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Preface

The subject of water or wastewater plant equipment main-
tenance is so broad and wide-ranging that it is virtually im-
possible to describe in any written text the maintenance re-
quirements of all of the varieties of equipment that are
manufactured. Also, a text written about specific pieces of
equipment would not be of much value to any one plant.
However, when equipment operation is the subject, one must
keep in mind that an equipment breakdown occurs as a result
of the failure of one or more small individual components
and not the entire unit.

~ To properly address the topic of equipment maintenance,

this text is structured to explain the design, operation, and
. maintenance of a number of different pieces of equipment
(motors, pumps, aeration blowers, mixers, etc.). More im-
portantly, the text discusses the individual components
(bearings, couplings, chain drives, seals, etc.) that are an in-
herent part of a larger piece of equipment. It is the author’s
belief (supported by practical experience) that if a person
knows and understands the design and operating characteris-
tics and limitations of these individual components, major
breakdowns can be avoided by correcting minor problems at
an early stage.

A number of the chapters contain a certain amount of theo-
retical and engineering knowledge. This information has
been included to reinforce the design and operating condi-
tions or limitations of the various components. Also, this text
is intended to be both a reference source as well as ateaching

xi

tool. The theory and engineering information provides basic
data that can be supplemented by other more inclusive texts
to help solve components’ failure problems. The detailed de-
scription of the operation of the individual components can
be useful when trying to explain the difference between simi-
lar pieces during a discussion or training session.

The information that is contained in the various chapters
about the construction and operating characteristics of the in-
dividual components is of the greatest importance to the
reader. A large number of the components described in the
text may not be used in your specific plant and might even be
foreign to you. However, they have been included to give you
a broader understanding of how similar types of equipment
can be used for different applications. It is the author’s belief
that the more knowledge that a person has, the easieritisto
make an informed judgment regarding proper equipment op-
eration.

The maintenance and repair techniques presented in the
various chapters will serve as a basis for developing a
maintenance program. It is anticipated that the text,
combined with any manufacturer’s literature or instruction
manuals will provide the information necessary to keep your
plant running at peak efficiency. A smooth running plant,
properly maintained (including good housekeeping
practices) and operating at peak efficiency, should be a
source of pride to all operating personnel.
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CHAPTER 1

Introduction to Maintenance

THE NEED FOR MAINTENANCE

1.01 Maintenance is a part of everyday life, although little
thought is given to some of the more routine “chores,” such
as car and home repairs, lawn and shubbery care, painting,
and many other items. However, even though these chores
are considered the preservation of property or equipment,
they are a form of maintenance. And when you look at the
bottom line, maintenance really is the preservation of prop-
erty.

1.02 The importance of water/wastewater plant mainte-
nance has been discussed and written about for many years. It
is a well-known fact that many plants suffer severe operating
problems because of poor maintenance. When the topic is
discussed, much attention is given to maintenance concepts
and the overall program, but the basic fundamentals and de-
tails are overlooked or ignored. Following good basic main-
tenance procedures is like keeping your vehicle filled with
fuel. Without fuel the vehicle will stop. Without proper
maintenance, the equipment and your plant will shut down.

1.03 The maintenance program for water/wastewater
plants should include not only the items that make the plant
run efficiently but look good as well. Your plant is often
judged by its appearance and not by how you treat the water.
Maintenance procedures should be given a high priority in
the daily work schedule, because making sure that the plant
equipment functions properly is an important factor in
achieving the proper water discharge quality. If the equip-
ment does not operate properly, water quality standards can-
not be met. :

1.04 The need for a good maintenance program and the
knowledge of how each component functions and should be
maintained cannot be emphasized enough. By properly
maintaining plant equipment, an operator can extend its op-

erating life by at least 25 percent. The extended equipment .

life means less capital replacement expenses, better plant op-
eration, and even better public relations. It should be a source
of pride for both the employees and management.

THE KEYS TO GOOD MAINTENANCE

1.05 The performance of maintenance duties or tasks is
only a small part of the maintenance function. Although it is
important that you understand how to repair a piece of equip-
ment, it is also important that you understand how the com-
ponent performs its operation as well as some of its design,
engineering, and construction features. Understanding the
more “technical” aspects of various equipment components
should help you gain knowledge of why breakdowns and
failures occur. This extra knowledge should help you im-
prove your maintenance program, increase equipment life,
and make your job easier.

1.06 Waste or wastewater operators are usually very pro-
fessional in the manner in which they run their plants. Setting
up a maintenance program and performing routine mainte-
nance are just other steps in operating the plant. There is
nothing special that is required to set up a maintenance pro-
gram or to see that the one you have works well. If you do not
have the time to develop your own program, there are a
number of “packaged” programs available, including man-
ual and computer-driven types. Chapter 2 explains more on
establishing a maintenance program.

SCOPE OF THE MAINTENANCE PROGRAM

1.07 All water or wastewater plants have different main-
tenance requirements. Location, size, staff, and funding all
determine how a maintenance program should be set up. Al-
though many design engineers recommend maintenance
procedures, only plant personnel can determine what sort of
program best suits their individual needs. However, to be ef-
fective and efficient, the program should be all-inclusive and
not be limited to only the major plant components. The items
listed in Figure 1.1 should be used as a guide to establishing a
complete maintenance program.

1.08 You must consider not only how broad your mainte-



Treatment Equipment

Lift Stations

Wells

Disinfection Equipment
Emergency Pumps and Generators
Portable Tools

Vehicles

Buildings and Grounds

Security Systems

SCADA and Telemetry Equipment
Battery Systems

Instrumentation Equipment

Figure 1.1. Partial list of items that require maintenance.

nance program will be but also who is going to perform all of
the work. For many plants, the maintenance functions, in-
cluding landscaping, vehicles, water drainage or retention,
buildings, and/or storage facilities, are within the scope of
the plant staff. For other facilities only the internal equip-
ment or machinery is all the staff maintains, whereas small
operations with limited staff may perform only limited or
even no maintenance on their equipment. In fact, equipment
maintenance is performed by outside contractors or vendors
for some small utilities. The important key is to make sure
thatamaintenance program exists. If your maintenance work
is performed under contract by an outside source or by per-
sonnel from different utility divisions, make sure that you
have input into the maintenance program.

1.09 Whatever approach you use to establish your main-
tenance program, make sure that it is “flexible” and can ac-

INTRODUCTION TO MAINTENANCE

commodate all of your needs while you still can accomplish
your other necessary work. Maintenance frequency should
be adjusted periodically on the basis of operating or running
time and seasonal conditions. For example, if a2 pump runs
only a few months a year, the maintenance frequency cycle
should be extended to accommodate this, as opposed to a
pump that runs 24 hours a day for weeks on end. Using hours
of operation instead of calendar time has always proved to be
the most efficient method of scheduling maintenance.

1.10 If you purchase a “packaged” maintenance program
(card file, bulletin board, software, etc.), make sure that it is
“operator-friendly” and can be modified or adjusted to your
specific application or situation. A program that has a lot of
options but cannot be modified has limited effectiveness and
causes more problems than it solves. Generally, most “pack-
aged” maintenance programs are computer-type programs.
Although these programs are helpful, they often require
someone to put in and retrieve data. They also generate a lot
of paper, some of which can be helpful when properly used.
For medium or large utilities, this could mean the hiring of
additional administrative staff or assigning one person to run
the program. For small utilities, it can take away from per-
forming other duties.

1.11 If you have recently been employed by a utility that
has an existing program and you have to make sure that the
maintenance is performed, take a good look at the program
rather than accept what presently exists. Many times, plant
conditions change or have been modified. Under these
conditions, the level of maintenance must also change to
accommodate different equipment,



CHAPTER 2

Establishing a Maintenance Program

APPROACH TO PLANT MAINTENANCE

2.01 Asyouknow, some sort of maintenance must be car-
ried out to keep a plant functioning smoothly and in good re-
pair. The approaches to plant maintenance vary from total
neglect, to emergency repairs only, through minor lubrica-
tion, up to computer-driven fully operational programs. Un-
fortunately, the operators who believe they are saving money
by not performing maintenance really pay more for repairs
when the equipment finally breaks down.

2.02 Many plant personnel think that maintenance re-
quires acomplex program and a lot of involvement and time.
However, all that is required for a smooth running mainte-
nance program is that the operator keep an eye on the daily
operations of his equipment and perform the necessary main-
tenance tasks on aroutine schedule. Maintenance tasks range
from simple lubrication, to minor adjustments, to ¢Gomplete
overhaul, depending on the piece of equipment and the situa-
tion. The important thing, however, is to perform some sort
of maintenance on a regular basis as determined by the plant
personnel and the equipment manufacturer. This may sound
overly simple, but regularly performed maintenance be-
comes a normal way of running the plant and requires little or
no extra effort.

2.03 Painting, housekeeping, landscaping, building re-
pairs, and even vehicle upkeep are all forms of plant mainte-
nance. They are no less important than equipment mainte-
nance, because these items are what the public sees and
judges your performance on. However, this book primarily
deals with equipment maintenance. Maintenance of the
buildings, grounds, and vehicle maintenance is left up to you.

TYPES OF MAINTENANCE

2.04 There are many words used to describe equipment
maintenance. The newest and latest are proactive and predic-
tive maintenance. Proactive, in most instances, only refers to

setting up and implementing an active maintenance program.
Predictive maintenance, on the other hand, deals primarily
with planning or scheduling maintenance around operating
time and the expected life of a piece of equipment. Because
of the adverse conditions in which water or wastewater
plants operate, the more flexible and proper terms used to de-
scribe equipment maintenance are:

* breakdown maintenance
e preventive maintenance

Most of this chapter will be directed to preventive mainte-
nance, because this is the best way to control breakdown
maintenance.

2.05 It should be acknowledged that some amount of
breakdown maintenance will take place at any plant. Even
plants that have a strong preventive maintenance program al-
ways have the possibility that something will go wrong and
that equipment will unexpectedly break down. However, a
good preventive maintenance program will keep the number
of breakdowns to small or infrequent occurrences that will
not affect the plant operation.

2.06 Even equipment breakdowns can be handled as a
nonemergency if you do some preplanning and maintain
spare parts and other needed items: Preplanning in the form
of maintenance instructions and alternate plans for operating
are as important as spare parts. Having an emergency operat-
ing plan and spare parts will save you from making a lot of
telephone calls or doing a lot of unnecessary chasing around
looking for equipment components on short notice.

2.07 There are many situations where manufacturers do
not maintain a stock of all spare parts (especially noncritical
parts), necessary to keep their equipment running. In these
situations, critical parts would have to be manufactured from
“scratch,” necessitating the shutdown of the affected piece of
equipment until the parts are available. In some cases, this
lack of spare parts could force you to shut down the entire
plant. All of this can be avoided with a small amount of
timely preplanning.



4 ESTABLISHING A MAINTENANCE PROGRAM

2.08 Preventive maintenance, on the other hand, relates
to the scheduling and performing of regular maintenance
functions from inspections through overhaul or replace-
ment. It also should be considered a part of your normal
daily work routine and something that is necessary to keep
the plant operating at full capacity. In almost all plants, es-
pecially the smaller ones, preventive maintenance is in the
form of inspections and tests that are performed every day.
Preventive maintenance can further be broken down into
two categories: ‘

e planned maintenance
¢ routine maintenance

2.09 Planned maintenance is defined as the periodic
scheduled removal of equipment from service for the dis-
assembly and inspection of the internal working parts.
This periodic inspection provides you with a visual look at
the physical condition of the individual components and
should alert you to any potential major equipment prob-
lems caused by normal or abnormal wear. Planned mainte-
nance is most beneficial because it permits you to evaluate
the life of the equipment and plan overhaul or recondition-
ing intervals.

2.10 Routine maintenance, on the other hand, is best de-
scribed as the daily general inspections and tests, including
regular lubrication, that are performed as a part of the regular
operation of the plant. The daily routine and checking of the
plant equipment will make you more aware of minor prob-
lems that occur and permit you to make corrections and ad-
justments necessary to prevent a major breakdown or other
costly repairs.

ESTABLISHING A PREVENTIVE
MAINTENANCE PROGRAM

2.11 There are several methods used to establish a total
preventive maintenance program. Any program should in-
clude the frequency of planned maintenance, the amount of
routine maintenance to be accomplished on a daily, weekly,
or monthly basis, and allowances for emergency repairs. The
amount of planning required to set up a preventive mainte-
nance program depends on the size of the plant, as well as
how much and what type of equipment it contains. For exam-
ple, a simple well and water storage tank has few of the prob-
lems or maintenance requirements that a water treatment
plant has.

2.12 The guidelines presented in this chapter will set up
some minimum maintenance procedures and will be able
to be modified by any plant operator to fit his particular
needs. Remember, the more basic, simple, and less struc-
tured the program is, the more easily it can be adapted to fit
your system and the easier it will be to perform mainte-
nance tasks on the equipment. The more detailed or com-

plex the program, the harder it will be to carry out the
maintenance function.

SETTING UP THE MAINTENANCE PROGRAM

2.13 Many plant operators using purchased maintenance
card systems and computer-driven programs have estab-
lished preventive maintenance programs. Not all plants,
however, require a large maintenance program. The preven-
tive maintenance program for your plant may be only a list of
equipment on a sheet of paper that is posted on the wall as a
reminder of what has to be maintained at certain periods of
time.

2.14 Many operators are confident that they understand
their equipment and its maintenance requirements. How-
ever, keep in mind that you might not always be around and
that the person who will follow you may not have the same
training. Setting up a preventive maintenance schedule be-
comes a constant reminder of work to be accomplished, both
for yourself and for anyone else who works for or with you.
The maintenance schedule also tells other operators how
well you run your plant.

2.15 If you do not have an established preventive mainte-
nance program, one cau be easily started with a plain sheet of
paper. The first and easiest step toward setting up the pro-
gram is to make a list of all of the items in your plant that re-
quire maintenance. This inventory list serves several pur-
poses, but it is a foundation for all of the other data and
records that you need for a comprehensive maintenance pro-
gram. The inventory list also serves as both a record of all
capital equipment and a basis of financial expenditures and
equipment depreciation. A sample inventory list is shown in
Figure 2.1. Your plant operating manual may also contain a
partial inventory list.

2.16 The next step in the development of your preventive
maintenance program is to identify each major component
on the inventory and make a list of each of its subassemblies
that will require maintenance. For example, a clarifier will
have a drive motor, speed reducer, additional drive gears (or
chain and sprockets), and some sort of support-bearing
mechanism. The sample subassembly listing in Figure 2.2
shows that each of the items requires a different amount of
maintenance at a different time. The advantage of identifying
each of the subassemblies will enable you to form groups of
all similar components (motors, reducers, drive belts, etc.).
Having similar components grouped together will help you
establish a more efficient preventive maintenance program
for the entire plant.

2.17 A preventive maintenance program can be set up in
any of several ways, depending on the plant size and layout.
It can be set up for specific types of equipment, such as mo-
tors, or it can be done by individual units, or it can be a combi-
nation of both. Doing preventive maintenance in a small



