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PEEFACE

The purposes of this home study program are:
a. to develop new qualified treatment plant operators;

b. to expand the abilities of existing operators, permit-
ting better service to both their employers and the
public; and

c. to prepare operators for certification examinations, !

To provide you with information needed to operate a wastewater
treatment plant as efficiently as possible, experienced plant
operators prepared the material on treatment plant processes;
each chapter begins with an introduction and then discusses
start-up, daily operation, interpretation of lab results and
possible approaches to solving operational problems. This
order of topics was determined during the testing program on
the basis of operators' comments indicating the information
they needed most urgently. Additional chapters discuss mainte-
nance, safety, sampling, laboratory procedures, hydraulics,
records, analysis and presentation of data, and report writing.

Plant influents (raw wastewater) and the efficiencies of treat-
ment processes vary from plant to plant and from location to
location. The material contained in this program is presented
to provide you with an understanding of the basic operational
aspects of your plant and with information to help you analyze
and solve operational problems, This information will help you
operate your plant as efficiently as possible.

Wastewater treatment is a rapidly advancing field. To keep pace
with scientific advances, the material in this program must be
periodically revised and updated. This means that you, the
operator, must recognize the need to be aware of new advances
and the need for continuous training beyond this program.

I Certification examination. An examination administered by a
state or professional association that operators take to indi-
cate a level of professional competence, In many states the
Chief Operator of a plant must be '"certifled" (successfully
pass a certification examination), and in other states certi-
fication is voluntary. Current trends indicate that more

states and employers will require operators to be '"certified"
in the future.
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Originally the concepts for this manual evolved from Mr. Larry
Trumbull, 1967 Chairman of the Operator Training Committee of
the California Water Pollution Control Association. Messrs.,
Bill Dendy and Kenneth Kerri, Project Directors, investigated
possible means of financial support to develop and test the
manual and prepared a successful application to the Federal
Water Pollution Control Administration (5TT1-WP-16-03). The
chapters were written, tested by pilot groups of operators and
potential operators, reviewed by consultants and the Federal
Water Quality Administration, and rewritten in accordance with
the suggestions from these sources,

The project directors are indebted to the many operators and
-other men who contributed to the manual. Every effort was made
to acknowledge material from the many excellent references in
the wastewater treatment field. Special thanks are due Messrs.
John Brady and William Crooks who both contributed immensely to
the manual, Mr., F, J. Ludzack, Chemist, National Training Center,
Environmental Protection Agency, Water Quality Office, offered
many technical improvements., A note of thanks is also due our
typists, Miss Linda Smith, Mrs. Gloria Uri, Mrs. Daryl Rasmussen,
Mrs. Vicki Sadlem, Mrs. Peggy Courtney, and Mrs, Pris Jernigan,
Illustrations were drawn by Mr, Martin Garrity.

Kenneth D. Kerri

Bill Dendy

1971
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INSTRUCTIONS TO PARTICIPANTS

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 seventeen chapters. Some 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
experience. It might take some people 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 section, write

the answers to the questions at the end of the section, check your
answers against suggested answers; and then you decide if you under-
stand the material
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 remember much
more when you have finished
the lesson.

At the end of the first
three chapters, you will
find an "objective test.'
Mark your answers on the
IBM answer sheet., In the
later chapters you will be
asked to answer questions
before ("pre-test") vou
read the chapter. The pre-
test indicates to vou the
important concepts you will find in the lessons. Some discussion
and review questions are provided following each lesson in the later
chapters. These questions review the important points vou have
covered in the lesson.




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 to review
the chapter and to give experience in taking different types of
exams, Mail to the program director only your answers to pre-
tests and objective tests on IBM answer sheets,

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 else, but you would not understand the material.
Consequently, you would 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,
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SUMMARY OF PROCEDURE

A, OPERATOR
1. Marks answers to pre-test on IBM answer sheet (Chapters 4-16),
2. Reads sections in lesson,
3. Writes answers to questions at end of sections in his
notebook. You should write the answers to the questions
just like you would if these were questions on a test,

4., Checks his answers with suggested answers,

5. Decides whether to reread section or to continue with
the next section.

6. Writes answers to discussion and review questions at the
end of lessons in his notebook

7. Marks answers to objective test on IBM answer sheet.

8., Mails material to program director.

Professor Kenneth Kerri
Department of Civil Engineering
Sacramento State College

6000 Jay Street

Sacramento, California 95819

B. PROGRAM DIRECTOR
1. Mails lessons in advance to keep operators studying,

2, Corrects tests, answers any questions, and returns results
to operator.
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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
lessons sooner., Chapter 15, Basic Mathematics and Treatment Plant
Problems, will be mailed to you with Chapter 4 because Chapter 4
requires the use of simple mathematics. If you have trouble with
the math in Chapter 4 or some of the following chapters, you may
find it helpful to refer to the math chapter, or you may decide

to work the math chapter first.

Chapter 14, Laboratory Procedures and Chemistry, will be mailed
to you with Chapter 5 because the operation of sedimentation and
flotation treatment processes requires some laboratory tests.
Again, you may wish to refer to the lab chapter while working on
Chapter S5 and the other chapters, or you may wish to work the
lab chapter first.

Safety is a very important chapter. Everyone working in a treat-
ment plant must always be safety conscious. You must take extreme
care with your personal hygiene to prevent the spread of disease
to yourself and your family. Operators in treatment plants daily
encounter situations and equipment that can cause a serious dis-
abling injury if the operator is not aware of the potential danger
and does not exercise adequate precautions. For these reasons,

if you decide to work on the chapter on Plant Safety and Good
Housekeeping early, please notify the Project Director and he will
be happy to comply with your wish.
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CHAPTER 1, INTRODUCTION

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

1,0 WHAT IS A TREATMENT PLANT OPERATOR?

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

Fig. 1.1 Natural purification cycle

But modern man and his intensive use of the water resource could
not wait for sun, wind, and time to accomplish the purification

of soiled water; consequently treatment plants were built. Thus,
nature was given an assist by a team consisting of designer,
builders, and treatment plant operators. 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 which all life depends.

! 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 waste-
water that enters a plant. The term sewage usually refers to
household wastes, but this word is being replaced by the term
wastewater,

1-1



1.01 What does a Treatment Plant Operator do?

Simply described, he keeps a wastewater (sewage) treatment plant
working., Physically he turns valves, pushes switches, collects
samples, lubricates equipment, reads gauges and records data.

Fig. 1.2 The operator's duties

He may also maintain equipment and plant area by painting, weeding,
gardening, repairing and replacing. Mentally he inspects records,
observes conditions, makes calculations to determine that his plant
is working effectively, and predicts necessary maintenance and
facility needs to assure continued effective operation of his plant,
He also has an obligation to explain to supervisors, councilmen,
civic bodies, and the general public what his plant does, and most
importantly, why its continued and expanded financial support is
vital to the welfare of the community.

1.02 Who does the Treatment Plant Operator work for?

His paycheck usually comes from a city, sanitation district, or
other public agency. He may, however, be employed by one of the
many large industries which operate their own treatment plants.,
The operator is responsible to his employer for maintaining an
economic and efficiently operating facility. An even greater
obligation rests with the operator because the great numbers of
people who rely upon downstream water supplies are totally de-
pendent upon the operator's competence and trustworthiness for
their welfare, It is these vitally affected people for whom, in
the final analysis, the operator is really working.
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1.03 Where does the Treatment Plant Operator work?

Obviously he works in a wastewater 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, will be found waste-
water treatment plants. From a unit process operator at a complex
municipal facility to a one-man manager of a small town plant,
each man can select his own special place in treatment plant
operation,

1.04 What pay can a Treatment Plant Operator expect?

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

1,05 What does it take to be a Treatment 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 degree,
While some jobs will always exist for manual labor, the real and
expanding need is for trained operators. New techniques, advanced

equipment, and increasing instrumentation require a new breed of
operator, one who is willing to learn today, and gain tomorrow,
for surely his plant will move towards newer and more effective
operating procedures and treatment processes. Indeed, the truely
service-minded operator assists in adding to and improving his
plant performance on a continuing basis.

Fig. 1,3 Tomorrow's forgotten man stopped learning yesterday
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You can be an operator tomorrow by beginning your learning today;
or you can be a better operator, ready for advancement, by
accelerating your learning today.

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

PN ey Cov v Y W G
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QUESTIONS

Place an X by the correct answer or answers, After you have
answered all the questions, check your answers with those given
at the end of the chapter on page 1-17. 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 material,

EXAMPLE

This is a training course on:

Accounting
Engineering
Wastewater Treatment Plant Operation

Salesmanship

1.0A.

1.0B,

1.0C.

Wastewater is the same thing as:

Steam

Soil

Sewage

Asphalt

an operator do?
Collect Samples
Lubricate Equipment

Record Data

Who may a Treatment Plant Operator work for?

City
Sanitation District

Industry

Check your answers on Page 1-17,
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1.1 YOUR PERSONAL TRAINING COURSE

Beginning on this page you are embarking on a training course
which has been carefully prepared to allow you to improve your
knowledge and ability to operate a wastewater treatment plant.
You will be able to proceed at your own pace; you will have an
opportunity to learn a little or a lot about each topic. The
course has been prepared this way to fit the various needs of
operators, depending on what kind of plant you have or how much
you need to learn about it., To study for certification exami-
nations you will have to cover all 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 learn 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 a wastewater
treatment plant, you may use the first three chapters for a
review. If you are relatively new to the wastewater treatment
field, these chapters will provide you with the background
information necessary to understand the later chapters. 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 wastewater treatment
field, and some information on other training opportunities,

1.3 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 pollution is dilution.'" For years we
were able to dump our wastes with little or no treatment back
into the nearest receiving water.2 As long as there was enough
dilution water to absorb the waste material, nature took care of
our disposal problems for us. As more and more towns and

2 Receiving Water. A stream, river, lake, or ocean into
which treated or untreated wastewater is discharged.
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industry sprang up, waste loads increased until the natural
purification processes could no longer do the job. Many water-
ways were converted into open sewers. Unfortunately, for many
areas this did not signal the beginning of a clean-up campaign,
It merely increased the frequency of the cry: '"We don't have
the money for a treatment plant,' or the ever-popular, "If we
make industries treat their wastes they will move to another
state'", Thus, the pollution of our waters increased (Fig. 1.4).

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 treating wastes before they are discharged. Adequate
treatment of wastes will not only protect our health and that
of our downstream neighbors, it can also increase property
values, allow 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 pollution and improve water quality throughout the nation.
This includes the efforts not only of your own community, county
and state, but also the federal government,

Great sums of public and private funds are now being invested
in large, complex municipal and industrial wastewater treatment
facilities to overcome this pollution; and you, the treatment
plant operator, will play a key role in the battle. Without
efficient operation of your plant, much of the research,
planning, and building that has been done and will be done to
accomplish the goals of water quality control in your area will
be wasted. You are the difference between a facility and a
performing unit., You are, in fact, a water quality protector

on the front line of the water pollution battle.

Fig. 1.5 Water quality protector
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The receiving water quality standards and waste discharge require-
ments. that your plant has been built to meet have been formulated
to protect the water users downstream from your plant. These uses
may include domestic water supply, industrial water supply, agri-
cultural water supply, stock and wildlife watering, propagation of
fish and other aquatic and marine life, shellfish culture, swimming
and other water contact sports, boating, esthetic enjoyment,
hydroelectric power, navigation, and others,

Therefore, you have an obligation to the users of the water down-
"stream, as well as to the people of your district or municipality.
You are the key water quality protector and must realize that

you are in a responsible position,

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 1-17.

1.3A Why must municipal and industrial waste-
waters receive adequate treatment?

1.3B How did many receiving waters become polluted?

1.4 YOUR QUALIFICATIONS

The skill and ability required for your job depend to a large
degree on the size and type treatment plant where you are employed.
You may work at a large modern treatment plant serving several
hundred thousand persons and employing a hundred 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 serving only a
thousand people or fewer. 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-all-trades" because
of the diversity of your tasks.
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1.41 Your Job

To describe the operator's duties, let us start at the beginning.
Let us say that the need for a new or improved wastewater treat-
ment plant has long been recognized by the community, The
community has voted to issue the necessary bonds to finance the
project, and the consulting engineers have submitted plans and
specifications. It is to the best interests of the community

and the consulting engineer that you be in on the ground floor
planning.. If it is a new plant you should be present, or at

least available, during the construction period in order to become
completely familiar with the entire plant, including the equipment
and machinery and its operation., This will provide you with the
opportunity to relate your plant drawings to actual facilities,

You and the engineer should discuss how the treatment plant should
best be run and the means of operation he had in mind when he
designed the plant, If it is an old plant being remodeled, you
are in a position to offer excellent advice to the consulting
engineer., Your experience provides valuable technical knowledge
concerning the characteristics of wastewater, its sources, and

the limitations of the present facilities. Together with the
consultant, you are a member of an expert team to advise the
district or city,

Once the plant is operating, you become an administrator. In

a small plant your duties may not include supervision of personnel,
but you are still in charge of records. You are responsible for
operating the plant as efficiently as possible, keeping in mind
that the primary objective is to protect the receiving water
quality by continuous and efficient plant performance, Without
adequate, reliable records of every phase of operation, the
effectiveness of your operation has not been documented (recorded).

You may also be the budget administrator. Most certainly you are
in the best position to give advice on budget requirements, manage-
ment problems, and future planning. You should be aware of the
necessity for additional expenditures, including funds for plant
enlargement, 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 able to
explain the purpose and operation of your plant to visitors

(Fig, 1.6), civic organizations, school classes, representatives
of news media, even to city council or directors of your district.
Public interest in water quality is increasing, and you should be
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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 provide these people
with sufficient understanding of your plant to allow them to
suggest helpful solutions to operational problems.

The appearance of your plant indicates to the visitor the type

of operation you maintain. If the plant is dirty and rundown
with flies and other insects swarming about, you will be

unable to convince your visitors that the plant is doing a

good job. Your records showing a high-quality effluent will mean
nothing to these visiting citizens unless your plant appears
clean and well maintained and the effluent looks good.

Fig. 1.7 Special care and safety must be practiced when
visitors are taken through your treatment plant.
An accident could spoil all of your public re-
lation efforts.

Another aspect of your public relations duties is your dealings
with the downstream water user. Unfortunately, the operator is
often considered by the downstream user as a polluter rather than
a water quality protector, Through a good public information
program, backed by facts supported by reliable data, you can
correct the impression held by the downstream user and establish
""good neighbor' relations (Fig. 1.8). This is indeed a challenge.
Again, you must understand that you hold 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 procedures in
order to conduct various tests on samples of wastewater and re-
ceiving 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 requirements.
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As an operator you must have a knowledge of the complicated
mechanical principles involved in many treatment mechanisms.
In order to measure and control the wastewater flowing through
the plant you must have some understanding of hydraulics.
Practical knowledge of electrical motors, circuitry, and
controls is essential also.

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
responsibility of training new operators and should encourage
all operators to become certified,

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

QUESTIONS

1.4A Why is it important that the operator be present
during the construction of a new plant?

1.4B How does the operator become involved in
public relations?

1.5 MANPOWER NEEDS AND FUTURE JOB OPPORTUNITIES

The wastewater treatment field, like so many others, is changing
rapidly. New plants are being constructed, and old plants are
being modified and enlarged to handle the wastewater from our
growing population and to treat the new chemicals being produced
by our space age technology. Operators, maintenance personnel,
foremen, managers, instrument men, and laboratory technicians are
sorely needed.

A look at past records and future predictions indicates that waste-
water treatment is a rapidly growing field. 1In 1967 it was esti-
mated that over $1 billion was spent in the previous year for
industrial and municipal waste treatment facilities, and $9 billion
in the previous 14 years. Municipalities employed approximately
20,000 operators in 1967, and it was estimated that 30,000 trained
operators will be needed by 1972 to operate existing, expanded, and
planned new plants.



Fig. 1.9 Trained operators are needed

Industry employed approximately 3500 operators in 1967 and will
probably need around 12,000 plant operators by 1972, The need
for trained operators is increasing rapidly and is expected to
continue in the future.?

1.6 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

health departments or water pollution control agencies, Both

local and state water pollution control associations have pro-

vided training classes, conducted by members of the associations,
largely on a volunteer basis. The Water Pollution Control Federation
has developed two visual aid training courses to complement its
Manual of Practice No. 11, State and local colleges have provided
valuable training under their own sponsorship or in partnership

with others. Many state, local and private agencies have conducted
both long- and short-term training as well as interesting and
informative seminars. The California Water Pollution Control
Association has prepared two textbooks, one on laboratory procedures

3 Data contained in this paragraph were obtained from '"'Manpower
and Training Needs in Water Pollution Control', Report of the
Department of the Interior, Federal Water Pollution Control
Administration to the Congress of the United States, Senate
Document No. 49, 90th Congress, First Session, Washington, D.C.,
1967.
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and one on mathematics. Excellent textbooks have been written
by many state agencies. Those of the New York State Health
Department and the Texas Water Utilities Association deserve
special attention.

Listed below are several very good references in the field of
wastewater treatment plant operation that are frequently referred
to throughout this course. The name in quotes represents the
term usually used by operators when they mention the reference,

1. '"MOP 11", Operation of Wastewater Treatment Plants, WPCF
Manual of Practice No. 11, Water Pollution Control Federation,
3900 Wisconsin Avenue, Washington, D.C. 20016, Price $2.00
to members; $4.00 to others,

2. '"New York Manual', Manual of Instruction for Sewage Treatment
Plant Operators, distributed in New York by the New York State
Department of Health, Office of Public Health Education,

Water Pollution Control Board, Distributed outside of New York
State by Health Education Service, P.0. Box 7283, Albany,
New York 12224, Price $1.50.

3. "Texas Manual', Manual of Wastewater Operations, prepared
by Texas Water Utilities Association. Obtainable from Texas
Water Utilities Association, c/o Mrs. Earl H. Goodwin,

2202 Indian Trail, Austin, Texas 78703. Price $10.00.

4, Sewage Treatment Practices, by Don E., Bloodgood, obtainable
from Water and Sewage Works Magazine, Scranton Publishing
Company, Inc., 35 East Wacker Drive, Chicago, Illinois 60601,
Price $1.25.

5. Operator Short Course, by Gerson Chanin, Water and Wastewater
Work Book Series/l1, Water and Wastes Engineering, Magazine
Publishing Division, The Reuben H. Donnelley Corporation,

466 Lexington Avenue, New York, New York 10017. Price $3.00.

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,.



SUGGESTED ANSWERS

CHAPTER 1. INTRODUCTION

You are not expected to have the exact answer suggested for
questions requiring written answers, but you should have the
correct idea.

1.0A,
1,0B.
1.0C,

1.3A,

1.3B.

1.4A,

1.4B.

Municipal and industrial wastewaters must receive adequate
treatment to protect receiving water uses,

Receiving waters become polluted by a lack of public
concern and by discharging wastewater into a receiving
water beyond its natural purification capacity.

The operator should be present during the construction of
a new plant in order to become familiar with the plant
before he begins operating it,

The operator becomes involved in public relations by
explaining the purpose and operation of his plant to
visitors, civic organizations, newspaper people, and
his supervisors.
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DIRECTIONS FOR WORKING OBJECTIVE TEST

CHAPTER 1., INTRODUCTION

Complete the answer sheet as shown in the example on the
next page.

Name Doakes, John D.
Date September 28, 1970
City Clearwater, California

1. Time: 1 hour, 10 minutes (include time working tests)

Instructor Your Program Director

Name of Test Chapter 1, Objective

Mark your answers on the answer sheet.

For example, Question 1.1 has two correct answers (2 and 3).
Therefore, you should place a mark under both Columns 2 and 3
on the answer sheet.

Questions 1.3 through 1.6 are true or false questions., If a
question is true, then mark Column 1, and if false mark Column 2.

The correct answer to Question 1.3 is true; therefore, place a
mark in Column 1.

Be sure to write the time you worked on the lesson, including
your time working the tests.

Mail IBM answer sheet to your program director,
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OBJECTIVE TEST

CHAPTER 1. INTRODUCTION

Please mark correct answers on IBM answer sheet.

1.1

1.2

TRUE

1.3

1,4

1‘5

1.6

The used water and solids from a community that flow to a

treatment plant are called ?
1. Effluent 3. Sewage
2. Wastewater 4, Mixed Liquor

Receiving water uses protected by an operator include:

1. Fishing 3. Drinking Water Supply
2. Boating 4, None of These
OR FALSE:

In many treatment plants the operator must be a "jack-of-
all-trades",

A treatment plant operator is a water quality protector.

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

After finishing this program, an operator will need to
continue to study if he is to keep pace with changes
occurring in the field,

Please write how long you worked on this chapter on your answer
sheet,
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CHAPTER 2

WHY TREAT WASTES?

by

William Crooks
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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

of 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 pro-
nunciation 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 differences between the
Key used in this program and the Webster's New World Dictionary Key,
College Edition, 1968! are shown below:

T

In using this Key, you should accent (say louder) the syllable which
appears in capital letters. The following chart is presented to give
examples of how to pronounce words using the Project Key.

Syllable
Ist 2nd 3rd 4th S5th
Word
acid AS id
coagulant co AGG you lent
biological BUY 0 LODGE ik cull

The first word acid has its first syllable acdented. The second word,
coagulant, has its second syllable accented. The third word, biologi-
cal, has its first and third syllables accented.

We hope you will find the Key useful in unlocking the pronunciation of
any new word,

1 The Webster's New World Dictionary, College Edition, 1968, was chosen
rather than an unabridged dictionary because of its availability to
the operator.



GLOSSARY

Aerobic Bacteria (AIR-O-bick back-TEAR-e-ah): Bacteria which
will live and reproduce only in an environment containing oxygen
which is available for their respiration (breathing), such as
atmospheric oxygen or oxygen dissolved in water. Oxygen combined
chemically, such as in water molecules, H,0, cannot be used for
respiration by aerobic bacteria,

Anaerobic Bacteria (AN-air-O-bick back-TEAR-e-ah): Bacteria that
live and reproduce in an environment containing no 'free'" or dis-
solved oxygen. Anaerobic bacteria obtain their oxygen supply by
breaking down chemical compounds which contain oxygen, such as
sulfate (S0,).

Disinfection (DIS-in-feck-shun): The process by which pathogenic
organisms are killed. There are several ways to disinfect, but
chlorination is the most frequently used method in water and
wastewater treatment.

Imhoff Cone: A clear cone-shaped container marked with
graduations used to measure the volumetric concentration of
settleable solids in wastewater,

Inorganic Waste (IN-or-GAN-nick): Waste material such as sand,
salt, iron, calcium, and other materials which are not converted

in large quanitites by organism action. Inorganic wastes are B
chemical substances of mineral origin and may contain carbon
and oxygen, whereas organic wastes are chemical substances of
animal or vegetable origin and contain carbon and hydrogen
along with other elements,

Milligrams per liter, mg/l (MILL-i-GRAMS per LEET-er)}: A

measure of the concentration by weight of a substance per unit
volume, For practical purposes, one mg/l is equal to one part

per million parts (ppm). Thus, a liter of water with a specific
gravity of 1.0 weighs one million milligrams; and if it contains

10 milligrams of dissolved oxygen, the concentration is 10
milligrams per million milligrams, or 10 parts per million (10 ppm).

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.



Organic Waste (or-GAN-nick): Waste material which comes from
animal or vegetable origin, Organic waste generally can be con-
sumed by bacteria and other small organisms. Inorganic wastes
are chemical substances of mineral origin and may contain carbon
and oxygen, whereas organic wastes contain mainly carbon and
hydrogen along with other elements,

Pathogenic Organisms (path-o0-JEN-nick OR-gan-iz-ums): Bacteria
or viruses 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 bacteria are
found in wastewater treatment processes actively cleaning up
organic wastes.,

pH: Technically, this is the logarithm of the reciprocal of the
hydrogen-ion concentration, which will be explained in Chapter 14,
Laboratory Procedures and Chemistry. For now, it is sufficient

to understand that pH may range from 0 to 14, where 0 is most acid
and 14 is most alkaline, and 7 is neutral. Most natural waters
have a pH between 6.5 and 8.5.

Pollution: Any interference with beneficial reuse of water or
failure to meet water quality requirements.

Primary Treatment: A wastewater treatment process consisting of
a rectangular or circular tank which allows those substances in
wastewater that readily settle or float to be separated from the
water being treated.

Secondary Treatment: A wastewater treatment process used to convert
dissolved or suspended materials into a form more readily separated
from the water being treated.

Stabilize: To convert 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 will not give off obnoxious odors.
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CHAPTER 2. WHY TREAT WASTES?

2.0 PREVENTION OF POLLUTION

The operator's main job is to protect the many users of receiving
waters. He must do the best he can to remove any substances
which will unreasonably affect these users.

Many people think any discharge of waste to a body of water is
pollution, However, with our present system of using water to
carry away the waste products of home and industry, it would be
impossible and perhaps unwise to prohibit the discharge of all
wastewater to oceans, streams, and groundwater basins, It is
possible under present day technology to treat wastes in such

a manner that existing or potential receiving water uses are not
unreasonably affected. Definitions of pollution include any
interference with beneficial reuse of water or failure to meet
water quality requirements. Any questions or comments regarding
this definition must be settled by the appropriate enforcement
agency.

2.1 WHAT IS PURE WATER?

Water is a combination of two
parts hydrogen and one part
oxygen, or HpoO., This is true,
however, only for '"pure' water
such as might be manufactured
in a laboratory. Water as we
know it is not "pure'" hydrogen
and oxygen. Even the distilled
water we purchase in the store
has measurable quantities of
various substances in addition
to hydrogen and oxygen. Rain
water, even before it reaches
the earth, contains many sub-
stances. These substances,
since they are not found in
"pure' water, may be consider-
ed "impurities'., When rain
falls through the atmosphere,
it gains nitrogen and other
gases, As soon as the rain
flows overland it begins to

Fig, 2.1 Water + Impurities
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dissolve from the earth and rocks such substances as calcium,
magnesium, sodium, chlorides, sulfates, iron, nitrogen,
phosphorus, and many other materials. Organic matter (matter
derived from plants and animals) is also dissolved by water
from contact with decaying leaves, twigs, grass, or small
insects and animals. Thus it should be realized that a fresh
flowing mountain stream may pick up many natural "impurities',
some possibly in harmful amounts, before it ever reaches
civilization or is affected by the waste discharges of man.
Many of these substances, however, are needed in small amounts
to support life and be useful to man, Concentrations of im-
purities must be controlled or regulated to prevent harmful
levels in receiving waters.,

QUESTIONS

2.1A What are some of the dissolved substances
in water?

2.1B How does water pick up dissolved substances?

2.2 TYPES OF WASTE DISCHARGES

The waste discharge that first comes to mind in any discussion
of stream pollution is the discharge of domestic wastewater.
Wastewater contains a large amount of organic waste.! Industry
also contributes substantial amounts of organic waste. Some

of these organic industrial wastes come from vegetable and
fruit packing; dairy processing; meat packing; tanning; and
processing of poultry, oil, paper and fiber (wood), and many
more,

1 Organic waste (or-GAN-nick). Waste material which comes from
animal or vegetable origin. Organic waste generally will be
consumed by bacteria and other small organisms, Inorganic
wastes are chemical substances of mineral origin and may con-
tain carbon and oxygen, whereas organic wastes contain mainly
carbon and hydrogen along with other elements.

2-2



Another classification of wastes is inorganic wastes.? Domestic

wastewater contains inorganic material as well as organic, and many
industries discharge inorganic wastes which add to the mineral
content of receiving waters. For instance, a discharge of salt
brine (sodium chloride) for water softening will increase the
amount of sodium and chloride in the receiving waters. Some
industrial wastes may introduce inorganic substances such as
chromium or copper, which are very toxic to aquatic life., Other
industries (such as gravel washing plants) discharge appreciable
amounts of soil, sand or grit, which also may be classified as
inorganic waste.

There are two other major types of wastes that do not fit either
the organic or inorganic classification. These are heated
(thermal) wastes and radioactive wastes., Waters with temper-
atures exceeding the requirements of the enforcing agency may
come from cooling processes used by industry and from thermal
power stations generating electricity. Radioactive wastes

are usually controlled at their source, but could come from
hospitals, research laboratories, and nuclear power plants,

QUESTIONS

2.2A Several of the following contain significant
quantities of organic material. Which are
they?

a. Domestic Wastewater

b. Cooling Water from Thermal Power Stations
c, Paper Mill Wastes

d. Metal Plating Wastes

e. Tanning Wastes

2,2B List four types of pollution,

2.3 EFFECTS OF WASTE DISCHARGES

Certain substances not removed by wastewater treatment processes
can cause problems in receiving waters., This section reviews
some of these substances and discusses why they should be treated.

2 Inorganic waste (IN-or-GAN-nick). Waste material such as sand,
salt, iron, calcium, and other mineral materials which are not
converted in large quantities by organism action. Inorganic
wastes are chemical substances of mineral origin and may contain
carbon and oxygen, whereas organic wastes are chemical substances
of animal or vegetable origin and contain mainly carbon and
hydrogen along with other elements.
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2.30 Sludge and Scum

If certain wastes (including domestic wastewater) do not
receive adequate treatment, large amounts of solids may
accumulate on the banks of the receiving waters, or they

may settle to the bottom to form sludge deposits or float

to the surface and form rafts of scum. Sludge deposits

and scum are not only unsightly; but if they contain

organic material, they may also cause oxygen depletion and
be a source of odors. Primary treatment3 units in the waste-
water treatment plant are designed and operated to remove

the sludge and scum before they reach the receiving waters.

2.31 Oxygen Depletion

Most living creatures need oxygen to survive, including fish
and other aquatic life, Although most streams and other
surface waters contain less than 0.001% dissolved oxygen
(10 milligrams of oxygen per liter of water, or 10 mg/1),"
most fish can thrive if there are at least 5 mg/l and other
conditions are favorable. When oxidizable wastes are dis-
charged to a stream, bacteria begin to feed on the waste
and decompose or break down the complex substances in the
waste into simple chemical compounds. These bacteria also
use dissolved oxygen (similar to human respiration or
breathing) from the water and are called aerobic bacteria.?
As more organic waste is added, the bacteria reproduce

3 Primary treatment. A wastewater treatment process consist-
ing of a rectangular or circular tank which allows those
substances in wastewater that readily settle or float to
be separated from the water being treated.

“ Milligrams per liter, mg/l (MILL-i-GRAMS per LEET-er). A
measure of the concentration, by weight of a substance per
unit volume. For practical purposes, one mg/l is equal to
one part per million parts {ppm). Thus, a liter of water
with a specific gravity of 1.0 weighs one million milligrams;
and if it contains 10 milligrams of dissolved oxygen, the
concentration is 10 milligrams per million milligrams, or
10 milligrams per liter (10 mg/l), or 10 parts of oxygen per
million parts of water, or 10 parts per million (10 ppm).

5 Aerobic bacteria (AIR-O-bick back-TEAR-e-ah). Bacteria
which will live and reproduce only in an environment con-
taining oxygen which is available for their respiration,
such as atmospheric oxygen or oxygen dissolved in water.
Oxygen combined chemically, such as in water molecules,
H,0, cannot be used for respiration by aerobic bacteria,
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rapidly; and as their population increases, so does their use
of oxygen., Where waste flows are high the population of
bacteria may grow large enough to use the entire supply of
oxygen from the stream faster than it can be replenished by
natural diffusion from the atmosphere. When this happens
fish and most other living things in the stream which require
dissolved oxygen die,

Fig, 2.2 Oxygen depletion

Therefore, one of the principal objectives of wastewater treat-
ment is to prevent as much of this "oxygen-demanding' organic
material as possible from entering the receiving water. The
treatment plant actually removes the organic material the same
way a stream does, but it accomplishes the task much more
efficiently by removing the wastes from the wastewater,
Secondary treatment® units are designed and operated to use
natural organisms such as bacteria in the plant to stabilize’
and remove organic material, ' T

Another effect of oxygen depletion, in addition to the killing
of fish and other aquatic life, is the problem of odors. When

& Secondary treatment. A wastewater treatment process used to
convert dissolved or suspended materials into a form more
readily separated from the water being treated.

7 Stabilize. To convert 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 will not give off
obnoxious odors.



all the dissolved oxygen has been removed, anaerobic bacteria®
begin to use the oxygen which is combined chemically with

other elements in the form of chemical compounds, such as
sulfate (sulfur and oxygen), which are also dissclved in the
water. When anaerobic bacteria remove the oxygen from sulfur
compounds, hydrogen sulfide (H2S) is released which has a
"rotten egg" odor. This gas is not only very odorous, but it
also erodes concrete and can discolor and remove paint from
homes and structures. Hydrogen sulfide alsc may form explosive
mixtures with air and is capable of paralyzing your respiratory
center. Gther products of anaerobic decomposition (putrefaction:
PU-tree-fack-SHUN) alsoc can be objectionable,

2.32 Cther Effects

Some wastes adversely affect the clarity and color of the
receiving waters, making them unsightly and unpopular for
recreation,

Many industrial wastes are highly acid or alkaline, and
either condition can interfere with aquatic life, domestic
use, and other uses, An accepted measurement cf a waste's
acidity or alkalinity is its pH.9 Before wastes are dis~
charged they should have a pH similar to that of the receiving
water,

Waste discharges may contain toxic substances, such as heavy
metals or cyanide, which may affect the use of the receiving
water for domestic purposes or for aquatic life.

8 Anaercbic bacteria (AN-air-O-bick back-TEAR-e-ah). Bacteria
that live and reproduce in an environment containing no
"iree'" or dissolved oxygen, Anaerobic bacteria obtain
their oxygen supply by breaking down chemical compounds
which contain oxygen, such as sulfate (SC4) and nitrate

(NO3) .

? pH. Technically, this is the logarithm of the reciprocal
of the hydrogen-ion concentration, which will be explained
in Chapter 14, Laboratory Procedures and Chemistry. For
now, it is sufficient to understand that pH may range
from 0 to 14, where 0 is most acid and 14 is most alkaline,
and 7 is neutral. Most natural waters have a pH between
6.5 and 8.5.



Taste- and odor-producing substances may reach levels in the
receiving water which are readily detectable in drinking water
or in the flesh of fish,

Treated wastewaters contain nutrients!C® capable of encourag-
ing excess algae and plant growth in receiving waters. These
growths hamper domestic, industrial, and recreational uses,
Conventional wastewater treatment plants do not remove a
major portion of the nitrogen and phosphorus nutrients,

QUESTIONS

2,3A What causes oxygen depletion when organic
wastes are discharged to the water?

2,3B What kind of bacteria cause hydrogen sulfide
gas to be released?

2.33 Human Health

Up to now we have discussed the physical or chemical effects
that a waste discharge may have on the uses of water., More
important, however, may be the effect on human health through
the spread of disease-producing bacteria and viruses. Initial
efforts to control human wastes evolved from the need to prevent
the spread of diseases, Although untreated wastewater contains
many billions of bacteria per gallon, most of these are not
harmful to humans, and some are even helpful in wastewater
treatment processes. However, humans who have a disease which
is caused by bacteria or viruses may discharge some of these
harmful organisms in their body wastes. Many serious outbreaks
of communicable diseases have been traced to direct contamination
of drinking water or food supplies by the body wastes from a
human disease carrier,

10 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 con-
ventional treatment processes because they are water soluble
and tend to recycle.



Some known examples of diseases which may be spread through
wastewater discharges are:

s (\’PHD\V CHOLEQA D‘\’Qﬂi\’ER? VDL\O %‘_)EAPS'& G é)j_ié?z

Fig. 2.3 Diseases

Fortunately these organisms that grow in the intestinal tract
of diseased humans are not likely to find the environment in
the wastewater treatment plant or receiving waters favorable
for their growth and reproduction. Although many of these
pathogenic organisms!! are removed by natural die-off during
the normal treatment processes, sufficient numbers can remain
to cause a threat to any downstream use involving human contact
or consumption. If these uses exist downstream, the

treatment plant must also include a disinfection!Z? process.

The disinfection process historically employed is the addition
of chlorine. Proper chlorination of a well-treated waste will
usually result in essentially a complete kill of these patho-
genic organisms. The operator must realize, however, that

!l pathogenic organisms (path-o-JEN-nick OR-gan-iz-ums).
Bacteria or viruses which can cause disease, There are
many types of bacteria which do not cause disease and
which are not called pathogenic.

12 pisinfection (DIS-in-feck-shun). The process by which

pathogenic organisms are killed. There are several ways

to disinfect, but chlorination is the most frequently
used method in water and wastewater treatment,
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breakdown or malfunction of equipment could result in the
discharge at any time of an effluent which contains patho-
genic organisms,

QUESTIONS

2.3C Where do the disease-causing organisms
in wastewater come from?

2.3D What is the term which means '"disease-
causing"?

2,3E What is the most frequent means of dis-
infecting treated wastewater?

2.4 SOLIDS IN WASTEWATER

One of the primary functions of a treatment plant is the
remocval of solids from wastewater,

2,40 Types of Solids

In Section 2,2 you read about the different types of pollution:
organic, inorganic, thermal, and radioactive. For a normal
municipal wastewater which contains domestic wastewater as well
as some industrial and commercial wastes, the concern of the
treatment plant designer and operator usually is to remove the
organic and inorganic suspended solids, to remove the dissolved
organic solids (the treatment plant does little to remove
dissolved inorganic solids), and to kill the pathogenic organisms

by disinfection., Thermal and radioactive wastes require special
treatment,

Since the main purpose of the treatment plant is remcval of
solids from the wastewater, a detailed discussion of the types
of solids is in order. Figure 2.4 will help you understand the
different terms,

2.41 Total Solids

For discussion purposes assume that you obtain a one-liter
sample of raw wastewater entering the treatment plant., Heat
this sample enough to evaporate all the water and weigh all
the solid material left (residue); it weighs 1000 milligrams.
Thus, the total solids concentration in the sample is 1000
milligrams per liter (mg/l). This weight includes both
dissolved and suspended solids.
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2.42 Dissolved Solids

How much is dissolved and how much is suspended? To determine
this you could take an identical sample and filter it through a
very fine-mesh filter such as a membrane filter or fiberglass,
The suspended solids will be caught on the filter, and the
dissolved solids will pass through with the water. You can

now evaporate the water and weigh the residue to determine the
weight of dissolved solids. In Fig., 2.4 the amount is shown

as 800 mg/l1. The remaining 200 mg/l is suspended solids,
Dissolved solids are also called filterable residue,

\

2.43 Suspended Solids

Suspended solids are composed of two parts: settleable and
nonsettleable, The difference between settleable and nonset-
tleable solids depends on the size, shape, and weight per unit
volume of the solid particles; larger-sized particles tend to
settle more rapidly than smaller particles, It is important
to know the amount of settleable solids in the raw wastewater
for design of settling basins (primary units), sludge pumps,
and sludge handling facilities. Also, measuring the amount

of settleable solids entering and leaving the settling

basin allows you to calculate the efficiency of the basin

for removing the settleable solids. A device called an

Imhoff Cone!3 is used to measure settleable solids in
milliliters per liter, ml/1. (The example in Fig. 2,4 shows

a settleable solids concentration of 130 mg/l. The settled
solids in the Imhoff Cone had to be dried and weighed by proper
procedures to determine their weight.

It is possible to caiculate the weight of nonsettleable solids
by subtracting the weight of dissolved and settleable solids
from the weight of total solids. 1In Fig. 2.4 the nonsettleable
solids concentration is shown as 70 mg/l. Suspended solids are
also called nonfilterable residue.

13 Imhoff Cone. A clear cone-shaped container marked
with graduations used to measure the volumetric
concentration of settleable solids in wastewater.
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2.44 Organic and Inorganic Solids

For total solids or for any separate type of solids, such as
dissolved, settleable, or nonsettleable, the relative amounts
of organic and inorganic matter can be determined. This
information is important for estimating solids handling
capacities and for designing treatment processes for removing
the organic portion in waste, The organic portion can be
very harmful to receiving waters,

2.45 Floatable Solids

There is no standard method for the measurement and evaluation
of floatable solids. Since treatment units are designed to
remove these solids, it is important for you to be aware of
floatable solids in raw wastewater and treated effluent.
Floatable solids are undesirable in the plant effluent from an
aesthetic viewpoint because the sight of floatables in receiv-
ing waters indicates the presence of inadequately treated
wastewater,

2.5 ADDITIONAL READING

For a detailed discussion of the physical and chemical compo-
sition of wastewater you may wish to refer to:

1. MOP 11, pp 4-7

2. New York Manual, pp 1-10
3., Texas Manual, pp 1-18

QUESTIONS

2.4A An Imhoff Cone is used to measure
solids.

2.4B Why is it necessary to measure settleable solids?

2.4C Total solids are made up of and
solids, both of which contain
organic and inorganic matter.
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2.6 REVIEW

In this chapter you have read why it is necessary to treat
wastewater, something about the types of waste discharges
and their effects, and a brief description of the different
kinds of solids in wastewater. This is intended to be only
a general discussion of these subjects; you will find more
detail in later chapters.

You are now ready to go on to Chapter 3 which deals with a
description of the basic elements of the wastewater collection
and treatment systems. Chapter 3 actually begins the dis-
cussion of how to treat wastewater. Chapter 2 has told you
why you need to do so.

Fig. 2.5 "GO"
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2,1A

2.,1B

2.2A

2.2B

2.3A

2.3B

2.4C

SUGGESTED ANSWERS

Chapter 2., Why Treat Wastes?

Some of the dissolved substances in water include oxygen,
calcium, carbon, magnesium, chlorides, sodium, sulfates,
iron, nitrogen, phosphorus, and organic material,

You should have listed at least three of the items in
the answer.

Water picks up dissolved substances as it falls as rain,
flows over land and is used for domestic, industrial,
agricultural, and recreational purposes,

a, c, and e.

Organic, inorganic, thermal, radioactive.

Organic wastes in a water provide food for the bacteria.
These bacteria require oxygen to survive and consequently
deplete the oxygen in the water in a way similar to people
breathing.,

Hydrogen sulfide gas is released by anaerobic bacteria,

Disease-causing organisms in wastewater come from the
body wastes of humans who have a disease,

Pathogenic.

Chlorination is the most frequent means of disinfecting
treated wastewater.

Settleable,

Settleable solids must be measured to determine the
efficiency of settling basins, This amount must also
be known to calculate loads on settling basins, sludge
pumps, and sludge handling facilities for design and
operational purposes. You should have recognized the
need to know the efficiency of settling basins,

Dissolved and suspended.
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OBJECTIVE TEST

Chapter 2. Why Treat Wuastes?

Please write your name, date, city, time, instructor, and name
of test on your answer sheet, then mark correct dnswers On answer
sheet,

2.1 Wastes are treated to:

Prevent Receiving hWaters from

1. Prevent Pollution

2. Protect Human Health

3. Remove llarmful Wastes {rom Wastewazc
A

" 2 Yo
“dinklng

2,2 Diseases possibly spread by wastewater discharges include:

1. Typhoid 3. Q Fever 5. llepatitis
2. Cholera 4., Dysentery (Jaundice)

2.3 Pathogenic bacteria are:

1. Inorganic 4, Dissolved Cases
2. Disease Producing 5. None of These
3. Easy to See

2.4 What does an Ilimhoff Cone measure?

1. Total Solids 4, Organic Solids
2. Dbissolved Solids 5, Colloidal Seclids

3. Settleable Solids

Match the definitions on the following page by placing the correct
number from the column on the right in the proper space in tront
of the definition,

EXAMPLE
2 Milligrams per liter. 1. MPL
2. mg/l
3. RPN

Mark Column 2 on your answer sheet:

continue test on next page

[\
t

.

Ul



2.5 Waste material which comes
from animal or vegetable
sources.

2.6 Bacteria which will live
and reproduce only in an
environment containing
dissolved oxygen.

. Organic Waste
Inorganic Waste
Radioactive Waste
Aerobic Bacteria
Anaerobic Bacteri

[y

7 Bacteria which obtain their
oxygen by breaking down
chemical compounds which
contain oxygen, such as
sulfates (S0,).

LN N NI AN N SN N S N S N i N N,
U In 9 0
.

reduces receiving water Crganisms
quality indicators Dbelow
the established water

quality standards.

2.8 Bacteria which can cause )
T disease. )
) 1. Pollution
2.9 A process which kills ) 2. Disinfection
disease-causing bacteria. ) 3. Nutrients
) 4. pH
2.10 Any discharge of waste that ) 5. Pathogenic
)
)
)
)

Please write how long you worked on this chapter on your
answer sheet,
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Chapter 3. Wastewater Facilities
Biochemical Oxygen Demand or BOD (BUY-o0-KEM-ik-cull OX-zi-gen

de-MAND) : The BOD indicates the rate of oxygen utilized by
wastewater under controlled conditions of temperature and time.

Combined Sewer: A sewer designed to carry both sanitary waste-
waters and storm or surface water runoff,

Comminution (com-min-00-shun): A mechanical treatment process
which cuts large pieces of wastes into smaller pieces so they
won't plug pipes or damage equipment (shredding).

Detention Time: The time required to fill a tank at a given
flow or the theoretical time required for a given flow of waste-
water to pass through a tank,.

Grit: The heavy mineral material present in wastewater, such

as sand, gravel, cinders, and eggshells,

Infiltration (IN-fill-TRAY-shun): Groundwater that seeps into
pipes through cracks, joints, or breaks.

Media: The material in a trickling filter over which settled
wastewater is sprinkled and then flows over and around during
treatment., Slime organisms grow on the surface of the media
and treat the wastewater,

Photosynthesis (foto-SIN-tha-sis): A process in which chlorophyll
(green plant tissue) converts carbon dioxide and inorganic sub-
stances to oxygen and additional plant material, utilizing sun-
light for energy. Land plants grow by the same process.

Primary Treatment: A wastewater treatment process consisting of
a rectangular or circular tank which allows those substances in
wastewater that readily settle or float to be separated from the
water being treated,

Sanitary Sewer (SAN-eh-tar-ee SUE-er): A sewer intended to

carry wastewater from homes, businesses, and industries. Storm
water runoff is sometimes collected and transported in a separate
system of pipes.




Secondary Treatment: A wastewater treatment process used to
convert dissolved or suspended materials into a form more
readily separated from the water being treated.

Shredding: A mechanical treatment process which cuts large
pieces of wastes into smaller pieces so they won't plug pipes
or damage equipment (comminution),

Sludge (sluj): The settleable solids separated from liquids
during processing or deposits on bottoms of streams or other
bodies of water,

Storm Sewer: A separate sewer that carries runoff from storms,
surface drainage, and street wash, bhut that excludes domestic
and industrial wastes.,

Weir (weer): A vertical obstruction, such as a wall or plate,
placed in an open chamel and calibrated in order that a depth
cf flow over the weir can easily be converted to a flow rate

in MGL (million galloas per day).
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CHAPTER 3. WASTEWATER FACILITIES

3.0 COLLECTION, TREATMENT, DISPOSAL

Facilities for handling wastewater are usually considered to have
three major components or parts: collection, treatment, and
disposal. For a municipality, these components make up the
"sewerage' system or wastewater facilities; but for an individual
industry which handles its own wastewater, the same three components
are necessary. This training course is directed primarily to plant
operators for municipalities, so the discussion in this and later
chapters will be in terms of municipal wastewater facilities.

3.1 COLLECTION OF WASTEWATER

Collection and transportation of wastewater to the treatment plant
is accomplished through a complex network of pipes and pumps of
many sizes.

{ajor water using industries which contribute waste to the collec-
tion system may affect the efficiency of a wastewater treatment
plant, especially if there are periods during the day or during
the year when these industrial waste flows are a major load on

the plant. For instance, canneries are highly seasonal in their
operations; therefore, it is possible to predict the time of year
to expect large flows from them. A knowledge of the location of
commercial and industrial dischargers in the collection system
may enable an operator to locate the source of a problem in the
plant influent, such as oil from a refinery or a gas station.

The length of time required for wastes to reach your plant can
also affect treatment plant efficiency. Hydrogen sulfide gas
(rotten egg gas) may be released by anaerobic bacteria feeding

on the wastes if the flow time is quite long and the weather is
hot; this can cause odor problems, damage concrete in your plant,
and make the wastes more difficult to treat. (Solids won't settle
easily, for instance.) Wastes from isolated subdivisions located
far away from the main collection network often have this "aging"
problem,



3.10 Sanitary, Storm, and Combined Sewers

For most sewerage systems the sewer coming into the treatment
plant carries wastes from households and commercial establish-
ments in the city or district, and possibly some industrial
waste, This type of sewer is called a sanitary sewer.! All
storm runoff from streets, land, and roofs of buildings is
collected separately in a storm sewer,? which normally dis-
charges to a water course without treatment. In some areas
only one network of sewers has been laid out beneath the

city to pick up both sanitary wastes and storm water in a
combined sewer.? Treatment plants that are designed to handle
the sanitary portion of the wastes sometimes must be bypassed
during storms due to inadequate capacity, allowing untreated
wastes to be discharged into receiving waters. Separation of
combined sewers into sanitary and storm sewers is very costly
and difficult to accomplish,

Even in areas where the sanitary and storm sewers are separate,
infiltration* of groundwater or storm water into sanitary
sewers through breaks or open joints can cause high flow
problems at the treatment plant. Replacement or sealing of
leaky sections of sewer pipe is called for in these cases.

The treatment plant operator is generally the first to know
about infiltration problems because of the unusually high

flows he observes at the plant during periods of storm water
runoff,

Sanitary Sewer (SAN-eh-tar-ee SUE-er). A sewer intended
to carry wastewater from homes, businesses, and industries,

2 Storm Sewer. A separate sewer that carries runoff from
storms, surface drainage, and street wash, but that ex-
cludes domestic and industrial wastes.

3

Combined sewer. A sewer designed to carry both sanitary
wastewaters and storm or surface water runoff,

* Infiltration (IN-fill-TRAY-shun). Groundwater that seeps
into pipes through cracks, joints, or breaks.
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Sanitary sewers are normally placed at a slope sufficient to
produce a velocity of approximately two feet per second. This
velocity will usually prevent the deposition of solids that may
clog the pipe or cause odors. Manholes are placed every 300 to
500 feet to allow for
inspection (Fig. 3.1) and
cleaning of the sewer.

When low areas of land must
be sewered or where pipe
depth under the ground
surface becomes excessive,
pump stations (Fig. 3.2)
are normally installed.
These pump stations lift
the wastewater to a higher
point from which it may
again flow by gravity,

or the wastewater may be
pumped under pressure
directly to the treatment
plant. A large pump station
located just ahead of the
treatment plant can create
problems by periodically
sending large volumes of

Fig. 3.1 Manholes allow flow to the plant one minute,
inspection of the and virtually nothing the
collection system next minute,

QUESTIONS

3.1A Why should the operator be familiar with the
westewater collection and transportation network?

3,1B List three types of sewers,
3.1C What problem may occur when it takes a long time
for wastewater to flow through the collection

sewers to the treatment plant?

3.1D Why are combined sewers a problem?
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3.2 TREATMENT PLANTS

Upon reaching a wastewater treatment plant, the wastewater flows
through a series of treatment processes (Fig. 3.3) which remove
the wastes from the water and reduce its threat to the public
health before it is discharged from the plant. The number of
treatment processes and the degree of treatment usually depend

on the uses of the receiving waters. Treated wastewaters dis-
charged into a small stream used for a domestic water supply

and swimming will require considerably more treatment than waste-
water discharged into water used solely for navigation.

To provide you with a general picture of treatment plants, the
remainder of this chapter will follow the paths a drop of waste-
water might travel as it passes through a plant, You will be
introduced to the names of the treatment processes, the kinds

of wastes the processes treat or remove, and the location of the
processes in the flow path, Not all treatment plants are alike;
however, there are certain typical flow patterns that are
similar from one plant to another,

When wastewater enters a treatment plant, it usually flows through
a series of pretreatment processes--screening, shredding, and

grit removal, These processes remove the coarse material from

the wastewater. Flow-measuring devices are usually installed
after pretreatment processes to record the flow rates and

volumes of wastewater treated by the plant.

Next the wastewater will generally receive primary treatment,
During primary treatment some of the solid matter carried by
the wastewater will settle out or float to the water surface
where it can be separated from the wastewater being treated.

Secondary treatment processes usually follow primary treatment
and commonly consist of biological processes, This means that
organisms living in the controlled environment of the process
are used to partially stabilized (oxidize) organic matter not
removed by previous treatment processes and to convert it into
a form which is easier to remove from the wastewater.

Waste material removed by the treatment processes goes to
solids handling facilities and then to ultimate disposal,

Waste treatment ponds may be used after pretreatment, primary
treatment, or secondary treatment. Ponds are frequently con-
structed in rural areas where there is sufficient available
land.
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Advanced methods of waste treatment are being developed for
general cleanup of wastewater or removal of substances not
removed by conventional treatment processes. They may follow
the treatment processes previously described, or they may be
used instead of them. Before treated wastewater is discharg-
ed to the receiving waters, it should be disinfected to
prevent the spread of disease.

In the following sections these treatment processes will be
briefly discussed to provide an overall concept of a treatment
plant. Details will be presented in later chapters to provide
complete information on each of these processes.

3.3 PRETREATMENT

3.30 General

Pretreatment processes commonly consist of screening, shredding,?
and grit removal to separate coarse material from the wastewater
being treated,

3.31 Screening

Wastewater flowing into the
treatment plant will occasionally
contain pieces of wood, roots,
rags, and other debris. To pro-
tect equipment and reduce any
interference with in-plant flow,
debris and trash are usually
removed by a bar screen (Fig.
3.4). Most screens in treatment
plants consist of parallel bars
placed at an angle in a channel
in such a manner that the waste-
water flows through the bars.
Trash collects on the bars and

is periodically raked off by

hand or by mechanical means.

In most plants these screenings
are disposed of by burying or
burning. In some cases they are
automatically ground up and re-
turned to the wastewater flow for Fig. 3.5 Screened
removal by a later process. & ground

5 Shredding. A mechanical treatment process which cuts large
pieces of wastes into smaller pieces so they won't plug pipes
or damage equipment (comminution).






3.33 Grit Chambers

Most sewer pipes are laid at a slope steep enough to maintain a
wastewater flow of two feet per second (fps). If the velocity
is reduced slightly below
that, say to 1.5 fps,
some of the larger,
heavier particles will
settle out, If the
velocity is reduced to
about 1 fps, heavy
inorganic material such
as sand, eggshells, and
cinders will settle; but
the lighter organic
material will remain in
suspension. The settled
inorganic material is
referred to as grit.®
Grit should be removed
early in the treatment
process because it is
abrasive and will rapidly
wear out pumps and other
equipment., Since it is
mostly inorganic, it can-
not be broken down by any
Fig. 3.8 Removal of eggshells biological treatment pro-
cess and thus should be
removed as soon as possible.

Grit is usually removed in a long, narrow trough called a Grit
Chamber (Fig. 3.9). The chamber is designed to provide a flow-
through velocity of 1 fps. The settled grit may be removed
either by hand or mechanically. Since there is normally some
organic solid material deposited along with the grit, it is
usually buried to avoid nuisance conditions. Some plants are
equipped with '"grit washers' that clean some of the organic
material out of the grit so that organic solids can remain in
the main waste flow to be treated.

Many treatment plants have aerated grit chambers in which com-
pressed air is added through diffusers to provide better separation
of grit and other solids. Aeration in this manner also '"'freshens'
a '"'stale" or septic wastewater, helping to prevent odors and

assist the biological treatment process.

6 Grit. The heavy mineral material present in wastewater,
such as sand, gravel, cinders, and eggshells.






3.4 FLOW MEASURING DEVICES

Although flow measuring devices are not for treating wastes,
it is necessary to know the quantity of wastewater flow so
adjustments can be made on pumping rates, chlorination rates,
aeration rates, and other processes in the plant. Flow rates
must be known, also, for calculation of loadings on treatment
processes and treatment efficiency. Most operators prefer to
have a measuring device at the headworks of their treatment
plant.

The most common measuring device is a Parshall Flume (Fig. 3.10).
Basically it is a narrow place in an open channel which allows

the quantity of flow to be determined by measuring the depth of
flow. It is a widely used method for measuring wastewater because
its smooth constriction does not offer any protruding sharp

edges or areas where wastewater particles may catch or collect
behind the metering device.

Another measuring device used in open channels is a weir’ (Fig.
3.10). A weir is a wall placed across the channel over which
the waste may fall. It is usually made of thin metal and may
have either a rectangular or V-notch opening. Flow over the
weir is determined by the depth of waste going through the
opening. A disadvantage of a weir is the relatively dead
water space that occurs just upstream of the weir. If the
weir is used at the head end of the plant, organic solids

may settle out in this area. When this occurs odors and
unsightliness can result. Also, as the solids accumulate the
flow reading may become incorrect.

A good measuring device for flows of treated or untreated waste-
water is a Venturi meter (Fig. 3.10). It is a special section
of contracting pipe, and it measures flow in much the same way
as a Parshall Flume. It does not offer any sharp obstructions
for particles to catch on. Magnetic flow meters (Fig. 3.10)
also are being used successfully to measure wastewater flows,

7 Weir (weer). A vertical obstruction such as a wall or plate,
placed in an open channel and calibrated in order that a
depth of flow over the weir can easily be converted to a
flow rate in MGD (million gallons per day).

3-12






QUESTIONS

Why are weirs not frequently used to measure the
influent to a plant?

Why is a Parshall Flume widely used for measuring
wastewater flow?



3.5 PRIMARY TREATMENT

We have previously discussed the reduction in velocity of the
incoming waste to approximately one foot per second in order
to settle out heavy inorganic material or grit, The next step
in the treatment process is normally called sedimentation or
primary treatment. In this process the waste iIs directed into
and through a large tank or basin. Flow velocity in these
tanks is reduced to about 0.03 foot per second, allowing the
settleable solids to fall to the bottom of the tank, thus
making the wastewater much clearer. It has therefore become
common practice to call these sedimentation tanks ''clarifiers".
The first clarifier that the wastewater flows into is called a
primary clarifier. We will discuss later the need for another
clarifier after the biological treatment process. This second
clarifier is called a secondary clarifier.

Clarifiers normally are either rectangular (Fig. 3.11) or
circular (Fig, 3.12). Primary clarifiers are usually designed
to provide 1.5 to 2 hours detention time.® Secondary clarifiers
usually provide slightly more time,

Generally the longer the detention time provided, the more
removal of solids that takes place. In a tank with two hours
detention time, approximately 60 percent of the suspended solids
in the raw wastewater will either settle to the bottom or float
to the surface and be removed., Removal of these solids will
usually reduce the Biochemical Oxygen Demand (BOD)? of the

waste approximately 30 percent. The exact removal depends on
the amount of BOD contained in the settled material,

All primary clarifiers, no matter what their shape, must have
a means for collecting the settled solids (called sludgel9) and

8 Dpetention Time. The time required to fill a tank at a
given flow or the theoretical time required for a given
flow quantity of wastewater to flow through the tank.

3 Biochemical Oxygen Demand or BOD (BUY-o0-KEM-ik-cull
OX-zi-gen de-MAND). The BOD indicated the rate of
oxygen utilized by wastewater under controlled con-
ditions of temperature and time.

10 sjudge (sluj). The settleable solids separated from

liquids during processing or deposits on bottoms of
streams or other bodies of water.
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the floating solids (called scum). In rectangular tanks,
sludge and scum collectors are usually wooden beams ('"flights'")
attached to endless chains. The collector flights travel on
the surface, in the direction of the flow, conveying grease
and floatable solids down to the scum trough to be skimmed

off to the solids (sludge) handling facilities. The flights
then drop below the surface and return to the influent end
along the bottom, moving the settled raw sludge to the sludge
hopper. The sludge is periodically pumped from the hopper to
the sludge handling facilities.

In circular tanks, scrapers or 'plows', attached to a rotating
arm, rotate slowly around the bottom of the tank. The plows
push the settled sludge toward the center and into the sludge
hopper. Scum is collected by a rotating blade at the surface,
As in the case of the rectangular tank, both scum and sludge
are usually pumped to the solids or sludge handling facilities,

The clear surface water of the primary tank flows out of the
tank by passing over a weir, The weir must be long enough to
allow the treated water to leave at a low velocity; if it leaves
at a high velocity, particles settling to the bottom or those
already on the bottom may be picked up and carried out of the
tank.

QUESTIONS

3.5A What is the purpose of "flights" or 'plows'" in
a clarifier?

3.5B What happens to the sludge and scum collected
in a primary clarifier?
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3.6 SECONDARY TREATMENT

3.60 General

In many treatment plants the wastewater flows out of the

primary clarifier into another unit where it receives secondary
or biological treatment. This means that the wastewater 1is
exposed to living organisms (such as bacteria) which eat the
dissolved and nonsettleable organic material remaining in the
waste. The two processes used almost universally for biological
treatment are the trickling filter and activated sludge. These
are both aerobic biological treatment processes, which means

the organisms require dissolved oxygen (Fig. 3.13) in order to
live, eat, and reproduce.

Fig., 3.13 Organisms require dissolved oxygen

3.61 Trickling Filter

The trickling filter is one of the oldest and most dependable
of the biological treatment processes. Most of these plants
are removing 65 to 85% of the BOD and suspended solids present
in the influent,
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The trickling filter is a bed of 1% to 5-inch rock, slag
blocks, or specially manufactured "media"!! over which settled
wastewater from the primary clarifier is distributed (Fig.
3.14). The settled wastewater is usually applied by an
overhead rotating distributor and trickles over and around

the media as it flows downward to the effluent collection
channel. Since the media and the voids in between them are
large (usually 2.5- to 4-inch diameter), and since the applied
wastewater no longer has any large particles (they settled

out in the clarifier), the trickling filter does not remove
solids by a filtering action, It would be more correct to
call the filter a biological contact bed or biological reactor
since this is the function it performs. The filter bed offers
a place for aerobic bacteria and other organisms to attach
themselves and multiply as they feed on the passing waste-
water. This process of feeding on, or decomposing, waste is
exactly the same as the process occurring in the stream when
waste is discharged to it. In the trickling filter, however,
the organisms use the oxygen which enters the waste from the
surrounding air, rather than using up the stream's supply of
dissolved oxygen, Thus the voids between the media must be
large so sufficient oxygen can be supplied by circulating air.

The wastewater being distributed on the filter usually has
passed through a primary clarifier, but it still contains
approximately 70 percent of its original organic matter,

which represents food for organisms. For this reason a
tremendous population of organisms develops on the media,

This population continues to grow as more waste is applied,
Eventually the layer of organisms on the media gets so thick
that some of it breaks off (sloughs off) and is carried into
the filter effluent channel, This material is normally called
humus, Since it is principally organic matter, its presence in
a stream would be undesirable. It is usually removed by
settling in a secondary clarifier.,- Humus sludge from the
secondary clarifier is usually returned to the primary clari-
fier to be resettled and pumped to the sludge handling facili-
ties along with the "raw'" sludge which settles out as previously
described.

11 Media. The material in a trickling filter over which
settled wastewater is sprinkled and then flows over and
around during treatment., Slime organisms grow on the
surface of the media and treat the wastewater.
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3.62 Activated Sludge

Another biological treatment unit that is used in secondary
treatment, following the primary clarifier, is the aeration
tank. When aeration tanks are used with the sedimentation
process, the resulting plant is called an activated sludge
plant. The activated sludge process is widely used by large
cities and communities where land is expensive and where
large volumes must be highly treated, economically, without
creating a nuisance to neighbors. The activated sludge plant
is probably the most popular biological treatment process
being built today for larger installations or small package
plants. These plants are capable of BOD and suspended solids
reduction of up to 90 or 99%. The activated sludge process
is a biological process, and it serves the same function as

a trickling filter. Effluent from a primary clarifier is
piped to a large aeration tank (Fig., 3.15). Air is supplied
to the tank by either introducing compressed air into the
bottom of the tank and letting it bubble through the waste-
water and up to the top, or by churning the surface mechanically
to introduce atmospheric oxygen.

Aerobic bacteria and other organisms thrive as they travel
through the aeration tank. With sufficient food and oxygen
they multiply rapidly, as in a trickling filter. By the time
the waste reaches the end of the tank (usually 4 to 8 hours),
most of the organic matter in the waste has been used by the
bacteria for producing new cells, The effluent from the
tank, usually called "mixed liquor", consists of a suspension
containing a large population of organisms and a liquid with
very little BOD. The activated sludge forms a lacey network.
that captures pollutants.

The organisms are removed in the same manner as they were

in the trickling filter plant. The mixed liquor is piped

to a secondary clarifier, and the organisms settle to the
bottom of the tank while the clear effluent flows over the

top of the effluent weirs. This effluent is usually clearer
than a trickling filter effluent because the suspended

material in the mixed liquor settled to the bottom of the
clarifier more readily than the material in a trickling

filter effluent. The settled organisms are known as

activated sludge. They are extremely valuable to the treatment

3-22






process., If they are removed quickly from the secondary clari-

fier, they will be in good condition and hungry for more food
(organic wastes) (Fig.
3.16). They are there-
fore pumped back (re-
circulated) to the
influent end of the
aeration tank where
they are mixed with
the incoming waste-
water. Here they
begin all over again
to feed on the organic
material in the waste,
decomposing it and
creating new organisms,

Left uncontrolled, the
number of organisms
would eventually be

too great, and therefore
some must periodically
be removed. This is
accomplished by pumping
a small amount of the

Fig. 3.16 Hungry organisms activated sludge to the
ready for primary clarifier. The
more food organisms settle in the

clarifier along with
the raw sludge and are
removed to the sludge
handling facilities.

There are many variations of the conventional activated sludge

process, but they all involve the same basic principle. These
variations will be discussed in Chapter 7, Activated Sludge.

3.63 Secondary Clarifiers

As previously mentioned, trickling filters and activated sludge
tanks produce effluents that contain large populations of micro-
organisms and associated materials (humus). These microorganisms
must be removed from the flow before it can be discharged to the
receiving waters., This task is usually accomplished by a
secondary clarifier. In this tank the trickling filter humus or
activated sludge separates from the liquid and settles to the
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bottom of the tank. It is removed to the primary clarifier to
be resettled with the primary sludge or returned to the begin-
ning of the secondary process to continue treating the waste-
water, The clear effluent flows over a weir at the top of the
tank.

QUESTIONS

3.6A Would it be a good idea to use trickling filter
media of various sizes so it could pack together
better?

3.6B Why is a secondary clarifier needed after a
trickling filter or aeration tank?

3.6C Activated sludge can be pumped from the secondary
clarifier to .
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3.7 SOLIDS HANDLING AND DISPOSAL

3.70 General

Solids removed from wastewater treatment processes are commonly
broken down by a biological treatment process called sludge
digestion., After digestion and dewatering the remaining
material may be used for fertilizer or soil conditioner,

Some solids, such as scum from a clarifier, may be disposed of
by burning or burial.

3.71 Digestion and Dewatering

Settled sludge from the primary clarifier and occasionally
settled sludge from the secondary clarifier are periodically
pumped to a digestion tank. The tank is usually completely
sealed to exclude any air from getting in (Fig. 3.17). This
type of digester is called an anaerobic digester because of
the anaerobic bacteria that abound in the tank. Anaerobic
bacteria thrive in an environment devoid of dissolved oxygen
by using the oxygen which is chemically combined with their
food supply.

Two major types of bacteria are present in the digester. The
first group starts eating on the organic portion of the sludge
to form organic acids and carbon dioxide gas. These bacteria
are called '"acid formers', The second group breaks down the
organic acids to simpler compounds and forms methane and
carbon dioxide gas. These bacteria are called 'gas formers".
The gas is usually used to heat the digester or to run engines
in the plant. The production of gas indicates that organic
material is being eaten by the bacteria. A sludge is usually
considered properly digested when 50 percent of the organic
matter has been destroyed and converted to gas. This normally
takes approximately 30 days if the temperature is kept at
about 95°F,

Most digestion tanks are mixed to continuously bring the food

to the organisms,to provide a uniform temperature, and to avoid
the formation of thick scum blankets. When a digester is not

being mixed the solids settle to the bottom, leaving an amber-
colored liquid above the sludge known as supernatant. The

3-26






supernatant is displaced from the tank each time a fresh
charge of raw sludge is pumped from the primary clarifier.
The displaced supernatant usually is returned from the
digester back to the plant headworks and mixed with in-
coming raw wastes. Supernatant return should be slow to
prevent overloading or shock loading of the plant.

Above the supernatant level a scum blanket will usually
develop. Scum blankets consist of grease, soap, rubber
goods, hair, petroleum products, plastics, and filter tips
from cigarettes., These scum blankets may contain most of
the added food or sludge. Digestion organisms are usually
below the supernatant and little digestion will occur if
the organisms and food don't get together. Control of
scum blankets consists of mixing the digester contents

and burning or burying skimmings instead of pumping them
to the digester.

Above the scum blanket or normal water level is the gas
collection area. Digester gas is normally about 70% methane
and 30% carbon dioxide., When mixed with air, digester gas
is extremely explosive (Fig, 3.18).

Fig. 3.18 Don't allow digester gas and air to mix

In most newer plants digesting takes place in two tanks, The
first or primary digester is usually heated and mixed., Rapid
digestion takes place along with most of the gas production,
In the secondary tank, the digested sludge and supernatant are
allowed to separate, thus producing a clearer supernatant and
better digested sludge.

Digested sludge from the bottom of the tank is periodically
removed for dewatering. This is accomplished in sand drying
beds (Fig. 3.19), lagoons, centrifuges, and vacuum filters
(Fig. 3.20). The sludge is then burned, buried, or used as
fertilizer on certain crops (not on crops which are eaten
without cooking). Sludge that has been adequately digested
drains readily and is not offensive.






Some of today's activated sludge treatment plants are equipped
with aerobic digesters. An aerobic digester is ususally an
open tank with compressed air being blown through the sludge.
Destruction of organic matter is accomplished by bacteria
which require dissolved oxygen to survive. One advantage

of this process is that there is no explosive gas being pro-
duced. On the other hand, this is also a disadvantage since
the anaerobic digester gas is used as a fuel for boilers and
engines around the plant, Aerobic sludge from an aerobic
digester doesn't thicken as readily as sludge from an an-
aerobic digester, Aerobic sludge filters about as well as an
equivalent concentration of anaerobic sludge.

3.72 Incineration

Burning of wet sludge by wet oxidation or of dewatered sludge
are possible methods of ultimate disposal; however, the process
must not create an air pollution problem. To prevent skimmings
from clarifiers causing operational problems, incineration or
burial are used,

QUESTIONS

3.7A What two basic types of bacteria are present
in an anaerobic digester?

3.7B Why are digesters mixed?

3.7C List some of the ways to dispose of digested
sludge.
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3.8 WASTE TREATMENT PONDS

A special method of biclogical treatment deserving attention
is wastewater treatment ponds (Fig. 3.21). They do not
resemble the concrete and steel structures or the mechanical
devices that have been previously discussed. But these simple
depressions in the ground are capable of producing an effluent
comparable to some of the most modern plants with respect to
BOD and bacteria reduction,

In some treatment plants,wastewater being treated may flow
through a coarse screen and flow meter before it flows through
a series of ponds. In other plants the ponds may be located
after primary treatment, while in some plants they are placed
after trickling filters, The type of treatment processes and
the lecation of ponds are determined by the design engineer

on the basis of economics and the degree of treatment required
to meet the water quality standards of the receiving waters.

When wastewater is discharged to a pond, the settleable solids
fall to the bottom just as they do in a primary clarifier,

The solids begin to decompose and soon use up all the dissolved
oxygen in the nearby water. A population of anaerobic bacteria
then continues the decomposition, much the same as in an
anaerobic digester. As the organic matter is destroyed, methane
and carbon dioxide are released. When the carbon dioxide rises
to the surface some of it is used by algae, which convert it to
oxygen by the process of photosynthesis.!2 This is the same
process used by living plants. Aerobic bacteria, algae, and
other microorganisms feed on the dissolved solids in the upper
layer of the pond much the same way they do in a trickling
filter or aeration tank. Algae produce oxygen for the other
organisms to use.

Some shallow ponds (3 to 6 feet deep) have dissolved oxygen
throughout their entire depth. These ponds are called aerobic
ponds. They usually have a mechanical apparatus adding oxygen
plus their oxygen supply from algae,

12 pPhotosynthesis (foto-SIN-tha-sis). A process in which
chlorophyll (green plant tissue) converts carbon dioxide
and inorganic substances to oxygen and additional plant
material utilizing sunlight for energy. Land plants grow
by the same process.
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Deep (8 to 12 feet), heavily loaded ponds may be devoid of
oxygen throughout their depth. These ponds are called anaerobic
ponds. At times, these ponds can be quite odorous, and they

are used in sparsely populated areas only,

Ponds that contain an aerobic top layer and an anaerobic
bottom layer are called facultative ponds. These are the
ponds normally seen in most areas. If they are properly
designed and operated,they are virtually odor free and produce
a well-oxidized (low BOD) effluent.

Occasionally ponds are used after a primary treatment unit.
In this case, they are usually called oxidation ponds. When
they are used to treat raw wastewater, they are called raw
wastewater lagoons or waste stabilization ponds.

The effluent from ponds is usually moderately low in bacteria,
This is especially true when the effluent runs from one pond
to another or more (series flow). The long detention time,
usually a month or more, is required in order for harmful
bacteria and undesirable solids to be removed from the pond
effluent., If the receiving waters are used for water supply
or body contact sports, chlorination of the effluent may still
be required.

QUESTION

3.8A How are facultative ponds similar to:
1. a clarifier?
2. a digester?

3. an aeration tank?
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3.9 ADVANCED METHODS OF TREATING WASTEWATER

The treatment processes described so far in this chapter are
considered conventional treatment processes. As our population
grows and industry expands, more effective treatment processes
will be required. Advanced methods of waste treatment may
follow conventional processes, or they may be used instead of
these processes., Sometimes advanced methods of waste treat-
ment are called tertiary {TER-she-AIR-ee) treatment because
they frequently follow secondary treatment, Advanced methods
of waste treatment include coagulation-sedimentation (used in
water treatment plants), adsorption, and electrodialysis.,
Other new treatment processes that may be used in the future
include reverse osmosis, chemical oxidation, and the use of
polymers.

Advanced methods of treatment are used to reduce the nutrient
content (nitrates and phosphates) of wastewater to prevent
blooms of algae in lakes, reservoirs, or streams, Carbon
filters are used to reduce the last traces of organic materials.
In some parts of the arid west advanced methods are used to
enable the use of the plant effluent for recreational reser-
voirs.

QUESTION

3.9A If wastewater from a secondary treatment
plant were coagulated with alum or lime
and settled in a clarifier, would this be
considered a method of advanced waste
treatment?
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3.10 DISINFECTION

Although the settling process and biological processes remove

a great number of organisms from the wastewater flow, there
remain many thousands of bacteria in every milliliter of
wastewater leaving the secondary clarifier. If there are

human wastes in the water, it is possible that some of the
bacteria are pathogenic, or harmful to man. Therefore,

if the treated wastewater is discharged to a receiving water
that is used for a drinking water supply or swimming or wading,
the water pollution control agency or health department will
usually require disinfection of the effluent prior to discharge.

Disinfection is usually defined as the killing of pathogenic
organisms. The killing of all organisms is called sterilization.
Sterilization is not accomplished in treatment plants as the
final effluent after disinfection always contains some living
organisms due to the inefficiency of the killing process.

Disinfection can be accomplished by almost any process that
will create a harsh environment for the organisms., Strong
light, heat, oxidizing chemicals, acids, alkalies, poisons,
and many other substances will disinfect. Most disinfection
in wastewater treatment plants is accomplished by chlorine,
which is a strong oxidizing chemical.

Chlorine gas is used in most treatment plants although some
of the smaller plants use a liquid chlorine solution as their
source. The dangers in using chlorine gas, however, have
prompted some of the larger plants to switch to hypochlorite
solution (bleach) even though it is more expensive,

‘Chlorine gas is withdrawn from pressurized cylinders containing
liquid chlorine and mixed with water or treated wastewater to
make up a strong chlorine solution. Liquid hypochlorite solution
can be used directly. The strong chlorine solution is then mixed
with the effluent from the secondary clarifier. The effluent

is then directed to a chlorine contact basin. The basin can be
any size or shape, but better results are obtained if the tank

is long and narrow. This shape prevents rapid movement or short
circuiting through the tank. Square or rectangular tanks can

be baffled to achieve this effect (Fig. 3.22). Tanks are usually
designed to provide approximately 20 to 30 minutes theoretical
contact time, although the trend is to longer times. If the
plant's outfall line is of sufficient length, it may function as
an excellent contact chamber since short circuiting will not occur.
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QUESTIONS

3.10A Does disinfection usually kill all

3.10B

organisms in the plant effluent?

Which would provide better chlorine
contact, a 10,000-gallon cubical tank
or a length of 10-inch pipe flowing
full and containing the same volume as
the cubical tank?
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3.11

ADDITIONAL READING

Some books you can read to obtain further information on
the treatment plant and the various processes involved are:

a.

MOP 11
New York Manual
Texas Manual

Sewage Treatment Practices, by Bloodgood

Babbitt, Harold E., and E. Robert Bauman, Sewerage and
Sewage Treatment, John Wiley and Sons, New York, Eighth

Edition, 1958. $10.75.

Summary Report, Advanced Waste Treatment, July 1964-

July 1967, U. S. Department of Interior, FWPCA, WP-20-
AWTR-19. Available from the Publications Office, Ohio
Basin Region, Environmental Protection Agency, Water
Quality Office, Cincinnati, Chio 45226,

Santee Recreation Proceedings, Santee, California, U.S.

Department of Interior, FWPCA, WP-20-7 (1967). Available
from Publications Office source given in (f) above.

A Primer on Waste Water Treatment, prepared by the Office

of Public Information, Federal Water Quality Administration,
CWA-12, October 1969. Available from Superintendent of
Documents, U.S. Government Printing Office, Washington,

D.C. 20402, Price $0.55,



3.1A

3.1B

3.1C

3.1D

3.3A

3.3B

3.5B

SUGGESTED ANSWERS

Chapter 3. Wastewater Facilities

The operator should know the origin of wastes reaching
his plant, the time it takes, and how the wastes are
transported (flow by gravity or by gravity and pumped).
Such knowledge will help him to spot troubles and take
corrective action.

Sanitary, storm, combined.

If the flowtime to reach the plant is very long, hydro-
gen sulfide gas may develop which can cause corrosion
damage to concrete in the transportation system and in
the plant. Undesirable odors develop, and solids are
difficult to settle too.

Flows are sometimes bypassed during storms because a
plant does not have the capacity to handle the additional
wastewater.

Grit should be removed early in the treatment process
because it is abrasive and will wear out pumps and
other equipment,

Grit removed from the wastewater is usually buried to
avoid causing a nuisance.

Weirs are not frequently used to measure influent flows
because solids may collect behind the weir causing
odors and causing flow measurements to be off,

Parshall Flumes are widely used for measuring waste-
water flow because they have no obstructions.

"Flights'" in rectangular tanks move scum along the
surface to a scum trough and push sludge along the
bottom to a hopper for removal to the sludge handling
facility. ''Plows" scrape sludge along the bottom of
circular tanks to a hopper for removal,

Sludge and scum are usually pumped to the sludge handling

facilities such as a digester. Scum should be burned
or buried if possible.
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3.6A

3.6B

3.6C

3.7A

3.7B

3.7C

3.8A

3.9A

3.10A

3.10B

No. If the media were packed together, air could
not circulate and the organisms on the media would
not get enough oxygen.

A secondary clarifier is needed after a trickling
filter or aeration tank to allow organisms in the
treated wastewater to be removed by settling.

Aeration tank or waste sludge handling facilities.
Waste activated sludge could be pumped to either of
the two places listed,

(1) a group that eats organic sludge to form organic
acids and carbon dioxide gas (acid formers); and

(2) a group that breaks down the organic acids into
simpler compounds and forms methane and carbon dioxide
gas (gas formers).

Digesters are mixed to bring food and organisms together
and prevent the formation of a scum blanket.

Digested sludge may be disposed of by using sand drying
beds, centrifuges, vacuum filters, or lagoons. Ulti-
mately the dried sludge may be used as a soil conditioner
or it may be buried.

A facultative pond acts like a clarifier by allowing
solids to settle to its bottom, a digester because
solids on the bottom are decomposed by anaerobic
bacteria, and an aeration tank because of the action
of aerobic bacteria in the upper layer of the pond.

Yes.
No.
The pipe would provide better chlorine contact because
water cannot short-circuit (take a short route) through

a pipe, but it might not move evenly through a tank and
thus some of the water would have a shorter contact time.
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OBJECTIVE TEST

Chapter 3, Wastewater Facilities

Piease mark correct answers in the proper columns on the IBM
answer sheet, as directed at the end of Chapter 1. Return
your answer sheet to your Project Director.

3.1

3.2

w
(¥

3.4

3.5

3.6

Name three different types of sewers.,

. Sanitary, Pipes, Storm

. Sanitary, Storm, Conventional

. Sanitary, Storm, Combined

. Sanitary, Storm, Groundwater

. Conventional, Surface, Combined

(& I N e

Combined sewers (1, are) or (2. are nct) a problem to
treatment plant operators.

The following are biological treatment processes.

Trickling Filters
Grit Removal
Digesters

Ponds

Shredders

Ul o N

The purpose of screening is:

Thin the Wastewater

Remove Large Objects and Debris

Grade the Solids into Different Sizes
Protect Public Health

Fa DO =

Flow measurements are important because they are used to:

Determine Loading on Units

Determine Treatment Efficiency

Adjust Pumping Rates

Determine Cl, Rates

Determine if a Plant is Handling its Design Capacity

(€2 NN & I DS

The solids settled in a clarifier are called:

1. Dissolved Solids
2. Colloidal Solids
3. Emulsions

4, Sludge

5. Scum
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3.7 The trickling filter (1. does) or (2. does not) remove
solids by a filtering action,

3.8 Why is the digester gas mixed with air dangerous?

1. It will Explode
2. It Stinks
3. It Kills Grass

3.9 (1. Disinfection) or (2. Sterilization) 1is usually
defined as the killing of pathogenic organisms, and

3,10 the killing of all organisms is called (1. disinfection)
or (2, sterilization),

3.11 Ponds are capable of reducing:

Land Area and Cost
Mosquitoes and Weeds
BOD and Bacteria
Odors and Algae
None of these

U1 BN =
[ ]

Please write time required to work lesson on your answer sheet,.
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CHAPTER 4

RACKS, SCREENS, COMMINUTORS, AND GRIT REMOVAL

by

Larry Bristow



PRE-TEST

Chapter 4. Racks, Screens, Comminutors, and Grit Removal

The objective of the
Pre-Test is to indicate
to you the important
topics in this chapter,
as well as to indicate
how well the material
was presented to you,

It is okay if you don't
know many of the answers.

Please write your name
and mark the correct
answers on the IBM
answer sheet as directed
at the end of Chapter 1,

Return the answer sheet
to your Project Director,

1. An operator must always wash his hands before eating or
smoking to prevent becoming infected with a water-borne

disease,
1. True
2. False
2. The following items may be found in a treatment plant
influent.
1. Cans
2, Clothes
3. Toys
4, Rocks
5. Eggshelis

3. Detritus is a common name for skimmings.

1. True
2, False



©

2
3
4.
5

3

°

@

U e e N
M

o

Reach in with your hand and fix the equipment.
Attemplt to fix the screen with the proper tools.
Look at screen and identify problem.

Turn off the electrical power to the screen.

Find someone to help in case you get into trouble,

methods used to dispose of screenings include:

Dumping into nearby river
Incineration

Shredding or Grinding
Selling for hog tood
Burial

Grit is composed of:

<

e

Ul e A NN

é

Grease

Sand

Rubber Goods
Eggshells
Wood

A stick travels 30 feet in 20 seconds in a grit
chamber. What is the flow velocity in the grit

chamber?

1. 0.5 ft/sec

2, 0.67 ft/sec
3, 1.0 ft/sec

4, 1.5 Tt/sec

5. 2.0 [t/sec
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GLOSSARY

Chapter 4., Racks, Screens, Comminutors, and Grit Removal

Aerobic Decomposition (AIR-O-bick): Decomposition and decay of
organic material 1n the presence of free or dissolved oxygen,

Anaerobic Decomposition (AN-air-0-bick): Decomposition and
decay of organic material in an environment containing no 'free'
or dissolved oxygen,

Clarifier (KLAIR-i-fire) (settling tank, sedimentation basin):
K tank or basin in which wastewater is held for a period of
time, during which the heavier solids settle to the bottom and
the lighter material will float to the water surface.

Comminutor (com-min-0O-ter): A device used to reduce the size
of the solid chunks in wastewater by shredding (comminuting),
The shredding action can be visualized if you imagine many
scissors cutting or hammering to shreds all the large influent
solids material,

Decomposition, Decay: Generally aerobic processes that convert
unstable materials into more stable forms by chemical or bio-
logical action, Waste treatment encourages decay in a controlled
situation in order that the material may be disposed of in a

stable form, When organic matter decays under anaerobic conditions
(putrefaction), undesirable odors are produced. In aerobic
processes, the odors are much less objectionable than those
produced by anaerobic decomposition.

Detritus (die-TRY-tus): The heavy, coarse material carried by
wastewater,

Digester (die-JEST-er): A tank in which sludge is placed to allow
sludge digestion to occur. Digestion may occur under anaerobic
(more common) or aerobic conditions.

Dissolved Oxygen: Atmospheric oxygen dissolved in water or
wastewater, usually abbreviated DO,

Effluent (EF-lu-ent): Wastewater or other liquid--raw, partially
or completely treated--flowing from a basin, treatment process,
or treatment plant,



Grit: The heavy mineral material present in wastewater, such as
sand, gravel, cinders, and eggshells,

Grit Removal: Grit removal is accomplished by providing an
enlarged channel which causes the velocity of the flowing waste-
water to be reduced and allows the heavier grit to settle to

the bottom of the channel where it can be removed,

in discussing pumps. It is a way of
expressing pressure in terms of the
height of a vertical column of water,

In the sketch, the head loss is the
height to which the water must build up
until there is sufficient pressure to
force that particular amount of water
through the slots in the comminutor drum.

Head Loss: '"Head' is a common term used g—j
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Influent (IN-flu-ent): Wastewater or other liquid--raw or
partially treated--flowing into a reservoir, basin, treatment
process, or treatment plant,

Inorganic Material: Material such as sand, salt, iron, calcium,
and other mineral materials which are not converted in large
quantities by organism action., Inorganic materials are chemical
substances of mineral origin and may contain carbon and oxygen,
whereas organic materials are chemical substances of animal or
vegetable origin and contain mainly carbon and hydrogen along
with other elements,

Organic Material: Material which comes from animal or vegetable
sources, Organic material generally can be consumed by bacteria
and other small organisms. Inorganic materials are chemical
substances of mineral origin and may contain carbon and oxygen,
whereas organic materials contain mainly carbon and hydrogen
along with other elements.

Preaeration: A preparatory treatment of wastewater consisting
of aeration to freshen the wastewater, remove gases, add oxygen,
promote flotation of grease, and aid coagulation,

Pretreatment: Use of racks, screens, comminutors, and grit
removal devices to remove metal, rocks, sand, eggshells, and
similar materials which may hinder operation of a treatment plant,

Putrefaction (PU-tree-FACK-shun): Biological decomposition of
organic matter with the production of ill-smelling products
associated with anaerobic conditions,

Putrescible (pu-TRES-sib-bull): Putrescible material will de-
compose under anaerobic conditions and produce nuisance odors.
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Rack: Parallel metal bars or rods evenly spaced and in
the influent channel that remove rags, rocks, and cans,

Raw Wastewater: Plant influent or wastewater before treatment.

Screen: A device with openings generally uniformly sized to
retain or remove suspended or floating objects in wastewater
larger than the openings. A screen may consist of bars, rods,
wires, gratings, wire mesh, or perforated plates.

Septic (SEP-tick): A condition produced by the growth of anaerobic
organisms, If severe, the wastewater turns black, giving off foul
odors and creating a heavy oxygen demand.

Sludge (sluj): The settleable solids separated from liquids,
during processing or deposits on bottoms of streams or other
bodies of water.

Sludge Digestion: A process by which organic matter in sludge is
gasified, liquefied, mineralized, or converted to a more stable
form by anaerobic (more common) or aerobic organisms.

Weir, Proportional (weer): A specially shaped weir in which the
flow through the weir is directly proportional to the head,
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CHAPTER 4., RACKS, SCREENS, COMMINUTORS, AND GRIT REMOVAL

4,0 CAUTION

Many wastewater treatment plant operators have been seriously
injured due to unnecessary accidents, According to a survey

by the Water Pollution Control Federation in 1967, the waste-
water treatment and pollution control industry has a higher
accident rate than any other industry reporting to the National
Safety Council. Working in a wastewater treatment plant is

not necessarily more dangerous than working in other industries.
The poor record of the past may have been caused by operators
not being aware of unsafe conditions, not immediately correct-
ing these conditions when they became obvious, and not knowing
safe procedures.

There are many potential safety hazards around a wastewater
treatment plant. Accidents can be reduced by thinking safety.
The operator should protect himself from injury by maintaining
firm footing, keeping walk areas clear, immediately cleaning up
spills, and shutting off the electrical power before working on
equipment,

You must take adequate precautions to prevent becoming infected
with water-borne diseases such as dysentery or typhoid. At any
given moment in time, some people in your community are ill; and
disease organisms and viruses from these people are in the
wastewater reaching your plant. The operator who cleans equip-
ment such as pumps, bar screens, and grit chambers often must
place his hands in raw wastewater. Also, the tools used to

work on equipment frequently become contaminated. Good personal
hygiene must be observed by all operators at all times,

Always wash your hands thoroughly before eating or smoking.




A good practice is to change work clothing before going home.
Any clothing that has been worn at the wastewater treatment
plant must be laundered separately from the family wash.

QUESTIONS

TRUE OR FALSE:

4,0A The wastewater and pollution control industry
in 1967 had an accident rate higher than any
other industry reporting to the National Safety
Council.

4.0B Electrical power must always be shut off before
working on equipment.

4,0C An operator should always wash his hands
thoroughly before eating or smoking.
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4.1 INTRODUCTION TO PRETREATMENT

In various ways, a little or a lot of almost everything finds
its way into sewers and ends up at the wastewater treatment
plant. Cans, bottles, pieces of scrap metal, sticks, rocks,
bricks, plastic toys, plastic lids, caps from toothpaste tubes,
towels and other rags, sand--all are found in the plant
influent, ! '

These materials are troublesome in various ways. Pieces of
metal, rocks, and similar items will cause pipes to plug, may
damage or plug pumps, or jam sludge collector mechanisms in
settling tanks (clarifiers).? Sand, eggshells, and similar
materials (grit) can plug pipes, cause excessive wear in pumps,
and use up valuable space in the sludge digesters.?

If a buried or otherwise inaccessible pipe is plugged, or a

sludge collector mechaznism jams, or a critical pump is put out

of commission, serious consequences can result, Reduced plant
efficiency allows a heavy pollutional load on the receiving

waters, causing health hazards to downstream water users, sludge
deposits in stream or lake (with resultant odors and unsightliness),
and sometimes causing the death of fish and other aquatic life.
Also, a gocd deal of hard (sometimes rather unpleasant) work is
involved, and usuaily there are heavy (and unbudgeted) expenses.

With these things in nind, it is evident that an important part
of a wastewater treatment plant is the equipment used to remove
the rocks and other materials as early as possible. These items
of equipment are screens, racks, comminutors, and grit removal
devices and are called pretreatment facilities. See Fig. 4.1 for
location of these processes in a typical plant,

! Influent (IN-flu-ent). Wastewater or other liquid--raw or
partly treated--flowing into a reservoir, basin, treatment
process, or treatment plant.

2 Clarifier (KLAIR-i-fire) (settling tank, sedimentation basin).
A tank or basin in which wastewater is held for a period of
time so that the heavier solids settle to the bottom and the
lighter material will float to the water surface.

5 Digester (die-JEST-er), A tank in which sludge is placed to
allow sludge digestion to occur., Digestion may occur under
anaerobic (more common) or aerobic conditions.
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Fig. 4.1 Flow diagram of typical plant
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QUESTIONS

4.1A The following items may be found in a treatment
plant influent:

4,1B

4.1C

a.
b.
c.
d.
e.

Cans

Toys

Rubber Goods
Pieces .of Wood
All of These

What items of equipment are used to remove rocks,
pieces of wood, metal, and rags from wastewater?

Why should coarse material (rocks, boards, metal,
etc.) be removed at the plant entrance?
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4.2 SCREENS AND RACKS

Parallel bars may be placed at an angle in a channel in such
a manner that the wastewater will flow through the bars, but
the large solids will be caught on the bars. These bars are
commonly called racks when the spacing between them is 3" to
4" or more. When the spacing is about 1'" to 2", they are
usually called bar screens.

4.20 Manually Cleaned Bar Screens

Manually cleaned bar screens (Fig. 4.2) require frequent
attention. As debris collects on the screen, it blocks the
channel, causing the wastewater to back up into the sewer,
This, in turn, causes organic materials“ to settle out;

the dissolved oxygen® is depleted; and seBtic6 conditions
develop, producing hydrogen sulfide which causes a rotten egg
odor and is corrosive to concrete, metal, and paint. If
cleaning of the screens is infrequent, the sudden rush (when
they do get cleaned) of septic wastewater creates a sudden
"shock!" load on the plant, sometimes resulting in a poor
quality plant effluent.’

Organic Material. Material which comes from animal or
vegetable sources. Organic material generally can be
consumed by bacteria and other small organisms. Inorganic
materials are chemical substances of mineral origin and

may contain carbon and oxygen, whereas organic materials
contain mainly carbon and hydrogen along with other elements.

Dissolved Oxygen. Atmospheric oxygen dissolved in water
or wastewater, usually abbreviated DO.

6 Septic (SEP-tick). Wastewater devoid of dissolved oxygen.
1f severe, the wastewater turns black, giving off foul
odors and creating a large oxygen demand.

7 Effluent (EF-lu-ent). Wastewater or other liquid--raw,
partially or completely treated--flowing from a basin,
treatment process, or treatment plant.
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FLOW

Fig. 4.2 Manually cleaned bar screen

\-TRUUGH

Fig., 4.3 Mechanically cleaned bar screen



Cleaning of bar screens is accomplished with a rake with tines
(prongs) which will fit between the bars, Extreme caution

should be taken when raking the screen--footing may be poor

due to the water and grease underfoot, lack of enough room to stand,
location of the receptacle for the debris, etc. You should look
this area over carefully to spot hazards and take corrective action,

Good housekeeping, a guard rail, a hanger or other storage for

the rake, good footing, etc. will greatly reduce the possibility

of injurz.

4,21 Mechanically Cleaned Screens

Mechanically cleaned screens (Fig. 4.3) overcome the problem of
wastewater backing up and greatly reduce the time required to

take care of this part of your plant. There are various types

of mechanisms in use, the more common being traveling rakes

which bring the debris up out of the channel and into hoppers

or other receptacles, You should keep these units well lubricated
and adjusted. Follow the manufacturer's recommendations carefully,
A few minutes spent in proper maintenance procedures can save hours
or days of trouble and help to keep the plant operating efficiently,

Occasionally some debris will be present which the equipment
cannot remove, Periodic checks should be made so that these
materials can be removed by hand. To determine if some material
is stuck in the screen, divert the flow through another channel
or ""feel'" across the screen with a rake or similar device.
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Always shut the unit off first. Never reach into the operating range

of machinery while it is running., Slow-moving equipment is especially
hazardous, Because it moves slowly, it does not appear dangerous,
However, most geard-down machinery is so powerful that it can crush
almost .any obstruction. A HUMAN HAND, FOR INSTANCE, OFFERS LITTLE
RESISTANCE TO THIS TYPE OF EQUIPMENT,

Various other mechanical methods are in use, involving actual coarse
screens or perforated sheet metal. These units are automatically
cleaned with scrapers, rotating brushes, water sprays, or air jets.
The screens may be in the form of belts, discs, or drums set in a
channel so that the wastewater flows through the submerged portion,
with the collected debris being removed as it passes the brushes or
sprays.

4.3 DISPOSAL OF SCREENINGS

The material removed from the screens is very offensive and hazardous.
It produces obnoxious odors and draws rats and flies. Burial,
incineration, and shredding or grinding are three common methods

of disposal., If the screenings are buried, at least six inches

of earth cover must be provided immediately. The final earth

cover must be deep enough to prevent flies from reaching the
screenings through cracks caused by settling. At small plants with
manually cleaned bar screens, an enterprising operator can make

a "press'" from a piece of steel pipe or casing, using a heavy screw,
rack and pinion, or even an automobile jack to provide pressure, to
dewater the screenings before disposal. The practice of using
grinders (shredders, disintegraters, etc.) to cut up screenings and
return them to the effluent can impose a great load on following
treatment processes.
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Depending on plant location and surroundings, you may find

it necessary to plan ahead to find areas required for disposal
of screenings. If burial is used, you should estimate how long
a certain area can be used before you must find additional
space for disposal. The disposal site volume divided by the
daily volume of screenings produced will tell you how many

days the site will last, For example, assume your plant has

a flow of two million gallons per day (MGD) and that over a
two-week period you remove an average of 30 gallons of screen-
ings daily. This figures out to four cubic feet (cu ft) per
day. You bury the screenings each day in a pit which you esti-
mate will hold 15 cubic yards of screenings in addition to

the soil used to cover up the screenings.

(1 cu ft = about 7.5 gallons for practical purposes)
Thus:
Volume, cu ft/day . Volume, gal/day
or Filling Rate 7.5 gal/cu ft
30 gal/day

7.5 gal/cu ft

4 cu ft/day

You should convert gallons to cubic feet (ft3 or cu ft) or
cubic yards (yd3, cu yd) because earth work is figured on this
basis. With this information, you are now prepared to estimate
how long before the pit will be filled up.

First, convert the 15 cu yd (pit) capacity to cu ft:

cu fr
cu yd

Pit Capacity, cu ft Capacity, cu yd x 27

cu ft 27

cu yd x15
135
27

405 cu ft 405

15 cu yd x 27
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Second, divide the pit capacity by the daily volume of screen-
ings to find time before pit is full:

Pit Capacity, cu ft

Time, days = ——
Filling Rate, cu ft/day

405 cu ft
4 cu ft/day

About 101 days

Thus you have about 101 days from the time you begin to bury
screenings in the pit until you will have to dig another,

You should keep daily records of the volume of screenings
buried to be sure it stays about the same. If it increases
very much, it could be due to an increase in daily wastewater
flow or perhaps some unnecessary disposal of rags or other
material into the sewer. You may get anywhere from 0.5 to

12 cubic feet of screenings per million gallons of wastewater
flow, but it should stay fairly constant for your plant
unless something unusual is happening.

You can check on the daily flow in MGD, or during any time
period, by reading your flow totalizer. The totalizer records
the total flow through the plant. If you record the totalizer
reading at the start and at the end of any time period,

the difference is the total flow for that time period.

QUESTIONS

4.2A Manually cleaned bar screens should be cleaned frequently
to prevent:

a. the screen from breaking

b. septic conditions from developing upstream

c. a shock load on the plant when eventually cleaned

d. formation of hydrogen sulfide, which causes rotten
egg odors and corrosion of concrete and paints

e, all of these

4.2B What safety precautions should be taken when cleaning a
bar screen?

4.2C What should be done first if a problem develops in a
mechanically cleaned screen?

4.3A How can screenings be disposed of?

4.3B A plant receives a flow of 4,4 million gallons (MG) on
a certain day. The day's screenings are calculated to be
11 cubic feet. How many cubic feet of screenings were
removed per MG of flow?
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4,4 COMMINUTION (com-min-00-shun)

Comminutors are devices which act as a cutter and a screen.
Their purpose is to shred (comminute) the solids and leave
them in the wastewater. This overcomes problems of screen-
ings disposal. As with screens, they are mounted in a
‘channel, and the wastewater flows through them. The rags,
etc., are shredded by cutters (teeth) until they can pass
through the openings. Pieces of wood and plastic are rejected
and must be removed by hand. Most of these units have a
shallow pit in front of them to catch rocks and scrap metal,
The flow to the comminutor should be shut off periodically
and the debris removed from the trap. The frequency of
checking the trap can be determined from experience. However,
it is not wise to allow more than a few days between checks.

A comminutor consists of a rotating drum with slots for the
wastewater to pass through (Fig. 4.4). Cutting teeth are
mounted in rows on the drum. The teeth pass through cutter
bars or '"combs' with very small clearances so that a shearing
action is obtained. The wastewater passes into the vertically
mounted drum through the slots in the drum and flows out the
bottom. A rubber seal, held in place by a bolted-down ring,
prevents leakage under the drum., This seal should be checked
whenever the rock and scrap metal trap is checked.

Some comminutors also have a mercury seal (Fig., 4.5) to keep
water out of the bearings. This is because these units are
designed so that, at their rated capacity, the top of the

drum will be under several inches of water. This head loss®
will be specified in the manufacturer's instructions. The
mercury seal should be checked annually or after a particularly
heavy flow. Drain the mercury; weigh it (the amount of mercury
will be specified by weight); and if it is dirty, strain it
through some heavy material (such as denim or chamois) before
putting it back in the comminutor. (You will probably have to

8 Head Loss. '"Head" is a common term used in discussing
pumps. It is a way of expressing pressure in terms of
the height of vertical column of water. In this case,
the head loss is the height to which the water must build
up in front of the drum until there is sufficient pressure
to force that particular amount of water through the slots
(Fig. 4.4).
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squeeze the mercury through the cloth or, if laboratory equipment
is available, use a suction flask.) Add more mercury if needed.

CAUTION <%
CAUTION
CAUTION

Mercury is poisonous. Breathing the fumes can be fatal or cause
loss of hair and teeth. Wash up thoroughly after handling it.
Remove gold rings, etc., from your hands first, as they may end up
coated with mercury. If your ring is thus coated, it will have to
be heated to burn off the mercury. If you must handle or work with
mercury, be sure to work over a large tray in order to catch any
spills. Plenty of fresh air ventilation is an absolute must,

There are many variations of the comminutor. One of the more common
ones has the trade name of "barminutor" (Fig. 4.6). This unit con-
sists of a bar screen made c¢f U-shaped bars and s rotating drum with
teeth and ‘'shear bars'". The rotating drum traveis up and down the
bar screen, Careful attention must be given to maintaining the oil
level in these machines; otherwise, water may get into the bearings.
Consult the manufacturer's instructions for detailed procedures
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QUESTLONS

4,4A What are the advantages of comminuting machines over
screens?

4.4B When should you check the mercury seal in a comminutor?

4.4C Handling mercury is hazardous because:
a. It is poisonous
b. Breathing fumes may be fatal

¢. Breathing fumes may cause loss of hair and teeth



4.5 GRIT REMOVAL

Grit (sand, eggshells, cinders, etc.) is the heavier mineral
matter in wastewater which will not decompose or '"break down',
It causes excessive wear in pumps. A mixture of grit, tar,
grease and other cementing materials can form a solid mass in
pipes and digesters that will not move by ordinary means,
Consequently, grit should be removed as soon as possible after
reaching the plant.

4.6 GRIT CHAMBERS (Fig. 4.7)

The simplest means of removing grit from the wastewater flow

is to pass it through channels or tanks which allow the velocity
of flow to be reduced to a range of 0.7 to 1.4 ft/sec. The
objective is to allow the grit to settle to the bottom, while
keeping the lighter organic solids moving along to the next
treatment unit. Experience has shown that a flow-through
velocity of one foot per second (ft/sec) is best,

Velocity is controlled by several means. With multiple-
channel installations, the operator may vary the number of
channels (chambers) in service at any one time to maintain a
flow velocity of approximately one ft/sec in the grit chambers.
Other methods involve the use of proportional weirs (Fig. 4.8)
at the outlet for automatic regulation.

WATER
SURFACE

Fig, 4.8 Proportional weir
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The proportional weir in Fig. 4.8 will tend to decrease the
velocity in the grit chambers when the flows increase because
the exit area will decrease, thus increasing the depth of water
flow in the channel. If the operator wishes to increase the
velocity in a grit chamber, he could use a proportional weir
and turn it over so the exit area increased as the flow in-
creased, This would tend to keep the depth of water flow in
the channel low and cause higher velocities. A barrier with

a variable height at the outlet of the grit chamber can be

used instead of a proportional weir to regulate velocities.

Flow velocities also may be regulated by the shape of the grit
chamber instead of placing devices at the outlet, Some grit
chambers have cross-sectional shapes similar to a proportional
weir. The operator may regulate the velocities in a grit
chamber by using boards to change cross-sectional shape, but

he should seriously consider any maintenance or operational
problems that might develop when trying to keep the grit chamber
clean,

A simple method of estimating the velocity is to place a stick
in the channel and time its travel for a measured distance.
Calculate as follows:

Distance traveled, ft
Time, sec

Velocity, ft/sec =

Example:

A stick travels 25 feet in 20 seconds.

Solution: 1.25
. Distance, ft 20/ 25.00
Velocity, ft/sec = - 2 20

Time, sec T

_ 25 ft 40

20 sec 1 00
1 00

= 1.25 ft/sec 0

The actual velocity probably will be slightly higher than your
estimate, but it is a very quick way to check the grit chamber
velocity.

A more accurate method of determining the average velocity in

the grit chamber is to find the cross-sectional area of the
wastewater flowing in the grit chamber and the quantity of

flow (from the flow meter) and calculate as shown in the following
example,
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Examgle:

Assume your grit chamber is two feet wide. The wastewater is
flowing at a depth of one foot, and the flow meter registers
a flow of 1 MGD. The cross-sectional area of the flow is
(depth, ft x width, ft = 1 ft x 2 ft) = 2 sq ft. The flow
must be converted into cubic measure. We learned that one
cubic foot equals 7.5 gallons. Thus, from calculations below,
1 MGD = 1.55 cu ft/sec (cubic feet per second, cfs):

(1,000,000 &L

1 MGD - = gal hr d;{n sec
(7.5 0 ft X24'a'5—)7X60—°h—;X60m

Using this new conversion factor:

Flow Rate, cu ft/sec

Average Velocity, ft/sec = Area, 5q Tt

1.55 ft3/sec
2 ft2

0.77 ft/sec

To obtain this answer, we converted the flow from MGD to ft3/sec

and divided the flow (1.55 cu ft/sec) by the cross sectional area
of the wastewater in the channel (2 sq ft).

Since we have checked the velocity, we should now determine if
the length of the channel is appropriate for our flow conditions.
All particles settle at different rates based on their size and
weight. Most grit chambers are designed to remove 0.2 mm (milli-
meter) size sand and all other heavier material. Experiments
have shown this size particle will settle downward at about

0.075 ft/sec, This means that if wastewater is flowing in a
channel at a depth of one foot and a particle of 0.2 mm is
introduced at the surface it will take:

Depth, ft

Settling Time, sec Settling Rate, ft/sec

1 ft
0.075 ft/sec

)

13.3 seconds to settle
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If this waste were flowing at one foot per second, it would
travel for 13.3 seconds, or a distance of 13.3 feet, before
the particle reached the channel bottom. If the waste were
flowing at a depth of three feet in the channel, it would take
13.3 seconds/ft x 3 ft = 39.9 seconds or 39.9 feet before the
particle reached the bottom., Therefore, the required length
of any grit chamber can be checked by using the formula:

(depth of chamber, ft) (flow velocity, ft/sec)
(Settling Rate, ft/sec)

Length, ft

(settling time, sec) (flow velocity, ft/sec)

and for 0.2 mm sand and a flow velocity of 1 ft/sec:

(depth, ft) (1.0 ft/sec)
(0.075 ft/sec)

Length, ft

1.0 x depth, ft
0.075

13.3 x depth, ft

In case of dead spots (where organic materials settle out and
become putrescrible?), a deflector (Fig. 4.9) installed at one
side may cure the trouble. Be sure you don't create a new dead
spot. Also, certain trouble spots could be filled in with
concrete,

9 Putrescible (pu-TRES-sib-bull)., Putrescible material will
decompose under anaerobic conditions and produce nuisance
odors.,
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Removal of grit ranges from use of a scoop shovel to various
types of collectors and conveyors. For hand-cleaned chambers,
the frequency of cleaning is determined by experience, If
the channel can be removed from service during the cleaning
operation, the job is made easier, and no grit is washed into
the plant,

Since there is always a small amount of organic matter in the
grit chamber, disposal of grit should be treated the same as
screenings. Burial is the most satisfactory disposal method.
Failure to quickly cover grit results in odors and attracts
flies and rats.

Cleaning grit chambers manually can be quite hazardous. Take
precautions against
slipping and back
strain, Beware of
dangerous gases when
working in covered
grit chambers.

There are many types
of mechanical grit
collector mechanisms,
Common ones are chain-
driven scrapers
(called '"flights'")
(Fig. 4.10) that are
moved slowly along
the bottom and up

an incline out of
the water to a
hopper, or along

the bottom to an
underwater trough
where a screw con-
veyor lifts the grit to a storage hopper or truck. Some
designs use conveyor belts with buckets attached.

An aerated grit chamber is actually a tank with a sloping
~bottom and a hopper or trough in the lower end (Fig. 4,11).
Air is injected along the wall of the tank above the trough.
The rolling action of the water in the tank moves the grit
along the bottom to the grit hopper. Grit is removed from
the hopper by a conveyor system,

Aerated grit chambers are most frequently found at activated
sludge plants where there is a readily available air supply,

and the pre-aeration helps to 'freshen'" the wastewater. The
older wastewater becomes the more difficult it is to treat. A
freshening process tends to make later processes more effective,
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QUESTIONS

4,5A vGrit is composed mostly of which of the following substances?
a, Grease
“b. Sand
c. Rubber Goods
d. Eggshells

e. Wood

4.5B Why bother to remove grit?

4.6A How can you control the velocity in a grit chamber in order
to maintain velocities within a range of approximately 0.7
to 1.4 fps?

4,6B A stick travels 20 feet in 40 seconds in a grit chamber,
a. What is the velocity in the chamber?
b. What corrective action should be taken, if any?

4,6C What is most hazardous about manually cleaning a grit
chamber?

4,6D Assume you wish to calculate the velocity in the grit
chamber at your plant's peak flow. Examining the flow
charts, you determine that peak flows are usually about
2,75 MGD. The grit chamber is three feet wide, and
the flow depth is 17 inches at peak flow. What is the
velocity in the grit chamber under these conditions?
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4.7 QUANTITIES OF GRIT

Plants having well-constructed separate wastewater collection
systems can usually expect to average 1 to 4 cu ft of grit
per million gallons. These quantities have been rising in
recent years due to household garbage grinders, They can
also be expected to increase during storm periods,

Plants receiving waste from combined collection systems can
expect to average 4 to 15 cu ft of grit per million gallons
with peaks during storm periods many times higher. Grit
collected during storm periods has been reported at over
500 cu ft per million gallons, probably the result of flow
from broken sewers or open channels,

Records of grit quantities should be kept in the same manner
as for screenings.

QUESTION

4,7A Your plant has an average flow of 2,0 MGD.
An average of 4 cu ft of grit is removed
each day. How many cu ft of grit per MG
of flow are removed?

4,8 GRIT WASHING

In some cases it is necessary or desirable to use grit as
fill material. Since a small amount of organic material
settles out with the sand, etc., it becomes necessary to
"wash'" the grit. There are a number of devices built for
this purpose. Most use water to wash the grit as it is
being removed from the grit chamber (Fig., 4.12), In aerated
grit chambers, the grit is ordinarily free enough of organics
that it may be considered "washed", Chapter 5 of the Water
Pollution Control Federation's Manual of Practice No, 11

has additional information and should be read carefully by
the operator.
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QUESTION

4,8A Why is it sometimes necessary or desirable
to "wash'" grit?

4,9 PREAERATICN

Preaeration is a wastewater treatment process used to freshen
wastewater, remove gases, add oxygen, promote flotation of
grease, and aid coagularion. The freshening of wastewater
improves the effectiveness of following treatment processes.
The process is usually located before primary sedimentation
(Fig. 4.1). Other processes used to accomplish freshening
include ozonation and prechlorination,

Preaeration consists of aerating wastewater in a channel or
separate tank for 10 to 30 minutes. Aeration may be accomplished
by either mechanical surface aeration units or diffused air
system.!! Air application rates with a diffused air system

normally range from 0.5 to 1.0 cu ft of air per gallon of waste-
water treated.

4,10 ADDITIONAL READING

a. MOP 11, pages 17-24
b. New York Manual, pages 27-29
c. Texas Manual, pages 160~173

d. Sewage Treatment Practices, by Bloodgood,
pages 19-22 and 26-34

11 See Chapter 7, Activated Sludge, for a discussion of
aeration facilities.
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SUGGESTED ANSWERS

Chapter 4. Racks, Screens, Comminutors, and Grit Removal

4,0A

4,08

4.0C

4,1A

4,1B

4,1C

4,2A

4,28

4.2C

4,3A

4.3B

True
True
True
(e) All of these.

Large pieces of material, such as rocks, boards, metal,
and rags, are removed by racks, screens, and grit removal
devices,

Coarse material must be removed at the plant entrance
to prevent damage to pumps, plugging of pipes, and
filling of digesters,

(b), (c), and (d). Usually bar screens are very sturdy
and will not collapse under the load from a blockage or
an uncleaned screen,

Check to make sure that your footing will be secure by
removing any slippery substances such as water and
grease, Be certain there is adequate space to safely
lift the screenings and a receptacle for the screenings
(debris).

Identify the problem. Shut the machine off before working
on the equipment, Any moving equipment is hazardous,
regardless of its speed.

Screenings may be disposed of by covering them with a
minimum of six inches of earth or incineration.

Quantity Removed, _ Volume Removed, cu ft/day
cu ft/MG - Average Flow, MGD
2.5
11 cu ft/day -
7.4 MGD 4.4/ 110,
8 8
220
= 2.5 cu ft/MG 220
0
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4,4A

4.4B

4,4C

4,5A

4,5B

4,6A

4,6B

4.6C

4.6D

Advantages of comminuting machines over screens include
the elimination of screenings disposal, flies, and odor
problems. A disadvantage is that plastic and wood may
be rejected and must be removed by hand.

The mercury seal in a comminutor should be checked
yearly or after a high water level has been experienced.
If a given high water level has not disrupted the seal,
you know that the unit is safe at least up to that level.

(a), (b), and (c). Mercury must be handled with caution
at all times.

(b) and (d). Grit is composed of heavy material
that will settle in the grit chamber at proper flow
velocities,

Grit must be removed to prevent wear in pumps, plugged
lines, and the occupation of valuable space in digesters,

(a) Vary the number of channels in service in a
multiple-channel- installation,

(b) Use of proportional weirs,

(c) Lining sides with planks if velocity is too
low., This could occur in a new plant,

You have the right idea if your answer includes possible

adjustments of the cross-sectional area of the flow
channel,

(a) Velocity = 0.5 ft/sec.

(b) Reduce cross-sectional area.
Slipping or a back injury. Beware of dangerous gases when
working in a covered grit chamber. Also, there have been
instances of gasoline or similar material leaking into the

sewer and creating a potentially explosive hazard.

(a) Convert the flow of 2,75 MGD to cu ft/sec.

Flow, 1.55 cu ft/sec
= Flow, MGD x
cu ft/sec MGD 2.75
1.55
= (2.75 MGD) | 2222 ;ngt/sec 1375
137 5
/ 275
= 4.3 cu ft/sec 4,2625
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4,6D (b) Convert depth of flow from 17 inches to feet,

17 in 1.4
Depth, ft = ——————— -
ePHh, 12 in/ft 12117,
| 12

= 1,4 ft 5 0

48

(¢) Calculate cross-sectional area of channel,

Area, sq ft (Depth, ft)(Width, ft)

(1.4 ft) (3 ft)

4,2 sq ft

(d) Calculate velocity.

Average Velocity, _ Flow, cu ft/sec
ft/sec -

Area, sq ft 1.01

4.26 cu ft/sec 4‘2‘3'5 6
4.2 sq ft

70 60
= 1,01, or 1 ft/sec 42

4,7A Grit removals should be recorded as cubic feet of grit
per million gallons of flow.

Answer: 2 cu ft of grit/million gallons

NOTE: Uniform reporting of results is important. Every-
one should use the same units. The operator should obtain
a copy of the Water Pollution Control Federation Manual of
Practice No. 6, "Units of Expression for Wastes and

Waste Treatment'", and use the units as recommended. The
Manual can be obtained from the Water Pollution Control
Federation, 3900 Wisconsin Avenue, Washington, D.C. 20016,
for 50¢ for WPCF members and 75¢ for others.

4.8A Grit is '"'washed'" to remove organic material before dis-
posal., If the organic matter is not removed, then odors
could develop; and if used as fill material, the fill
could settle when the organics decompose.
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EXPLANATION OF OBJECTIVE AND PRE-TESTS

One of the reasons for the Objective and Pre-Tests is to

evaluate the extent the chapter increased your knowledge of
the subject.

OIBJEC'\’I\/E £ PRETESTS
00 -

ON
o O

N
o

KNOWLEDGE
INCREASE

o
S

o

Write your name and answers on the answer sheets and the time
it took you to complete the lesson,

4-34



DISCUSSION AND REVIEW QUESTIONS

Chapter 4, Racks, Screens, Comminutors, and Grit Removal

DO NOT USE IBM ANSWER SHEET, Please write your answers in your

notebook.

1. Why should coarse material (rocks, boards, metal, etc.)
be removed at the plant entrance?

2. Why do you think the wastewater treatment and pollution
control industry had a higher accident rate in 1967 than
any other industry reporting to the National Safety Council?

3. What are the advantages of comminutors over screens?

4, What precautions should be taken when cleaning a grit
chamber?

5. How can an operator regulate the velocity in a grit chamber?

6. A stick travels 30 feet in 50 seconds in a grit chamber.
What is the flow velocity in the grit chamber? Please show
your calculations in a neat fashion so someone can help you
if necessary.

7. Calculate the grit removed from a grit chamber in cubic

feet per million gallons if during a 24-hour period the
average flow was 3 MGD and 4.5 cu ft of grit were removed.
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CBJECTIVE TEST

Chapter 4. Racks, Screens, Comminutors, and Grit Removal

Please write your name and mark the correct answers on the IBM
answer sheet as directed at the end of Chapter 1, Return the
answer sheet to your Project Director,

1. An operator must always wash his hands before eating or
smoking to prevent becoming infected with a water-borne

disease.
1. True
2. False
2. The following items may be found in a treatment plant
influent,
1. Cans
2. Clothes
5. Toys
4, Rocks
5. Eggshells

3. [Detritus is a common name for skimmings.

1. True
2. False

4, Pretreatment may include a

. Bar Screen
. Grit Chamber
. Detritus

. Flow Meter

. Clarifier

92 ESSNEN N I S T S

5. What should be done first if a problem develops in a
mechanically cleaned screen?

Reach in with your hand and fix the equipment.
Attempt to fix the screen with the proper tools,
Look at screen and identify problem,

. Turn off the electrical power to the screen,

Find someone to help in case you get into trouble,

U & NN~
.
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6. The methods used to dispose of screenings include:

Dumping into a nearby river
Incineration

Shredding or Grinding
Selling for hog food

Burial

VT NN =

7. Grit is composed of:

1. Grease

2, Sand

3. Rubber Goods
4, Eggshells

5. Wood

8. A stick travels 30 feet in 20 seconds in a grit chamber.
What is the flow velocity in the grit chamber?

1. 0.5 ft/sec
2. 0.67 ft/sec
3. 1.0 ft/sec
4, 1.5 ft/sec
5. 2.0 ft/sec

Please write on your IBM answer sheet the total time
required to work this chapter.
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EXPLANATION OF PRE-TEST

.._-.;.:,:._._'.“_...A..-.:,_.,_-_:.' ...‘....-.:,',-_.'._,:._o_-‘-_....._.:.:_.-__-‘....A_-.;.::.-. IOREREINn, o O

COMPLETE THIS T&ST
BEFORE YO0U READ
CHAPTER S

SfP/MENTAT/aA/ £~/ 07:47‘/0/«/-

The purpose of the Pre-Test is to indicate to you the items
that are important in this chapter. Do not be disappcinted
if you don't know any of the answers,

Please write your name and answers on the IBM answer sheet,



PRE-TEST

Please write yocur name and mark the correct answers on the IBM
answer sheet as directed at the end of Chapter 1. There may be
more than one answer to each question.

EXAMPLE
The purpose of detaining water in a sedimentation tank is to:

Store for f{uture use

Allow solids to settle to the bottom
Allow grease to float to the surface
Hcold until trickling filter is ready
Provide chlorine contact time

(S I N N B
.

To answer this question, you should mark on your answer sheet:
1 2 3 4 5

i

EXAMPLE ¢

- - -
- - .-
- -
- -
- -
- -
- -
- - - -

1. Skimmed solids may be disposed of by:

Pumping to digester

Burying with material from bar screen
Incineraticn

Sold {or grease and c¢il content

Mone of these

R I N B S R

Z. What items should be checked before starting a claririer?

1. Remove debris from pipes and tank
2. Lubricate equiprent

3. Sample effluent

4., Turn off chlorinator

5. Run a clarity test

3. Generally, pl is significantly affected by a clarifier:

1., True
2. False
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operator can tell if "thin' sludge is being pumped by:

The scund ot the sludge pump

The smell ofi tie sludge

The color of the sludge

Fressure gauge readinzs on the suction
and discharge of <he pump

Visual observation

The maintenance program for a properly operating clarifier
should include:

Sample influent

Regular inspection

Keep a list of repairs

Prompt adjustment or repair when necessary
Lubricate equipment at reguilar intervals

Dangerous gases an operator may encounter in and around a
treatment plant include:

1.
2,
S,
4.,

Q.

Hlydrogen sulfide
Nitrogen

Chlorine

Fuines from gascline
ilethane

What iactors influence the settling characteristics of
solids in a clarifier:

O R A B O R

.

Fiow velocity and/or turbulence
Temperature

Laboratory analyses

Short circuiting

Detention time

[f short circuiting occurs in a clarifier, the operator

should:

1. Check the wiring

2. ldentify the causc

3. C(Chliange fuses

4. Try installing baffles
5. Restart the pump

Plant analysis of samples 1is

clarifier efficiency:

1.

Lo

True
False

P-

ro

a reliabls method of measuring



10.

11.

12,

13,

14,

15,

What are '"'sloughings"?
o

1. Troughs

2. Slop

3. Material washed off trickling filter media
4, Waste activated sludge

5. Grit

Secondary or tinal clarifiers are needed to:

1. Increase sludge digestion

2. Allow septic conditicns to develep

3. Provide a home for organisms

4, Remove solids from biological processes

5. None of these

An Irhoff tank has:

1, Two compartments

2. Sludge scrapers

3. A piping system that allows the flow in the tank

to be reversed from one end to the other end
4, A separate sludge digestion compartment under
the settling area
5. Gas vents

Primary clarifiers are designed to remnove cclloidal
solids:

1. True
2. Talse

Estimate the detention time in a 20,000-gallon sedimen-
tation tank if the flow is ‘0,2 MGD. Select the clesest
answer,

1. 1.5 hr
2, 1.8 hr
3. 2.0 hr
4, 2.4 hr
5. 2.8 hr

Estimate the detention time in a sedimentation tank
90 1t long, 30 ft wide, and 12 it deep, if the .low
is 3,0 MGD, Select the closest answer,

1. 1.5 hr
2, 1.8 hr
3. 2.0 hr
4, 2.4 hr
5. 2.8 hr
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GLOSSARY

Chapter 5. Sedimentation and Flotation

Activated Sludge Process {(ACK-ta-VATE-ed sluj): A biological
wastewater treatment process in which a mixture of wastewater
and activated sludge is aerated and agitated. The activated
sludge is subsequently separated from the treated wastewater
(mixed liquor) by sedimentation, and wasted or returned to the
process as needed,l

Bulking (BULK-ing): Bulking occurs in activated sludge plants
when the sludge becomes too light and will not settle properly,

Coagulants (ko-AGG-you-lents): Chemicals added to destabilize,
aggregate and bind together colloids and emulsions to improve
settleability, filterability, or drainability.

Colloids (KOL-loids): Very small solids (particulate or in-
soluble material) in a finely divided form that remain dispersed
in liquid for a long time due to their small size and electrical
charge.

Density (DEN-sit-tee): The weight per unit volume of any
substance, The density of water (at 49C) is 1,0 gram per
cubic centimeter (gms/cc) or about 62.4 1lbs per cubic foot,

Detention Time: The time required to fill a tank at a given
flow or the theoretical time required for a given flow of
wastewater to pass through a tank,

Emulsion (e-MULL-shun): A liquid mixture of two or more liquid
substances not normally dissolved in one another, but one liqui«
held in suspension in the other,

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

1 See Chapter 7, Activated Sludge.



Flocculated (FLOCK-you-lay-ted): An action resulting in the gathering
of fine particles to form larger particles. 41 :

Freeboard: The vertical 7f7 ! Freeboard
distance from the normal Wall

water surface to the top Heightf
of the confining wall,

Water Depth

Launders (LAWN-ders): Sedimentation tank effluent troughs.

Lineal (LIN-e-al): The length in one direction of a‘line.
For example, a board 12 ft long has 12 lineal feet in its
length.

Millimicron (MILL-e-MY-cron): One thousandth of a micron
or a millionth of a millimeter, :

Molecule (MOLL-ee-kule): The smallest portion of an element
or compound retaining or exhibiting all the properties of the
substance,

Septic Conditions (SEP-tick): A condition produced by anaerobic
organisms, If severe, the wastewater turns black, giving off
foul odors and creating a heavy oxygen demand.

Sloughings (SLUFF-ings): Trickling filter slimes that have
been washed off the filter media. They are generally quite
high in BOD and will degrade effluent quality unless removed,

Sludge Gasification: Sludge gasification will form bubbles
of gas in the sludge and cause large clumps of sludge to rise
and float on the water surface.

Specific Cravity: 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 399F). Wastewater particles usually have a specific
gravity of from 0.5 to 2.5,

Trickling Filter (TRICK-1ling): A treatment process in which

the wastewater trickles over media that provides the opportunity
for the formation of slimes which clarify and oxidize the waste-
water,

ii



Weir Diameter {(weer): Circular
clarifiers have a circulear weir
within the outside edge of the
clarifier., All the water leaving
the clarifier flows cver this
weir. The diameter is the

length of a line from one =dge

of a weir to the opposite edge
and passing through the center

of the circle formed by the weir,

1ii

DIAMETER

CIRCULAR
WEIR
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CHAPTER 5, SEDIMENTATION AND FLOTATION

(Lesson 1 of 3 Lessons)

5.0 INTRODUCTION

Raw or untreated wastewater contains some materials which will
settle to the bottom or float to the water surface readily when
the wastewater velocity is allowed to become very slow. Sewers
are designed to allow the raw wastewater to flow rapidly to
prevent this from happening., Grit chambers (see Chapter 4) are
designed to allow the wastewater to flow at a slightly slower
rate than in the sewers so that heavy, inorganic grit will
settle to the bottom where it can be removed. Settling tanks
decrease the wastewater velocity far below the velocity in a
collection sewer.

In most municipal wastewater treatment plants, the treatment unit
which immediately follows the grit chamber (see Figs. 5.1 and

5.2 for typical plant layout) is the sedimentation and flotation
unit. This unit is sometimes called a settling tank, sedimentation
tank, or clarifier, The most common name is primary clarifier,
since it helps to clarify or clear up the wastewater.

A typical plant (Figs. 5.1 and 5.2) may have clarifiers located
at two different points. The one which immediately follows the
bar screen or comminutor or grit chamber (some plants don't have
all of these) is called the primary clarifier, merely because it
is the first clarifier in the plant. The other, which follows
the biological treatment unit (if there is one), is called the
secondary clarifier. The two types of clarifiers operate almost
exactly the same way. The reason for having two types is that
the biological treatment unit converts more solids to the
setteable form, and they have to be removed from the treated
wastewater,

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



TREATMENT PROCESS FUNCTION
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Fig. 5.1 Flow diagram of typical plant
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Solids which settle to the bottom of a clarifier are scraped
to one end (in rectangular clarifiers) or to the middle
(circular clarifiers) into a sump, From the sump the solids
are pumped to the sludge handling or sludge disposal system.
Systems vary from plant to plant and include sludge digestion,
vacuum filtration, incineration, land disposal, lagoons and
burial. Figures 5.3 and 5.4 show detailed sketches of rec-
tangular and circular clarifiers,

Disposal of skimmed solids varies from plant to plant., They
may be buried with material cleaned off the bar screen, in-

cinerated, pumped to the digester, or they may be even sold

for their grease and oil content, Pumping skimmed solids to
a digester is not considered good practice because skimmings
can cause operational problems in digesters,

This chapter contains information on start-up, daily operation,
and maintenance procedures; sampling and laboratory analyses;
some problems to look out for; safety; and basic principles of
sedimentation and flotation. You may wish to refer to the two
chapters containing details of laboratory analyses and mathe-
matics for further information.
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5.1 OPERATION AND MAINTENANCE

5.10 Start-up

Before starting up a new unit or one which has been out of
service for cleaning or repair, inspect the tank carefully
as outlined in this section. Now is a good time to become
familiar with the "internal workings" of the clarifier
because they are usually under water.

A. Circular Clarifiers

Check items:

1. Control gates for operation

2. Clarifier tank for sand and debris

3., Collector drive mechanism for lubri-
cation, drive alignment, and complete
assembly

4, Squeegee blades on the collector
plows for proper distance from the
floor of the tank

5. Tank sumps or hoppers and return
lines for debris and obstructions

If everything checks out properly, turn the mechanism on and

let it make several revolutions, checking that the squeegee

does not travel high and low, missing the bottom or scraping

in some areas. The scraping action should control the entire
area form the outside wall to the sludge hopper. Also be
certain that the mechanism runs smoothly without jerks or jumps.
If the unit is water lubricated, be sure sufficient water is in
the tank to cover the center bearing.

If the unit is equipped with a stall alarm, test it to see if
the mechanism will stop on overload. With the unit running,
time the period for the plows to make one complete revolution
around the tank and record the time for later reference.

Check the amperage that the motor draws and record, Let the

unit operate for several hours; and if no problems develop, it
should be okay.
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B. Rectangular Clarifiers

The tank hoppers, channels, control gates, and weirs should
be checked the same as the circular clarifiers. The sludge
collectors are different in rectangular clarifiers, Wooden
flights? are laid across the tank and each end of the flight
1s attached to an endless chain along both sides of the tank,
The collector chains are driven by connecting shaft and
sprockets dragging the flights along rails imbedded in the
floor of the tank, and along each side just under the surface
of the water.

Each wooden flight is equipped with metal wearing shoes to
ride the rails,

Check to insure that the flights are straight across the
tank, and that the chain on one side is not one or two links
ahead or behind the chain on the opposite side. If this
occurs, the wooden flights will run at an angle across the
tank, piling the sludge higher on the trailing side.

Caution should be exercised before starting the sludge
collectors in an empty clarifier if they have not been
operational for several weeks, The wearing shoes on the
flights may have started rusting where they are sitting

on the rails, A good practice is to 1lift each individual
flight off the rail to be certain it is free and apply a
light grease or 90 wt. oil to the shoe and rail, 1If these

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



precautions are not taken, when the collector is turned on
the flight shoes could stick to the rails, and the whole
collector system could be pulled down to the floor of the
tank, Once the collectors are started in a new tank, each
flight should be checked for a clearance of one to two inches
between the wall and the end of the flight. If a flight is
too long, it may rub the tank wall and break the flight,
jamming other flights and breaking them. Once a broken
flight is detected, it should be replaced or removed from
the chain drives.

5.11 Daily Operation and Maintenance

During normal operations you should schedule the following
daily activities:

1. Inspection. Practice frequent inspections with a stop,
look, listen, and then think routine.

2. Cleanup. Wash off with water under pressure accumulations
of solid particles, grease, slime, and other material from
walkways, handrails, and all other exposed parts of the
structure and equipment.

3. Lubrication. Grease all moving equipment according to
manufacturer's specifications and check oil levels in
motors where appropriate,

4. Preventive Maintenance. Follow manufacturer's specifi-
cations,

5. Flight boards. Examine bolts for looseness and corrosion,

6. Chain and sprocket. Check for wear because 0.005 ft in wear
on each of 400 link pins will cause about 2 ft of extra slack.

7. Record-keeping. Write in your pocket notebook any unusual
observations and transfer these notes to the plant record
sheet (typical sheet is shown in the Appendix).

8. Sampling and Laboratory Analysis. Details are in the next
section (5.2).

9. Sludge and Scum Pumping. See section 5.3
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5.2 SAMPLING AND LABORATORY ANALYSIS

5.20 General

Proper analysis of representative samples is the only con-
clusive method of measuring the efficiency of clarifiers.
Tests may be conducted in the plant at the site where the
sample is collected or in the laboratory. The particular
tests depend upon whether the effluent from the clarifier
goes to another treatment process or is discharged to
receiving waters.

Detailed procedures for performing control tests in primary
treatment plants and sedimentation processes in other plants
are outlined in Chapter 14, Laboratory Procedures and Chemistry.
The frequency of testing and the expected ranges will vary from
plant to plant. Strength of the wastewater, freshness, charac-
teristics of the water supply, weather, and industrial wastes
will all serve to affect the '"common' range of the various test
results.

Tests Frequency Location Common Range
1. Dissolved Daily Effluent 0 - 2 mg/l
Oxygen (DC)
2, Settleable Daily Influent 5 - 15 ml
Solids Effluent 0.5 - 4ml
3., pH Daily Influent 6.5 - 8.0*
Effluent 6.5 - 8.0*
4, Temperature Daily Influent 50 - 85°9*
5. BOD Weekly Influent 150 - 400 mg/1
(Minimum) Effluent 60 - 160 mg/1
6. Suspended Weekly Influent 150 - 400 mg/1
Solids (Minimum) Effluent 60 - 150 mg/1
7. Chlorine Daily Plant
Residual Effluent 0.5 - 3.0 mg/1
(if needed)
8. Coliform Weekly Effluent 500,000 - 100,000,000
Group per 100 ml
Bacteria

*Depends on region, water supply and discharges to the collection

(if needed)

system



5.21 Sampling

Samples of the influent to the clarifier and the effluent from
it will give you information on the clarifier efficiency for
removal of solids,
bacteria, and BOD. As
with all sampling, the
purpose is to collect
samples which represent
the true nature of the
wastewater or stream
being sampled. The
amount of solids, BOD,
bacteria, and the
clarity and pH will
probably vary through-
out the day, week, and
year. You must determine
these variations in order
to understand how well
your clarifier is doing
its job. Details on
laboratory analysis and
data recording are con-
tained in Chapter 14,
Laboratory Procedures
and Chemistry,

5.22 Calculation of Clarifier Efficiency

To calculate the efficiency of any wastewater treatment process,
you need to collect a sample of the influent and the effluent

of the process, preferably composite samples for a 24-hour period.
The particular water quality indicators (BOD, suspended solids)
you are interested in are measured and the efficiency is calcu-
lated. You can calculate the efficiency of a clarifier in
removing several different items, such as efficiency in removing
BOD or efficiency in removing suspended solids. Calculations of
treatment efficiency are for process control purposes. Your main
concern must be the quality of the plant effluent, regardless of
percent of wastes removed.
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Examzle:

The influent BOD to a primary clarifier is 200 mg/l, and the
effluent BOD is 140 mg/l. What is the efficiency of the primary
clarifier in removing BOD?

Formula:

(In - Out)
In

Efficiency, % = 100%

(200 mg/1 - 140 mg/1) 100%
200 mg/1

60 mg/1) 1405,

200 mg/1

= (.30) 100%

= 30% BOD Removal

5.23 Typical Clarifier Efficiencies

Following is a list of some typical percentages for primary
clarifier efficiencies:

Expected

Removal
_ Efficiencz
Settleable solids 90% to 95%
Suspended solids 40% to 60%
Total solids 10% to 15%
Biochemical oxygen demand 25% to 35%
Bacteria 25% to 75%

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



Clarifier efficiencies are affected by many factors, including:

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

2. Age of wastewater when it reaches the plant. Older
wastewater becomes stale or septic, and solids do
not settle properly because gas bubbles form under
them.

3. Rate of wastewater flow as compared to design flow,

4, Mechanical conditions and cleanliness of clarifier.

5.24 Response to Poor Clarifier Performance

If laboratory analysis or visual inspection indicates that a clari-
fier is not performing properly, then the source of the problem must
be identified and corrective action taken,

Problem Check Items (pages 5-14 to 16)
1. Floating chunks of sludge 1, 2, 3, 4, 5
2., Large amounts of floating scum 2,3%, 2,4*, 2,5%*
3. Loss of solids over effluent 1, 2, 3, 4, 5, 2,7*, 2,.8*
weirs
4. Low removal efficiencies 5
5. Low pH plus odors 1, 2, 3, 4, 5, 6
6. Deep sludge blanket, but 3, 2.1*%, 2.2%, 2,3%, 2,6%

pumping thin sludge

7. Sludge collector mechanism 6
jerks or jumps

8. Sludge collector mechanism 6
will not operate. Drive motor
thermal overloads, or overload
protective switches keep trip-

ping.

*Check Item 2 is divided into two parts, (a) circular clarifier and
(b) rectangular clarifier. If you have a floating scum problem
(Problem 2 above), check under 2. COLLECTOR MECHANISM (page 5-15)
either section (a) circular or (b) rectangular items 3, 4, and 5,
depending on the type of clarifier in your plant,
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CHECK ITEMS

1. SLUNGE PUMP

a. Piston Pumps

Ball check seating
Shear pin

Packing adjustment

1

2

3

4. Drive belts
5. High pressure switch
6

Pumping time

b. Positive Displacement Scru (screw) Pumps

1. Pump gas bound

2 Rotor plugged

3 Drive belt

4, Packing adjustment
5

Pumping time

c. Centrifugal Pumps

1. Pump gas bound

2 Packing adjustment
3. Impeller plugged
4

Pumping time

d. Air Injector

Air supply
Foot valves
Slide valves

Electrodes

VN & W N =

Pumping time



2. COLLECTOR MECHANISM

2, Circular Clarifier

1. Drive motor
2. Overload switch
3. Skimmer dump arm
(a) operation
(b) rubber squeegee
4, Scum trough

5. Scum box

b. Rectangular Clarifier

. Drive motor
Clutch and drive gear

Flights

Scum trough
Skimmer operation
Cross collector
Inlet line or slot

Target baffle

[0 TN @ ) W ¥ N - N I S ]

3. PIPES AND SLUDGE SUMP

Sometimes pipes or sumps may be cleaned by back flushing.

4. QUALITY OF SUPERNATANT RETURN FROM DIGESTER

5. INFLUENT

a, Change in Composition or Temperature

b. Change in Flow Rate

An increase in flow rate can cause hydraulic over-
load. This can be determined by calculating the
detention time, weir overflow rate, and surface
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loading rate (Section 5.61), If a tank is
hydraulically under-loaded, a tank should be
removed from service or effluent recirculated
back to the primary clarifier to reduce the
length of detention time. '

6. JERKING, JUMPING, OR STALLED COLLECTOR MECHANISM

a. Sludge Blanket Too Deep

Pump out sludge if mechanism is all right

b. Drive Unit May Have Bad Sprocket or Defective Chain Link

c. Broken Flight, or Rock or Stick Jammed Between
Flight or Squeegee Blade and Floor of Tank

If items (b) or (c¢) occur, or mechanism won't operate
properly, tank must be dewatered, Never attempt to
back up or help pull a collector mechanism because
severe equipment damage will result,

Your corrective action will depend on the source of the problem
and the facilities available in your plant.
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5.2A

5.2B

5.2C

5.2D

QUESTIONS

List five basic laboratory measurements used to
determine clarifier efficiency.

About what percentage of settleable solids should
you expect to be removed by your clarifier?

At what two points should samples be collected
for measuring clarifier efficiency?

What is the suspended solids efficiency of a
primary clarifier if the influent concentration
is 300 mg/1 and the effluent is 120 mg/1°?



5.3 SLUDGE AND SCUM PUMPING

The particles which settle to the floor of the clarifier are
called sludge. The accumulated sludge should be removed fre-
quently, and this is accomplished by mechanical cleaning devices
and pumps in most tanks. (See Fig. 5.3 and 5.4) Mechanically
cleaned tanks need not be shut down for cleaning. Septic
conditions3 may develop rapidly in primary clarifiers 1f sludge
1s not removed at regular intervals. The proper interval is
dependent on many conditions and may vary from thirty minutes
to eight hours, and as much as twenty-four hours in a few
instances. Experience will dictate the proper frequency of
removal, Sludge septicity can be recognized when sludge gas-
ification" causes large clumps of sludge to float on the water
surface, Septic sludge is generally very odorous and acid

(has a low pH).

Excess water should be eliminated from the sludge if possible
because of its effects on the volume of sludge pumped and on
digester operation., A good thick primary sludge will contain
from 4.0 to 8.0 percent dry solids as indicated by the Total
or Suspended Solids Test in the laboratory. Conditions which
may affect sludge concentration are the specific gravity, size
and shape of the particles, and temperature, and turbulence

in the tank.

3Septic conditions (SEP-tick). A condition produced by anaercbic
organisms, If severe, the wastewater turns black, giving off
foul odors and creating a heavy oxygen demand,

“Sludge gasification. A process in which soluble and suspended
organic matter are converted into gas. Sludge gasification
will form bubbles of gas in the sludge and cause large clumps
of sludge to rise and float on the water surface.
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Withdrawal (pumping) rates should be slow in order to prevent
pulling too much water with the sludge. While the sludge is
being pumped, take samples frequently and examine them visually
for excess water. If the samples show a '"thin'" sludge, it is
time to stop pumping., Practice learning to recognize the
differences between thin or concentrated sludges. There are
several methods for determining "thick' or 'thin' sludge with-
out a laboratory analysis:

1. Sound of the sludge pump.
The sludge pump will
usually have a different
sound when the sludge is
thick than when it is
thin,

2. Pressure gauge readings.
Pressure will be higher
on the discharge side of
the pump when sludge is
thick.

3. Sludge density gauge
readings.

4, Visual observation of a
small quantity (gallon
or less).

5. Watch sludge being pumped
through a site glass in
the sludge line,

when you learn to use the indicators listed ubcove, you should compare
them frequently with lab tests. +The laboratory Totai Sclids Test is
the only accurate method for determining ecxact density., However,
thiis analytical procedure is too slow {or controlling a routine
pumping operation. Many operators use the centrifuge test to obtain
quick results,

floating material {(scum) may leave the clarifier at the effluent
unless a method has been provided for holding it back. A baffle

is generally provided in the tank at some lccation to collect scum,
Primary clarifiers often have a scum collection area where the scum
is skimmed ofi by some mechanical method, usually a skimming arm or
a paddie wheel., If mechanical methods are not provided, use hand
tocls such as skimming dipper attached to a broom handle,

Frequently check the scum trough to be sure it is working properly.
Clean the box with a brush and hot water. 3Scum may be disposed of
by burning or burial,

See Chapter 11, Mainteriance, Section 1..3 fur details on how to
unplug pipes and pumps.

(9]
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QUESTIONS

How often should sludge be removed from a
clarifier?

How can you tell when to stop pumping sludge?

How can floating material (scum) be kept from
the clarifier effluent? -
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5.4 GENERAL MAINTENANCE

Following are some hints to help you keep your clarifiers
operating properly:

1. Maintain a record and file system for future reference.
This should contain sheets to write down a description
and date for all repairs and regular maintenance activities
such as lubrication. Other items to be kept in the file
are operating instruction manuals; brochures; names,
addresses, and telephone numbers of manufacturer's repre-
sentatives, :

2. Always lubricate equipment at the intervals recommended
by the manufacturer and use the proper lubricants (follow
manufacturer's recommendations), It is very important
that you do not over-lubricate.

3. Clean all equipment and structures regularly.

4. Inspect and correct (if possible) all peculiar noises,
leaks, pressure and vacuum gauge irregularities, belts,
electrical systems, and safety devices.

5. When a sedimentation tank must be drained for inspection

or repairs, keep wooden flights moist by periodic sprinkling
with a hose to prevent cracking and warping.
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5.5 SAFETY

Gases

Any enclosed area, such as a wet well for a
pump, may have poisonous, asphyxiating, or
explosive gases accumulated in it if venti-
lation is not proper. The most common of
these are:

a. Hydrogen Sulfide (H,S). Causes a "rotten
egg'" odor., It readily combines with oxygen
to form sulfuric acid which will dissolve
concrete. If you breathe too much HyS it
will paralyze your respiratory center,

b. Chlorine (Cly). Very irritating to eyes,
mouth, and nose. Causes death by suffo-
cation (asphyxiation) and by formation of
acid in the lungs.

¢, Carbon Dioxide (CO,). Odorless, taste-
less. This can cause asphyxiation by
displacing oxygen from an enclosed,
poorly ventilated area.

d. Carbon Monoxide (CO). Colorless, odorless,
non-irritating, flammable, explosive. Look
out for carbon monoxide around gas engines
or leaky gas systems in poorly ventilated
places.

e, Gasoline and other petroleum products.
fay cause fires or explosions, or dis-
place oxygen and asphyxiate you,

f. Methane (CHy). Explosive, odorless, and
may cause asphyxiation,

For a detailed discussion of the hazards and
safety precautions when dangerous gases may be
present, refer to Chapter 12, Plant Safety and
Good Housekeeping. The New York Manual, pages
174 and 175, Table 10, Common Dangerous Gases
Encountered in Sewers and at Sewage Treatment
Plants, contains information on the simplest
and cheapest safe methods of treating for gases.
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Falls

Avoid falls by:

Cleaning up oil and grease slicks on walkways promptly.

Walking, not running, when near open tanks.

c. Avoiding clutter. Pick up and store hoses, ropes
cables, tools, buckets, lumber, etc.

d. Not sitting on, climbing through, or hanging over
guardrails or handrails.

e. Providing gratings, deck covers, or safety chains
on or around openings to pits below floor level.

Drowning

To prevent drowning:

Put handrails and proper walkways by all open tanks,
Cover open pits with gratings, deck plates, etc.

Have life preservers, life lines, or inner tubes
handy to throw to anyone who may fall in. Appropriate
equipment should be worn when necessary.

Strains and Overexertion

Use proper wrenches or equipment:

a.

b.

To move stuck or reluctant valves.

To 1ift heavy objects.




DISCUSSION AND REVIEW QUESTIONS

Chapter 5. Sedimentation and Flotation

(End of Lesson 1 of 3 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 are to indicate
to you how well you understand the material in this section,

1, What is the function of a primary clarifier?

2. What items should be checked before starting up
a new clarifier or one which has been out of
service for cleaning or repair?

3. Calculate the efficiency of a clarifier removing
BOD if the influent BOD is 260 mg/l1 and the
effluent is 155 mg/l. Show your work,

4, What would you do if the solids and BOD removal
efficiencies of a primary clarifier suddenly
dropped and the effluent appeared to contain more
solids than usual?

5. What precautions should you take to avoid strains
and overexertion when working around a treatment
plant?

6. How often should sludge be pumped from a primary
clarifier?
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CHAPTER 5., SEDIMENTATION AND FLOTATION

(Lesson 2 of 3 Lessons)

5.6 PRINCIPLES OF OPERATION

5.60 General

Sedimentation and flotation units are designed to remove physically
those solids which will settle easily to the bottom or float easily
to the top. Sedimentation is usually the principal basis of design
in such units and will be discussed in more detail in this section.
Flotation of fats, oils, hair, and other light material also is
very important to protect the esthetics of receiving waters.

The sedimentation and flotation units commonly found are:
1. Primary clarifiers
2. Secondary clarifiers
3. Flotation units
4, Imhoff tanks

This section will describe each unit individually as it relates to
another process or as a process by itself,

5.61 Primary Clarifiers

The most important function of the primary clarifier is to remove
as much settleable and floatable material as possible. Organic
settleable solid removal is very important because it causes a
high demand for oxygen (BOD) in receiving water or subsequent bio-
logical treatment units in the treatment plant.

Many factors influence the design of clarifiers. Settling charac-
teristics of suspended particles in water are probably the most
important considerations. The design engineer must consider the
speed at which particles will settle in order to determine the
correct dimensions for the tank. Rapid movement of water
(velocity) will hold most particles in suspension and carry them
along until the velocity of water is slowed sufficiently for
particle settling. The rate of downward travel (settling) of a
particle is dependent on the weight of the particle in relation



to the weight of an equal volume of water (specific gravity),>

the particle size and shape, and the temperature of the liquid.
Organic settleable solids are seldom more than 1 to 5 percent heavier
than water; and, therefore, their settling rates are slow.

If the horizontal velocity of water is slowed to a rate of 1.0 to 2.0
feet of travel per minute (grit chamber velocities were around 1 ft/sec)
most particles with a specific gravity of 1,05 (5% more than water) will
settle to the bottom of the container. Specific gravity of water is
1.000 at 4,0 degrees Celsius (formally Centigrade) or 39°F; it weighs
8.34 1bs per gallon. Wastewater solids with a specific gravity of 1.05
will weigh 8.76 1bs per gallon (1.05 times 8.34 1lbs equals 8.76 lbs per
gallon). The relationship of the particle settling rate to liquid
velocity may be explained very simply by use of a sketch (Fig. 5.5).

0
S~o LENGTH = 200 FT
2 ~&;,
[ \\6'0 HORIZONTAL FLOW OF WATER=
\f%\ 200 FT/100 MIN
4r \\gw
\\0,0 [
~ 4,9 »
N7
6 | VERTICAL \\/454‘:P DIRECTION OF
LOW (2 FT/MIN
g | Y SETTLING RATE=  “S. FLOW (2 FININ)
1 FT/6 MIN OR ~.
10 2 10 F.I;/GU M”n‘l 1 1 \\4 ! R f
10 20 30 40 50 60 10 80 90 100
TIME IN MINUTES
Fig., 5.5 Path of settling particle

Suppose the liquid velocity is horizontal at the rate of 2.0 feet per
minute and the tank is 200 feet long., It will take 100 minutes (200 ft
divided by 2.0 ft/min) to travel through the tank. If the particle,
during its diagonal course of travel, settles vertically toward the

> Specific gravity. Weight of a particle or substance in relation
to the weight of water. Water has a specific gravity of 1.000 at
49C (or 39°F). Wastewater particles may have a specific gravity
of from 0.8 to 2.6. If the specific gravity of a particle is less
than one it will tend to float, and if greater than one it will
tend to sink. Most organic sludges have a specific gravity be-
tween 1,01 and 1.05.
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bottom of the tank at a rate of 1.0 foot in 6 minutes, it will rest on
the floor of the tank in 60 minutes if the tank is 10 feet deep, If
the particle settles at the rate of 10 feet in 60 minutes, it should
settle in the first 60 percent portion of the tank because the liquid
surrounding it requires 100 minutes to flow through the tank,

There are many factors which will influence settling characteristics
in a particular clarifier. A few of the more common ones are as
follows:

Temperature. Water expands as temperature increases (above 40C) and
contracts as temperature decreases (above 4°9C), Below 4°C the oppo-
site is true, In general, as. water temperature increases, settling
rate of particles increases; and, as temperature decreases, so does
the settling rate. Molecules® of water react to temperature changes.
They are closer together when liquid temperature is lower; thus,
density’ increases and water becomes heavier per given volume because
there is more of it in the same space. As water becomes more dense,
the density difference between water and solid particles becomes less;
and therefore the particles settle slower. This is illustrated in

Fig, 5.6.
WATER MOLECULES ARE EXPANDED. WATER MOLECULES ARE CLOSE.
THIS ALLOWS FOR EASY SETTLING. PARTICLE SETTLING DIFFICULT.

WARM WATER COLD WATER
100°C (LESS DENSE) 4°C (MORE DENSE)
(7.989 LBS/GAL) (8.335 LBS/GAL)

Fig. 5.6 Influence of temperature on settling

® Molecules (MOLL-ee-kules). The smallest portion of an element
or compound retaining or exhibiting all the properties of the
substance,

Density (DEN-sit-tee). The weight per unit volume of any sub-
stance. The density of water (at 4°9C) is 1.0 gram per cubic
centimeter (gms/cc) or about 62.4 1lbs per cubic foot., If one
cubic centimeter of a substance (such as iron) weighs more than
1.0 gram (higher density), it will sink or settle out when put
in water., If it weighs less (lower density, such as oil), it
will rise to the top and float, Sludge density is normally
expressed in gms/cc,
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Short Circuits. As wastewater enters the settling tank, it
should be evenly dispersed across the entire cross section of
the tank and should flow at the same velocity in all areas
toward the discharge end. When the velocity is greater in

some sections than in others, serious '"'short circuiting'" may
occur. The high velocity area may decrease the detention

time in that area, and particles may be held in suspension

and pass through the discharge end of the tank because they

do not have time to settle out., On the other hand, if velocity
is too low, undesirable septic conditions may occur. Short
circuiting may easily begin at the inlet end of the sedimen-
tation tank (Fig 5.7). This is usually prevented by the use

of weir plates, baffles, port openings, and by proper design

of the inlet channel. Short circuiting also may be caused by
turbulence and stratification of density layers due to temperature
or salinity,
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Detention Time.® Wastewater should remain in the clarifier

long enough to allow sufficient settling time for solid par-
ticles. If the tank is too small for the quantity of flow

and the settling rate of the particles, too many particles

will be carried out the effluent of the clarifier. The relation-
ship of "detention time" to '"settling rate" of the particles

is important, Most engineers design for about 2.0 to 3.0 hours of
detention time. This is, of course, flexible and dependent on
many circumstances.

Detention time can be calculated by use to two known factors:

1. Flow in gallons per day (gpd)

2. Tank dimensions

Examgle:

The flow is 3.0 million gallons per day (MGD), or 3,000,000 gal/day.
Tank dimensions are 60 feet long by 30 feet wide by 10 feet deep.
What is the detention time?

8 Detention Time. The time required to fill a tank at a given
flow or the theoretical time required for a given flow of
wastewater to pass through a tank.
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Formulas:

Detention _ Tank Volume, cu ft x 7.5 gal/cu ft x 24 hr/day

Time, hrs Flow, gal/day

Tank Volume, cu ft Length, ft x Width, ft x Depth, ft

Calculations:

Tank Volume, cu ft Length, ft x Width, ft x Depth, ft

60 ft x 30 ft x 10 ft

18,000 cu ft

Detention _ Tank Volume, cu ft x 7.5 gal/cu ft x 24 hr/day
Time, hrs Flow, gal/day

= 18,000 cu ft x 7.5 gal/cu ft x 24 hr/day
3,000,000 gal/day

= 3,240,000 gal-hr/day 24 18,000
3,000,000 gal/day x7.5 180
120 1,440,000

= 1.08 hours 168 1 800 0O
180.0 3,240,000

Evaluation. If detention time is only 1,08 hours and if labora-
tory tests indicate poor removal of solids, then additional tank
capacity should be placed into operation (if available) in order
to obtain additional detention time. You must realize that flows
fluctuate considerably during the day and night and any calculated
detention time is for a specific flow,

Discussion, The formula given in this section allows you to
calculate the theoretical detention time. Actual detention time
is less than the detention time calculated using the formula and
can be measured by the use of dyes, tracers, or floats,



Weir Overflow Rate. Wastewater leaves the clarifier by flowing over
weirs and iInto effluent troughs (launders)? or some type of weir
arrangement. The number of lineall® feet of weir in relation to the
flow is important to prevent short circuits or high velocity near

the weir or launder which might pull settling solids into the
effluent. The weir overflow rate is the number of gallons of waste-
water that flow over one lineal foot of weir per day. Most designers
recommend about 10,060 to 20,000 gallons per day per lineal foot of
weir, Higher weir overflow rates have been used for materials with

a high settling rate or for intermediate treatment. Secondary clari-
fiers and high effluent quality requirements generally need lower
weir overflow rates than primary clarifiers., The calculation for
weir overflow rate requires two known factors:

1. Flow in gpd

2. Lineal feet of weir

Examgle:

The flow is 5.0 MGD in a circular tank with a 90-foot weir
diameter.11 What is the weir overflow rate?

9 Launders (LAWN-ders). Sedimentation tank effluent troughs.
When the flow leaves a sedimentation unit, it usually flows
into a trough after it leaves the tank., The top edge of
the trough over which wastewater flows as it enters the
trough is considered a weir,

10 1 ineal (LIN-e-al). The length in one direction of a line.
For example, a board 12 feet long has 12 lineal feet in its
length,

1yeir Diameter (weer). Circular D1AMETER
clarifiers have a circular weir
within the outside edge of the

clarifier. All the water leaving CIRCULAR
the clarifier flows over this WEIR
weir. To find the length of this
weir, the weir diameter must be _BLAM
known. The diameter is the DIAMETER
length of a line from one edge ;4_4——
of a weir to the opposite edge = S
and passing through the center
of the circle formed by the weir.

SECTION
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Formulas:

Flow Rate, gpd
Length of Weir, ft

Weir Overflow, gpd/ft =

Length of Circular Weir = 3,14 x Weir Diameter, ft

Calculations:

Length of Cir-

cular Weir, ft 3.14 x (Weir Diameter, ft)

3.14
= 3,14 x 90 ft 90
= 283 Lineal Feet of Weir 282.60
Weir Over- _ Flow Rate, gpd 17,668
flow, gpd/ft ~ Length of Weir, ft 283 15,000,000
2 83
_ 5,000,000 gal/day 2 170
B 283 ft 1 981
189 0
= 17,668 gpd/ft 169 8
19 20
16 98
2 220
2 264
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Surface Settling Rate or Surface Loading Rate. This term is
expressed in terms of gpd/sq ft of tank surface area. Some
designers and operators have indicated that the surface
loading rate has a direct relationship to the settleable solids
removal efficiency in the settling tank. The suggested
loading rate varies from 300 to 1200 gpd/sq ft, depending on
the nature of the solids and the treatment requirements. Low
loading rates are frequently used in small plants in cold
climates. In warm regions, low rates may cause excessive
detention which could lead to septicity. The calculation for
surface loading rate requires two known factors:

1. Flow in gpd

2. Square feet of liquid surface area

ExamEIe:

The flow in a secondary plant is 5.0 MGD in a tank 90 feet long
and 35 feet wide. What is the surface loading rate?

Formula:

Flow Rate, gpd
Area, sq ft

Surface Loading Rate, gpd/sq ft =

Calculations:

Surface Area, sq ft Length, ft x Width, ft

90 ft x 35 ft

= 3150 sq ft
Surface Loading _ Flow Rate, gpd
Rate, gpd/sq ft =~  Area, sq ft

5,000,000 gpd
3150 sq ft

= 1587 gpd/sq ft



Detention Time, Weir Overflow Rate, and Surface Loading Rate are

three mathematical methods of checking the performance of exist-
ing facilities against the design values. However, laboratory
analysis of samples is the only reliable method of measuring
clarifier efficiency. If laboratory results indicate a poorly
operating clarifier, the mathematical methods may help you to
identify the problem,

5.6A

5.6B

5.6C

5.6D

QUESTIONS
What is '"short circuiting'" in a clarifier?
Why is "short circuiting'" undesirable?
How can '"'short circuiting" be corrected?
A circular clarifier has a diameter of 80 feet and
an average depth of 10 feet. The flow of waste-
water is 4.0 MGD, Calculate the following:
1. Detention Time, in hours

2, Weir Overflow Rate, in gpd/ft
3. Surface Loading Rate, in gpd/sq ft
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DISCUSSION AND REVIEW QUESTIONS

Chapter 5., Sedimentation and Flotation

(End of Lesson 2 of 3 Lessons)

Please write the answers to these questions in your notebook
before continuing with Lesson 3. The problem numbering continues
from Lesson 1,

7. Explain how temperature influences clarifier performance,

8. Draw a clarifier and indicate what is meant by short
circuiting,

9. A circular clarifier has a diameter of 60 feet and an
average depth of 8 feet. The flow of wastewater is
2.0 MGD., Calculate the following:

Detention Time, in hours

Weir Overflow Rate, in gpd/ft

Surface Loading Rate, in gpd/ft2

. Comment on the hydraulic loading on the clarifier.

HW DN =
.
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CHAPTER 5. SEDIMENTATION AND FLOTATION

(Lesson 3 of 3 Lessons)

5.62 Secondary Clarifiers or Final Settling Tanks

Secondary clarifiers usually follow a biological process in the
flow pattern of a treatment plant. (See Figs. 5.1 and 5.2,)
The most common biological processes are the Activated Sludge
Processl? and the Trickling Filter.l13

In some plants a chemical process may be used instead of a bio-
logical process, but the latter is far more common for municipal
treatment plants.

The final settling tank is sometimes referred to as a "humus tank"
when used after a trickling filter to settle out sloughingsl"

from the filter media. Filter sloughings are a product of bio-
logical action in the filter; the material is generally quite

high in BOD.and will degrade the effluent quality unless it is
removed. The specific description of trickling filters is covered
in Chapter 6. '

12 Activated Sludge Process (ACK-ta-VATE-ed sluj). A biological
wastewater treatment process in which a mixture of wastewater
and activated sludge is aerated and agitated. The activated
sludge is subsequently separated from the treated wastewater
(mixed liquor) by sedimentation, and wasted or returned to the
process as needed.

13 Trickling Filter. A treatment process in which the wastewater

trickles over media that provide the opportunity for the form-

ation of slimes which clarify and oxidize the wastewater.

'% Sloughings (SLUFF-ings). Trickling filter slimes that have
been washed off the filter media. They are generally quite
high in BOD and will degrade effluent quality unless removed,



Secondary clarifier detention times are about the same as for
primary clarifiers, but the surface loading and weir overflow
rates are generally lower due to the less dense characteristics
of secondary sludges. The following are ranges of loading
rates for secondary clarifiers used after biological filters:

Detention Time - 1.0 to 2.0 hours
Surface Loading Rate - 300 to 1200 gpd/sq ft
Weir Overflow Rate - 5,000 to 15,000 gpd/lineal ft

The amount of solids settling out in a secondary clarifier
following a trickling filter will be very irregular due to a
number of varying conditions in the biological treatment process,
In general, you can expect to pump about 30% to 40% as much
sludge from the secondary clarifier as from the primary; thus,
total sludge pumping will increase by that amount., These figures
indicate how the trickling filter '"creates" settleable solids
which were not present in the raw wastewater in settleable form,

The sludge in the secondary settling tank will usually have a
completely different appearance and characteristics than the
sludge collected in a primary settling tank., It will usually
be much darker in color, but should not be grey or black. A
grey sludge usually indicates insufficient biological stabili-
zation (treatment). Sludge will turn black if it is

allowed to stay in the secondary clarifier too long. If this
happens, then the return sludge or waste sludge pumping rate
should be increased or the time of pumping lengthened or made
more frequent. Secondary sludges generally require continuous
or frequent pumping at a rate sufficient to maintain a
reasonably concentrated sludge and a low sludge blanket in the
clarifier,

The particle sizes may be very irregular with generally good
(rapid) settling characteristics. The sludge may appear to

be a fluffy humus type of material and will usually have little
or no odor if sludge removal occurs at regular intervals. The
sludge collected in the final settling tanks is sometimes dis-
posed of by transferring to a primary settling tank to be mixed
with primary sludge, and it is sometimes transferred directly

to the digestion system, depending on the particular plant design
and the characteristics of the sludge.

Final settling tanks which follow the activated sludge process
are designed similarly to those used for the trickling filter,
except that they are more conservative in design because the
sludge tends to be less dense. Their purpose is identical,
except that the particles to be settled are received from the
aeration tank rather than the trickling filter., Most final
sedimentation tanks used with the activated sludge process are



mechanically cleaned due to the importance of rapidly returning
sludge to the aeration tank. (This is explained in Chapter 7,
Activated Sludge.) The sludge volume in the secondary tank will
be greater from the activated sludge process than from the
trickling filter process.

The standard laboratory tests used to measure solids removal in

primary settling tanks are used also for secondary settling
tanks,

QUESTIONS

5,6E Why are secondary clarifiers needed in secondary
treatment plants?

5.6F What usually is done with the sludge that settles
out in secondary clarifiers?



5.7 FLOTATION PROCESSES

Wastewater always contains some solids in suspended form that
neither settle nor float to the surface and therefore remain
in the liquid as it passes through the clarifier. Dissolved
solids will, of course, travel through the clarifiers because
they are unaffected by these units, There are two other types
of solids in wastewater known as '"Colloids'' and "Emulsions"
that are very difficult to remove.

A "colloid" is a particle held in suspension due to its very
small size and its electrical charge. It is usually less that
200 millimicrons!® in size, and generally will not settle
readily, If organic, it exerts a high oxygen demand, so its re-
moval is desirable,

An "emulsion" is a liquid mixture of two or more liquid sub-
stances not normally dissolved in one another, but one liquid
held in suspension in the other. It usually contains suspended
globules of one or more of the substances., The globules
usually consist of grease, o0il, fat, or resinous substances,
This material also exerts a high oxygen demand.

One method for removing emulsions and colloids is by a '"flotation
process', pumping air into the mixture to cause the suspended
material to float to the surface where it can be skimmed off.

15 Millimicron (MILL-e-MY-cron). One thousandth of a micron
or a millionth of a millimeter.,
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The particles can be flocculated!® with air or chemical coagulants!?
and forced or carried to the liquid surface by minute air bubbles,
Figure 5.8 shows the chain of events in the flotation process,

SMALL PARTICLES SMALL PARTICLES FLOCCULATED PAR- ACCUMULATED
WILL NOT SETTLE. IN FLOCCULATED TICLES ATTACHED SCUM OR FOAM
, FORM. TO AIR BUBBLES. ON SURFACE.
BUBBLES CARRY MOST AIR BUB-
PARTICLES TO BLES ARE
SURFACE. RELEASED.

Fig. 5.8 Flotation process

Most of the air bubbles are released at the liquid surface. Particles
are removed in the form of scum or foam by skimming,

There are two common flotation processes in practice today:

1. Vacuum Flotation. The wastewater is aerated for a short
time in a tank where it becomes saturated with dissolved
air, The air supply is then cut off and large air bubbles
pass to the surface and into the atmosphere. The waste-
water then flows to a vacuum chamber which pulls out dis-
solved air in the form of tiny air bubbles which float
the solids to the top,

2. Pressure Flotation., Air is forced into the wastewater
in a pressure chamber where the air becomes dissolved in
the liquid. The pressure is then released from the
wastewater, and the wastewater is returned to atmospheric
pressure where the dissolved air is released from solution
in the form of tiny air bubbles. These air bubbles rise
to the surface and, as they rise, they carry solids to
the surface,

16 Flocculated (FLOCK-you-lay-ted). An action resulting in the
gathering of fine particles to form larger particles.

17 Coagulants (ko-AGG-you-lents). Chemicals added to destabilize,
aggregate, and bind together colloids and emulsions to improve
settleability, filterability, or drainability.



Any flotation process is based upon release of gas bubbles in
the liquid suspension (Fig. 5.8) under conditions in which the
bubbles and solids will associate with each other to form a
combination with a lower specific gravity than the surrounding
liquid. They must stay together long enough for the combin-
ation to rise to the surface and be removed by skimming,

QUESTIONS
5.7A Why is the '"flotation process' used in some waste-
water treatment plants?

5.7B Would you place the flotation process before or
after primary sedimentation?

5.7C Give a very brief description of:

1., Colloid
2, Emulsion

5.7D Give a brief description of the Vacuum Flotation
process.,

5-42



5.8 IMHOFF TANKS

Imhoff tanks are rarely constructed today. Your plant may
consist of only an Imhoff tank if it serves a very small com-
. o TE—— . .
munity or if it was constructed many years ago. It is quite
possible that you may never have operating responsibility for
one of these units. They will be discussed for general know-
ledge and for the few operators who will have cperating

responsibility for them,

The Imhoff tank combines sedimentation and sludge digestion

in the same unit. There is a top compartment where sedimen-
tation occurs and a bottom compartment for digestion of settled
particles (sludge). The two compartments are separated by a
floor and a slot designed to allow settling particles to pass
through to the digestion compartment (Fig. 5.9).

Wastewater flows slowly through the upper tank as in any other
standard rectangular sedimentation unit. The settling solids
pass through the slot to the bottom sludge digestion tank.
Anaerobic digestion of solids is the same as in a separate
digester. Gas bubbles are formed in the digestion area by
bacteria. As the gas bubbles rise to the surface they carry
solid particles with them. The slot is designed to prevent
solids from passing back into the upper sedimentation area as
a result of gasification where they would pass out of the unit
with the effluent.

The same calculations previously used for clarifiers can be used
to determine loading rates for the settling area of the Imhoff
tank, (Chapter 8, Sludge Digestion, will explain the anaerobic
process in the sludge digestion area of this unit.) Some typical
values for design and operation of Imhoff tanks are:

Settling Area

Wastewater Detention Time 1.0 to 4,0 hours
Surface Settling Rate 600 to 1200 gpd/sq ft
Weir Overflow Rate - 10,000 to 20,000 gpd/ft
Suspended Solids Removal -~ 45% to 65%

BOD Removal 25% to 35%

Digestion Area

Digestion Capacity - 1.0 to 3.0 cu ft/person
Sludge Storage Time - 3 to 12 months
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/ GAS VENTS \

SETTLING COMPARTMENT

N

SLUDGE DIGESTION
COMPARTMENT

SLUDGE WITHDRAWAL LINE

Fig. 5.9 Imhoff tank
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Here are a few operational suggestions:

1. In general, there is no mechanical sludge scraping device
for removing settled solids from the floor of the settling
area. Solids may accumulate before passing through the slot
to the digestion area. It may be necessary to push the accu-
mulation through the slot with a squeegee or similar device
attached to a long pole. Dragging a chain on the floor and
allowing it to pass through the slot is another method for
removing the sludge accumulation.

2. Scum from the sedimentation area is usually collected by hand
tools in a separate container for disposal. It may also be
transferred to the gas venting area where it will work down
into the digestion compartment. Scum in the gas vents should
be kept soft and broken up by soaking it periodically with
water or by punching holes in it and mixing it with the liquid
portion of the digestion compartment. The addition of 10 pounds
of hydrated lime per 1000 connected population per day may be
helpful for controlling odors from the gas vent area and also
for adjusting the chemical balance of the scum for easier
digestion.

3. Some Imhoff tanks have the piping and valving to reverse the
direction of flow from one end toward the other end. If
possible, the flow should be reversed periodically for the
purpose of maintaining an even sludge depth in the digestion
compartment. The sludge level in the digestion area must be
lower than the slot in the floor of the settling area to
prevent plugging of the slot. A line of gas bubbles directly
over the slot indicates the sludge level in the digestion
chamber is too high.

4. The explanation of sludge digestion in Chapter 8 will
supply information that can be applied to the digestion
area in the Imhoff tank. Neither sludge mixing nor heating
devices are used in an Imhoff tank. Sludge loading rates,
withdrawal rates, laboratory tests, and visual appearance
of sludges are very similar to what they are in an unheated
digester. If visual appearance is the only method you have
of judging the sludge, it is safe to assume that if sludge
in the digestion area is relatively odorless or has a musty
smell and is black or very dark in color, the process is
working satisfactorily.
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The laboratory testing program for an Imhoff tank should be
complete enough to identify operational problems and to supply
necessary information to regulatory agencies, The following
minimum program is suggested, assuming adequate laboratory
facilities, personnel, and size of the system.

TYPICAL
SUGGESTED ANALYSIS USUAL RANGE REMOVAL %
Settling Area
Settleable Solids 3,0 - 10.0 ml/1 75 - 90
Suspended Solids 200 - 400 mg/1 45 - 65
PH 6.7 - 7.3
Alkalinity 100 - 300 mg/1
BOD 200 - 500 mg/1 25 - 35

Digestion Area

pH 6.7 - 7.3
Alkalinity 1000 - 3000 mg/1
Vol. Acids 100 - 500 mg/1

Efficiency of operation can be determined by measuring the settle-
able solids, suspended solids, or BOD of the influent and effluent,



" QUESTIONS

5.8A What are the two components of an Imhoff tank?

5.8B Describe the sludge from'an Imhoff tank which
is operating properly.

5.8C How could you maintain a fairly level sludge
blanket in the digester portion of an Imhoff tank?

5.8D How can you force settled material into the
digestion compartment?

5.9 SEPTIC TANKS

Septic tanks are used mostly for treating the wastewater from
individual homes or from small populations (such as camps)
where sewers have not been provided. They operate very much
like an Imhoff tank except there is not a separate digestion
compartment, Detention time is usually long (12 to 24 hours)
and most settleable solids will remain in the tank. They
must be pumped out and disposed of periodically to prevent
the tank from filling up. Part of the solids in the septic
tank are liquified and discharged with the wastewater into
the soil mantle. Conditions are not favorable for rapid
gasification and most waste stabilization occurs in the soil.

Septic tank effluent is usually disposed of in underground per-
forated pipes called 'leach lines'', and sampling of effluent may
be impossible, The ability of the soil mantle to leach the
septic tank effluent is the critical factor in subsurface waste
disposal systems,

For additional information on septic tanks, refer to the Manual of
Septic Tank Practice, U.S. Public Health Service, Washington, D.C.



5.10 ADDITIONAL READING

a, MOP 11, pages 25-38 and 89-97
b. New York Manual, pages 31-45
c. Texas Manual, pages 174-201

d. Sewage Treatment Practices, pages 35-47

DISCUSSION AND REVIEW QUESTIONS

Chapter 5, Sedimentation and Flotation

(End of Lesson 3 of 3 Lessons)

Write the answers to these questions in your notebook before
continuing, The problem numbering continues from Lesson 2.
10. Why should floatable solids be removed from wastewater?

11. What is the critical factor in subsurface wastewater
disposal systems?



5.3A

5.3B

5.3C

5.6A

5.6B

5.6C

SUGGESTED ANSWERS

Chapter 5., Sedimentation and Flotation

Settleable solids, suspended solids, total solids, BOD,
and coliform group bacteria,

90% to 95%.

Influent and effluent,

(In - Qut) 1005%
In

(300 mg/1 - 120 mg/1) 10
300 mg/1 °

Efficiency, % =

= 60%
Often enough to prevent septic conditions or sludge gasification,

Stop pumping sludge when it becomes thin. Thin sludge can
be detected by the sound of the sludge pump, differences in
sludge pump pressure gauge readings, and by visual observa-
tion of the sludge.

Scum can be kept out of the clarifier effluent by a baffle
placed around the inside edge of the overflow weir.

(END OF ANSWERS TO QUESTIONS IN LESSON:- 1)

Short circuiting occurs in a clarifier when the flow is
not uniform throughout the tank.

Short circuiting is undesirable because where the velocity
is too high, particles will not have time to settle, Where
the velocity is too low, undesirable septic conditions may
develop.

Short circuiting may be corrected by installing weir plates
or baffles,
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5.6D Tank Volume,

2.

cu ft

Tank Volume,
gal

Detention
Time, hrs

Weir Overflow _

Rate, gpd/ft

%—x (Diameter,; ft)2 x Depth, ft
m 2
= X (80 ft)< x 10 ft
= 222 x 6400 x 10
.785
64000
= 0,785 x 64,000 3140000
4710
= 50,240 cu ft 50240.000

50,240 cu ft x 7.5 gal/cu ft 50240

7.5
= 376,800 gal 251200
351680
376800.0
Tank Volume, gal x 24 hr/day
Flow, gal/day
376,800 gal x 24 hr/day
4,000,000 gal/day
.376800 x 6
2.2608
2.3 hrs
Flow Rate, gpd 15923,
Length of Weir, ft 251.2 4000000.0
2512
_ 4,000,000 gpd 14880
3.14 x 80 ft 12560
23200
22608
_ 4,000,000 gpd "5920
251,2 ft 5024
896 0
753 6

= 15,923 gpd/ft
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5.6D (Continued)
3, Surface Loading Rate

Calculate Surface Area, sq ft

%-x (Diameter, ft)?

Surface Area, sq ft

3.14

= =5 x (80 ft)?2
0.785
6400
= 0.785 x 6400 314000
4710
= 5,024 sq ft 5024.000
Surface Loading _ Flow Rate, gpd
Rate, gpd/sq ft =~ Surface Area, sq ft

4,000,000 gpd
5,024 sq ft

= 800 gpd/sq ft (close enough)

(END OF ANSWERS TO QUESTIONS IN LESSON 2)

5.6E Secondary clarifiers are needed in secondary treatment
plants to remove solids from the secondary process.

5.6F Sludge settling in the secondary clarifier may be returned
to the primary clarifier to be settled with the primary
sludge, pumped to the beginning of the biological process
for recycling, or pumped directly to the sludge handling
facilities.

5.7A The flotation process is used to remove ''colloids'" and
"emulsions'",

5.7B After,
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5.7C Colloid - A very small solid that remains dispersed in
a liquid for a long time due to its small size and
electrical charge.

Emulsion - A liquid mixture of two or more liquid sub-
stances in a relatively stable suspension which do not
compine chemically.

S.7D The vacuum flotation process consists of aerating the
wastewater and applying a vacuum to pull out the air
which will carry the solids to the water surface.

5.8A (1) Settling area, and (2) Sludge digestion area.
5.88B Digested sludge in an Imhoff tank is relatively odor-
less or has a musty smell, and it is black or very dark

in color,

5.8C A fairly level sludge blanket is maintained by reversing
the flow at regular intervals.

5.8D Settled material may be forced into the digestion com-
partment by pushing it through the connecting slot with
a squeegee,

(END OF ANSWERS TO QUESTIONS IN LESSON 3)
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OBJECTIVE TEST

Chapter 5. Sedimentation and [lotation

Please write your name and mark the correct answers on the IBM
answer sheet as directed at the end cf Chapter 1. There may be
moere than one answer to each question,

EXAMPLE
The purpcse of detaining water in a sedimentation tank is to:

1. Store for future use

2. Allow solids to settle to the bottom
3. Allow grease tc float to the surtface
4, 1Hold until trickling filter is ready
5. Frovide chlorine contact time

To answer this question, you should mark on your answer sheet:

1 2 3 4 5

- - -

]
EXAMPLE : J
!

1. Skimmed solids may be disposed ¢f by:

1. Pumping to digester

2. Burying with material from bar screen
3. Incineration

4. Sold for grease and cil content

5. None cf these

2. What items shculd be checked befoere starting & claritier?

kemove debris from pipes and tank
Lubricate equiprent

Sample etffluent

Turn off chlorinator

Run a clarity test

U AW~

3. Generally, pH is signiticantly affected by a clarifier:

1. True
2. False

@2
I
w
w



An operator can tell if '"thin' sludge is being pumped by:

The sound of the sludge pump

The smell of the sludge

The color of the sludge

Pressure gauge readings on the
suction and discharge of the pump
5. Visual observation

EEN ORI A Ry ]

The maintenance program for a properly operating clari-
fier should include:

. Sample influent

Regular inspection

Keep a list of repairs

Prompt adjustment or repair when necessary
Lubricate equipment at regular intervals

U h WY

Dangerous gases an operator may encounter in and around
a treatment plant include:

. Hydrogen sulfide

. Nitrogen

. Chlorine

. Fumes from gasoline
. Methane

() IS N OX I SO I ]

What factors influence the settling characteristics of
solids in a clarifier?

. Flow velocity and/or turbulence
. Temperature

. Laboratory analyses

. Short circuiting

. Detention time

U B N =

If short circuiting occurs in a clarifier, the operator
should:

. Check the wiring

. Identify the cause

. Change fuses

. Try installing baffles
. Restart the pump

(O NN ¥ I S I

Plant analysis of samples is a reliable method of
measuring clarifier efficiency:

1. True
2. False
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10, What are '"sloughings"?

Troughs

Slop

Material washed off trickling filter media
Waste activated sludge

Grit

Ul NN
.

il. Secondary or final clarifiers are needed to:

1. Increase sludge digestion
2. Allow septic conditions to develop
3. Frovide a home ifor organisms
4, Remove sclids from bioliogical processes
5. None of these
12,  An Imhoff tank has:
1. ’iwo compartments
2. 3ludge scrapers
3. A piping system that allows the flcw in the tank

to be reversed from one end to the other end
4, A separate sludge digestion compartment under
the settling area
5. Gas vents

13. Primary clarifiers are designed to remcve colloidal solids:

1. True
2. False

i4, Estimate tne detention time in a 2(¢,000-gallon sedimentation
tank if the flow is 0.2 MGD. Select the closest answer.

i. 1.5 hr
2. 1.8 hr
3. 2.0 nr
4, 2.4 hr
5. 2.8 hr

15. Estimate the detention time in a sedimentaticn tank 9f: f:
long, 30 ft wide, and 12 ft deep, if the fliow is 3,0 MCD.
Seiect the closest answer,

hr
hr
hr
nr

1

ar

U N e
.

N NN = -
N

00 A O oottn

Please write on your IBM answer sheet the total time required
to work all three lessons and this objective test.
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APPENDIX

Monthly Data Sheet
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CHAPTER 6

TRICKLING FILTERS

by

Larry Bristow
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EXPLANATION OF PRE-TEST

Write your name and mark your answers on the IBM sheet., The
objective of the Pre-Test is to indicate to you the important
topics in this chapter, as well as to indicate how well the
material was presented to you, It's okay if you don't know
many of the answers.



PRE-TEST

Chapter 6. Trickling Filters

Name Date

Please write your name and mark the correct answers on the IBM answer
sheet. There may be more than one answer to each question,

1. Loading on a trickling filter may be expressed as:

1b H,0/day

1b BOD/day/1000 cu ft
1b H,0/sq ft/day
gal/day/sq ft

. gal/day/1000 cu ft

UT NN

2., Masking agents:

Cover the filter

Mask the plant

Produce desirable odors

Are sprayed into the air

Tend to make undesirable odors unnoticeable

.

UT b DN~

3. A shock load is:

A heavy blow

A big load in a truck

An unexpected strong waste
An unexpected bump

None of these

Ul I O3 N~

4, A flow of 1400 gpm is approximately the same as:

1. 1 MGD
2. 2 MGD
3. 0.5 MGD
4, 0,33 MGD
5. 0,75 MGD

5. Physical methods of waste treatment include:

1, Trickling filters
2, Disinfection

3. Sedimentation

4, Screens

5.

Activated sludge



10,

Before starting up a new trickling filter plant the opera-
tor should check:

-

U1 & R D =
.

In

Wh

0il reservoirs for proper amount and type of oil
Rotation of distributor arm

Underdrain system for debris

Zoogleal film on filter media

To be sure there are no voids in the filter media

operating a trickling filter the operator should:

Adjust the process to obtain the

best possible results for the least cost

Use the lowest recirculation rates that

will yield good results to conserve power
Rotate the distributor as fast as possible to
better spray settled wastewater over the media
Maintain aerobic conditions in the filter
Bubble oxygen up through the filter

ich test best measures the efficiency of a trickling filter?

1, Total solids

2. pH

3, BOob

4, Temperature

5. Sludge age

To correct an odor problem in a trickling filter the operator
should:

1. Take corrective action immediately
2. Shut off flow to the filter

3, Try to maintain aerobic conditions
4, Check ventilation in the filter

5. Increase recirculation rate

Maintenance of a distributor moved by hydraulic action

includes:

1. (leaning the filter media

2. C(Cleaning orifices in the distributor arms
3. Changing the mercury if the distributor arm

does not rotate smoothly

Adjusting turnbuckles occasionally on guy rods
to keep rotating arms at proper level

Greasing gears that rotate distributor



The differences between high-rate filters and standard-rate
filters include:

Higher flows per day per square foot of surface area
. Higher pounds of BOD per day per cubic foot of media
Higher BOD reductions

. Greater depth of filter

. Higher rate of odor production

U & NN =

The hydraulic loading on a trickling filter 90 feet in
diameter with a flow of 0.6 MGD is approximately:

100 gpd/sq ft
95 gpd/sq ft
90 gpd/sq ft
. 85 gpd/sq ft
. None of these

U1 NN

The organic load applied to a trickling filter in pounds
of BOD per day for a filter with a diameter of 75 feet,
a flow of 0.4 MGD, and a filter influent BOD of 100 mg/1
would be approximately:

350 lbs/day
. 335 lbs/day
325 1lbs/day
. 300 lbs/day
None of these

U BN =

Successful trickling filter operation depends on:

. Maintenance of a chlorine residual in the effluent
Washing slimes off the filter media

Preventing sludge bulking

Maintenance of a good growth of organisms on the
filter media

Filtering the solids out of the wastewater

2NN
e e o

93]

The basic parts of a trickling filter include:

1. Distribution box

2. Distribution system
3., Pumps

4., Underdrain system
5. Media

Problems associated with trickling filters include:

1. Bulking

2. Filter flies

3. Clogging

4, Turbid effluent
5. Snails

gl
)
W



17.

18,

19.

Trickling filtration is primary treatment process,

1, True
2. False

If wastewater recirculation rates are too low, then

(18)

1, Aerobic
2. Anaerobic

conditions may develop in the secondary clarifier;
however, if recirculation rates are too high (19)

1. Solids will wash out of the secondary clarifier
2., The effluent will be sparkling clear



GLOSSARY

Chapter 6. Trickling Filters

Aerobic Process (AIR-O-bick): The waste treatment process is con-
ducted under aerobic (in the presence of 'free' or dissolved oxygen)
conditions,

Anaerobic (AN-air-O-bick): A condition in which "free'" or dissolved
oxygen is not present,

Colloids (KOL-loids): Very small solids (particulate or insoluble
material) in a finely divided form that remain dispersed in a liquid
for a long time due to their small size and electrical charge.

Distributor: The rotating mechanism that distributes the wastewater
evenly over the surface of a trickling filter or other process unit.

Fixed Spray Nozzle: Cone-shaped spray nozzle used to distribute
wastewater over the filter media, similar to a lawn sprinkling system,
A deflector or steel ball is mounted within the cone to spread the
flow of wastewater through the cone, causing a spraying action,

Loading: Quantity of material applied to a device at one time,

Masking Agents: Liquids which are dripped into the wastewater,
sprayed into the air, or evaporated (using heat) with the ''fumes"
or odors discharged into the air by blowers to make an undesirable
odor less noticeable.

Microorganisms (micro-ORGAN-is-zums): 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.

Orifice (OR-i-fiss): An opening in a plate, wall, or partition, 1In

a trickling filter distributor the wastewater passes through an orifice
to the surface of the filter media. An orifice flange set in a pipe
consists of a slot or hole smaller than the pipe diameter. The
difference in pressure in the pipe above and below the orifice may

be related to flow in the pipe.



Physical Waste Treatment Processes: Racks, screens, comminutors,
sedimentation, and flotation., Chemical or biological reactions
are not an important part of the process.

Ponding: A condition occurring on trickling filters when the
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.

Protozoa (pro-toe-ZOE-ah): A group of microscopic animals,
principally of one cell, that sometimes cluster into colonies,

Recirculation: The return of part of the effluent from a treat-
ment process to the incoming flow.

Secondary Treatment: A wastewater treatment process used to
convert dissolved or suspended materials into a form more
readily separated from the water being treated.

Shock Load: The arrival at a plant of waste which is toxic to
organisms in sufficient quantity or strength to cause operating
problems, such as odors or sloughing off of the growth or slime
on the trickling filter media., Organic or hydraulic overloads
also can cause a shock load.

Trickling Filter: A treatment process in which the wastewater
trickles over media that provide the opportunity for the formation
of slimes which clarify and oxidize the wastewater.

Trickling Filter Media: Rocks or other durable materials that make
up the body of the filter. Synthetic (manufactured) media have been
used successfully.

Two-Stage Filters: Two filters are used. Effluent from the first
filter goes to the second filter, either directly or with a clarifier
between the two filters.

Zoogleal Film (ZOE-glee-al): A complex population of organisms that
form a slime growth on the trickling filter media and break down the
organic matter in wastewater. These slimes consist of living organisms
feeding on the wastes in wastewater, dead organisms, silt, and other
debris. Slime growth is a more common description,




CHAPTER 6, TRICKLING FILTERS

(Lesson 1 of 3 Lessons)

6.0 INTRODUCTION

6.00 General Description

In the initial chapters of this course, you have learned about
physical methods of wastewater treatment. In general, these

techniques (processes) consist of the screening of large particles,
settling of heavy material, and floating of light material by pre-
liminary and primary treatment units (screen, grit chamber, clarifier).
Although primary treatment is very efficient for removing settleable
solids, it is not capable of removing other, lighter suspended solids
or dissolved solids which may exert a strong oxygen demand on the
receiving waters.

In order to remove the very small suspended solids (colloids) and
dissolved solids, most waste treatment plants now being built include
""'secondary treatment".l This additional process increases overall
plant removal of suspended solids and BOD to 90% or more. The two
most common secondary treatment processes are trickling filters and

activated sludge. This chapter will deal with trickling filters.?

1 Secondary treatment. A wastewater treatment process used to
convert dissolved or suspended materials into a form more
readily separated from the water being treated.

2 Trickling filters are sometimes called biofilters, accelo
filters, or aero-filters, depending on the recirculation pattern.



Figures 6.1 and 6.2 show where a trickling filter is usually
located in a plant.

More trickling filters, have been built in this country than
any other type of secondary treatment device, Most trickling
filters are large in diameter, shallow, cylindrical structures
filled with stone and having an overhead distributor. (See
Fig. 6.3.) Many variations of this design have been built,
Square or rectangular filters have been constructed with fixed
sprinklers for wastewater distribution.

6.01 Principles of Treatment Process

Trickling filters, or biological oxidation beds, consist of
three basic parts:

1., The media (and retaining structure)
2. The underdrain system
3. The distribution system

The media provide a large surface area upon which a biological
slime growth develops. This slime growth, sometimes called a
zoogleal film,3 contains the living organisms that break down

the organic material, The media may be, rock, slag, coal, bricks,
redwood blocks, molded plastic (Fig. 6.4), or any other sound,
durable material. The media should be of such sizes and stacked
in such a fashion to provide voids for air to ventilate the filter
and keep conditions aerobic. For rock, the size will usually be
from about two inches to four inches. Although actual size is
not too critical, it is important that the media be uniform in
size to permit adequate ventilation. The depth ranges from about
three to eight feet.

The underdrain system has a sloping bottom, leading to a center
channel, which collects the filter effluent, It also supports
the media and permits air flow. Common methods are the use of
spaced redwood stringers, or any of a number of prefabricated
blocks of concrete, vitrified clay, or other material,

3 Zoogleal Film (ZOE-glee-al). A complex population of organisms
that form a slime growth on the trickiing filter media and
break down the organic matter in the wastewater. These slines
consist of living organisms, silt, and other debris. Silime
growth is a more common definition,
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The distribution system, in the vast majority of cases, is a
rotary-type distributor which consists of two or more horizontal
pipes supported a few inches above the filter media by a central
colum. The wastewater is fed from the column through the hori-
zontal pipes and is distributed over the media through orifices
located along one side of each of these pipes (or arms).
Rotation of the arms is due either to the "jet-like'" or rotating
water sprinkler reaction from wastewater flowing out the orifices
or by some mechanical means., The distributors are equipped with
a mercury or mechanical type seal at the center column to pre-
vent leakage and protect the bearings, guy rods for seasonal
adjustment of the pipes (arms) to maintain them in a horizontal
position, and quick-opening gates at the end of each arm to
permit easy flushing,

Today the fixed nozzle distribution system is not as common as

the rotary type. Each fixed nozzle consists of a circular orifice
with an inverted cone-shaped deflector mounted above the center
which breaks the flow into a spray. Some types have a steel ball
in the inverted cone., (See Fig. 6.5.) The fixed nozzle system
requires an elaborate piping system to insure relatively even
distribution of the wastewater. Flow is usually intermittent and
is controlled by automatic siphons which regulate the flow from
dosing tanks., (See Fig. 6.5.) The nozzles extend six to twelve
inches above the media and are shaped so that an overlapping spray
pattern exists at the start of dosing when the head in the dosing
tank is the greatest. The pattern is carefully worked out to pro-
vide a relatively even distribution of the wastewater,.

6.02 Principles of Operation

The maintenance of a good growth of organisms on the filter media
is crucial to successful operation,
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The term "filter" is rather misleading, indicating that solids

are separated from liquid by a straining action, but this is not
the case. Passage of wastewater through the filter causes the
development of a gelatinous coating of bacteria, protozoa, and
other organisms on the media., This growth of organisms absorbs
and utilizes much of the suspended colloidal and dissolved organic
matter from the wastewater as it passes over the growth in a
rather thin film. Part of this material is utilized as food for
production of new cells, while another portion is oxidized to
carbon dioxide and water. Partially decomposed organic matter
together with excess and dead film is continuously or periodically
washed (sloughed) off and passes from the filter with the effluent,

For the oxidation (decomposition) processes to be carried out,
the biological film requires a continuous supply of dissolved
oxygen, which may be absorbed from the air circulating through
the filter voids (spaces between the rocks or other media).
Adequate ventilation of the filter must be provided; therefore
the voids in the filter media must be kept open, Clogged voids
can create operational problems, including ponding and reduction
in overall filter efficiency.

A method of increasing the efficiency of trickling filters is to
add recirculation. Recirculation is a process in which filter
effluent is recycled and brought into contact with the biological
film more than once. Recycling of filter effluent increases the
contact time with the biological film and helps to seed the lower
portions of the filter with active organisms. Due to the increased
flow rate per unit of area, higher velocities occur which tend to
cause more continuous and uniform sloughing of excess growths,

thus preventing ponding and restriction of ventilation. This
increased hydraulic loading also decreases the opportunity for
snail and filter fly breeding. It has been observed that the
thickness of the biological growth is directly related to the
organic strength of the wastewater (the higher BOD, the thicker

the layers of organisms). By the use of recirculation, the strength
of wastewater applied to the filter can be diluted, thus preventing
excessive build-up.

Recirculation may be constant or intermittent and at a steady or
fluctuating rate., Recycling may be practiced only during periods

of low flow to keep rotary distributors in motion, to prevent

drying of the filter growths, or to prevent freezing. Recirculation
in proportion to flow may be utilized to reduce the strength of the
wastewater applied to the filter while steady recirculation of a
constant amount keeps the distributors in operation and also tends
to even out the highs and lows of organic loading, but involves
higher pumping costs.
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It is generally agreed that any organic waste which can be
successfully treated by other aerobic biological processes

can be treated on trickling filters. This includes, in
addition to domestic wastewater, such wastewaters as might

come from food processing, textile and fermentation industries,
and certain pharmaceutical processes. Industrial wastewaters
which cannot be treated are those which contain excessive con-
centrations of toxic materials, such as pesticide residues,
heavy metals, and highly acidic or alkaline wastes.

For maximum efficiency, the slime growths on the filter media
should be kept fairly aerobic. This can be accomplished by
proper design of the wastewater collection system and proper
operation of primary clarifiers, or by pretreatment of the
wastewater by aeration or addition of recycled filter effluent.
The air supply to the slimes may be improved by increased air
or wastewater recirculation. The thin slime growth may be
aerobic on the surface, but anaerobic next to the media, A
trickling filter media of rock or slag can accumulate slimes
only on the outside surface, but manufactured media provides
considerably more surface area per unit of dead space.

The temperature of the
wastewater and of the
climate also affects

filter operation, with
temperature of the waste-
water being the more
important., Of course,
temperature of the
wastewater will vary

with the weather,

Within limits, activity

of the organisms increases
as the temperature rises.
Therefore, higher loadings
and greater efficiency

are possible in warmer
climates if aerobic conditions
can be reasonably maintained
in the filter,
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6.0A

6.0B
6.0C

6.0D

6.0E

QUESTIONS

Primary treatment is effective in removing (a)

and (b) » but not nearly

as effective in removing (c¢) .

What is the purpose of “secondary treatment''?
How does the trickling filter process work?

What causes the distributor arms or pipes on a trickling
filter to operate?

How does recirculation increase the efficiency of a trickling
filter?
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6.1 STARTING AND OPERATING A FILTER“

6.10 Pre-Start Up

A new plant is seldom started up without some unexpected, frus-
trating problems. Some careful checking ahead of time can prevent
many of these situations,

If at all possible, you should arrange to be present when your new
equipment is serviced., You should see that the correct oil is
used in all oil reservoirs. Many contractors will put motor oil
in everything and consider it serviced. For future reference,
record the amount and type of o0il each reservoir holds.

Insist on being present when the mercury is installed in the mercury
seal chamber on trickling filter distributors. This is expensive
material, and in case wastewater leaks past the seal, you should
definitely know whether the recommended amount of mercury was in-
stalled.

After the oil and mercury have been installed in a distributor,
check the arms for even adjustment and level., Rotate the unit by
hand and observe for smooth turning. Any vibration or roughness
should be corrected before putting the unit in service,

If the distributor has adjustable orifices, get the erection sheet
and a rule and check out the orifice settings. File the erection
sheet for future reference.

In a trickling filter plant with fixed spray nozzles, each nozzle
should be checked to insure that it is free of foreign objects,

In order to prevent damage to pumps, crawl into the underdrain
system of the filter and remove any debris (rocks, pieces of wood,
etc.). Check painted surfaces for damaged areas. Touch these up
before they get wet to prevent corrosion and further damage. A few
nicks and scratches in a distributor arm can seriously affect the
life of the original protective coatings.

* Contracts for treatment plant construction often include
services of the consultant or contractor to assist in start-
up of new facilities, The operator should make full use of
these services when available,
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Check all valves in the system for smooth operation. On sliding

gate valves, see that the gates seat properly. There are adjust-
able wedges and stops on this type of valve, With the valve ad-

justed, set the lock nut on the stem to prevent jamming the gate

closed too tightly. These small precautions will yield years of

trouble-free valve operation,

In addition to the general items covered in this section, you
should be certain that the correct manufacturer's manual has been
furnished for each piece of equipment, Read each manual carefully
and follow the given recommendations. Obtain the oils and greases
recommended; or, if you buy from one oil company, have their repre-
sentative furnish you a written list of his company's products that
are equivalent to those recommended by the equipment manufacturer,

6.11 Placing Filter in Service

When you have checked out all equipment mechanically, starting up
the trickling filter portion of the plant is very simple, Start
the wastewater flow to the filters, observing the rotating arms
carefully for smooth operation, speed of rotation, and even distri-
bution of the waste over the media, Time the speed of rotation,
record the flow rate, and log them for future reference.

For fixed nozzles, observe the spray pattern. Some debris will
usually show up to plug some of the nozzles, the amount depending
on how thoroughly the plant was checked out previous to start-up.
It is important to keep the nozzles clear so that the wastewater
is distributed over all of the filter media.

It will take several days for any growth to develop on the filter
media, and up to several weeks for full development. Time of year,
weather conditions, and
strength of the waste are
all factors which will
affect the time needed for
growth development,

During this period of growth
development, an unstable
effluent will be produced.
This effluent will exert a
pollutional load on the
receiving waters. Heavy
chlorination is usually used
during this time to reduce
the pollutional load and the
health hazard to some extent,
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In some locations, the use of chlorine in this manner may be
restricted, such as where fish axre threatened. If an olider
plant is being phased out, it may be possible to ioad the new
facilities lightly or intermittently until a full growth is
established,

Starting up of pumps, clarifiers, anc othes equipment is covered
in otner chapters.

.12 Daily Operation

Once growth on the media has been established and the plant is in
"normal operation', very little routine operational control is
required, Careful daily observation is important. Items to be
checked daily are:

Any indication of ponding

Filter flies

Odors

Plugged orifices

. Roughness or vibration of the distributor arms
. Leakage past the mercury seal

DU B NN =

Occasionally the underdrains should be checked for accumulation of
debris in order to prevent stoppages.

Refer to the appropriate paragraphs in the following section on
operational problems for procedures to correct these conditions.

Operation of clarifiers is interconnected with trickling filter
operation. If the recirculation pattern permits, it is a good idea
to return filter effluent to the primary clarifier. This is a very
effective odor control measure. In some plants, increasing the
recirculation rate will increase the hydraulic loading on the
clarifier. Be sure the hydraulic loading remains within the
engineering design limits. If the hydraulic loading is too low,
septic conditions may develop in the clarifier, while excessively
high loadings may wash solids out of the clarifier.

Recirculation during low inflow periods of the day and night may
help to keep the slime growths wet, minimize fly development and
wash off excessive slime growths. It may be necessary to reduce
or stop recirculation during high flow periods to avoid clarifier
problems from hydraulic overloading. Recirculation of final
clarifier effluent dilutes influent wastewater and recirculated
sludge improves slime development on the media.
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You should, by evaluating your own operating records, adjust the
process to obtain the best possible results for the least cost,
Use the lowest recirculation rates that will yield good results
(but not cause ponding or other problems) to conserve power.
Power costs are a large item in a plant budget. Also, reduced
hydraulic loadings mean better settling in the clarifiers, re-
sulting in less chlorine usage in plants which disinfect the
final effluent, since organic matter exerts a high chlorine demand.
If filter effluent, rather than secondary clarifier effluent, is
recirculated, the hydraulic loading on the secondary clarifier is
not affected.

QUESTIONS

6.1A Prepare a check list of items that should be in-
spected before a trickling filter is placed in
service,

6.1B During start-up of a trickling filter, why
should the plant effluent be heavily chlorinated?

6.1C Prepare a check list of items needing daily
inspection during '"mormal operation',

6.1D What may happen to a clarifier effluent if the

clarifier is not operated within design hydraulic
loadings?
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6.2 SAMPLING AND ANALYSIS

6.20 General

The trickling filter is a biological treatment unit and therefore
loadings and efficiencies of the unit are normally determined on
the basis of influent characteristics (inflow and biochemical oxygen
demand (BOD) test) and required quality of effluent or receiving
waters (dissolved oxygen and solids), Detailed procedures for
performing the trickling filter control tests are given in
Chapter 14, Laboratory Procedures and Chemistry. The frequency
of each test and expected ranges will vary from plant to plant,
Strength of the wastewater, freshness, characteristics of the
water supply, weather, and industrial wastes will all serve to
affect the '"'common'" range of the various test results.

6.21 Typical Trickling Filter Plant Lab Results
Test Frequency Location Common Range
1. Dissolved Daily Prim., Eff1. 1.0 - 2.0 mg/1
Oxygen
2, Settleable Daily Influent 5 - 15 ml/1
Solids
3. pH Daily Influent 6.8 - 8.0
Final Effl, 7.0 - 8,5
4, Temperature Daily Influent -—-
5. BOD Weekly Influent 150 - 400 mg/1
(Minimum) Prim, Effl, 60 - 160 mg/1
Final Eff1, 15 - 40 mg/1
6. Suspended Weekly Influent 150 - 400 mg/1
Solids (Minimum) Prim, Effl. 60 - 150 mg/1
Final Effl,. 15 - 40 mg/1
7. Chlorine Daily Final Effl, 0.5 - 2,0 mg/1
Residual
8. Coliform Weekly Final Effl,, 50 - 700/100 ml
Bacteria (Minimum) Chlorinated ---
9, C(Clarity Daily Final Eff1. 1 -3 ft




NOTES: Results of tests listed on the previous page as '"'Primary
Effluent'" may vary at different plants due to the many
variations in recirculation patterns and activities of
the waste dischargers into the collection system,

Settleable solids tests of the efiluent may be required

by some regulatory agencies. If your plant is operating
efficiently, the settleable solids will be so low as to

be unreadable, In this case, record as '"Trace".

Dissolved Oxygen and Settleable Solids or Clarity Tests

on trickling filter effluent are sometimes useful in evalu-
ating problems when they occur. The operator should know
what range is "common" for his plant.

An easy test that should be made periodically by the operator is to check
the distritution of wastewater over the filter. Pans of the same

size are placed level with the rock surface at several points along

the radius of a circular filter. The distributor arm should then

be run long enough to a2lmost fill the pz=ns., The arm is then stcpped

and the amount oxr depth of water in each pan is measured. The amount

in each pan should not differ from the average by mcre than 5%, If

the distribution is not uniform, the orifices must be zadjusted.

6.22 Response to Poor Trickling Filter Ferformance

There are several operaticnal precedures an operator can follow to
correct deficiencies in plant performance. The ability to make
corrections will depend on your alertness and ingenuity, as well

as the design of the collection system and treatment plant. In
Section 6.21, the common ranges are listed for a number of lab test
results. If your plant is not operating within or near the common
ranges for your plant, then you may have problems,

Suspended Solids. An effluent that is high in suspended solids may
be expected to affect al* the other test results listed. Ordinarily
this will te due to three principal factors:

1. Heavy sloughing from the fiiters,

2. High hydraulic loading or short-circuiting through
the secondary or final clarifier, and

3. Shock loading caused bty toxic wastes or hydraulic
or organic overloads.

Heavy sloughing may be due to seasonal weather changes, a period of
heavy organic loading cn the filters, or corrective action taken to
overcome ponding, filter flies, or other problems (see Section 6.3).
High hydraulic loading or shcrt-circuiting in the secondary clarifier
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will carry the light solids from the filters over the weirs, If

a plant is not receiving more flow than it was designed to handle,
you may be able to adjust recirculation rates or the flow pattern
(see Fig. 6.7, Page 6-40) to reduce the clarifier loading. Refer

to Chapter 5, Sedimentation and Flotation, for solutions to problems
created in clarifiers by short-circuiting and sludge withdrawal.

BOD. The effluent BOD will generally go up or down along with the
suspended solids. This is not always the case, however. Anything
you can do to assure that the wastewater arrives at the plant in
an aerobic condition will reduce the organic load (and odors);
consequently, the effluent BOD will be lower. Aeration has been
used in force mains with some degree of success when applied
properly,

The recirculation rate and flow pattern will affect effluent
quality. These can be varied experimentally, keeping in mind that
too low a recirculation rate leads to filter flies and ponding,
while too high a rate may cause excessive sloughing or overload
the clarifiers, Biological systems respond to a change in their
environment and establish a balance with the existing conditions,
but it takes time. If you change your operation, give your plant
a couple of weeks to reach an equilibrium state (level out) before
you decide whether or not you have helped the situation.

The shortcomings of the BOD test must be recognized, It is difficult
to use as a daily operational tool unless the influent BOD remains
fairly constant. If an industry dumped some wastewater with a high
BOD, you could not measure the BOD and base your operational adjust-
ments on the test results because they will not be available for

five days., You will have to adjust your operation on the basis of
your experience and the probable BOD. Use the COD test to estimate
rapid changes in the influent load. For control purposes the COD
test procedure may be altered and a very short heating time may be
acceptable,

Settleable Solids, High settleable solids in the effluent mean that
solids are being carried over the clarifier weir, It also means that
the suspended solids will be high. Refer to the paragraph in this
section on suspended solids for corrective action,

Dissolved Oxygen. One of the principal functions of a trickling
filter plant is to stabilize the oxygen demanding substances in

the wastewater being treated. This is achieved by the addition of
dissolved oxygen to the water. If the suspended solids and BOD

are within range, the DO is almost certain to be in range also.
Increased recirculation will increase the DO. In plants with

very low inflows, excessive detention time in the clarifiers may
cause the problem. If this is the case, remember that any agitation
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of the effluent will cause it to pick up dissolved oxygen, If
the elevation is available, a staircase type of effluent dis-
charge will help; otherwise it may be necessary to aerate the
effluent, using compressed air or paddle type aerators (see
Chapter 7, Activated Sludge).

Chlorine Demand. Difficulty in maintaini