federation's Personnel Advancement Committee and was
chaired by Mr. Sam Warrington. We gratefully thank John Brady, Carlos Doyle, Otto Havens, Wilbur Holst, Wiliam
Johnson, F.J. Ludzack and David Vandersommen for their effor*= to improve our original version.

Kenneth D. Kerri
Bil Dendy

1973

' Certiication examination. An examinetion administered by a state or professional association that operstors take to indicate a level of
prolessional competence. in most states the Chisf Operator of a plant must be “certified” (successfully pass a certification examination),
and in a few states certification is voluntary. Current trends indicate that certification of operators will be mandastory in all states i, the near
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PREFACE TO THE SECOND EDITION
OF
OPERATION OF WASTEWATER TREATMENT PLANTS

During the 1970°'s many people decided that something must be done to control water pollution. The United
States Congress passed the “Federal Water Pollution Control Act Amendments of 1972” (PL 92-500) and sub-
sequent amendments. The objective of this Act is to restore and maintain the quality of the Nation's waters. in order
to achieve this objective, the Act contains provisions for a financial grant program to assist municipalities with the
planning, construction, start up and training of personnel in publicly-owned wastewater treatment plants. Grant
funds have been used to build many new plants to date and many more plants will be built in the future. These plants
are becoming more complex and are requiring operators with higher leveis of knowledge and skills in order to insure
that the plants produce a high quality effluent.

This manual, OPERATION OF WASTEWATER TREATMENT PLANTS, was used by over 40,000 persons inter-
ested in the operation of treatment plants during the 1970’s. Every year when more manuals ware printed, the
manual was updated on the basis of comments and suggestions provided by persons using the manual. After six
years of use by operators, the authors, the California Water Pollution Controi Association, and the U.S. Environmen-
tal Protection Agency (EPA) decided that the contents of the manual should be reexamined, updated and revised.
To accomplish this task, EPA prov'ded the Foundation of California State University, Sacramento, with a grant to
conduct the necessary studies, writing and fiel_ tests.

Recently the U.S. Environmental Protection Agency and the Association of Boards of Certification (ABC) have
undertaken studies to document “need to know™ tasks performed by wastewater treatment plant operators, skills
tional materials for certification examinations. Every effort has been made to incorporate the resuits of these studies
in this Second Edition of OPERATION OF WASTEWATER TREATMENT PLANTS.

The project directors are indebted to the many operators and other persons who contributed to the Second Edi-
tion. Material from the many excellent references in the wastewater treatment field has been acknowledged
wheraver possible. Joe Bahnick, Ken Hay, Adelaide Lilty, Frank Lapeasee, Jack Samson and Bob Rose, U.S. Envi-
ronmental Protection Agency, served ably as resource persons, consultants and advisers. Special thanks are d
our project consultants, Mike Mulbarger, Carl Nagel and Al Petrasek who provided technical advice. Our education
reviewers were George Gardner and Larry Hannah. Christine Umeda and Marlene Itagaki administered the
national field testing program. A note of thanks was well earned by our typists Charlene Arora, Elaine Saika and
Gladys Kornweibel. lliustrations were drawn by Martin Garrity.

Kenneth D. Kerri
John Brady




USES OF THIS MANUAL

this manual was developed 10 serve as a home-study course for oparators in remote areas or persons
MbMWMWMbMMMMaNWdMM
This home-study training program used the concepts of self-paced instruction where you are your own instructor
and work at your own speed. In order fo certify that a person had successfully completed this program, an objective
wmmaumdmmmmmmmamawmmm
program.

Once operators started using this manual for home study, they realized that it could serve effectively as a text-
book in the classroom. Many colleges and universities have used the manual as a text in formal classes often
taught by operators. in areas where colleges were not available or were unable to offer classes in the operation of
wastewater treatment plants, operators and utility agencies joined together to offer their own courses using the
manual.

Occasionally a utility agency has enrolled from three 10 over 300 of its operators in this training program. A manual
is purchased for each operator. A senior operator or a group of operators are designated as instructors. These
operators help answer questions when the persons in the training program have questions or need assistance. The
instructors grade the objective tests at the end of each chapter, record scores and notify California State University,
Sacramento, of the scores when a person successfully completes this program. This approach avoids the long wait
mmnmmmmwcsus

This manual was prepared 10 help operators run their treatment plants. Please feel free to use it in the manner
which best fits your training needs and the needs of other operators. We will be happy to work with you to assist you
in developing your training program. Please feel free to contact

Ken Kerri, Project Diractor

Office of Water Programs

California State University, Sacramento
6000 Jay Street

Sacramento, California 95819-2694

Phone (916) 278-6142
or 278-6366




INSTRUCTIONS TO PARTICIPANTS
IN HOME-STUDY COURSE

Procedures for reading the lessons and answering the
questions are contained in this section.

To progress steadily through this program, you should
establish a regular study schedule. For example, many
operators in the past have set aside two hours during

two evenings a week for study.

The study material is contained in sever chapters.
Some chapters are longer and more difficult than
others. For this reason, many of the chapters are
divided into two or more lessons. The time required to

complete a lesson will depend on your background
and ¢xperience. Some people might require an hour to
complete a lesson and some might require three
hours; but that is perfectly all right. THE IMPORTANT
THING IS THAT YOU UNDERSTAND THE MATERIAL
IN THE LESSON!

Each lesson is arranged for you to read a short sec-
tion, write the answers to the questions at the end of the
section, check your answers against suggested an-
swers; and then YOU decide if you understand the mate-
rial sufficiently to continue or whether you should read
the section again. You will find that this procedure is
slower than reading a normal textbook, but you will re-
member much more when you have finished the lesson.

At the end of each chapter, you wil find an “objective
test.” Markyouranswetsonmespeualmersheet

The objective test at the end of each lesson contains
true or false, multiple-choice, fill-in-the-blank, or match-
the-answers types of questions. The purposes of this
exam are {0 review the chapter and to give experience in
taking different types of exams. MAIL TO THE PRO-
GRAM DIRECTOR ONLY YOUR ANSWERS TO OB-
éﬁ%Tl\éE TFSTS ON THE PROVIDED ANSWER

ETS.

After you have completed the last objective test, you
will find a final examination. This exam is provided for
you to review how well you remembered the material.
You may wish to review the entire manual before you
take the final exam. Some of the questions are essay-
type questions which are used by some states for
higher-level certification examinations. After you have
compieted the final examination, grade your own paper
and determine the areas in which you might need addi-
tional review before your next examination.

You are your own teacher in this program. You could
merely look up the suggested answers from the answer
sheet or copy them from someone eise, but you would
not understand the material. Consequently, you wauld
not be able to apply the material to the operation of your
plant nor recall it during an examination for certification
or a civil service position.

YOU WILL GET OUT OF THIS PROGRAM WHAT
YOU PUT INTO IT.




SUMMARY OF PROCEDURE

A. OPERATOR (YOU)

. Read what you are expected to learn in each
chapter (from Chapter 2 on, the major topics
are listed at the beginning of the chapter).

. Read sections in lesson.

. Write answers to questions at end of sections in
your notebook. You should write the answers to
the questions just like you would if these were
questions on a test.

4. Check your answers with suggested answers.

B. PROJECT DIRECTOR
1. Mails answer sheet for each chapter to operator.

2. Corrects tests, answers any questions, and re-
tums results to operators.

. Decide whether to reread section or to continue
with the next section.

. Write answers to discussion and review ques-
tions at the end of lessons in your notebook.

. Mark answers to objective test on answer sheet.
. Mail material to project director.

Ken Kerri, Project Director

Office of Water Programs

California State University, Sacramento
6000 Jay Street

C. ORDER OF WORKING LESSONS

To complete this program you will have to work all of
the chapters. You may proceed in numerical order, or
you may wish to work some lessoris sooner.
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CHAPTER 1. THE INDUSTRIAL PLANT OPERATOR

This portion of Chapter 1 was prepared especially for the
new or the potential industrial WASTEWATER' treatment
plant operator. If you are an experienced operator, you may
find some new viewpoints.

1.0 WHAT IS AN INDUSTRIAL PLANT OPERATOR?

Before modern society entered the scene, water was
purified in a natural cycle as shown below:

(e85>S

00
JQA?NO
498)0
LAND

Simplified natural purification cycle

But modern society and the intensive use of the water
resource and the resuiting water pollution could not wait for
sun, wind, and time to accomplish the purification of soiled
water; consequently, municipal and industrial treatment
plants were built. Thus, nature was given an assist by a team
consisting of designers, builders, and treatment plant opera-
tors. Designers and builders occupy the scene only for an
interval, but operators go on forever. They are the final and
essential link in maintaining and protecting the aquatic
environment upon wnich all life depends.

1.01 What does an industrial Plant Operator do?

Simply described, the operator keeps an industrial
wastewater treatment plant working. Physically the operator
turns valves, pushes switches, collects samples, lubricates
equipment, reads gages and records data.

An operator may also maintain equipment and plant area
by painting, weeding, gardening, repairing and replacing.
Mentally an operator inspects records, observes conditions,
makes calculations to determine that the plant is working
effectively, and predicts necessary maintenance and facility
needs to assure coniued eoffective operation of the plant.
The operator also has an obiigation to explain to supervi-
sors, management, civic bodies, and even the general public
what the plant does, and most importantly, why the industry
and its facilities are vital to the weifare of the community.

1.02 Who does the industrial Plant Operator work for?

An operator's paycheck comes from the industry which
employs the operator. As an operator you are responsible to

your employer for maintaining an economically and efficient-
ly operating facility. An even greater obligation rests with the
operator because the great numbers of people who rely
upon downstream water supplies are totally dependent
upon the operator's competence and trustwcrthiness for
their welfare. In the final analysis, the operator is really
working for these vitally affected downstream water users,

1.03 Where does the industrial Plant Operator work?

Obviously the operator works in an industrial treatment
plant. But the different types and locations of treatment
plants offer a wide range of working conditions. From the
mountains to the sea, wherever people congregate into
communities, industrial treatment plants will be found. From
a unit process operator at a compiex industrial facility to a
one-person manager of a small pretreatment facility, you
can select your own special place in industrial plant oper-
ation.

1.04 What pay can an industrial Plant Operator expect?

In dollars? Prestige? Job satisfaction? Community ser-
vice? In opportunities for advancement? By whatever scale
you use, returns are what you make them. If you choose a
large industry, the pay is good and advancement prospects
are tops. Choose a small facility and pay may not be as
good; but job satisfaction, freedom from time-clock hours,
service, and prestige may well add up to outstanding per-
sonal achievement. Total reward depends on you.

1.05 What does it take to be an industrial Plant Operator?

Desire. First you must choose to enter this profession.
You can do it with a grammar school, a high school, or a
college education. While some jobs will always exist for
manual labor, the rea and expanding need is for TRAINED
OPERATORS. New techniques, advanced equipment, and
increasing instrumentation require a new breed of operator,

1 Wastewater. The used water and solids from an industry or 8 community that flow tr a treatment plant. Storm water, surface water, and
groundwatc- infiltration aiso may be inciuJed in the wastewater that enters a plant. The term “sewage” usually refers to household

wastes, but this word is being repiaced by the term *wastewater.”

ERIC
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" 4 Trestment Plants

one who is willing to leam today, and gain tomorrow, for

Tomonowskxpomnopetmuoppodburmgymday

You can be an industrial operator tomorrow by beginning
your leaming today; or you can be a better operator, ready
for advancement, by accelerating your leaming today.

This training course, then, is your start towards a better
tomorrow, both for you and for the industry and public who
will receive better water from your efforts.

QUESTIONS

Place an “X"
have answered i
mwmﬂ\emdu\echaptermpagee Reread any
sections you did not understand and then proceed to the next
section. You are your own teacher in this training program, and
YOU should decide when you understand the material and are
ready to continue with new matarial.

Xy
g
1
Hi!
H
§
E

EXAMPLE
This is a training course on
—  A. Accounting
— _ B. Engineering
—A ___ C.Industrial Treatment Plant Operation
— D. Salesmanship.

>

1.0A. Wastewater is the same thing as:
— A Ran
— B Soi
——  C. Sewage
—_ D. Condensation.

1.0B. What does an industrial operator do?
— A Collect samples.
— B Lubricate equipment.
—_ C. Record data.

1.0C. Who employs Industrial Plant Operators?
—— A Cities.
——B. Sanitation districts.
— C. Industriet.

Check your answers on page 8.

1.1 YOUR PERSONAL TRAINING COURSE

Beginning on this page, you are embarking on a training
course which has been carefully prepared to aliow you to
improve your knowledge of and ability to operate an industri-
al wastewater treatment pian*. You will be able to proceed at
your own pace; you will have an opportunity to leam a little
or a lot about each topic. The course has been prepared this
way to fit the various needs of operetors, depending on what
kind of plant you have or how much you need to learn about
it. To study for certification examinations, you will have to
cover al the material. You will never know everything about
your plant or about the wastewater which flows through it,
but you can begin to answer some very important questions
about how and when certain things happen in the plant. You
can also leam to manipulate your plant so that it operates at
maximum efficiency.
1.2 WHAT DO YOU ALREADY KNOW?

If you already have some experience operating an indus-
trial wastewater treatment plant, you may use the first
chapter for a review. If you are relatively new to the industrial
wastewater treatment field, this chapter will provide you with
important background information. The remainder of this
introductory chapter describes your role as a PROTECTOR
OF WATER QUALITY, your QUALIFICATIONS to do your
job, a little about manpower needs in the industrial
wastewater treatment field, and some information on other
TRAINING OPPORTUNITIES.

13 THE WATER QUALITY PROTECTOR: YOU

Historically Americans have shown a great lack of interest in
the protection of their water resources. We have been content
to think that “the solution to poliution is dilution.” For years we
were able t0 dump our wastes with little or no treatment back
into the nearest RECEIVING WATERS 2 As long as there was
enough dilution water to absorb the waste material, nature took

Within the last few years, we have seen many changes in
this depressing picture. We now realize that we must give
nature a hand by tresting wastes before they are dis-
charged. Adoquautrumotwummnotonlyprouct

our health and that of our downstream s it can aiso
increase property values, slow game fishing and various
recreational uses to be enjoyed, and attract water-using
industries to the area. Today we are seeing massive efforts
being undertaken to control water poliution and improve
water quality throughout the nation. This includes the efforts
not only of your own industry, community, county and state,
but aiso the federal government.

2 Recelving Water. A siream, river, iake, or ocean into which trested or untreated wastewater is discharged.

Q
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Pollution

mmmmmmmm
requirements that your plant has been built to meet have been
fomwlﬂedtoPROTECmedsrusasdomstrmﬁun
your plant. These uses may include domestic water supply,
industrial water supply, agricultural water supply, stock and
will¥fe watering, propagation of fish and other aquatic and
marine life, shellfish culture, swimming and other water c~ntact
gation, and others.

Therefore, you have an obiigation to the users of the water
downstream, as well as to the people of your district or
municipality and industry. You are the KEY WATER QUAL-
ITY PROTECTOR and must realize that you are in a respon-
sible position.

QUESTIONS

Wrneywmersmanotebookandmenoompareyour
answers with those on page 8.

The Operator §
1.3A Why must municipal and industrial wastewaters receive
adequate treatment?

1.38 How did many receiving waters become polluted?

1.4. YOUR QUALIFICATIONS

The skill and abillity required for your job depend to a large
degree on the size and type of treatment plant where you are
employed. You may work at a large modern treatment plant
treating several complex industrial wastestreams and em-
ploying ten or more operators. In this case you are probably
a specialist in one or more phases of the treatment process.

On the other hand, you may operate a small plant or
pretreatment facility. You may be the only operator at the
plant or, at best, have only one or two additional employees.
If this is the case, you must be a “jack-of-aN trades™ because
of the diversity of your tasks.

1.41 Youwr Job

To describe the operator's duties, let us start at the
beginning. Let us say that the need for a new or improved

finance the pfqect. and the have
submitted plans and specifications. it is to the best interests
of the industry and the consulting that you be in on

Thusmllprovndeyouwummeoppommnytorelammplani
drawings to actual facilities.

You and the engineer should discuss how the treatment
plantshouldbestberunandthemansofoperabpnﬂn

excelient advice to the consuiting engineer. Your experience
provides valuable technical knowledge concerning the char-
acteristics of wastewater, its sources, and the limitations of
the present facilities. Together with the consultant, you are a
member of an expert team able to advise the industry.

Once the plant is operating, you become an administrator. In
a small plant your duties may not include supervision of per-
sonnel, but you are sti in charge of records. You are responsi-
bie for operating the plant as efficiently as possible, keeping in
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mind that the primary objective is to protect the receiving water
Mbymmeﬂiuentplmtpedormm Without
adequate, reliable records of every phase of operation, the
effectiveness of your operation has not been documented (re-

‘ou may also be the budget administrator. Most certainly
you are in the best position to give advice on budget require-
ments, management problems, and future planning. You
should be aware of the necessity for additional expenditures,

equipment replacement,
and laboratory requirements. You should recognize and define
such needs in sufficient time to inform the proper officials to
enable them to accomplish early planning and budgeting.
You are in the field of public relations and must be abile to
explain the purpose and operation of your plant to visitors,
civic organizations, school classes, representatives of news
media, and even to city council or managers and directors of
your industry. Public interest in water quality is increasing,
and you should be prepared to conduct plant tours that will
contribute to public acceptance and support. A well-guided
tour for officials of regulatory agencies or other operators
may provided these people with sufficient understanding of
yourplanttoal!owmemtosuggesthelphnsolunonsto

Spoc:alcammdsafelymustbepmcbcedwhen visitors are
taken through your treatment plant. An accident could spoil alf
of your public relations efforts.

The appearance of your plant indicates to the visitor the
type of operation you maintain. If the plant is dirty and
rundown with tools and litter scattered about, you will be
unable to convince your visitors that the plant is doing a

job. YOUR RECORDS SHOWING A HIGH-QUALITY
EFFLUENT? WILL MEAN NOTHING TO THESE VISITING
CITIZENS AND OFFICIALS UNLESS YOUR PLANT AP-
PEARS CLEAN AND WELL-MAINTAINED AND THE EFFLU-
ENT LOOKS GOOD.

Another aspect of your public relations duties is your deal-
ings with the downstream water user. Unfortunately, the
operator is often considered by the downstream user as a
poliuter rather than a water quality protector. Through a good
public information program, backed by facts reli-
able data, you can correct the impression held by the
downstream user and establish “good nek " relations.
This is indeed a challenge. Again,.you must understand that
you hoid a very responsible position and be aware that the sole
purpose of the operation of your plant is to protect the
downstream user, be that user a private property owner,
another city or district, an industry, or a fisherman.

You are required to understand certain laboratory proce-
dtmhorderbconductvaﬂmntedsonsamplesofwastewa
ter and receiving waters. On the basis of the data obtained
from these tests, you may have to adjust the operation of the
treatment plant to meet stream standards or discharge re-

As an operator you must have a knowledge of the compii-
cated rnoehanlcal principles invoived in many treatment
mechanisms. In order 10 measure and control the wastewater

worst safety records of any industry. YOU have the responsibil-
ity to be sure that your treatment plant is a safe place to work
and visit. Everyone must follow safe procedures and under-
stand why safe procedures must be followed at all times. All
operators must be aware of the safety hazards in and around
treatment plants. You should plan or be a part of an active
safety program. Chief operators frequently have the responsi-
bility of training new operators and should encourage all
operators to become certified.

Clearly then, the modern day industrial treatment plant
operator must possess a broad range of qualifications.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 8.

1.4A Whynsnmportammattheoperatorbepresentdumg
the construction of a new plant?

1.4B How does the operator become involved in public rela-
tions?

15 WNWERNEEDSMDWTUREJOB
OPPORTUNITIES

The industrisl treatment field, like so many others, is
changing rapidly. New plants are being constructed, and old
plants are baing modified and enlarged to handle the
wastewater from our growing population and to treat the
new chemicals being produced by our space age technol-
ogy. Operators, maintenance personnel, foremen, mana-
gers, instrumentation experts, and laboratory technicians
are sorely needed.

3EMuent. Wastewater or other liquid - raw, partially or completely treated - flowing FROM & basin, treatment process, or treatment plant.
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A look at past records and future predictions indicates that
wastewater treatment is a rapidly growing field. Municipalities
employed approximately 20,000 operators in 1967 and over
67,000 operators in 1974. industry employed approximately
3,500 operators in 1967 and around 12,000 piant operators by
1972.¢ In 1980 73,600 persons were employed in the
wastewater treatment field and the need for new operators
was estimated at 5,000 per year for every year up to the year
2000.5 A report to Congress® in 1985 estimated that there
were over 105,000 operators in the United States. The neec

16 TRAINING YOURSELF TO MEET THE NEEDS

This training course is not the only one available to help
you improve your abilities. The states have offered various
types of both long- and short-term operator training through
their heaith departments or water poliution control associ-
ations have provided training classes conducted by mem-
bers of the associations, largely on a volunteer basis. State
and local colleges have provided valuable training under
Mownspmsorsliporhpamershipﬁmaﬂm.lﬁany
and short-term training as well as interesting and informative
seminars. The California Water Pollution Control Associ-

ation as prepared two textbooks, one on laboratory proce-
dures and one on mathematics.

Listed below are several very good references in the field of
wastewater treatment plant operation that are frequently re-

The Operator 7

ferred to throughout this course. The name in quotes repre-
sents the term usually used by operators when they mention
the reference. Prices listed are those available when this man-
ual was published and will probably increase in the future.

1. "MOP 11." OPERATION OF WASTEWATER TREAT-
MENT PLANTS, WPCF Manual of Practice No. 11, Pubi-
cations Order Department, Water Poliution Control Fed-
eration, Order No. M0012 O0HO. Price $29.00 to members;
$37.50 to others.

2. “NEW YORK MANUAL." MANUAL OF INSTRUCTION
FOR WASTEWATER TREATMENT PLANT OPERA-
TORS,distributedinNewYOfkbytheNewYorkState
Department of Health, Office of Public Health Education,
Water Pollution Contro: Board. Distributed outside of
New York State by Health Education Service, P.O. Box
7126, Albany, New York 12224. Price $6.60.

3. “TEXAS MANUAL.” MANUAL OF WASTEWATER
TREATMENT, prepared by Texas Water Utilities Avsoci-
ation. Obtainable from Texas Water Utilities Association,
6521 Burnet Lana, Austin, Texas 78757. Price $18.00,

plus $1.15 postage.

These publications cover the entire field of treatment plant

operation. At the end of many of the chapters yet to come, lists
of other references will be provided.

were obtained from “Marpower and Training Needs in Water Podution Control,” Report of the

paragraph
Department of the interior, Federal Water Pollution Control Administration to the Congress of the United States, Senate Document No. 49,

Agency, W.

. of Municipal Wastewater Treatment Plant Manpower and Training
and Operations Division, of Water Program Operations, U.S. Environmental Protection

S Bryant, James O., ‘Manpower Needs in Wastewater Treatment and Collection Systems for the Years 1980-2000. " Paper presented at the
Third Annual NETA Nationsl Conference and Workshop, Seattle, Washington, August 11, 1981,
¢ “Report to Congress on Training for Operators of Publicly Owned Wastewater Treatment Plants.” Office of Municipal Pollution Control,

U.S. Environmental Protection Agency, Washington, DC 20460, February 1985.
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SUGGESTED ANSWERS

Chapter 1. THE INDUSTRIAL PLANT OPERATOR

You are not expected to have the exact answer suggested
for questions requiring written answers, but you should have
the correct idea. The numbering of the questions refers to
the section in the manual where you can find the information
to answer the questions. Answers t0 questions numbered
1.0 can be found in Section 1.0, What is an Industrial Plant
Operator?

Answers 10 questions on page 4.
10A. C

108. A.B,C

10C. C

Answers 10 questions on page 5.

1.3A. Municipal and industrial wastewaters must receive
adequate treatment 10 protect receiving water users.

1.3B. Receiving waters became poliuted by a lack of public
concem for the impact of waste discharges and by
dedlamwastewatefmarecewmwaterbeymd
its natural purification capacity.

Answers 10 questions on page 6.

1.4A The operator shouid be present during the construction
of a new plant in order 10 bacome familiar with the plant
before the cperator begins operating it.

1.4B The operator becomes involved in public relations by
explaining the purpose and operation of the plant to
visitors, civic organizations, newspaper people, and
supervisors.

DIRECTIONS FOR WORKING OBJECTIVE TEST

Chapter 1. THE INDUSTRIAL PLANT OPERATOR

1. You have been provided with a special answer sheet for
each chapter. Be sure you follow the special directions pro-
vided with the answer sheets. If you lose an answer sheet
or have any problems, please notify the Project Director.

2. Mark your answers on the answer sheet with a dark lead
pencil. Do not use ink.

For example, Question 2 has three comrect answers (1, 2
and 3). Therefore, you should place a mark under Columns
1, 2 and 3 on the answer sheet.

Questions 4 through 7 are true or false questions. if a ques-

21

tion is true, then mark Column 1, and if false mark Column
2. The correct answer to Question 4 is true; therefore, place
a mark in Column 1.

Please mark your answers in your workbook for your record
bicause answer sheets will not be retumed to you.

3. Mail answer sheet to the Project Director immediately after

you have completed the test.

4. Answer sheets may be folded (but not into more than 3

equal parts) and mailed in a 4 x 92 standard white en-
velope.




INDUSTRIAL WASTE TREATMENT
IMPORTANT -
PLEASE READ INSTRUCTIONS ON REVERSE SIDE BEFORE COMPLETING THIS FOPM.
Name:_ O exéhn Ye 3 -
Last First M -
Address: TT\L Man Diceet -
Qeacuwater (a4 01234 -
City State Zip Code -
Msil to Professor Kenneth Kerri -
California State University, Sacramento -
6000 J Street
Sacramento, Californis 95819
FOLD .

IMPORTANT DIRECTIONS FOR MARKING ANSWERS

Use black lead pencit only { # 2 or softer).

Make heavy black marks that fill the circle compietely.
Erase clearly any answer you wish to change.

Make no stray marks on this answer sheet.
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OBJECTIVE TEST

Chapter 1. THE INDUSTRIAL PLANT OPERATOR

Please mark correct answers on the answer sheet. There
may be more than one correct answer to each question.

1. Thewedwatefandsohdsfranaoanmunnymatﬂowtoa
treatment plant are called

1. Effluent 3
2. Mixed Liquor 4. Wastewater
2 Reeevmgwﬁerusesprotemdbymoperatormdude
3. Fishing.

1. Boating.
2. Drinking water supply. 4. None of these

3. What kinds of jobs are available in the industrial treatment
field in addition to those available for operators?

1. Foremen

TRUE OR FALSE:

4. In many treatment plants the operator must be a “jack-of-
all-trades.”

1. True
2. False

5. Atreatment plant operator is a WATER QUALITY protector.

1. True
2. Faise

6. Plant visitors are impressed by records showing efficient
plant operation, and their opinions are never influenced by
the appearance of the plant and grounds.

1. True
2. False

7. After finishing this program, an operator will need to con-
tinue to study in order to keep pace with changes occurring
in the field.

1. True
2. False

END OF OBJECTIVE TEST
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NOTE: The following Tables of Contents for the Activated Sludge chapters in OPERATION OF WASTEWATER TREATMENT
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INDUSTRIAL WASTE TREATMENT
OBJECTIVES

Chapter 2. ACTIVATED SLUDGE
Pure Oxygen Plants and Operational Control Options

Following compiletion of Chapter 2, you should be able to:
1. Safely operate and maintain a pure oxygen activated
sludge piant,

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

3. Describe the various methods of determining retumn siudge
and waste studge rates and select the best method for your

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

8. Operate an activated sludge process to produce a nitrified
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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 siuj) ACTIVATED SLUDGE
Siudge particiez produced in raw or settied 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 siudge particles contain many living
organisms which can feed on the incoming wastewater.

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

A biological wastewater treatment process which speeds up the decomposition of wastes in the wastewater being ireated. Activated
siudge 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 1o settle out by sedimentation and is disposed of (wasted) or reused (returned to the aeration tank) as

ADSORPTION {add-SORP-shun) ADSORPTION
The 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 fiquor. The contents of the aeration tank including 'iving organisms and material camied into the tank by either untreated
wastewater or primary effluent.

AERATION TANK (air-A-shun) AERATION TANK
The tank where raw or settied 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

The breakdown of wastes by microorganisms in the presence of dissolved oxygen. Waste 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.
AR LIFT AR LIFT

A special type of pump. This device consists of a vertical riser pipe submerged in the wastewater or sludge o be pumped.
Compressaed 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. An air-lift pump works
similar 1o the center stand in a percolator coffee pot.

ALIQUOT (AL-li-kwot) ALIQUOT
Portion of a sample.

AMBIENT TEMPERATURE (AM-bee-ent) AMBIENT TEMPERATURE
Temperature of the surroundings.

ANAEROBES ANAEROBES

Bacteria that do not need molecular (dissolved) oxygen (DO) to survive.
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BACTERIAL CULTURE (back-TEAR-e-al) BACTERIAL CULTURE

in the case of activated siudge, the bacterial culture refers to the group of bacteria classed as AEROBES, and facultative 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 OBL/GATE AEROBES (require oxygen) and must have at least 0.5 mg/L of dissolved oxygen
throughout the whole system to function property.

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 different ways of treating wastewater and solids on a small scale in a laboratory.
BIOMASS (BUY-0-MASS) BIOMASS

A mass or clump of living organisms feeding on the wastes in wastewater, dead organisms 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.
BULK'NG (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 soi.
CILIATES (SiLLY-ates) CILIATES
A class of protozoans distinguished by short hairs on all or part of their bodies.

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-if) COMPOSITE (PROPORTIONAL) SAMPLE

A composite sampie is a collection of individual samples obtained at regular intervals, usually every one or two hours during a
24-hour time span. Each individual sample is combined with the others in proportion to the flow when the sample was collected. The
mm(cmwsitesanple)fomsawesenwivesampleaMismalyzedwdaennkwMavwagecmdiﬁmsdumm

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

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 retum 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.

CRYOGENIC (cry-0-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 this process.
The bubb’es attach to the biological flocs and float the flocs to the surface of the secondary clarifiers. This condition is often the
cause of rising siudge obeerved in secondary clarifiers.

DIFFUSED-AIR AERATION DIFFUSED-AIR AERATION
A diffused air activated siudge plant takes air, compresses it, and then discharges the air below the water surface of the aerator
through some type of air diffusion device.

DWFFUSER DIFFUSER
A device (porous plats, tube, bag) used to break the air stream from the blower system into fine bubbles in an aeration tank or
Teactor.
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DISSOLVED OXYGEN DISSOLVED OXYGEN
Molecular oxygen dissolved in water or wastewater, usually abbreviated DO.
ENDOGENOUS {(en-DODGE-en-us) ENDOGENOUS

t?‘on;dueed level of respiration (breathing) in which organisms break down compounds within their own cells to produce the oxygen
need.

FM RATIO F/M RATIO
Food to microorganism ratio. A measure of food provided to bacteria in an aeration tank.
Food = BOD, bs/day

Microorganisms  MLVSS, bs
~ Flow, MGD x BOD, mgiL x 8.34 Ibs/gal

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

or = BOD, kg/day
MLVSS, kg
FACULTATIVE (FACK-ul-TAY-tive) FACULTATIVE

Facuitative 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 kive 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 settied siudge or floating
scum.

FLOC FLOC
Groups or clumps of bacteria that have come together and formed a cluster. Found in aeration tanks and secondary clarifiars.
FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION
The gathering together of fine particles to form larger particles.
FOOD/MICROORGANISM RATIO FOOD/MICROORGANISM RATIO
Food to microorganism ratio. A measure of food provided to bacteria in an aeration tank.

Food = BOD, bs/day

Microorganisms  MLVSS, ibs
= Flow, MGD x BOD, mg/L x 8.34 Ibs/gal
Volume, MG x MLVSS, mg/L x 8.34 ibs/gal

or = m' kdday
MLVSS, kg

Commonly abbreviated F/M Ratio.
HEADER HEADER
A large pipe to which the ends of a series of smaller pipes are connected. Also called a “manifoid.”
INTERFACE INTERFACE
The common boundary layer between two fluids such as a gas (air) and a liquid (water) or a liquid (water) and another liquid (o#).
MCRT MCRT

Mean Ceil Residence Time, days. An expression of the average time that a microorganism will spend in the activated sludge
process.
Mch.dmzmmAcmatedSludgeProoess.lbs

Solids Removed from Process, Ibs/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 Liquor Volatile Suspended Solids, mg/L. 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.

MANIFOLD MANIFOLD
A large pipe to which the ends of a series of smaller pipes are connected. Also called a “header.”

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, bs

Solids Removed from Process, Ibs/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: paddie 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 effluent or the raw wastewater and retum sludge, this mixture is
then referred 0 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 digesiers.

MIXED LIQUOR SUSPENDED SOLIDS (MLSS) MIXED LIQUOR SUSPENDED SOLIDS (MLSS)
Suspended solids in the mixed liquor of an aeration tank.

MIXED LIQUCR 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 caiculate 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-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”).
OXIDATION (ox--DAY-shun) OXIDATION
Onidation 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 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 “polyelectrotyte.”

PROTOZOA (pro-toe-ZOE-ah) 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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PAS RAS
Retumn Activated Siudge, mg/L. Settled activated sludge that is collected in the secondary clarifier and retumed to the aeration basin
to mix with incoming raw or primary settied 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 (H,S) or the sulfide
ion (S~%). Tnw opposite of OXIDATION.

RETURN ACTIVATED SLUDGE (RAS) RETURN ACTIVATED SLUDGE (RAS)
Settled activated sludge that is collected in the secondary clarifier and retumed to the aeration basin to mix with incoming raw or
primary settiod wastewater.

RISING SLUDGE RISING SLUDGE

Rising sludge occurs in the secondary clarifiers of activated sludge plants when the sludge setties 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 fiat, 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
surface 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

SEPTIC (SEP-tick) SEPTIC
This condition is produced by anaerobic bacteria. If severc, the wastewater tums black, gives off foul odors, contains little or no
dissolved oxygen and creates a heavy oxygen demand.

SHOCK LOAD SHOCK LOAD

The arrival at a plant of a waste which is toxic to organisms in sufficient quantity or strength to cause operating problems. Possible
problems include odors and solids in the effluent. Organic or hydraulic overloads can cause a shock load.

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, _ Suspended Solids Under Aeration, Ibs or kg

days Suspended Solids Added, Ibs/day 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 settieability of a sludge in a secondary clarifier or
effiuent. SDI = 100/SVI. Aiso see SLUDGE VOLUME INDEX (SVI).
SLUDGE VOLYME INDEX (SvI) SLUDGE VOLUME INDEX (SVI)

This is a test used to indicate the settling ability of activated sludge (aeration solids) in the secondary dlarifier. The test is a measure
of the volume of sludge compared to its weight Allow the sludge sample from the aeration tank to seftle for 30 minutes. Then
calculate SV by dividing the volume (mt) of wet 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 readily as desirable because it is as light as or lighter than water.

Dried Sludge Solids, mg
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.

STEP-FEED AERATION STEP-FEED AERATION
Step-feed aeration is a modification of the conventional activated sludge process. In step aeration, primary effiuent enters the
aeration tank at several points along the length of the tank, rather than all of the primary effiuent entering at the beginning or head of
the tank and flowing through the entire tank.
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STRIPPED GASES STRIPPED GASES
QGases that aré released from a liquid by bubbling air through the liquid or by allowing the liquid to be sprayed or tumbied over media.
SUPERNATANT (sue-per-NAY-tent) SUPERNATANT

Liquid removed from settied sludge. Superatant 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 primary clarifier.

TOC Toc
Total Organic Carbon. TOC measures the amount of 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 scatteic~ by the suspended particles. The normal measuring range is 0 to 100 and is expressed as Nephelometric 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 the process to keep the
biological system in balance.

WASTE ACTIVATED SLUDGE (WAS) WASTE ACTIVA =D 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-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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CHAPTER 2. ACTIVATED SLUDGE
Pure Oxygen Plants and Operational Control Options
(Lesson 1 of 4 Lessons)

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

20 THE ACTIVATED SLUDGE PROCESS

Research and operational experience are gradually reveal-
ing how the activated shudge 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 siudge process and how 1o 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 aliows the use of
smaller aeration (reactor) tanks than air activated siudge sys-
tems. Operators need greater skill and knowledge to operate
pure oxygen systems than conventional &;stems,

Operation of either pure oxygen or conventional aeration
acuvatedshdgeproceuesisverym-plex The quality of
your plant's 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 heip operators
seloct the proper rates. This chapier reviews some of these
methods 3.yd their and kmitations. 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 variable.

Some NPDES permits require the removal of ammonia from
plant effluents. Biological nitrification (converting ammonium
(NH.) to nitrate (NO,) is the most effective way to remove
ammonla tow’nitrogenremovalisneeeseary if total
nitrogen removal is required, biological nitrification is the first
step of the biological nitrification-denitrification approach to nit-
rogen removal. The hiological nitrification process is an exten-
sion cf the activated siudge process and is operated on the
basis of thc same concepts.

Industrial wastes are becoming more common in many
municipal wastewaters. Whether you operate an activated
sludye plant in a small town or a large city, you must know how
fo ‘reat the industrial wastes that may be present with your

while other industries treat all of their wastewaters rather than
discharge info municipal collection systems. Whether you are
treating strictly inGi:strial wastewaters or a mixture of industrial
and municipal v.astewaters, this chapter will provide you with

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 94.

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

Whattreatmentproeesseanbeusedtoremoveam-
monium (NH‘) from wastewater, but not total nitro-

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 supnlying 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 releassd 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 force -air activated sludqe systems, the pure oxygen
must be driven into the water. This is accomplished by a dif-
fuser mechanism or by mechanical agitation consisting of
TURBULENT MIXERS? and surface aerators. The agitators
aiso 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 compietely 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 from the first stage to the
last.

208

1interface. The common boundary layer between two fuids such as a gas (air) and a iquid (water) or a liquid (water) and another liquid (o).

2 Turbulent Mixers.

Devices that mix air bubbies and water and cause turbulence to dissoive oxygen in water.
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Fig. 2.2 Flow diagram of a typical plant
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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 aYows 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
gtvenoﬁbymeremiraﬂon(bmaﬂ‘mg)ofﬁwmatedsludge

the nitrogen stripped from the incoming
wastewater. Themnberofstagesandmememodsofcon
ing the liquid and oxygen vary from one system to another. .1
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, arJ recycled back to
the diffuser of the reactor. in another type of design, surface
aerators are used to drive the 0. 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
lmlefbkoepmmmmsmumed A third type of

explosiveconditionsmidemereactorfromamlxmreofhy
drocarbons and oxygen are avoided by an automatically acti-
vated analysis and purge system.

In each of the succeeding stages, the gas above the mixed
liquid in that stage is reinjected into the mixed liquor of the

carbon dioxide produced by the organisms and nitrogen
STRIPPED? trom solution. The last stage in the reactor is
equipped with a roof vent controlled by a valve mechanism
thatis 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 prassure.

Two methods are commonly used to produce pure oxygen.
Onelsmel'ressuresmngAbsofptlon(PSA)OxygenGenerat-
ing System and the cther is the CRYOGENIC* Air Separation
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QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 94.

21A  Why are the pure oxygen reactors staged?

21B  How is the pure oxygen diluted as it passes from one
stage to the next stage?

2.11 PSA (Pressure Swing Absorption) O~ygen
Genersting System (Fig. 2.4)

The PSA Oxygen Generating Systems 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 the com-
pressed air in a water-cooled heat exchanger called an after
cooler. The after cooler condenses and removes the moisture
from the air strea™. 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 PURGINGS 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
siudge piant.

The PSA unit can be tumed down to 25 percert 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 hanidle peak loads or
downtime oxygen demand. The switching vaives 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” piant tower. These towers are heavily insutated 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 . As the flowing air re-
moves carbon dioxide and water, ice will form in the heat ex-
changer and restrict the air flow through the heat exchanger.
After several minutes of operation, a valve is activated that
interchanges the gas stream flows by reversing the direction of
fiow. The nitrogen exhaust is routed through the inlet air pas-

3 Stripped 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.

$ 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
vaive is activated and switches the routes of the two gas flows.
This cycle usually varies from five to twenty minutes depending
on the system. The exiting

xchanger. Trace hydro-
carbons are 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 astangement. The lower high
pressure column produces pure liquid nitrogen to use as reflux

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 94.

21C What two methods are commonly used to produce
pure oxygen?
21D What does cryogenic mean?

21E  How often and for how long are cryogenic plants shut
down for maintenance?

2.13 Process and System Control

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

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 outfined 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 cr underioading 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 1Qp9rceptofﬂgeoxygepsuppﬁed).ineﬂgases

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.

w
2
[7:]
I
S
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3
2
I
>
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.

S Amblent Temperature (Am-bee-ent). Tempersture of the surroundings.
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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

1. LEL (LOWER EXPLOSIVE LIMIT COMBUSTIBLE GAS
DETECTOR) — Indicates potential explosive conditions
within the reactor, and sampies collected from the
first and last stage of each train in the reactor. Readings are
made based on all components being analyzed as propane.

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
PURGE? 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
alamm sounding, an electrical restart of the purge blower will
occwr. 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 pote’ ..al 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 siudge plants
using pure oxygen has been excelient. 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 (LE.L)
Combustible Gas Detector in the plant hemdworks. This de-
tector should trigger an alarm whenever hydrocarbons
reach the headworks so action can be taken to prevent

2. LIQUID OXYGEN (STORAGE TANK) LOW TEMPERA-
TURE ALARM — Provides an alarm and shutdown of the
liquid storage sysiem in the event heaied water recircula-
tion within the vaporizer reaches a low temperature level. A
femperature monitor measures
oxygen gas and if the vapor falls below —-10 degrees
Fahrenheit (—23°C), an 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-
tumns to0 normal conditions, but must be manuaily reset.

3. EMERGENCY TRIP SWITCH — In the event that any
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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 safety precau-
tions established by the manutacturers 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 bums. Always wear rubber gloves and protective
clothing when taking liquid oxygen samples from columns.
This is the only time operators need to handle liquid oxygen.

Puwe 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.

1. 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 0il must be removed from tools and equipment
by the use of a solvent such as chloroethane.

3
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. stil 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 ASPILL.
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Maintenance of a pure oxygen production system is spe-
clalized for the specific equipment. However, this equipment is
similar 10 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,
’ : ) . d

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 94.

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 discussion 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 qu :stions in your notebook before
continuing.

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

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

3. What safety hazards raight an operator encounter when
working around a pure oxygen system?

4. What safety systems are found around pure oxygen sys-
tems to protert operators and equipment?
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CHAPTER 2. ACTIVATED SLUDGE

(Lesson 2 of 4 Lessons)

NOTE: The next two lessons, Section 2.2, Return Activated
Sludge, and Section 2.3, Waste Activated Sludge, are
provided to familiarize you with different ways to
control bth 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 tha procedure does not produce satis-
factory resuits, then new procedures must be 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, Retum Activated Siudge, mg/L.

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

5. Q, Flow, MGD or cu my/sec.
2.2 RETURN ACTIVATED SLUDGE

220 Purpose of Returning Activated Siudge

To operate the activated sludge process efficiently, a
properly settling mixed fiquor must be achieved and main-
tained. The mixed liquor suspended solids (MLSS) are
settied in a clarifier and then returned to the aeration tank as
the Return Activated Siudge (RAS) (Fig. 2.6). The RAS
makes it possible for the microorganisms to be in the
treatment system ko .ger than the flowing wastewater. For
conventional activated sludge operations, the RAS fliow 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 Retumn Activated Siudge 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.

2210 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
seration tank at a higher rate than they are flowing into the
clarifier. The aeration tank and the secondary clarifier must be

TABLE 2.1 A GUIDE TO TYPICAL RAS FLOW RATE

PERCENTAGES®
Type of Activeted Siudge RAS Fiow Riste se Percent of incoming
Process Wastewster Flow to Aerstion Tank
Minimum Maximum

Stancard Rate 15 75
Carbonaceous Stag2 of Separate 15 75

S Nitrificati
Step-Feed Aeration 15 75
Contact Stabilization 50 150
Extended Aeration 50 150
Nitrification State of Separate 50 200

Stage Nitrification

8 RECOMMENDED STANDARDS FOR SEWAGE 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 constantty 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 amoun of effort
for control. This approach is especially etfective for small

2211 Constant Percentage RAS Fiow Rate Control

The second approach to controlling RAS flow rates requires
a 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, aprogramme« _ystem, orfrequentmanual adjust-
ments. The programmed method is theoretically designed to
keep the MLSS more constant through high and low flow
periods.

2212 Comparison of Both RAS Control Approaches

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

1. Simplicity.

2. Maximum solids loading on the clanfier occurs at the start of
peak flow periods.

3. Requires less operational time.

The advantages of te constant percentage RAS flow ap-
proach are th: 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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