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PREFACE

The purposes of this water treatment field study training program are to:
1. Develop new qualified water treatment plant operators,

2. Expand the abilities of existing operators, permitting better service to both their employers and the
public, and

3. Prepare operators for civil service and CERTIFICATION EXAMINATIONS."

"CERTIFICATION °
EXAMINATION

To provide you with the knowledge and skills needed to operate and maintain water treatment plants as effi-
ciently and effectively as possible, experienced water treatment plant operators prepared the material in each
chapter of this manual. :

Water treatment plants vary from city to city and from region to region. The material contained in this program
is presented to provide you with an understanding of the basic operation and maintenance aspects of your water
treatment plant and with information to help you analyze and solve operation and maintenance problems. This in-
formation will help you operate and maintain your plant in a safe and efficient manner.

Water treatment plant operation and maintenance is a rapidly advancing field. To keep pace with scientific and
technological advances, the material in this manual 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.

The Project Director is indebted to the many operators and other persons who contributed to this manual.
Every effort was made to acknowledge material from the many excellent references in the water treatment field.
Reviewers Leonard Ainsworth, Jack Rossum, and Joe Monscvitz deserve special recognition for their extremely
thorough review and helpful suggestions. John Trax, Chet Pauls, and Ken Hay, Office of Drinking Water, U.S. En-
vironmental Protection Agency, and John Gaston, Bill MacPherson, Bert Ellsworth, Clarence Young, Ted Bakker,
and Beverlie Vandre, Sanitary Engineering Branch, California Department of Health Services, all performed
outstanding jobs as resource persons, consultants and advisors. Larry Hannah served as Education Consultant.
lllustrations were drawn by Martin Garrity. Charlene Arora helped type the field test and final manuscript for print-
ing. Special thanks are well deserved by the Program Administrator, Gay Kornweibel, who typed, administered
the field test, managed the office, administered the budget, and did everything else that had to be done to com-
plete this project successfully.

KENNETH D. KERRI
PROJECT DIRECTOR

1 Certification examination. An examination administered by a state or professional association that operators take to indicate a level
of professional competence. In most states the Chief Operator of a plant must be “certified” (successfully pass a certification
examination). Certification is voluntary in a few states. Current trends indicate that certification of operators will be mandatory in all
states in the near future.



OBJECTIVES OF THIS MANUAL

Proper installation, inspection, operation, maintenance,
repair and management of water treatment plants have a
significant impact on the operation and maintenance costs
and effectiveness of the plants. The objective of this manual
is to provide water treatment plant operators with the
knowledge and skills required to operate and maintain water
treatment plants effectively, thus eliminating or reducing the
following problems.

1. Health hazards created by the production or output of
unsafe water from the plant;

2. System failures that result from the lack of proper instal-
lation, inspection, preventive maintenance, surveillance
and repair programs designed to protect the public’s
investment in the plant;

. Taste and odor complaints from consumers;

. Turbid or colored waters which are unacceptable to

consumers;

. Corrosion damages to pipes, equipment, tanks and struc-

tures at the water treatment plant and in the distribution
system;

. Complaints from the public or local officials due to the

unreliability or failure of the water treatment plant to
perform as designed; and

. Fire damage caused by insufficient water at a time of
need.

SCOPE OF THIS MANUAL

This manual on water treatment plant operation is divided
into two volumes. Volume | stresses the knowledge and
skills needed by an operator working in a conventional water
treatment plant used for treating surface waters. Volume Il
emphasizes material needed by operators trying to control
iron and manganese, softening hard waters, and trihalo-
methanes. Also contained in Volume Il is information needed
by all operators responsible for the administration and
management of a water treatment plant, such as mainte-
nance, instrumentation, safety, and laboratory procedures.

Volume | contains information on:
1. What water treatment plant operators do;
2. How to manage reservoirs and intake structures;

3..How. to operate and. maintain coagulation, floccula-
tion, sedimentation and filtration water treatment
processes;

4. Disinfection of water;

5. Procedures for controlling corrosion;

6. Techniques for identifying the causes of taste and
odor problems and suggestions for correcting such
problems;

7 Procedures for operating, maintaining, and adminis-
tering a water treatment plant; and

8. Basic laboratory procedures.

Volume Il contains information on:
1. How to control iron and manganese;
. Procedures for fluoridating water;
. Techniques for softening water;
. How to control trihalomethanes;
. Techniques for treating dissolved solids in water;

. Handling and disposal of process wastes;

N o s WD

. Procedures for maintaining processes, equipment,
and facilities;




8. How to maintain and troubleshoot instrumentation;

safe procedures and safety programs;

. 9. Techniques for recognizing hazards and developing
10

. Advanced laboratory procedures for analyzing sam-
ples of water; and

11. Water quality regulations and administrative consider-
ations for supervisors and managers.

Material in this manual furnishes you with information
concerning situations encountered by most water treatment
plant operators in most areas. These materials provide you
with an understanding of the basic operational and mainte-
nance concepts for water treatment plants and with an
ability to analyze and solve problems when they occur.
Operation and maintenance programs for water treatment

plants will vary with the age of the plant, the extent and
effectiveness of previous programs, and local conditions.
You will have to adapt the information and procedures in this
manual to your particular situation.

Technology is advancing very rapidly in the field of oper-
ation and maintenance of water treatment plants. To keep
pace with scientific advances, the material in this program
must be periodically revised and updated. This means that
you, the water treatment plant operator, must be aware of
new advances and recognize the need for continuous per-
sonal training reaching beyond this program. TRAINING
OPPORTUNITIES EXIST IN YOUR DAILY WORK EXPERI-
ENCE, FROM YOUR ASSOCIATES, AND FROM ATTEND-
ING MEETINGS, WORKSHOPS, CONFERENCES AND
CLASSES.

USES OF THIS MANUAL

This manual was developed to serve the needs of opera-
tors in several different situations. The format used was
developed to serve as a home-study or self-paced instruc-
tion course for operators in remote areas or persons unable
to attend formal classes either due to shift work, personal
reasons or the unavailability of suitable classes. This home-
study training program uses the concepts of self-paced
instruction where you are your own instructor and work at
your own speed. In order to certify that a person has
successfully completed this program, an objective test is
included at the end of each chapter.

Also, this manual can serve effectively as a textbook in the
classroom. Many colleges and universities have used similar
manuals as texts in formal classes (often taught by opera-
tors). In areas where colleges are not available or are unable
to offer classes in the operation of water treatment plants,
operators and utility agencies can join together to offer their
own courses using the manual.

Cities or utility agencies can use the manual in several
types of on-the-job training programs. In one type of pro-
gram, a manual is purchased for each operator. A senior
operator or a group of operators are designated as instruc-

tors. These operators help answer. questions when the
persons in the training program have questions or need
assistance. The instructors grade the objective tests at the
end of each chapter, record scores and notify California
State University, Sacramento, of the scores when a person
successfully completes this program. This approach elimi-
nates any waiting while papers are being graded and re-
turned by CSUS.

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

Ken Kerri, Project Director

Water Treatment Plant Operation
California State University, Sacramento
6000 J Street

Sacramento, California 95819

Phone (916) 454-6142
or 454-6366



INSTRUCTIONS TO PARTICIPANTS
IN HOME-STUDY COURSE

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

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

The study material is contained in two volumes divided
into 23 chapters. Some chapters are longer and more
difficult than others. For this reason, many of the chapters
are divided into two or more lessons. The time required to
complete a lesson will depend on your background and
experience. Some people might require an hour to complete
a lesson and some might require three hours; but that is
perfectly all right. THE IMPORTANT THING IS THAT YOU
UNDERSTAND THE MATERIAL IN THE LESSON!

Each lesson is arranged for you to read a short 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 understand 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 each chapter, you will find an “objective test.”
Mark your answers on the special answer sheet provided for
each chapter. Some discussion and review questions are
provided following each lesson in the later chapters. These

questions review the important points you 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-an-
swers 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 OBJECTIVE TESTS ON THE
PROVIDED ANSWER SHEETS.

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

You are your own teacher in this program. You could
merely look up the suggested answers from the answer
sheet or copy them from someone 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.

SUMMARY OF PROCEDURE

A. OPERATOR (YOU)

1. Read what you are expected to learn in each chapter
(the chapter objectives).

2. Read sections in the lesson.

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

vi

4. Check your answers with the suggested answers.

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

6. Write your answers to the discussion and review
questions at the end of each lesson in your note-
book.

7.Mark your answers to the objective test on the
answer sheet provided by the Project Director or by
your instructor.

~



B. PROJECT DIRECTOR

1. Mails answer sheet for each chapter to operator.

8. Mail material to Project Director. (Send ONLY your
completed answer sheet.)

Ken Kerri, Project Director

Water Treatment Plant Operation
California State University, Sacramento
6000 J Street

Sacramento, California 95819

2. Corrects tests, answers any questions, and returns
results to operators.

C. ORDER OF WORKING LESSONS

To complete this program you will have to work all of the
lessons. You may proceed in numerical order, or you may
wish to work some lessons sooner.

SAFETY IS A VERY IMPORTANT TOPIC. Everyone work-
ing in a water treatment plant must always be safety
conscious. Operators daily encounter situations and equip-

"EQZ‘EQ‘;{E‘C:QR ment that can cause a serious disabling injury or iliness if the
i A operator is not aware of the potential danger and does not

exercise adequate precautions. For these reasons you may
decide to work on the chapter on “Safety” early in your
studies. In each chapter, SAFE PROCEDURES ARE AL-
WAYS STRESSED. See Chapter 20, “Safety,” Volume II, for
details.

TECHNICAL CONSULTANTS

John Brady Jim Sequeira
Gerald Davidson R. Rhodes Trussell
Larry Hannah Mike Young

NATIONAL ENVIRONMENTAL TRAINING ASSOCIATION REVIEWERS

George Kinias, Project Coordinator

E.E. “Skeet” Arasmith

Terry Engelhardt
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Fred Fahlen
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Richard Haberman
Lee Harry
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Ed Henley
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Deborah Horton
Kirk Laflin

Rich Metcalf

William Redman
Kenneth Walimaa
Anthony Zigmet

PROJECT REVIEWERS

Chet Latif
Frank Lewis
Perry Libby

D. Mackay
William Maguire
Nancy McTigue
Joe Monscvitz
Angela Moore
Harold Mowry
Theron Palmer
Eugene Parham
Catherine Perman
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OBJECTIVES

Chapter 1. THE WATER TREATMENT PLANT OPERATOR

At the beginning of each chapter in this manual you will
find a list of OBJECTIVES. The purpose of this list is to
stress those topics in the chapter that are most important.
Contained in the list will be items you need to know and skills
you must develop to operate, maintain, repair and manage a
water treatment plant as efficiently and as safely as possi-
ble.

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

1. Explain the type of work done by water treatment plant
operators,

2. Describe where to look for jobs in this profession, and

3. Describe how you can learn to do the jobs performed
by water treatment plant operators.

The Operator

3




@ater Treatment

CHAPTER 1.

Chapter 1 is prepared especially for new operators or
people interested in becoming water treatment plant opera-
tors. If you are an experienced water treatment plant opera-
tor, you may find some new viewpoints in this chapter.

(1.0? NEED FOR WATER TREATMENT PLANT
L/ OPERATORS

People need safe water to drink. Many sources of water
are not directly suitable for drinking purposes without treat-
ment because of pollution and contamination by man and
nature. Before modern society and the intensive use of
available water resources, sun, wind, filtration through soil,
and time purified water. Today water treatment plants are
built to provide us with safe drinking water. Thus, nature is
given an assist by a team consisting of designers, builders,
and treatment plant operators. Designers and builders occu-
py the scene for only a short time, but operators go on
forever. Water treatment plant personnel operate, maintain,

repair and manage water treatment plants. These operators
hM‘ﬁe’sﬁfEﬁ;ility of producing safe and pleasant
drinking water from their plants. Cities and towns need
qualified, capable, and dedicated operators to do these jobs.

The need for RESPONSIBLE water treatment plant opera-
tors cannot be over stressed. You, as a water treatment
plant operator, have the responsibility for the health and well
being of the community you serve. Yes, you are responsible
for‘mﬁﬂiidng‘water of your community and anytime you
fail to do your job, you could be responsible for an outbreak
of a water-borne disease which could even result in death.
As an operator, you do not want the knowledge that you
were negligent in your duty and, as a result, were responsi-
ble for the death of a fellow human being.

THE WATER TREATMENT PLANT OPERATOR

QUESTIONS

Below are some questions for you to answer. You should
have a notebook in which you can write the answers to the
questions. By writing down the answers to the questions,
you are helping yourself learn and retain the information.
After you have answered all the questions, compare your
answers with those given in the Suggested Answer section
on page 11. Reread any sections you do 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.

1.0A  Why is there a need for water treatment plant opera-
tors?

1.0B  Why do many sources of water need treatment?

1.0C  Why must water treatment plant operators be re-

sponsible persons?

1.1 WHAT IS A WATER TREATMENT PLANT?

(1.10? Conventional Surface Water Treatment Plant

e purpose of a water treatment plant is to produce safe
and pleasant drinking water. This water must be free of
disease-causing organisms and toxic substances. Also, the
water should not have a disagreeable taste, odor or appear-
ance.

A water treatment plant takes raw water from a source
such as a stream or lake and passes the water through a
series of treatment processes. The raw water flows through
tanks or basins where chemicals are added and mixed with
it. Then the water slowly flows through larger tanks which
allow the heavier suspended solids to settle out. Any remain-
ing solids are removed by filtration and the water is disinfect-
ed. The size of a water treatment plant as well as the number
and specific types of processes it uses will depend on
several factors: (1) the impurities in the raw water, (2) water
quality (purity) standards, (3) the demand for water by the
population being served, (4) fire protection, and (5) cost
considerations.

To describe a water treatment plant, we will follow a drop
of water as it passes through a typical or conventional
surface water treatment plant. Most surface waters receive
this type of treatment. Figure 1.1 shows a flow diagram of
water treatment plant processes and the purpose or func-
tion of each process. Figure 1.2 illustrates the flow pattern
through a water treatment plant. In this figure both the plan
(top view) and the profile (side view) are provided to help you
visualize the appearance of a water treatment plant.
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TREATMENT PROCESS PURPOSE

Raw Water
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Fig. 1.1 Flow diagram of conventional surface water treatment plant processes
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Raw water usually enters a water treatment plant through
some type of intake structure. The main purpose of the
intake structure is to draw in water while preventing leaves
and other debris from clogging or damaging pumps, pipes
and other pieces of equipment in the treatment plant.
Various types of screens are often found in intake structures
or in the suction line to raw water pumps.

SRaaiii= Y
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Chlorination at the beginning of a water treatment plant
(prechlorination) can help control tastes and odors and also
prevent the growth of algae and slimes in other treatment
processes. Chlorine is added to water to kill pathogenic
(disease-causing) organisms. Also, the use of prechlorina-
tion often reduces chlorine requirements for postchlorina-
tion. Some waters should not be prechlorinated because

they contain substances which will react with chlorine and
form cancer-causing compounds (trihalomethanes).

Coagulant chemicals such as alum are added to help
remove light, fine particles and other materials suspended in
the water. Coagulants cause these very fine particles to
clump together into larger particles. A flash mixer is used to
thoroughly mix the coagulating chemicals with the water
being treated. Flocculation is the name of the treatment
process where paddles gently mix the water. The clumps of
particles formed by coagulation come together and form
larger and larger floc particles. These larger floc particles
are easier to remove by sedimentation and filtration.

Sedimentation is an operation in which the water being
treated flows very slowly through a large tank or basin.
During this time the heavier floc particles gradually settle out
of the water being treated. The flocs and settled solids that
reach the bottom of the basin form a sludge that must be
removed and either discharged to a sewer or disposed of in
a landfill after drying beds. Treated water leaves the sedi-
mentation basin by flowing over weirs (a flow control device)
at the outlet end of the basin.

After sedimentation, the water passes through some type
of filter to remove the remaining suspended impurities and
flocs. The filter may be made of sand, anthracite coal or
some other type of granular material or a combination of
these materials.

CHAPTER 3 CHAPTER 4 CHAPTER 5
RESERVOIR MANAGEMENT COAGULATION AND SEDIMENTATION
INTAKE STRUCTURES FLOC CULATION CONTINUED
dislse »-jt— ON NEXT
PAGE
COAGULANTS
PH ADJUSTMENT
CHLORINE | e =
(OPTIONAL) —|> l P l
il e T0
l P | FILTER
= P + pre | o S!—: gy g
™ o
} —_— IZ a2
|
PLAN
(TOP VIEW)
SIgFIEAEKNEs COAGULANTS
Proysnd PH ADJUSTMENT
CHLORINE COAGULATION AND SEDIMENTATION TO
(OPTIONAL) FLASH FLOCCULATION FILTERS
1 l MIX
— A'LvAvAvAvAvA V.
[Y—= VIO N e —5
0 / e i
0 ?
O 4 -
-0 PR
J \
RAW WATER+” LK. SLUDGE TO SEWER
% PROFILE ORDRYING BED
A (SIDE VIEW)

Fig. 1.2 Flow pattern through a conventional surface water treatment plant




After filtration the water is usually disinfected by some
type of chlorination process. The purpose of disinfection is

. to kill the remaining disease-causing organisms in the water.

If the treated water is corrosive (capable of deteriorating
metal pipe), chemicals should be added to reduce the
corrosivity of the water or to prevent scale (rust) formation.

Treated water is stored in a large tank or basin (clear well)
until it is pumped into the distribution system for use or to
service storage during low demand periods for later use
during periods of high demand. Storage also provides
chlorine contact time for disinfection.

1.11 Softening

Some water treatment plants include processes for soft-
ening water. Waters are softened to remove excess hard-
ness caused by calcium and magnesium. Extra soap is
needed to clean or wash with hard water. Also hard waters

The Operator @

odors. Flow diagrams and treatment processes for remov-
ing hardness and also iron and manganese will be discussed
in Volume Il of this manual.

All of the chapters in Volume | of this manual deal with the
processes shown in Figures 1.1 and 1.2. As you go through
this manual, feel free to return to these figures so you will
understand the location and purposes of these processes
and how they relate to each other. REMEMBER that if the
quality of the raw water changes, or any process fails to do
its intended job, all of the downstream processes will be
affected.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 11.

will cause scale to develop in water heaters, pipes, and 1.1A  What is the purpose of a water treatment plant?
fittings. :
9 1.1B Why do intake structures at water treatment plants
have screens?
Iron and Manganese Control
: ; 1.1C How is the sludge disposed of after it is removed
Iron and manganese are undesirable because they will ; ; o
: : : from a sedimentation basin?
cause undesirable color in water and also stain clothes and
plumbing fixtures. Iron and manganese also can promote 1.1D Why is excessive hardness removed from drinking
the growth of iron bacteria which can cause tastes and water?
CHAPTER 7 CHAPTER 8
CHAPTER 6 FINAL CORROSION
SEE MANUAL ON WATER
FILTRATION DISINFECTION CONTROL SUPPLY SYSTEM OPERATION
e >t 5= l
CORROSION
CONTROL
CHLORINE CHEMICALS
/ l l TO DISTRIBUTION
Y SYSTEM
» ﬁ\ \ :Q i
PLAN
(TOP VIEW)
CHLORINE
CORROSION CLEAR WELL
CONTROL
CHEMICALS
FINISHED
WATER
TO
DISTRIBUTION
PROFILE SYSTEM
(SIDE VIEW)

Fig. 1.2 Flow pattern through a conventional surface water treatment plant (continued)
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1.2 WHAT DOES A WATER TREATMENT PLANT
OPERATOR DO?

f20 Operation and Maintenance

Simply described, water treatment plant operators keep a
treatment plant operating to produce a safe, pleasant, and
adequate supply of water. They monitor the raw water
entering the plant and keep an eye on the water as it flows
through all of the various treatment processes. Flows into
the plant are adjusted according to conditions of the raw
water and system demands for water. Equipment and facili-
ties are maintained and repaired as necessary to keep the
water flowing and the plant working today and into the
future. Typical duties performed by water treatment plant
operators are summarized in Table 1.1

To start at the beginning, let's assume that the need for a
new or improved water treatment plant has been recognized
by the community. The community has voted to issue the
necessary bonds to finance the project, and the consulting
engineers have been requested to submit plans and specifi-
cations. In the best interests of the community and the
consulting engineer, you should be present (or at least
available) during both the design and construction periods in
order to be completely familiar with the entire plant layout,
including the piping, equipment, and machinery and their
intended operation. This will provide you with the opportuni-
ty to relate your plant drawings to actual facilities. At this
time you should gather together all the data and literature for
the equipment in order to prepare a regular maintenance
schedule. You and the engineer should discuss how the
water treatment plant should best be run and the means of
operation the designer had in mind when the plant was
designed.

If the plant is an old one that is being remodeled, you may
be in a position to offer excellent advice to the consulting
engineer. Your experience provides valuable technical
knowledge concerning the characteristics of the raw water
and the limitations of the present facilities. Together with the
consultant, you can be a member of an expert team able to
advise your water utility.

@ Supervision and Administration

In addition to operation and maintenance duties for your
water treatment plant, you may also be responsible for
supervision of personnel. Chief operators frequently have
the responsibility of training new operators and should
encourage all operators to strive for higher levels of certifi-
cation.

As a plant administrator, you may be in charge of record-
keeping. In this case, you will be responsible for operating
and maintaining the facilities as efficiently as possible,
keeping in mind that the primary objective is to produce safe
and pleasant drinking water from your plant. Without ade-
quate, reliable records of the important phases of operation
and maintenance, the effectiveness of your operation will
not be properly documented (recorded). Also, accurate
records are required by regulating agencies in accordance
with the Interim Primary Drinking Water Regulations of the
Safe Drinking Water Act.

Records are an excellent operating tool. Reference to
past records can be quite helpful in adjusting treatment
processes for various changes in raw water.

You may also be the budget administrator. Here you will
be in the best position to give advice on budget require-
ments, management problems, and future planning. You
should be aware of the necessity for additional expendi-
tures, including funds for plant maintenance and enlarge-
ment, equipment replacement, laboratory requirements, and
personnel needs. You should recognize and define such
needs in sufficient time to inform the proper officials to
enable them to accomplish early planning and budgeting.

A\
@ Public Relations
As an operator, you are in the field of public relations and

must be able to explain the purpose and operation of your
water treatment plant to visitors, civic organizations, school
classes, representatives of the news media, and even to city
council members or directors of your district. A well-guided
tour for officials of regulatory agencies or other operators
may provide these people with sufficient understanding of

Table 1.1 TYPICAL DUTIES OF A WATER TREATMENT PLANT OPERATOR

1. Start up, shut down and make periodic operating
checks of plant equipment, such as pumping systems,
chemical feeders, auxiliary equipment (compressors),
measuring and control systems.

2. Perform routine preventive maintenance, such as
lubrication, operating adjustments, cleaning and
painting equipment.

3. Load and unload chemicals, such as chlorine cylin-
ders, bulk liquids, powdered chemicals and bagged
chemicals using chemical-handling equipment such
as fork lifts, hoists, and by hand.

4. Perform minor corrective maintenance on plant me-
chanical equipment, for example, chemical feed
pumps and small units.

5. Maintain plant records, including operating logs, daily
dairies, chemical inventories and data logging duties.

6. Monitor the status of plant operating guidelines, such
as flows, pressures, chemical feeds, levels, and water
quality indicators by reference to measuring systems.

7. Collect representative water samples and perform
laboratory tests on samples for turbidity, color, odor,
coliforms, chlorine residual, and other tests as re-
quired.

8. Order chemicals, repair parts and tools.

9. Estimate and justify budget needs for equipment and
supplies.

10. Conduct safety inspections, follow safety rules for
plant operations, and also develop and conduct tail-
gate safety meetings.

11. Discuss water quality with the public, conduct tours of
your plant (especially school children), and participate
in your employer’s public relations program.

12. Communicate effectively with other operators and
supervisors on the technical level expected for your
position.

13. Make arithmetic calculations to determine chemical
feed rates, flow quantities, detention and contact
times, and hydraulic loadings as required for plant
operations.
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your plant to allow them to suggest helpful solutions to
operational problems. One of the best results from a well-
guided tour is gaining support from your city council and the
public to obtain the funds necessary to run a good oper-
ation.

The overall appearance of your water treatment plant

indicates to visitors the type of operation you maintain. If the

plant looks dirty and run down, you will be unable to
convince your visiters that you are doing a good job. YOUR
RECORDS SHOWING THAT YOU ARE PRODUCING A
SAFE DRINKING WATER WILL MEAN NOTHING TO VISI-
TORS UNLESS YOUR PLANT APPEARS CLEAN AND
WELL MAINTAINED.

Another aspect of your job may be handling complaints.
When someone contacts you complaining that their drinking
water looks muddy, tastes bad or smells bad, you have a
serious problem. Whenever someone complains, record all
of the necessary information (name, date, location, and
phone number) and have the complaint thoroughly investi-
gated. Be sure to notify the person making the complaint of
the results of your investigation and what corrective action
was or will be taken.

\{123)
(1.2:}_ Safety

g{(\“ Safety is a very important operator responsibility. Unfortu-

5

nately, too many operators take safety for granted. YOU _
have the responsibility to be sure that your water treatment
plant is a safe place to work and visit. Everyone must follow
safe procedures and understand why safe procedures must
be followed at all times. All operators must be aware of the
safety hazards in and around treatment plants. Most acci-
dents result from carelessness or negligence. You should
plan or be a part of an active safety program. Chief opera-
tors frequently have the responsibility of training new opera-
tors and safe procedures must be stressed.

M Clearly, the modern day water treatment plant operator

O -

" must be capable of doing many jobs — AND DOING THEM

ALL SAFELY!

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 11.

1.2A Why should a water treatment plant operator be
present when a new plant is being constructed?
1.2B What is the reason for keeping adequate, reliable

records?

Why are well-guided tours for officials of regulatory
agencies or other operators important?

1.2D Why is safety important?

The Operator 9

1.3 JOB OPPORTUNITIES

anpower Needs

The water treatment field is changing rapidly. New treat-
ment plants are being constructed, and old plants are being
modified and enlarged to meet the water demands of our
growing population and industries. Towns, municipalities,
special districts, and industries all employ water treatment
plant operators. Operators, maintenance personnel, fore-
men, managers, instrumentation experts, and laboratory
technicians are sorely needed now and will be into the
future.

@Who Hires Water Treatment Plant Operators?

Operators’ paychecks usually come from a city, water
agency or district, or a private utility company. The operator
also may be employed by one of the many large industries
which operate their own water treatment facilities. As an
operator, you are always responsible to your employer for
operating and maintaining an economical and efficient water
treatment plant. An even greater obligation rests with the
operator because of the great number of people who drink
the water from the water treatment plant. In the final analy-
sis, the operator is realty working for the people who depend
on the operator to produce safe and pleasant drinking water
from the treatment plant.

(1.32/ Where Do Water Treatment Plant Operators Work?

Jobs are available for water treatment plant operators
wherever people live and need someone to treat water for
their homes, offices or industrial processes. The different
types and locations of water treatment plants offer a wide
range of working conditions. From the mountains to the
seas, wherever people gather together into communities,
water treatment plants will be found. From a single process
operator or a computer control center operator at a complex
municipal treatment plant to a one-person manager of a
small town water treatment plant, you can select your own
special place in water treatment plant operation.

133) What Pay Can A Water Treatment Plant Operator
N Expect?

In dollars? Prestige? Job satisfaction? Community ser-
vice? In opportunities for advancement? By whatever scale
you use, returns are mainly what you make them. If you
choose a large municipality, the pay is good and advance-
ment prospects are tops. Choose a small town and the pay
may not be as good, but job satisfaction, freedom from time-
clock hours, community service, and prestige may well add
up to a more desirable outstanding personal achievement. If
you have the ability and take advantage of the opportunities,
you can make this field your career and advance to an
enviable position. Many of these positions are or will be
represented by an employee organization that will try to
obtain higher pay and other benefits for you. Total reward
depends on you and how YOU APPLY YOURSELF.

w What Does It Take To Be A Treatment Plant
Operator?

DESIRE. First you must make the serious decision to
enter this fine profession. You can do this with a high school
or a college education. While some jobs will always exist for
manual labor, the real and expanding need is for QUALIFIED
OPERATORS. You must be willing to study and take an
active role in upgrading your capabilities. New techniques,
advanced equipment, and increasing use of complex instru-
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mentation and computers require a new breed of water
treatment plant operator: one who is willing to learn today,
and gain tomorrow, for surely your water treatment plant will
move towards newer and more effective operation and
maintenance procedures. Indeed, the truly service-minded
operator assists in adding to and improving the performance
of the water treatment plant on a continuing basis.

You can be a water treatment plant 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.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 11.

1.3A  Who hires water treatment plant operators?

1.3B What does it take to be a good water treatment plant
operator?

1.4 PREPARING YOURSELF FOR THE FUTURE

140 ' Your Qualifications

What do you know about your job or the job you'd like to
obtain? Perhaps a little, and perhaps a lot. You must
evaluate the knowledge, skills and experience you already
have and what you will need to achieve future jobs and
advancement.

The knowledge and skills required for your job depend to
a large degree on the size and type of water treatment plant
where you work. You may work in a large, complex water
treatment plant serving several hundred thousand persons
and employing 15 to 25 operators.

On the other hand, you may operate and maintain a small
water treatment plant serving only a thousand people or
even fewer. You may be the only operator and have other
duties or, at best, you may have one or two helpers. If this,is
the case, you must be a “jack-of-all-trades” because of the
diversity of your tasks.

m Your Personal Training Program

“Beginning on this page you are starting a training course
which has been carefully prepared to help you to improve
your knowledge and skills to operate and maintain water
treatment plants.

AANRN LN

You will be able to proceed at your own pace; you will
have the opportunity to learn a little or a lot about each topic.
This training manual has been prepared this way to meet the
various needs of water treatment plant operators, depend-
ing on the size and type of plant for which you are responsi-
ble. To study for certification and civil service exams, you
may have to cover most of the material in both Volumes | and
Il. You will never know everything about water treatment
plants and the equipment, processes and procedures avail-
able for operation and maintenance. However, you will be
able to answer some very important questions about how,
why, and when certain things happen in these plants. You
can also learn how to manage your water treatment plant to
produce a reliable output of safe and pleasant drinking water
for your customers while minimizing costs in the long run.

This training course is not the only one available to help
you improve your abilities. Some state water utility associ-
ations, vocational schools, community colleges, and univer-
sities offer training courses on both a short- and long-term
basis. Many state, local and private agencies have conduct-
ed training programs and informative seminars. Most state
health departments can be very helpful in providing training
programs or directing you to good programs.

Some libraries can provide you with useful journals and
books on water treatment. Listed below are several very
good references in the field of water treatment. Prices listed
were those available when this manual was published; they
will probably increase in the future.

1. A MANUAL OF INSTRUCTION FOR WATER TREAT-
MENT PLANT OPERATORS. Available from Health
Education Service, Inc., P.O. Box 7126, Albany, New
York 12224. Price $3.13.

2. MANUAL OF WATER UTILITY OPERATIONS. Avail-
able from Texas Water Utilities Association, 6521 Bur-
net Lane, Austin, Texas 78757. Price $17.00.

3. BASIC WATER TREATMENT OPERATIONS, Ministry
of Environment, Ministry of Government Services, Pub-
lication Center, 880 Bay Street, Fifth Floor, Toronto,
Ontario M7A 1N8, CANADA. Price $4.50 payable to
Treasurer of Ontario.

4. STUDY GUIDE TO THE ABC TESTING SERVICE FOR
WATER TREATMENT PLANT AND DISTRIBUTION
SYSTEM OPERATORS, Association of Boards of Cer-
tification (ABC), P.O. Box 2266, Ames, lowa 50010.
Price $14.00.

5. INTRODUCTION TO WATER TREATMENT, Volume 2,
Order No. 19XX. Available from Data Processing De-
partment, American Water Works Association, 6666 W.
Quincy Avenue, Denver, Colorado 80235. Price to be
determined. Available 1983.

6. INTRODUCTION TO WATER QUALITY ANALYSIS,
Volume 4, Order No. 1931. Available from Data Proc-
essing Department, American Water Works Associ-
ation, 6666 W. Quincy Avenue, Denver, Colorado
80235. Price $11.00.




7. BASIC SCIENCE CONCEPTS AND APPLICATIONS.
REFERENCE HANDBOOK, Order No. 1940. Available
from Data Processing Department, American Water
Works Association, 6666 W. Quincy Avenue, Denver,
Colorado 80235. Price $24.00.

Throughout this manual we will be recommending Ameri-
can Water Works Association (AWWA) publications. Mem-
bers of AWWA can buy some publications at reduced prices.
You can join AWWA by writing to the headquarters office in
Denver or by contacting a member of AWWA. Headquarters
can help you contact your own state or regional AWWA
Section. This professional organization can offer you many
helpful training opportunities and educational materials
when you join and actively participate with your associates
in the field.
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Certification examinations are usually administered by
state regulatory agencies or professional associations. Op-
erators take these exams in order to obtain certificates
which indicate a level of professional competence. You
should continually strive to achieve higher levels of certifica-
tion. Successful completion of this operator training pro-
gram will help you achieve your certification goals.

"3.42 Centification
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SUGGESTED ANSWERS

Chapter 1.

You are not expected to have the exact answer suggested
for questions requiring written answers, but you should have
the correct idea. The numbering of the questions refers to
the section in the chapter where you can find the information
to answer the questions. Answers to questions number 1.0A
and 1.0B can be found in Section 1.0, “Need for Water
Treatment Plant Operators.”

Answers to questions on page 4.

1.0A Water treatment plant operators are needed to oper-
ate, maintain, repair and manage the water treatment
plants that provide us with safe drinking water.

1.0B Many sources of water need treatment because they
have been polluted and contaminated by man and

nature and are not directly suitable for drinking.

1.0C Water treatment plant operators must be responsible
persons because they are responsible for the health

and well being of the community they serve.

Answers to questions on page 7.

\9 /1 .1A The purpose of a water treatment plant is to produce

safe and pleasant drinking water.

1.1B Intake structures at water treatment plants have
screens to prevent leaves and other debris from
clogging or damaging pumps, pipes and other pieces

of equipment in the treatment plant.

Sludge removed from a sedimentation basin is dis-
posed of by discharge to a sewer or is dried and then
disposed of in a landfill or on land.

THE WATER TREATMENT PLANT OPERATOR

1.1D Excessive hardness is removed from drinking water
because hardness requires extra soap to clean or
wash and may cause scale to develop in water
heaters, pipes and fittings.

Answers to questions on page 9.

1.2A A water treatment plant operator should be present
when a new plant is being constructed in order to be
completely familiar with the entire plant layout, in-
cluding the piping, equipment, and machinery and

their intended operation.

1.2B Adequate, reliable records are important to docu-
ment (record) the effectiveness of your operation and

are required by regulatory agencies.

1.2C Well-guided tours 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.
Also well-guided tours will help gain the funds neces-

sary to run a good operation.

1.2D Safety is a very important operator responsibility.
Most accidents result from carelessness or negli-
gence. Safe procedures must be stressed at all

times.

Answers to questions on page 10.

1.3A Water treatment plant operators may be hired by
cities, water agencies or districts, private utility com-
panies, or industries.

DESIRE. If you want to be a qualified water treatment
plant operator, you can do it.

1.3B
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DIRECTIONS FOR WORKING OBJECTIVE TEST

Chapter 1. THE WATER TREATMENT PLANT OPERATOR

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

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

For example, if Questions 2 had three correct answers
(1, 2 and 3), you should place a mark under Columns 1,
2 and 3 on the answer sheet.

Questions 1 through 5 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 4 is true;
therefore, place a mark in Column 1.

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

3. Mail answer sheet to the Project Director immediately
after you have completed the test.

4. Answer sheets may be folded (but not into more than 3
equal parts) and mailed in a 4 x 9%2 standard white
envelope to:

Ken Kerri, Project Director

Water Treatment Plant Operation
California State University, Sacramento
6000 J Street

Sacramento, California 95819

OBJECTIVE TEST

Chapter 1. THE WATER TREATMENT PLANT OPERATOR

Please mark the correct answers on an answer sheet as
directed at the end of Chapter 1. There may be more than
one correct answer in the multiple choice questions.

True-False

1. Safety is not the operator’s responsibility, but the re-
sponsibility of the supervisor.

1. True
@) False

2. Plant visitors are impressed by records showing effi-
cient operation, and their opinions are seldom influ-
enced by the appearance of the plant and grounds.

1. True
(2) False

3. After finishing this program, you will not have to study
water treatment any more.

1. True

% False

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

f1/\.\' True
2. False

5. Excessive hardness is removed from waters to prevent
the staining of clothes and plumbing fixtures.

1. True
12) False

Multiple Choice

6. The purpose of a water treament plant is to produce
water free of

4) Disagreeable tastes.

2! Disease-causing organisms.
3. Toxic substances.

4. Undesirable odors.

5, Unpleasant appearances.
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7. The MAIN purpose of flocculation is to

. Filter out suspended particles.
Gather together fine particles to form larger particles.
. Mix chemicals with raw water containing fine parti-
cles.
4. Reduce corrosivity of treated water.
5. Settle out suspended particles.

8. Screens are installed in intake structures to remove

from the raw water.

(1) Debris

2. Dissolved solids
3. Fine particles

(4) Leaves

5. Suspended solids

9.

10.

NP

OF
OBJECTIVE
TEAT

Water treatment plant operators are responsible for

d. Keeping accurate records.
2. Maintaining the appearance of their plant.
3. Protecting the health and well being of the communi-

ty.
4. Safely performing their job.
5.) Teaching school children.

An experienced water treatment plant operator may be
expected to

1. Develop a safety program.

2! Maintain equipment.

3 Operate treatment processes.
4. Respond to complaints.

52 Train new operators.




Chapter 2
WATER SOURCES AND TREATMENT

by
Bert Ellsworth
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OBJECTIVES

Chapter 2. WATER SOURCES AND TREATMENT

Following completion of Chapter 2, you should be able to:
1. Describe the importance of water,

2. Identify various sources of water,

3. Outline the procedures of a sanitary survey,

4

. Evaluate the suitability of a water source for drinking
purposes and as a general water supply, and

5. Identify water quality problems and treatment proc-
esses to solve the problems.

Sources and Treatment 17
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OPERATOR’S PROJECT PRONUNCIATION KEY
by Warren L. Prentice

The Project Pronunciation Key is designed to aid you in
the pronunciation of new words. While this Key is based
primarily on familiar sounds, it does not attempt to follow any
particular pronunciation guide. This Key is designed solely
to aid operators in this program.

You may find it helpful to refer to other available sources

" for pronunciation help. Each current standard dictionary

contains a guide to its own pronunciation Key. Each Key will

be different from each other and from this Key. Examples of

the differences between the Key used in this program and

the WEBSTER'S NEW WORLD DICTIONARY “Key” are
shown below:

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

Syllable
1st 2nd 3rd 4th 5th
Word
acid AS id
coagulant co AGG you lent
biological BUY o LODGE ik cull

The first word ACID has its first syllable accented. The
second word, COAGULANT, has its second syllable accent-
ed. The third word, BIOLOGICAL, has its first and third
syllables accented.

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

! The WEBSTER'S NEW WORLD DICTIONARY, Second College Edition, 1972, was chosen rather than an unabridged dictionary because
of its availability to the operator. Other editions may be slightly different.
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GLOSSARY
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ACID RAIN ACID RAIN
Precipitation which has been rendered (made) acidic by airborne pollutants.

APPROPRIATIVE APPROPRIATIVE
Water rights to or ownership of a water supply which is acquired for the beneficial use of water by following a specific legal
procedure.

AQUIFER (ACK-wi-fer) AQUIFER
A natural underground layer of porous, water-bearing materials (sand, gravel) usually capable of yielding a large amount or
supply of water.

ARTESIAN (are-TEE-zhun) ARTESIAN
Pertaining to groundwater, a well, or underground basin where the water is under a pressure greater than atmospheric and will
rise above the level of its upper confining surface if given the opportunity to do so.

CAPILLARY FRINGE CAPILLARY FRINGE

The porous material just above the water table which may hold water by capillarity (a property of surface tension that draws wa-
ter upwards) in the smaller void spaces.

CISTERN (SIS-turn) CISTERN
A small tank (usually covered) or a storage facility used to store water for a home or farm.

CONTAMINATION CONTAMINATION

The introduction into water of microorganisms, chemicals, toxic materials, wastes or wastewater in a concentration that makes
the water unfit for its next intended use.

CROSS-CONNECTION CROSS-CONNECTION

A connection between a drinking (potable) water system and an unapproved water supply. For example, if you have a pump
moving nonpotable water and hook into the drinking water system to supply water for the pump seal, a cross-connection or
mixing between the two water systems can occur. This mixing may lead to contamination of the drinking water.

DIRECT RUNOFF DIRECT RUNOFF
Water that flows over the ground surface or through the ground directly into streams, rivers, or lakes.

DRAWDOWN DRAWDOWN
The drop in the water table or level of water in the ground when water is being pumped from the well.

EPIDEMIOLOGY (EP-uh-DEE-me-ALL-0-gee) EPIDEMIOLOGY

A branch of medicine which studies epidemics (diseases which affect significant numbers of people during the same time peri-
od in the same locality). The objective of epidemiology is to determine the factors that cause epidemic diseases and how to pre-
vent them.

EVAPORATION EVAPORATION
The process by which water or other liquid becomes a gas (water vapor or ammonia vapor).

EVAPOTRANSPIRATION (ee-VAP-0-TRANS-purr-A-shun) EVAPOTRANSPIRATION
The process by which water vapor passes into the atmosphere from living plants. Also called TRANSPIRATION.
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GEOLOGICAL LOG GEOLOGICAL LOG
A detailed description of all underground features discovered during the drilling of a well (depth, thickness and type of
formations).

HYDROLOGIC CYCLE (HI-dro-LOJ-ic) HYDROLOGIC CYCLE
The process of evaporation of water into the air and its return to Earth by precipitation (rain or snow). This process also in-
cludes transpiration from plants, groundwater movement, and runoff into rivers, streams and the ocean. Also called the WATER
CYGLE. &

IMPERMEABLE (im-PURR-me-uh-BULL) IMPERMEABLE
Not easily penetrated. The property of a material or soil that does not allow, or allows only with great difficulty, the movement or
passage of water.

INFILTRATION (IN-fill-TRAY-shun) INFILTRATION
The gradual flow or movement of water into and through (to percolate or pass through) the pores of the soil. Also called PER-
COLATION.

MICROORGANISMS (MY-crow-OR-gan-IS-zums) MICROORGANISMS
Living organisms that can be seen individually only with the aid of a microscope.

NONPOTABLE (non-POE-tuh-bull) NONPOTABLE
Water that may contain objectionable pollution, contamination, minerals, or infective agents and is considered unsafe and/or

unpalatable for drinking.

PALATABLE (PAL-a-ta-ble) PALATABLE
Water at a desired temperature that is free from objectionable tastes, odors, colors, and turbidity. Pleasing to the senses.

PATHOGENIC ORGANISMS (path-o-JEN-nick) PATHOGENIC ORGANISMS
Organisms, including bacteria, viruses or cysts, capable of causing diseases(typhoid, cholera, dysentery)inva host (such as a
person). There are many types of organisms which do NOT cause disease. These organisms are called non-pathogenic.
POLLUTION POLLUTION
The impairment (reduction) of water quality by agricultural, domestic, or industrial wastes (including thermal and atomic
wastes), to a degree that has an adverse effect on any beneficial use of water.

POTABLE WATER (POE-tuh-bull) POTABLE WATER
Water that does not contain objectionable pollution, contamination, minerals, or infective agents and is considered satisfactory
for drinking.

PRECIPITATION (pre-SIP-i-TAY-shun) PRECIPITATION
The process by which atmospheric moisture falls onto a land or water surface as rain, snow, hail, and other forms of moisture.

PRESCRIPTIVE (pre-SKRIP-tive) PRESCRIPTIVE

Water rights which are acquired by diverting water and putting it to use in accordance with specified procedures. These proce-
dures include the filing of a request to use unused water in a stream, river or lake with a state agency.

RAW WATER RAW WATER

(1) Water in its natural state, prior to any treatment.
(2) Usually the water entering the first treatment process of a water treatment plant.

RIPARIAN (ri-PAIR-i-an) RIPARIAN
Water rights which are acquired together with title to the land bordering a source of surface water. The right to put to beneficial
use surface water adjacent to your land.

SAFE DRINKING WATER ACT (SDWA) SAFE DRINKING WATER ACT (SDWA)
Commonly referred to as SDWA. An Act passed by the US Congress in 1974. The Act establishes a cooperative program
among local, state and federal agencies to insure safe drinking water for consumers.

SAFE WATER SAFE WATER

Water that does not contain harmful bacteria, or toxic materials or chemicals. Water may have taste and odor problems, color
and certain mineral problems and still be considered safe for drinking.
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SAFE YIELD SAFE YIELD

The annual quantity of water that can be taken from a source of supply over a period of years without depleting the source per-
manently (beyond its ability to be replenished naturally in “wet years”).

SANITARY SURVEY SANITARY SURVEY

A detailed evaluation and/or inspection of a source of water supply and all conveyances, storage, treatment and distribution fa-
cilities to insure its protection from all pollution sources.

SEWAGE SEWAGE

The used water and solids from homes that flow through sewers to a wastewater treatment plant. The preferred term is
WASTEWATER.

SHORT-CIRCUITING SHORT-CIRCUITING

A usually undesirable condition that occurs in tanks or basins when some of the water travels faster than the rest of the flowing
water. This results in shorter contact, reaction, or settling times in comparison with the theoretical (calculated) or presumed de-
tention times.

STRATIFICATION (STRAT-uh-fuh-KAY-shun) STRATIFICATION

The formation of separate layers (of temperature, plant, or animal life) in a lake or reservoir. Each layer has similar
characteristics such as all water in the layer has the same temperature.

TOPOGRAPHY TOPOGRAPHY
The arrangement of hills and valleys in a geographic area.

TRANSPIRATION (TRAN-spur-RAY-shun) TRANSPIRATION

The process by which water vapor is released to the atmosphere by living plants. This process is similar to people sweating.
Also called EVAPOTRANSPIRATION.

TRIHALOMETHANES (tri-HAL-0-METH-hanes) TRIHALOMETHANES

Derivatives of methane, CH,, in which three halogen atoms (chlorine or bromine) are substituted for three of the hydrogen
atoms. Often formed during chlorination by reactions with organic materials. The resulting compounds (THMs) are suspected
of causing cancer.

TURBIDITY (ter-BID-it-tee) TURBIDITY

The cloudy appearance of water caused by the presence of suspended and colloidal matter. In the waterworks field, a turbidity
measurement is used to indicate the clarity of water. Technically, turbidity is an optical property of the water based on the
amount of light reflected by suspended particles. Turbidity cannot be directly equated to suspended solids because white parti-
cles reflect more light than dark-colored particles and many small particles will reflect more light than an equivalent large parti-
cle.

TURBIDITY UNITS (TU) TURBIDITY UNITS

Turbidity units are a measure of the cloudiness of water. If measured by a nephelometric (deflected light) instrumental
procedure, turbidity units are expressed in nephelometric turbidity units (NTU) or simply TU. Those turbidity units obtained by
visual methods are expressed in Jackson Turbidity Units (JTU) which are a measure of scattered light. Although turbidity units
are a measure of the cloudiness of water, they are used to indicate the clarity of water. There is no real connection between
NTUs and JTUs. The Jackson turbidimeter is a visual method and the nephelometer is an instrumental method based on de-
flected light.

WASTEWATER WASTEWATER

The used water and solids from a community (including used water from industrial processes) that flow to a treatment plant.
Storm water, surface water, and groundwater infiltration also may be included in the wastewater that enters a wastewater treat-
ment plant. The term “sewage” usually refers to household wastes, but this word is being replaced by the term “wastewater.”

WATER TABLE WATER TABLE
The upper surface of the zone of saturation of groundwater in an unconfined aquifer.

YIELD YIELD

The quantity of water (expressed as a rate of flow — GPM, GPH, GPD or total quantity per year) that can be collected for a
given use from surface or groundwater sources. The yield may vary with the use proposed, with the plan of development, and
also with economic considerations. Also see SAFE YIELD.



ZONE OF AERATION ZONE OF AERATION
The comparatively dry soil or rock located between the ground surface and the top of the water table.
ZONE OF SATURATION ZONE OF SATURATION

The soil or rock located below the top of the groundwater table. By definition, the zone of saturation is saturated with water.
Also see WATER TABLE.
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IMPORTANCE OF WATER

For decades Americans have used water as though their
supply would never fail. In recent years, drought conditions
have forceably brought the need to conserve and properly
budget our water resources to the minds of water supply
managers. Even in the driest years, though, rain across the
country enormously exceeds water use. The trouble is that
the nation’s water resources are poorly distributed. The
Pacific Northwest has a big surplus. The agricultural states
of the Southwest fight for the last salty drop of water from
the Lower Colorado River. The Federal Government has
spent billions of dollars building and operating facilities to
divert water for use in arid and water-short areas. Contami-
nation is a problem, too. Mineral residues from irrigation
have damaged once fertile soil. ACID RAIN' is killing the fish
in mountain lakes. America’s drinking water has been taint-
ed with substances as exotic as trichloroethylene (TCE) and
as commonplace as highway salt. Vast underground basins
of water, deposited over many years, have been seriously
depleted in a matter of decades.

All water comes as rain or precipitation from the sky, but
92 percent of the water either evaporates immediately or
“runs off eventually into the oceans. One-quarter of the water
that irrigates, powers and bathes America is taken from an
ancient network of underground aquifers. In 1950, the
United States took some 12 trillion gallons (45 billion cubic
meters) of water out of the ground; by 1980 the figure had
more than doubled.

_XyThe energy crisis and water shortages are linked together.

As groundwater levels fall, more energy is required to pump \1/

water from deeper levels in the basin. In several areas, vast
water projects use large amounts of electricity to pump

more expensive, the users of the water will see the in-

‘ water many miles along the project. As energy becomes

creased cost reflected in their water rates.

1 Acid Rain.

e P
’(/ Both plant life and animal life depend upo

Water is regarded as commonplace because it is the most
plentiful liquid on earth and because of our familiarity with it.
All of the tissues of our bodies are bathed in it. Whatever
may be the thing which we call life on earth, it requires a
water environment. Our foods must be suspended or dis-
solved in water solutions to be carried to the different parts
of the body. Also, most waste products are eliminated from
the body as water-soluble substances.

water for
survival. A plant receives the greater part of its f fronghe
soil in water solutions and manufactures the rest of its food
in the presence of water. .

Water is present in aimost all natural objects and in almost
every part of the earth that people can reach. There is water
vapor in the air, and liquid water in rocks and soil. In addition
to the water that wets them, clay and certain kinds of rocks
contain water in chemical combination with other sub-
stances.

Water may be commonplace, but useful water is not
always readily available. Even before the discovery of Amer-
ica, one of the common causes of war between Indian tribes
was water rights. Among the first considerations of any new
land development is water. Useful water is only rarely free,
and it is not very abundant in many parts of the United
States. There are not many places left where a person can
feel safe in drinking water from a spring, stream or pond.
Even the groundwater produced by wells must be tested
regularly. In some areas, man’s activities have made it
difficult to locate a safe water supply of any sort. In certain
coastal areas, for example, over-pumping from the ground
has depleted the groundwater basins. "As a result, t%
mtrus»o of sea water is ruining the basin for most

Other sources of groundwater *éa"ﬁm i
udesee

mmg systems, agrict
tural drainage system ha

ardous wastes in sanitary landfills and dumps. Some of
man’s activities clearly pose a serious threat to life on this
planet.

Precipitation which has been rendered (made) acidic by airborne pollutants.
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QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 34.

2.0A Why has it become necessary to conserve and
properly budget our water resources?

2.0B How are the energy crisis and water shortage linked
together?

2.0C Name three ways groundwater may become con-

taminated.

2.1 SOURCES OF WATER

T

2.10 ‘The Hydrologic Cycle (Figure 2.1)

All water comes in the form of pregipitation. Water evapo-
rates from the ocean by the energy of the sun at an overall

rate of about six feet (1.8 m) of water annually. The water
which is evaporated is salt-free water, since the heavier
mineral salts are left behind. This water vapor rises, is
carried along by winds, and eventually
ndenses into clouds. When these
clouds become chilled, the small parti-
cles of water collect into larger droplets
which may precipitate over land or water.
As the water falls in the form of rain,
snow, sleet or hail, it clings to and carries
with it all the dust and dirt in_the air.
Needless to say, the first water that falls
picks up the greatest concentration of
contamination. After a short period of
fall, the precipitation is relatively free of é
pollutants. A large part of the evaporated water is carried
over land masses by the winds and the droplets that fall
there make up our supply of fresh water. These droplets
may i e ground, fall as snow on the mountain tops,
or collect in lakes, but in one way or another, all of the
droplets seek to return to the ocean from where they came.
This, in brief, is the framework of the hydrologic cycle.

@) Rights to the Use of Water

The rights of an individual to use water for domestic,
irrigation or other purposes varies in different states. Some
water rights stem from ownership of the land bordering or
overlying the source, while others are acquired by a perfor-
mance of certain acts required by law.

There are three basic types of water rights:

1. RIPARIAN 3 rights which are acquired with title to the
land bordering a source of surface water.

, .

/ 2. APPROPRIATIVE — rights which are acquired for the
beneficial use of water by following a specific legal
procedure.

3. PRESCRIPTIVE — rights which are acquired by diverting
water and putting it to use, for a period of time specified
by statute, water.to.which.other parties may or may not
have prior claims. The procedure necessary to obtain
prescriptive rights must conform with the conditions
established by the water-rights laws of individual states.

2 Impermeable. Not able to be penetrated significantly by water.

When there is any question regarding the right to the use
of water, a property owner should consult with the appropri-
ate authority and clearly establish rights to its use.

[ 212 ‘ Ocean

At some time in its history, virtually all water resided in the
oceans. By evaporation, moisture ‘is transferred from the
ocean surface to the atmosphere, where winds carry the
moisture-laden air over land masses. Under certain condi-
tions, this water vapor condenses to form clouds, which
release their moisture as precipitation in the form of rain,
hail, sleet or snow.

When rain falls toward the earth, part of it may re-
evaporate and return immediately to the atmosphere. Pre-
cipitation in excess of the amount that wets a surface or
evaporates immediately is available as a potential source of
water supply.

2.13 Surface Water

(\2. 130" Direct Runoff

Surface water accumulates mainly as a result of direct
runoff from precipitation (rain or snow). Precipitation that
does not enter the ground through infiltration or is not
returned to the atmosphere by evaporation flows over the
ground surface and is classified as direct runoff. Direct
runoff is water that drains off of saturated or IMPERME-
ABLE? surfaces, into stream channels, and then into natural
or artificial storage sites (or into the ocean in coastal areas).

The amount of available surface water depends largely
upon rainfall. When rainfall is limited, the supply of surface
water will vary considerably between wet and dry years. In
areas of scant rainfall, people build individual cisterns for the
storage of rain which drains from the catchment areas of
roofs. This type of water supply is used extensively in areas
such as the Bermuda Islands, where groundwater is virtually
non-existent and there are no streams.

Surface water supplies may be further divided into river,
lake and reservoir supplies. In general, they are character-
ized by turbidity, suspended solids, some color, and micro-
biological contamination. Groundwaters, on the other hand,
are characterized by higher concentrations-ofdissolved
gases, lower levels of color, and freedom from microbiologi-
cal contamination.
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2.'131 Rivers and Streams

Many of the largest cities in the world depend entirely
uponlafg’é“ﬁﬁ for their water supplies. In using a river or
stream supply, one should always be concerned with up-
stream conditions. Some cities drink water from a stream or
river into which the treated wastewater (sewage) from
upstream cities has been
serious problems in water treatment. Because of upstream
pollution (wastewater, agricultural drainage, or industrial
waste), the proper treatment of river and stream supplies is
extremely important. Rivers and streams are also suscept-
ible to scouring of the bottom, changing channels, and
silting. Before the intake for a water supply is located in a
river or stream, a careful study must be made of the stream
bottom, its degree of scour, and the settling out of silt.
Provisions must be made in the design of the intake to make
sure that it can withstand the force which will act upon it
during times of flood, heavy silting, ice conditions and
adverse runoff conditions. Because of variations in the
quality of water supplied by a river or stream, purification
effectiveness must be continually checked. This is especially
true if there are industries upstream from the uptake which
may dump undesirable wastes into the supply. Sudden
pollutant loads might not be discovered unless constant
monitoring of the raw water is maintained by the treatment
plant operator.

(2, 132\ Lakes and Reservoirs

.

The selection and use of water from any surface storage
source requires considerable study and thought. When
ponds, lakes, or open reservoirs are used as sources of
water supply, the danger of contamination and of the conse-
quent spread of diseases such as typhoid, hepatitis, dysen-
tery and giardiasis exists. Clear water is not always safe™
water and the old saying t unning purifies itself” to

drinking water quality within a stated distance is fz

The potential for contamination of surface water makes it
necessary to regard such sources of supply as unsafe for
domestic use unless properly treated, including filtration and
disinfection. To insure the delivery of a constant, safe
drinking water to consumers also requires diligent attention
to the operation and maintenance of the distribution system.

Lakes and reservoirs are subject to seasonal changes in
water quality such as those brought about by STRATIFICA-
TION? and the possible increase of organic and mineral
contamination that occurs when a lake “turns over.” In any
body of water, the surface water will be warmed by the sun
in spring and summer causing higher temperatures on the

arged. This can present very =

surface. Then in the fall, the cooler air temperatures cool the
surface water until it reaches the same temperature as the
subsurface waters. At this point, the water temperature is
fairly uniform (the same) throughout the entire depth of the
lake or reservoir. A breeze will start the surface water
circulating and cause the lake to “turn over,” thus bringing
poor quality deeper water to the surface.

Lakes and reservoirs are su
especially after fall or spring turno :
algae (blooms) will occur'when the temperature is right and
the water contains enough nutrients for the rapid growth of
algae. In any given body of water, blooms of various types of
algae can occur several times during a season depending on
what algae is present and whether the conditions are right
for algae growth.

Water supplies drawn from large lakes and reservoirs

through multiport intake facilities (openings at several

depths) are generally of good quality since the water can be
drawn from a depth where algal growths are not prevalent. A
large lake or reservoir also dilutes any contamination that
may have been discharged into it or one of its tributaries.

Large bodies of water are generally attractive recreation
areas. If the water is also used for domestic supplies,
however, it must be protected from contamination. This will
require proper construction and location of recreation facili-
ties such as boat launching ramps, boat harbors, picnic and
camping areas, fishing and open beach areas away from the
intake area. The location and construction of wastewater
collection, treatment and disposal facilities must also be
carefully studied to protect domestic water supplies from
contamination.

BNy

&

Write your answers in a notebook and then compare your
answers with those on page 34.

2.1A  What is the hydrologic cycle?

2.1B List the three basic types of water rights.

2.1C What are the general water quélity characteristics of
surface water supplies?

2.1D What are the general water quality characteristics of
groundwater supplies?

2.1E What items should be considered before selecting a
location and constructing a water supply intake locat-
ed in a river or stream?

21F What water treatment processes are considered
essential to reliably treat physical and bacteriologi-
cally contaminated surface waters for domestic use?

2.1G How can provisions be made to allow recreation on

water supply lakes and reservoirs without endanger-
ing water quality?

3 Stratification (STRAT-uh-fi-KAY-shun). The formation of separate layers (of temperature, plant, or animal life) in a lake or reservoir. Each
layer has similar characteristics such as all water in the layer has the same temperature.




2.14 Groundwater

2.140 Sources (refer to Fig. 2.1, page 25).

Part of the precipitation that falls infiltrates the soil. This
water replenishes the soil moisture, or is used by growing
plants and returned to the atmosphere by TRANSPIRA-
TION*. Water that drains downward (percolates) below the
root zone finally reaches a level at which all of the openings
or voids in the earth’s materials_are. filled with-water. This
zone is known as the zone of saturation. Water in the zone
of saturation is referred to as groundwater. The upper
surface of the zone of saturation, if not confined by imper-

meable_material, is called the water table. When an overly-
ing, impermeable formation confines the water in the zone of
saturation under pressure, the groundwater is said to be
under artesian pressure. The name “artesian” comes from
the ancient province of Artesium in France where, in the
days of the Romans, water flowed to the surface of the
ground from a well. However, not all water from wells that
penetrate artesian formations flows to ground level. For a
well to be artesian, the water in the well must rise above the
top of the aquifer. (An aquifer, or water-bearing formation, is
an underground layer of rock or soil which permits the
passage of water.)

The porous material just above the water table may
contain water by capillarity in the smaller void spaces. This
zone is referred to as the capillary fringe. Since the water
held in the capillary fringe will not drain freely by gravity, this
zone is not considered a true source of supply.

Because of the irregularities in underground deposits or
layers and in surface TOPOGRAPHY®, the water table
occasionally intersects (meets) the surface of the ground at
a spring or in the bed of a stream, lake or the ocean. As are-
sult, groundwater moves to these locations as seepage out
of the aquifer (groundwater reservoir). Thus, groundwater is
continually moving within aquifers even though the move-
ment may be very slow (see Figure 2.1). The water table
(artesian pressure surface) thus may slope from areas of
recharge to lower areas of discharge. The pressure differ-
ence represented by these slopes causes the flow of
groundwater within the aquifer. Seasonal variations in the
supply of water to the underground reservoir cause consid-
erable changes in the elevation and slope of the water table
and the artesian pressure level.

2.141 Wells

A well that penetrates the water table can be used to
extract water from the groundwater basin (see Figure 2.1).
The removal of water by pumping will naturally cause a
lowering of the water table near the well. If pumping contin-
ues at a rate that exceeds the rate of replacement by the
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water-bearing formations, the “sustained yield” of the well or
group of wells has been exceeded. The “safe yield” will be
exceeded if wells extract water from an aquifer over a-period
of time at a rate that will deplete the aquifer and bring about
other undesired results (such as sea water intrusion and
land subsidence). This situation is a poor practice, but
occurs quite frequently in many areas of the U.S.

2.142 Springs

Groundwater that flows naturally from the ground is called
a spring. Depending upon whether the discharge is from a
water table or an artesian aquifer, springs may flow by
gravity or by artesian pressure. The flow from a spring may
vary considerably; when the water table or artesian pressure
fluctuates, so does the flow from the spring.

2.15 Reclaimed Water

The use of treated wastewater as a source of water for
non-food crop irrigation is an established practice in many
regions of the world. The type of crop which can be safely
irrigated depends somewhat on the quality of wastewater
and method of irrigation. At the present time, more than
20,000 acres (8,000 hectares) of agricultural lands in Califor-
nia are irrigated, all or in part, with reclaimed water. Two of
the largest operations are at Bakersfield and at Fresno,
California. The City of Bakersfield has used wastewater
effluent for irrigation since 1912. At the present time, ap-
proximately 2,400 acres (1,000 hectares) of alfalfa, cotton,
barley, sugar beets and pasture are irrigated. Fresno irri-
gates 3,500 acres (1,400 hectares) of the same type of
crops. These two operations use almost 30,000 acre-feet
(37 million cubic meters) of reclaimed water per year. Aimost
90 percent of the 2,000,000 acre-feet (2.5 billion cubic
meters) of reclaimed wastewater in California is used for
crop irrigation.

Other uses for reclaimed wastewater include:
1. Greenbelt (parks) areas,
2. Golf course irrigation,
/@) Landscape irrigation,
4. Industrial reuse,
5. Groundwater recharge,

6. Landscape impoundments, and

7. Wetlands — marsh enhancement.

Reclaimed water can be used safely for any of these
purposes, with the possible exception of groundwater re-
charge. Health experts have serious questions regarding
organic compounds that are present in wastewater and
about our ability to reduce them to safe levels. These doubts
increase further when we realize that a large number of new
and potentially toxic chemicals are developed each year.

chemicals without ex :

expensive monitoring programs. To pro<
tect groundwater resources regulations require that ‘re-
claimed water used for groundwater recharge of domestic
water supply aquifers by surface spreading shall be at all
times of a quality that fully protects public health.” Proposed
groundwater recharge projects must be investigated on an
individual basis where the use of reclaimed water involves a
potential risk to public health.

4 Transpiration (TRAN-spur-RAY-shun). The process by which water vapor is released to the atmosphere by living plants. This process

is similar to people sweating. Also called EVAPOTRANSPIRATION.

5 Topography. The arrangement of hills and valleys in a geographic area.

_qaetect Ol _these
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Treatment of reclaimed water should be appropriate for
the intended use. The greater the potential exposure to the
public, the more extensive the treatment needs to be.
Regulations often specify not only the degree of treatment
for the useage of water, but also the reliability features that
must be incorporated into the treatment processes to as-
sure a continuous high degree of finished water quality.
Studies indicate that the average reclamation plant does not
achieve the quality of treatment expected on a continuous
basis. This is of concern to the water supplier and also the
regulatory agencies that are charged with the responsibility
of assuring that the health of the public is protected.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 34.

2.1H What causes the flow of groundwater within an

aquifer?
2.11  How can the “safe yield” of an aquifer be exceeded?

2.1J List some of the possible uses of reclaimed

wastewater.

2.1K How much treatment should reclaimed water receive

before use?

2.2 SELECTION OF A WATER SOURCE

\230, /Sanitary Survey®
The importance of detailed sanitary surveys of water
supply sources cannot be overemphasized. With a new
supply, the sanitary survey should be made during the
collection of initial engineering data covering the develop-
ment of a given source and its capacity to meet existing and
future needs. The sanitary survey should include the loca-
tion of all potential and existing health hazards and the
determination of their present and future importance. Per-
sons trained in public health engineering and the EPIDEMI-
OLOGY? of water-borne diseases should conduct the sani-
tary survey. In the case of an existing supply, sanitary
surveys should be made frequently enough to control health
hazards and to maintain high water quality.

The information furnished by a sanitary survey is essential
to evaluating the bacteriological and chemical water quality
data. The following outline lists the essential factors which
should be investigated or considered in a sanitary survey.
These items are essential to (1) identify potential hazards, (2)
determine factors which affect water quality, and (3) select
treatment requirements. Not all of the items are important to
any one supply and, in some cases, items not in the list could
be found to be significant during the field investigation.

GROUNDWATER SUPPLIES:

a. Character of local geology; slope (topography) of ground
surface.

'9. Nature of soil and underlying porous material; whether
clay, sand, gravel, rock (especially porous limestone);
coarseness of sand or gravel; thickness of water-bearing
stratum; depth of water table; location and GEOLOGI-
CAL LOGS of nearby wells.

c. Slope of water table, preferably as determined from
observation wells or as indicated by slope of the ground
surface.

d. Extent of the drainage area likely to contribute water to
the supply.

e. Nature, distance, and direction of local sources of poliu-
tion. e

f. Possibility of surface-drainage water entering the supply
and of wells becoming flooded.

g. Methods used for protecting the supply against contami-
nation from wastewater collection and treatment facili-
ties and industrial waste disposal sites.

(h.) Well construction: materials, diameter, depth of casing
~ and concrete collar; depth to well screens or perfora-
tions; length of well screens or perforations.

i. Protection of well head at the top and on the sides.

j. Pumping station construction (floors, drains); capacity of
pumps; storage or direct to distribution system.

k. Drawdown when pumps are in operation; recovery rate
when pumps are off.

I.  Presence of an unsafe supply nearby, and the possibility
of CROSS-CONNECTIONS® causing a danger to the
public health.

m. Disinfection: equipment, supervision, test kits, or other
types of laboratory control.

SURFACE WATER SUPPLIES:
a. Nature of surface geology; character of soils and rocks.

b. Character of vegetation; forests; cultivated and irrigated
land.

c. Population and wastewater collection, treatment and
disposal on the watershed.

d. Methods of wastewater disposal, whether by diversion
from watershed or by reclamation treatment.

e. Closeness of sources of fecal pollution (especially birds)
to intake of water supply.

6 Sanitary Survey. A detailed evaluation and/or inspection of a source of water supply and all conveyances, storage, and treatment and
distribution facilities to insure its protection from all pollution sources.

7 Epidemiology (EP-uh-DEE-me-ALL-O-gee). A branch of medicine which studies epidemics (diseases which affect significant numbers
of people during the same time period in the same locality). The objective of epidemiology is to determine the factors that cause epidemic

diseases and how to prevent them.

8 Geological Log. A detailed description of all underground features discovered during the drilling of a well (depth, thickness and type of

formations).
9 Cross-Connection.

A connection between a drinking (potable) water system and an unapproved water supply. For example, if you have

a pump moving nonpotable water and hook into the drinking water system to supply water for the pump seal, a cross-connection or mix-
ing between the two water systems can occur. This mixing may lead to contamination of the drinking water.




f. Proximity and character of sources of industrial wastes,
oil field brines, acid waters from mines, and agricultural
drain waters.

(g.) Adequacy of supply as to quantity (safe yield).

C’tj‘ For lake or reservoir supplies: wind direction and velocity
~data; drift of pollution; and algae growth potential.

i. Character and quality of raw water: typical coliform
counts (MPN or membrane filter), algae, turbidity, color,
and objectionable mineral constituents.

) Normal period of DETENTION TIME.

k. Probable minimum time required for water to flow from
sources of pollution to reservoir and through the reser-
voir to the intake tower.

. The possible currents of water within the reservoir
(induced by wind or reservoir discharge) which could
cause SHORT-CIRCUITING"! to occur.

(M) Protective measures in_connection with the use of-the
watershed to control fishing, boating, landing of. air-
planes, swimming, wading, ice cutting, and permitting
animals on shore-line areas.

n. Efficiency and constancy of policing activities on the
watershed and around the lake.

o. Treatment of water: kind and adequacy of equipment;
duplication of parts for reliable treatment; effectiveness
of treatment; numbers and competency of supervising
and operating personnel; contact period after disinfec-
tion; free chlorine residuals and monitoring of the water
supply both during treatment and following treatment.

and standby unit(s).

. p. Pumping facilities: pump station design, pump capacity

g. Presence of an unsafe supply nearby, and the possibility
of cross-connections causing a danger to the public
health.

y‘f‘s‘
' 2.21> Precipitation
Precipitation i of rain,_sn(
)A/ contains very few impurities. (However, there are exceptions
uch as acid rain and dust from Dust Bowl areas.) Trace
amounts of mineral matter, gases, and other substances
may be picked up by precipitation as it forms and falls

through the earth’s atmosphere. Precipitation, however, has
virtually no microbiological content.

weeks to years, several months being typical).

Sources and Treatment (29)
N

Once precipitation reaches the earth’s surface, many
opportunities are presented for the introduction of mineral
and organic substances, microorganisms, and other forms
of contamination. When water runs over or through the
ground surface it may pick up particles of soil. This is
noticeable in the water as cloudiness or turbidity. This water
also picks up particles or organic matter and microorgan-
isms. As surface water seeps downward-into the soil and
through the underlying material to the water table, most of
the suspended particles are filtered out. This natural filtra-
tion may be partially effective in removing microorganisms
and other particulate materials; however, the chemical char-
acteristics of the water usually change considerably when it
comes in contact with underground mineral deposits.

The widespread use of synthetically-produced chemical
compounds, especially pesticides, has raised concern for
their potential to contaminate water. Many of these materials
are known to be toxic (poisonous), some cause cancer, and
others have certain undesirable characteristics even when
present in a relatively small concentration.

Agents which alter the quality of water as it moves over or
below the surface of the earth may be classified under four
major headings:

A. PHYSICAL — Physical characteristics relate to the sen-
sory qualities of water for domestic use; for example, the
water’s observed color, turbidity, temperature, taste and
odor.

B. CHEMICAL — Chemical differences between waters
include mineral content and the presence or absence of
constituents such as fluoride, sulfide, and acids. The
comparative performance of hard and soft waters in
laundering is one visible effect.

C. BIOLOGICAL — The presence of organisms (virus, bac-
teria, algae, mosquito larvae), alive or dead, and their
metabolic products determine the biological character of
water. These may also be significant in modifying the
physical and chemical characteristics of water.

D. RADIOLOGICAL — Radiological factors must be consid-
ered because there is a possibility that the water may
have come in contact with radioactive substances.

Consequently, in the development of water supply sys-
tems, it is necessary to examine carefully all the factors
which might adversely affect the water supply.

‘ 10 Detention Time. In storage reservoirs, detention time is the length of time entering water is held before being drafted for use (several

11 Short-Circuiting. A usually undesirable condition that occurs in tanks or basins when some of the water travels faster than the rest of
the flowing water. This results in shorter contact, reaction, or settling times in comparison with the theoretical (calculated) or presumed

detention times.
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QUESTIONS

Write your answers in a notebook and then compare your "
answers with those on pages 34 and 35.

2.2A What is the purpose of a sanitary survey?

2.2B How frequently should a sanitary survey be conduct-
ed for an existing water supply?

2.2C When conducting a sanitary survey, what protective
measures should be investigated regarding use of
the watershed?

2.2D List the common physical characteristics of water.

(27;2\ Physical Characteristics

To be suitable for human use, water should be free from
all impurities which are offensive to the senses of sight,
taste, and smell. The physical characteristics which might be
offensive include turbidity, color, taste, odor and tempera-
ture.

~ TURBIDITY: The presence of suspended matenal in water
causes cloudiness which-is known as turbi y, Silt,
finely divided organic material, plankton; and otheF inMC
rV)materials give water this appearance. Turbidities in excess
gof 5 turbudlty units are easily visible in a glass of water, and
this level is usually objectionable for aesthetic reasons.
M Turbidity’'s major danger in drinking water is that it can
harbor bacteria as well as exert a high demand on chlorine.
Water that has been filtered to remove the turbidity should
have considerably less than one turbidity unit. Good tre
“ment plants consistently obtain finished water Wy -

els of from 0.05 to 0.3 units.

COLOR: Dissolved organic material from decaying vege-
tation and certain inorganic matter cause color in water.
Occasionally, excessive blooms of algae or the growth of
other aquatic microorganisms may also impart color. Iron
and manganese may be the cause of consumer complaints
“ (red or black water): While the color itself is not objectionablé
from the standpoint of health, its presence is aesthetically

U objectionable and suggests that the water needs better
. ¥ “treatment: In some instances however, a color in the water
i indicates more than an aesthetic problem. For example, an
amber color in the water could indicate the presence of
humic substances which could later be formed into trihalo-
methanes or it could indicate acid waters from mine drain-
age.
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TEMPERATURE: The most desirable drinking waters are
K"‘ \) consistently cool and do not have temperature fluctuations
7 of more than a few degrees. Groundwater and surface water
from mountainous areas generally meet these requirements.
Most individuals find that water having a temperature be-
tween 50° and 60°F (10° and 15°C) is most pleasing whilew
water over 86°F (30°C) is not acceptable. The temperature
of groundwaters varies with the depth of the aquifer. Water
from very deep wells (more than 1000 ft or 300 m) may be
quite warm. Temperature also affects sensory perception of
tastes and odors.

f
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TASTES: Each area’s natural waters have a distinctive
taste related to the dissolved mineral characteristics of local
geology. Occasionally, algal growths also impact a distinc-
tive taste. However, taste is rarely measured since most
water treatment plants cannot alter a water’s mineral char-
acteristics.

¥
§

ODORS: Growths of algae in a water supply can give the
water an unpleasant odor.. Some ers may contain
hydrogen sulfide which will produce a di sagreeable rotten

egg odor.
P‘} ‘:Yi@”

The nature of the materials that form the earth’s crust
affects not only the quantity of water that may be recovered,
but also its chemical makeup. As surface water infiltrates
and percolates downward to the water table, it dissolves
some of the minerals contained in soils and rocks. Ground-
water, therefore, sometimes contains more dissolved miner-
als than surface water. The use and disposal of chemicals
by society can also affect water quality.

Chemical Characteristics|

Chemical analysis of a domestic water supply, is broken
down into three areas:

1. Inorganic chemicals; which
include the toxic (poison-
ous) metals — arsenic,
barium, cadmium, chromi-
um, lead, mercury, seleni-
um and silver; and the non-
metals — fluoride and
nitrate.

. Organic chemicals which
include the pesticides
(chlorinated hydrocarbons)
— Endrin, Lindane, Meth-
oxychlor and Toxaphene,
and the Chlorophenoxys;
and

. The general mineral con-
stituents which include
alkalinity, calcium, chlo-
ride, copper, foaming
agents (MBAS), iron, mag-
nesium, manganese, pH,
sodium, sulfate, zinc, spe-
cific conductance, total dis-
solved solids, and hard-
ness (calcium and
magnesium).

Upper limits for the concentrations of the chemicals listed
in this section have been established by the Safe Drinking
Water Act. For a summary of the Drinking Water Regulations
established by the Act, see the poster included with this
manual. Chapter 22, “Drinking Water Regulations,” WATER
TREATMENT PLANT OPERATION, Volume I, contains a
detailed discussion of the Safe Drinking Water Act.

Biological Factors

Water for domestic purposes must be made free from
disease-producing (pathogenic) organisms. These organ-
isms include bacteria, protozoa, spores, viruses, cysts, and
helminths (parasitic worms).

Many organisms which cause disease in man originate
with the fecal discharges of infected individuals. To monitor
and control the activities of human disease-carriers is sel-
dom practical. For this reason, it is necessary to take
precautions to prevent contamination of a normally safe
water source or to institute treatment methods which will
produce a safe water.

Unfortunately, the specific disease-producing organisms
present in water are not easily isolated and identified. The
techniques for comprehensive bacteriological examination
are complex and time-consuming. Therefore, it has been
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necessary to develop tests which indicate the relative de-
gree of contamination in terms of an easily defined quality.
The most widely used test involves estimation of the number
of bacteria of the coliform group, which are always present
in fecal wastes and vastly outnumber disease-producing
organisms. Coliform bacteria normally inhabit the intestinal
tract of man, but are also found in most animals and birds,
as well as in the soil. The Drinking Water Standards in the
Safe Drinking Water Act have established upper limits for
the concentration of coliform bacteria in a series of water
samples (roughly, no more than one organism per 100 mL_Qf

sample water).
@ Radiological Factors

The development and use of atomic energy as a power
source and the mining of radioactive materials have made it
necessary to examine the safe limits of exposure for hu-
mans. Such limits include concentrations of radioactive
material taken into the body in drinking water.

QUESTIONS

Write your answers in a notebook and then compare your
answers with those on page 35.

2.2E What causes turbidity in water?

2.2F Chemical analysis of a domestic water supply mea-
sures what three general types of chemical concen-
trations?

2.2G Why are coliform bacteria used to measure the
bacteriological quality of water?

2.2H Why must upper limit concentrations of radioactive

materials in drinking water be established?

@ THE SAFE DRINKING WATER ACT

On December 16, 1974, the Safe Drinking Water Act
(SDWA) was signed into law. The Act set up a cooperative
program among local, state and federal agencies. As direct-
ed by the Act the Environmental Protection Agency devel-
oped primary drinking water regulations designed t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>