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Introduction

INTRODUCTION

What Is a Wastewater
Collection System?

It is historical fact that the development of civiliza-
tion is to closely to development of sanitary sewer
systems and sanitary water supplies.

Prior to the development of potable water and
sanitary sewer systems, infectious diseases, carried
by contaminated water systems, prevented many
civilizations from developing.

Wastewater collection systems is a recent term for
sanitary sewer systems, are therefore as important
as having adequate potable water supplies. Unfor-
tunately, waste water collection systems have not
received the same amount of attention as water
supply systems or Treatment Plants.

In the past 20 years, we have focused developing
potable water supplies and treating wastewater.

In the US and Canada, construction of waste treat-
ment plants, became a priority, since in many cases,
the collection system had been installed, sometimes
over a hundred years ago. Because plants were not
built, the sewers were allowed to discharge directly
into streams, lakes and oceans.

In the 70's, most of the financial resources were
directed at plant construction. It is only the last ten
years or so that waste water collection systems have
been recognized as needing to be included as part of
environmental issues.

As we have recognized the need to improve opera-
tion and maintenance of collection systems, which
are complex and require specialized skills and
knowledge, there is far more emphasis today on
collection systems than in the past.

Collection systems collect the used water generated
from homes and businesses and convey it to a
waste water treatment plant.
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This definition is really an oversimplification for a
very complex system. Let's take a look at what a
collection system really does in the community.

Residential
Neighborhood

£

[e:s

Processing

Hotel

Manufacturing

Wastewater collection systems transport domestic,
commercial and industrial wastes to the wastewater
treatment plant in the community for treatment
prior to discharging into lakes, streams or rivers.
The collection system may also be known as a
sanitary sewer collection system, since it is trans-
porting sanitary wastes. Because of contributions
to the wastewater flow from inflow and infiltration,
which will be discussed in later chapters, wastewa-
ter usually carries some surface and ground water.
In the past, some wastewater collection systems
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Operation and
Maintenance of
Wastewater Collection
Systems.

were designed to carry both sanitary and storm
water flows, in which case the system is referred to
as a combined sewer overflow system (CSO) since
it combines both sanitary and storm water in the
collection system. Combined sewers generally are
not being designed today since storm water has
been recognized as having high pollutant loads
which can pollute the surface waters where they
discharge directly. The Environmental Protection
Agency, in fact, has implemented a storm water
regulation that requires communities to address this
problem with storm water. In addition, most cities
in the United States are either separating their
sanitary and storm water sewer systems or provid-
ing treatment for much of the combined flow rather
than bypassing the combined flow during wet
weather as was the case in the past.

Collection systems are very complex networks that
include the following components:

¢ Gravity sewers, in which flow is conveyed
by gravity.

¢ Force mains, in which the flow is conveyed
via a pump station.

¢ Pump stations and pumping equipment.

¢ Special structures such as manholes, valve
vaults, meter stations, diversion structures and
siphons.

Communities invest a significant amount of money
when they are constructing their wastewater collec-
tion system. In fact, it is usually such an expensive
proposition that bonds are sold to finance the
project over several years. If the collection system,
once it is constructed, is to perform as intended, that
is, convey the wastewater in a manner that protects
public health and safety and the environment, then
adequate operation and maintenance must be per-

*1-3



Wastewater Collection Systems

formed on the system. The lack of maintenance on
the system results in cumulative effects. Initially
there may be a few blockages and overflows and
over time the consequences of inadequate operation
and maintenance are severe and can include:

¢ Blockages occurring in the mainline sewer
that result in back ups into homes, businesses
and other customers that are connected to the
wastewater collection system. This usually
results in, at a minimum, the agency having to
pay for clean up and repair/replacement costs of
the damage. It can also result in law suits that
can potentially cost your agency tens of thou-
sands of dollars.

¢ Bypassing raw sewage from the collection
system or pump station as a result of system
failures into surface or subsurface waters that
are used for recreation and/or water supply.
Here again, the consequences can range from
water contamination and beach closings to
violations of the Clean Water Act that can result
in fines from state and federal regulatory
agencies in the tens of thousands or hundreds of
thousands or even millions of dollars.

¢ Street collapse. Inadequate operation and
maintenance affects other utilities and fre-
quently the transportation system when the
system fails. Large voids under the street
created by collection system mainline sewers
that are leaking can result in large scale street
collapses that not only can result in injury and
death to the public, but extensive property
damage to streets and adjacent buildings and
foundations as well. Because other under-
ground utilities are normally in close proximity
to the wastewater collection system, water
service, electrical service, telephone, cable TV
service can also be disrupted.
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The Role of a
Collection System
Operator

¢ Experience has shown that inadequate
operation and maintenance of the wastewater
collection system over the long term is actually
several times more costly than the cost of a
systematic program of operation and mainte-
nance on the system on a scheduled basis. Not
only is the performance of the wastewater
collection system affected, but the life of the
collection system network can be reduced
significantly and require capital rehabilitation or
replacement before its intended life.

Operation and maintenance of the wastewater
collection system can be thought of therefore, as
protecting the capital investment the community has
made in the wastewater collection system so that it
performs its intended function and can be utilized
efficiently throughout the planned life of the sys-
tem.

The work that operators do varies it varies from
agency to agency. In some cases they may take care
of pump stations. In some cases they have only
larger trunk sewers.

In general, they are responsible for the proper
operation and maintenance of a system defined by
their agency or company. To accomplish this they:

¢ Operate a wide variety of equipment

¢ Perform system inspections

¢ They clean lines and remove stoppages
¢ Repair lines, equipment and facilities

¢ Perform preventive, corrective and emer-
gency maintenance.

Collection system operators are employed by cities,

1-5



Wastewater Collection Systems

Collection System
Salaries

counties, regulatory agencies, contractors and
sanitation districts.

Operation and maintenance of collection systems
will continue to increase in importance as new
regulations are implemented. This will require new
skills and knowledge.

In order for the collection system operator to
increase skills to keep pace with technology, pro-
fessionalism must also increase.

Formal training and certification programs play a
big role in the developing the knowledge and skills
needed for one of the most important jobs in the
community.

Collection system operators are directly responsible
for public health and safety and protection of the
environment. Therefore, we play an important role
in the community.

The role of the collection system operator has
changed drastically in the last several years through
the development of modern technology.

In the past, much of our work required that we
actually enter sewers in order to perform many of
the tasks. With new equipment and systems, much
of this has been eliminated.

It is now far more important for the collection
system operator to understand the concepts of
collection systems and have a thorough understand-
ing of the equipment utilized for operating and
maintaining them.

Historically collection system operators have been
among the lower paid utility workers. In agencies
where the level of professionalism has increased
and certification programs have been implemented,
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Why Collection System
Oo&M?

collection system operators can expect wages on par
with other utilities, such as water and wastewater
treatment plant operators.

Employers are now, more than ever, recognizing the
need for qualified collection system operators and it
is expected this will continue in the future.

Preventive maintenance is talked about, but seldom
practiced by some agencies. Decades of neglect, or
grossly inadequate maintenance of some systems,
are two reasons why wastewater collection systems
now require over 42.9 billion dollars worth of
rehabilitation and upgrading between now and 2010
and at a time when the economy can ill afford the
cost .

There are multiple reasons why collection systems
throughout the US are in such poor shape

¢ Wastewater collection systems were engi-
neered with inadequate flow capacities for the
area served or for the unexpected population
growth.

¢ Poor design.

¢ Collection systems were not installed as
designed. Problems are caused by faulty con-
struction, poor inspection and low-bid short
cuts.

¢ Little thought was given to the fact that
sewers, although made of permanent material,
could be considered only as permanent as the
joint.

¢ Earth movement, vibration from traffic,
settling of structures and construction distur-
bance (all occur from time to time) require a
flexible pipe material or joint that can maintain
tightness, yet joints were made rigid.
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¢ Not enough scientific knowledge existed or
was available to designers about potential
damage to pipe joints by plant roots. Although
root intrusion into sewers was age-old, it was
assumed that if the joint was watertight, it
would be root tight.

¢ People did not realize that roots would be
attracted by moisture and nutrient vapor unless
the joints were vapor tight (which means
airtight).

Roots can enter a pipe joint or walls microscopi-
cally (through extremely small holes or cracks);
thus, open or leaking joints are not necessary for
root intrusion in collection systems.

Collection system environments are ideal for root
growth. In this environment, roots enter, expand
and open joints and cracks.

Root growth is a principal cause of pipe damage
that allows INFILTRATION, INFLOW (I/I) and
EXFILTRATION. This creates a major concern for
because of wastewater treatment plant overload and
groundwater pollution.

Local taxpayers have invested more money in
underground sewers than in all the structures above
ground owned by their local government. Why has
this great taxpayer investment been so grossly
neglected? Because it is out of sight, and so, out of
mind.

Some cities spend more money repairing and
replacing sidewalk sections because of earth move-
ment and tree-root damage, than on preventive
maintenance of wastewater collection systems.

Many collection systems are maintained by a
department charged with street, sidewalk, storm
drain, and sometimes water utility maintenance.
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Money is usually spent where the taxpayer can see
it, especially when the budget is inadequate for the
total need. How often do you see a sign. “Your tax
dollar is at work cleaning and repairing your
sewer?”

Problems that can develop include groundwater
infiltration into the sewer, possible flotation of the
sewer, or structural failure of the sewer or joint.

Most communities cannot afford to construct new
sewers and wastewater treatment plants to meet
regulations if the wastewater collection system is
subject to excessive inflow and infiltration.

Consequently municipalities must reduce I/I to the
extent that is cost effective and properly maintain
the wastewater collection system to comply with
regulations.

Reducing infiltration/inflow is good practice be-
cause it allows the collection system to handle
greater quantities of wastewater.

Negligence and vandalism are also sources of
collection system problems.

Vandals may place objects such as rocks and tree
branches in manholes, causing blockages.

Contractors repaving roads have allowed material to
enter manholes. Any material in a sewer will slow
the flow and allow other solids to settle.

Fortunately there exist today properly designed,
constructed, operated and maintained collection
systems that can serve as examples of how the job
should be done.

Leakage should not be a problem in properly con-
structed and maintained sewers.
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Why Have Collection
Systems?

Operation and maintenance of wastewater collec-
tion systems on a trouble or emergency basis has
been the usual procedure and policy in many
communities and districts.

Planned operation and preventive maintenance of
the collection system has been delayed or omitted,
in spite of desires by collection system operators.

Municipal officials tended to neglect collection
systems as long as complaints were not excessive.

To please constituents, officials often demanded
street and sidewalk repair be done by collection
system crews, but seldom have they ever demanded
preventive work on collection systems.

First we should consider why we have wastewater
collection systems and then I think we will under-
stand why we should take care of them. Collection
systems were built to remove diseases that man
comes in contact with when he lives surrounded by
other people and their wastes. Roman and other
early civilizations built drains and aqueducts to
carry away their wastes

Wherever large population centers developed, a
means of waste handling and removal was needed

In 1888, Dr. McVail reviewed the Methods and

Objectives of Preventive Medicine. Three basic
lines of defense were outlined as constituting the
preventive measures

They were
¢ sanitation (cleanliness),

¢ inoculation (vaccination for protection
against diseases), and
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Comparisons of
Collection Systems

¢ isolation (keeping sick people away from
healthy people)

Sanitation was considered the most important of the
three. Also emphasized was the need for a good
environment suitable for humans.

You will find city and county officials that will
know the cost of each building and their total
building budget. Bridges and parks are obvious and
everyone can see neglect, but you will find few city
and county officials who know for sure how many
feet of sewers they have and the number of man-
holes in their system.

Few cities or agencies have correct maps of their
wastewater collection system or of the connections
to the system.

Officials become aware of sewers mainly when the
service is inadequate, a stoppage occurs, the system
fails, or odors are produced.

We know how many pumping plants are in the
collection system, where the wastewater treatment
plants we have are located, and the number of
people we think it takes to operate and maintain
them. Numbers of operators will vary from city to
city, but you will find some agreement

Unfortunately officials often forget or neglect
adequate inspection during construction, and fail to
budget adequately for personnel and equipment
requirements for the proper operation and mainte-
nance of collection systems. Consider comparisons
of collection systems with highways, traffic signals
and railroad crossings.

¢ Highway and Street Comparison

¢ Traffic Signal Comparison
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The Cost of Wastewater
Collection Systems

¢ Railroad Crossing Comparison

The same thing happens when you have a manhole
that is in the roadway and causes a bump, or the
manhole cover rattles and keeps someone awake.
They’re interested in your collection system for the
first time. Not quite so; just in the manhole that
caused the bump or rattle.

You will find that the underground collection
system won’t draw much attention from anyone
until the flow starts coming out of a manhole or
some other low overflow point, such as a basement
drain or shower drain in a home.

When collection systems are installed, they some-
times cost significantly more than the cost of the
wastewater treatment plant.

If for some reason, the collection system fails in,
let’s say, twenty years, the cost per foot for replace-
ment could be as much as ten times its original
cost.

Figure 2 Collection System Replacement Cost
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In some locations the replacement is practically
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impossible and extremely expensive because of the
crowding of other utilities, and the fact that every-
thing is going underground now makes this even
more of a problem.

The collection system is a capital asset that the
community has invested heavily in. Let's examine
the replacement costs of a collection system using
$100/foot and $200/foot. In a small system of 100
miles, the investment ranges from $52.8 million
dollars at $100/foot to $105.6 million dollars at
$200/foot.

We need to begin to operate and maintain the
collection system as a business including asset
management. Instead of looking at O&M as over-
head, we should consider it a value added activity
which means we are adding value to the original
investment, by maintaining capacity and extending
its useful life.

If the collection system is considered an asset, then
we need to consider life cycle cost, both as a design
parameter and as a guide to O&M needs. The life
cycle cost of a piece of equipment or system is the
entire cost over its lifetime. Life cycle cost has two
components, acquisition cost and ongoing costs.
The acquisition cost is a onetime cost for the initial
purchase. Ongoing costs are those costs that occur
continuously for O&M such as energy, repair,
component replacement, and rehabilitation from the
time the system is started until the end of its useful
life.

The ratio of life cycle costs to acquisition costs can
cover a wide range depending on the equipment or
system. The US Navy for example, uses a ratio of
2.5 for its capital ships. A 1970 study done on
consumer products showed ratios from 1.9 to 4.8.
Another way to consider this ratio is that the ongo-
ing costs to operate and maintain are 1.9 to 4.8
times the original acquisition cost.

1-13



Wastewater Collection Systems

Why Operation and
Maintenance of the
Wastewater Collection
System?

While this type of analysis is common in private
sector maintenance programs, it is not common in
public sector collection systems O&M manage-
ment. O&M budgets for collection systems to
provide the level of maintenance necessary to
protect the capital investment and minimize failures
that are O&M related are usually severely under-
funded.

What Is Operation and Maintenance?

Collection systems means sewers, pipelines, con-
duits, pumping stations, force mains, and all other
facilities used for the collection of wastewater from
individual service connections to facilities to
provide treatment prior to discharge to the environ-
ment. The primary purpose of collection systems is
to convey wastewater in a manner that protects the
public’s safety and health and the environment, by
operating and maintaining the system so that
overflows and bypasses are minimized.

Raw sewage transmits polio, cholera, tuberculosis,
typhoid, Weil’s disease, tetanus, hepatitis and a
wide variety of other diseases. In addition, the
discharge of raw sewage has a detrimental effect on
the environment. The performance of the wastewa-
ter collection system is critical to the health and
safety of the community and the surrounding
environment and the performance goal for the
system is to “keep it in the pipe.”

If we are going to reduce O&M related failures, we
need to make major changes in the way we operate
and maintain collection systems. To do that we
need to know what factors affect collection equip-
ment and systems, and what the effect is on collec-
tion system performance. The failure rate of a
piece of equipment, a pump for example, or a
system such as a gravity sewer as a function of its
age, is illustrated in the following figure.
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SYSTEM FAILURE PROBABILITY
OPERATING AGE

RANDOM FAILURE

< >

PROBABILITY OF FAILLURE

CATEGORY Startup Failure Random Failure Wear-out Failure

Poor O&M

CAUSE

System Design
Manufacturing |
Construction
Installation

The probability of failures occurring is high during
start-up, stabilizes once into the O&M period and
begins to increase as the useful life is reached.
Start-up failures are caused by errors in;

¢ Design,
¢ manufacturing,
¢ construction, and installation.

Unfortunately, many of these errors carry over into
the O&M period and affect the performance of the
system. A pump that is installed in a station with
inadequate Net Positive Suction Head available is
an example of a design problem that is nearly
impossible to rectify once construction is complete.
Hydrogen sulfide production and the resulting odor
and corrosion problem would be another.

During the O&M period of the system, failures
occur as a result of operational errors and inad-
equate maintenance of the system, in addition to the
cumulative problems from the start-up phase.
Finally, increases in premature failures that are
costly to repair begin to increase, signalling the end
of the useful life of the equipment or system. The
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Collection System
Operation and
Maintenance In The
90's And Beyond

cumulative effect of the failures are;

¢ Substandard performance such as bypasses,
overflows, reliability and equipment availabil-

ity,

¢ higher O&M costs, (reactive maintenance is
always more costly than proactive mainte-
nance),

¢ reduction of the useful life of the system
and equipment, and

¢ higher rehabilitation/replacement costs.

Operation and maintenance of a wastewater collec-
tion system can be defined as O&M activities that
result in conveying wastewater safely and effi-
ciently. The results of the activities are the protec-
tion of public health and safety and the environ-
ment.

Now let's look at the elements that affect an O&M
program:

So far, we have discussed collection system O&M
from a past history perspective. Now let's take a
look at collection system O&M in the future.

REGULATORY

TECHNOLOGY \

SAFETY

SOCIAL /

CIVIL & CRIMINAL LIABILITY

BUDGET

<— 0 & M COSTS

SKILLS
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Summary

All public agencies resources are facing increasing
pressure from external sources. The effect of these
pressures will require those of us responsible for
O&M to do a better job of managing our resources
more effectively. These pressures are:

¢ Regulatory — More federal, state and local
regulations.

¢ Budget — Reduction of federal and state
money.

¢ O&M Costs — Rising costs of O&M.
¢ Skills — Reduction of skills in the labor pool.

¢ Civil and Criminal Liability — Fines and jail
time for O&M staff.

¢ Social - ADA, EEO.
¢ Safety — More regulations and enforcement.

¢ Technology — Increased use of technology in
collection systems.

Those responsible for collection system O&M, are
in a better position than anyone else in an agency to
manage resources.

We Operate A Wide Range of Equipment
¢ Jet machines
¢ Rodders
¢ Combination machines

¢ Bucket machines
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¢ Pickup trucks
¢ Dump trucks
¢ Backhoes
¢ Generators
¢ Compressors
¢ Pump stations
¢ TV Inspection equipement
¢ Grouting equipment
We Are Responsible For
¢ Capitol investment
¢ Public health
¢ Environment
¢ Operating expenses
¢ Emergencies
We Need A Broad Range of Knowledge and Skills
¢ Safety - Survival
¢ Electrical
¢ Mechanical
¢ Hydraulics

¢ Construction
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¢ Design
Our Jobs Require
¢ Planning
¢ Teamwork
¢ Thinking on our feet
¢ Decision making

Because of the importance of collection systems,
there will be increased opportunities for anyone
choosing to work in this field. The work will
become even more interesting, challenging and
rewarding for those who are prepared professionally
to take advantage of the opportunities.
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DESIGN AND
COMPONENTS

Purpose

Persons responsible for the operation and maintc-
nance of wastewater collection systems usually are
not the ones responsible for the design, construction
and inspection of these systems. A basic knowledge
of the components of collection systems, their
purpose, and how engineers design the systems will
help you do a better job. At the same time, such
knowledge will enable you to discuss design,
construction and inspection with engineers.

Collection system operators who know how and
why wastewater collection systems work, should
and will be consulted by design engineers for the
purpose of improving the design and construction of
future systems.

Understanding the design and construction of the
system you will be responsible for operating and
maintaining also will assist you in determining the
correct action to take when the system fails to
operate properly. In some emergency situations you
may be called upon to design and to construct small,
temporary portion of the wastewater system you are
maintaining.

The purpose of a wastewater collection system is to
collect and convey the wastewater from a
community's homes and industries. The water
carries the wastes in the form of either dissolved or
suspended solids.

Wastewater collection systems must be properly
designed and constructed to provide a water veloc-
ity of around 2.5 feet per second. Velocities which
are too high or too low can be detrimental to the
operation and maintenance of a collection system.

The collection system conveys the wastewater and
solids to a treatment plant where the pollutants are
removed before the treated wastewater is discharged
to a body of water or onto land.
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The wastewater in collection systems is usually
conveyed by gravity utilizing the natural slope of
the land.

Wastewater pumps are used when the slope of the
land requires lifting the wastewater to a higher
elevation for a return to gravity flow.

Pumps and other mechanical equipment require
extensive maintenance and costly energy to operate
so their use should be avoided whenever possible.

Thus the location and design of the components of
a collection system are strongly influenced by the
topography (surface contour) of its service area. In
some instances, where the topography is unfavor-
able for a gravity collection system, a pressure or
vacuum collection system may be used.

Collection system operators need to recognize the
differences between the sanitary wastewater collec-
tion systems described above, a similar storm water
system, and a combined storm and wastewater
collection system.

A storm water collection system conveys water
resulting from runoff of rainfall and snow melt
from buildings and surrounding unpaved and paved
areas to a natural watercourse or body of water,
usually without treatment.

This system also conveys excess water supplied to
urban areas for irrigation and surface cleaning.

A combined wastewater and storm water collection
system conveys a combination of these waters to a
treatment plant.

Occasionally an excessively heavy rain or cloud
burst may produce flows which exceed the waste-
water treatment plant's capacity.
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Quantity of
Wastewater

Design Period

The excess flow may be diverted to specially
designed holding tanks or lagoons for storage until
the high flows recede.

The stored water is then returned to the plant for
proper treatment. In a few older communities with
combined wastewater collection systems, provisions
are usually made to relieve the collection system
and treatment plant by diverting the excess flow and
providing partial treatment plus disinfection before
discharging the flow to water or onto land.

The amount of wastewater that a collection system
will convey is determined by careful analysis of the
present and probable future quantities of:

¢ residential, commercial and industrial
wastewater.

¢ anticipated groundwater INFILTRATION
and surface water INFLOWS produced in the
service area.

¢ The sanitary sewers that make up a collec-
tion system are usually designed to convey tie
peak flow from all of these sources.

Ideally a wastewater collection system should be
designed to convey the estimated peak flow from its
service area when the area has reached its maximum
population and has been fully developed commer-
cially and industrially.

However, it is not always economically feasible to
construct some of the major sewers in a system
large enough to convey the ultimate peak flow from
its service area.

Under these circumstances the sewers are designed
to convey peak flows that are estimated to occur
within an appropriate design period, generally
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Design Flows

ranging from 10 to 30 years.

Provisions should be made when planning a collec-
tion system to provide for expansion of the system
before the actual flows become greater than the
design flows.

Once the design period has been determined,
design flows that will occur during the period are
calculated based on the estimated population, per
capita wastewater discharge and industrial and
commercial wastewater discharges that will occur
at the end of the period.

The following information is provided to show you
how a design engineer calculates needed flow
capacities.

It will also be useful to you, as the system operator,
in predicting and managing the increasing flows
that accompany commercial and residential devel-
opment in your service area.

Population estimates can sometimes be obtained
from a planning agency that has data covering the
collection system's service area. If such informa-
tion is not available, population estimates are made
by using the most appropriate method.

Suitable methods for making the estimates include
an arithmetic increase per year, uniform percentage
growth rate based on recent census periods, graphi-
cal comparison with the growth of other similar but
larger cities, and graphical extension of past
growth.

Domestic wastewater flow is calculated by multi-
plying the estimated population in the collection
system service area by the per capita flow factors.

Typical per capita flows from residential sources
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range from 70 to 100 gallons per day per person.

Wastewater flows from commercial and industrial
areas are usually estimated in terms of gallons per
day per acre, based on the type of development and
measured flows from similar existing developments.

Estimation of flows from a proposed unsewered
industrial area can be very difficult. Industrial
discharges vary widely due to the types of manufac-
turing processes used by the industries.

Information from local zoning commissions regard-
ing the types and sizes of industries expected and
permitted to use the area can be very helpful.

Typical sewer capacity allowances for commercial
and industrial areas are outlined in Table 2.1

-
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Table 2.2 shows ranges of average flows for several different types of commercial establish-

HICIILS.

Table 2.1 Sewer Capacity Allowances for Commercial and Industrial Areas

YEAR DATA COMMERCIAL INDUSTRIAL
PUBLISHED ALLOWANCES ALLOWANCE
CITY OR OBTAINED (GPD/ACRE) (GPD/ACRE)
Cincinnati, OH 1980 Case-by-case determination after consultation with
the Directors of Sewers.
Dallas, TX 1960 30,000 added to domestic rate for downtown; 60,000
for tunnel relief sewers.
Grand Rapids, Ml 1980 Offices, 40-50 GPD/cap; hotels, 400-500 GPD/room;
hospitals, 200 GPD/bed; schools, 200-300 GPD/room.
Hagerstown, MD Hotels, 180-250 GPD/room; hospitals, 150 GPD/bed;
schools, 120-150 GPD/room.
Houston, TX 1960 Peak flows: offices 0.36 GPD/sq. ft; retail 0-20 GPD/sq
ft; hotels 0.93 GPD/sq ft.
Las Vegas, NV Resort hotels, 310-525 GPD/room; schools, 15 GPD/
cap.
Los Angeles, CA 1980 Commercial, 100 GPD/1,000 sq ft gross floor area; 15,500
hospitals, 500 GPD/bed (surgical), 85 GPD/bed
(convalescent); schools, elementary or junior high
schools, 10 GPD/student; high schools, 15 GPD/
student; universities, 20 GPD/student. The above
values give peak flow rates. Divide by 3.0 to obtain
average flow rates.
Los Angeles Co. 1980 4,000 - 6,000
San. District, CA
Lincoln, NE 1962 7,000
Milwaukee, WI 1980 240,000 (max); 25,800 (min)
St. Joseph, MO 1962 64,000 (downtown)
25,800 (neighborhood)
St. Louis, MO 1960 90,000 average, 165,000 peak
Santa Monica, CA 1980 Commercial, 9,700; hotels, 7,750 13,600

Toronto, Ont.,
consumption in the
CANADA
downtown area is

acre.

GPD is gallons per day

Analysis of actual water
commercial and industrial

approximately 20,000 GPD/

cap is capita
Table 2.2 Average Commercial Flows

Avg Flow
Type of Establishment (gpd/cap)
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Inflow and Infiltration

Stores, offices, and small businesses 12 to 25

Hotels 50 to 150
Motels 50 to 125
Drive-in theaters (3 persons per car) 8to 10
Schools (no showers), 8-hr period 810 35
Schools (with showers), 8-hr period 17t0 25
Tourist and trailer camps 80 to 120
Recreational and summer camps 20 to 25

Some infiltration of groundwater and inflow of
surface water occurs in all wastewater collection
systems and capacity must be provided for this
additional flow.

Table 2.3 outlines the infiltration design allowance
for several cities.

Table 2.3 Infiltration Design Allowance for Several Cities

Allowance

City (GPD/acre) Remarks

Seattle, WA 1,100

Bay City, TX 1,000

Lorain, OH 1,000

Marion, OH 750 Calculations based on a
proposed density, with a
100 GPD/cap average
flow and peak of 400
GPD/cap also often
used.

Ottumwa, 1A 600 Infiltration and exfiltration

shall not exceed 200 gal per
inch of pipe diameter per mile
of pipe per 24 hr period.
West Springfield, MA 2,000
Alma, Ml 140

The amount of infiltration entering through cracks
in pipes, joints and manholes will vary with age and
condition of the collection system and the portion of
the system that is submerged in groundwater.

The amount of inflow will vary with the number of
manholes in a collection system that become sub-
merged in surface water and the number of surface
water drainage sources, such as roof drains, that are
illegally connected to the collection system.

Tests have shown that a manhole cover that has 1
inch of water over it can allow 20 to 75 gallons per
minute (GPM) into the sewer, depending on the
number and size of holes in the cover.
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Peaking Factors

A roof connection on a house with 1100 square feet
of surface area can drain at a rate of 11 GPM during
a rainstorm of 1 inch per hour.

Inflow can be reduced by sealing manhole covers
that are subject to flooding during the winter
months.

Design allowances for infiltration normally include
allowances for inflow. Combined collection sys-
tems are designed similar to sanitary collection
systems with the addition of storm water flows .

The flow of wastewater in a collection system
(exclusive of infiltration and inflow) will vary
during a 24-hour period with the minimum flow
occurring during the early morning and the maxi-
mum occurring around noontime.

Infiltration can also be expressed in construction
specifications in terms of pipe diameter, as shown in
Table 2.4.

Table 2.4 Infiltration Specification Allowances

Infiltration Permitted

Pipe Diam (In.) (gpd/mile) (gpd/in. diam/mile)
8 3,500 t0 5,000 450 to 625
12 4,500 to 6,000 375 to 500
24 10,000 to 12,000 420 to 500

Table 2.5 lists the ratio ranges of maximum and
minimum flows to average daily wastewater flow
recommended for use in design by various authori-
ties. The ratios in Table 2.5 are often called PEAK-
ING FACTORS.

Table 2.5 Design Rations of Minimum and Maximum To
Average Daily Flow

Population, Ratio Ranges
in thousands Minimum Maximum
1 0.20 3.9-55
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5 0.26-0.27
10 0.29-0.32
50 0.39-0.44
100 0.43-0.50
200 0.48-0.57
500 0.55-0.69

3.3-45
2.9-4.0
2.3-29
2.0-2.6
1.8-2.3
1.5-1.9

The estimated design flow for a typical wastewater
collection system can be calculated given the
following information on the system’s service area

and the assumed flow data.

Given Information:

Service area
Present population

Estimated design period population

Estimated commercial area
Estimated industrial area

Assumed Flow Data:
Per capita flow

Commercial flow allowance
Industrial flow allowance
Infiltration flow allowance

Design Flow:
Residential flow,

(50,000 people)(85 GPD/Capita)
1,000,000/M

Peak residential flow,
4.25 MGD x 2.6 peaking factor

Commercial capacity allcwance,

500 acr 00 GPD/acre
1,000,000/M

Industrial capacity allowance,

7 res)(1 PD/acr
1,000,000/M

10,000 acres
30,000 people
50,000 people
500 acres

700 acres

85 gallons per day
per person (GPCD)
5,000 GPD/acre
13,000 GPD/acre
600 GPD/acre

= 4.25 MGD

= 11.05 MGD

= 2.50 MGD

= 9.10 MGD

Infiltration and inflow capacity allowance,

(10.000 acres)(600 GPD/acre)
1,000,000/M

Total design flow

(11.05 + 2.50 + 9.10 + 6.00)

6.00 MGD

= 28.65 MGD

While the above example provides a method to
estimate design flow for a collection system, it
should be noted that the data that was used can vary
widely, from geographical area to geographical area
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Flow Measurement

Velocities in Sewers

for a wide variety of reasons. For example, in the
southwest where drought conditions are experi-
enced, very aggressive water conservation pro-
grams have been implemented in many areas. The
use of mandated low consumption devices such as
toilets and showerheads, will reduce estimated
flows used in the above example significantly.
These variations or considerations need to be taken
into account when developing design flow data in
your area.

Collection system operators will need to know the
fundamentals of wastewater flow measurement in a
sewer pipe. There are many devices available for
flow measurement.

All of these flow meters are based on the simple
principle that the flow rate equals the velocity of
flow multiplied by the cross-sectional area of the
flow. This principle is expressed by the following
formula:

Q, in cubic feet per second = (Area, sq ft)(Velocity,
ft/sec).

Calculation of the cross-sectional area of flow in a
circular sewer line that is not full is somewhat
complex and will not be covered in the basic
course.

Velocities should be measured in the field to be
sure ACTUAL velocities are high enough to pre-
vent the deposition of solids. If roots or other
obstructions get into a sewer, design velocities can
be reduced and problems develop.

Actual velocities in sewers can be measured by
using dyes or floats.

Realize that velocities vary during the day depend-
ing on the activities of the tributary population.

A scouring velocity should be reached or exceeded
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during peak flows, but probably will not be reached
during low flow periods.

Actual velocities should be measured in the field,
rather than estimating the velocities by the use of
hydraulic formulas which give the theoretical
velocity.

DYES. Tracer dyes are very effective for estimat-
ing velocities.

Put into the upstream manhole the smallest amount
of dye that can be seen easily in the downstream
manhole.

Fluorescent tracer dyes can be obtained from
chemical suppliers.

The supplier of chemicals for a wastewater treat-
ment plant is a good source to recommend the
proper type of dye.

The amount of dye used will depend on the type of
dye, diameter of sewer and estimated flow in the
sewer.

After the dye has been inserted in the flow at the
upstream manhole, measure and record two read-
ings:

Total travel time from insertion of dye until the dye
is first seen at the downstream manhole T1, and

Total travel time from insertion of dye until the dye
is no longer visible at the downstream manhole T2.

The average travel time is (1/2)(T1 + T2).

The average velocity is calculated by dividing the
distance (between manholes) by the average time.
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Velocity, ft/sec = Distance, ft/Average Time, sec

Floats are used to estimate velocities in existing
sewers flowing partially full.

A float could be a stick, an orange, or any other
object that can be easily identified and that travels
down the sewer at a velocity similar to the waste-
water.

Velocity is determined by recording the time the
float takes to travel a known distance, such as the
distance between manholes.

Most surface floats such as sticks or oranges travel
from 10 to 15 percent faster than the average
velocity due to the velocity differences between the
surface and bottom sections of the flowing water.

Example- Calculating Velocity

A stick travels the 400 feet between two manholes
in three minutes and 20 seconds (200 seconds).
Estimate the velocity in the sewer.

KNOWN
Distance, ft = 400 ft
Time, sec = 200 sec
Velocity, ft/sec =Distance. ft
Time, sec
= 400 ft
200 sec
= 2 ft/sec

Note: The velocity of the stick (2 ft/sec) is 10 to 15
percent faster than the average velocity of the
wastewater in the sewer.

Average Velocity, ft/sec

=2 ft/sec - 2 ft/sec(0.10 to 0.15)
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Flow Variations

=2 ft/sec - 0.2 to 0.3 ft/sec
= 1.7 to 1.8 ft/sec

Knowledge of the daily and annual variations or
fluctuations in a collection system’s wastewater
flow is useful in planning maintenance programs for
the system.

For example, collection system hydraulic cleaning
operations using the flow in the system should be
scheduled during the hours of sufficient flows.

On the other hand, cleaning with bucket equipment
should be scheduled during the hours of minimum
flow in the system.

Upstream diversion of flow, if possible, should
always be considered as a means of developing an
optimum maintenance schedule.

The following figure illustrates daily fluctuations of
dry weather wastewater flow from a typical residen-
tial community. The chart illustrates the amount of
flow which is shown on the vertical axis of the chart
against the time of day which is shown on the
horizontal axis of the chart. Beginning at 12:00
a.m. we see that flow is at 1 mgd and begins to drop
off to a minimum of .5 mgd just after 4:00 a.m. in
the morning. This is typical of residential flow
when people go to bed at night and are no longer
using water for showers, washing clothes, doing
dishes, etc.

A local industry that operated 24 hours a day and
discharged process wastewater, would have an
effect on the minimum flow. The flow increases
from the minimum at just after 4 a.m. As domestic
and commercial water consumption increases and
peaks at 1.3 mgd at 10:00 a.m. Flow then begins to
diminish, however a second peak occurs just before
10:00 p.m. at night and then begins to diminish

. 2-13



Wastewater Collection Systems

once again to 1 mgd at 12:00 p.m. The ratio of
maximum flow to minimum flow is 1.3 mgd /
.5mgd or a dry weather peaking factor of 2.6.
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This type of graph which tracks the diurnal or daily
flow changes as a function of time is a good diag-
nostic tool to determine the condition of the collec-
tion system and the amount of inflow or inflation
occurring. If plotted on a frequent basis and ana-
lyzed, it would also provide indications of potential
problems that have occurred such as a broken or
collapsed line when significant variations from
historical data is noticed.
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Gravity Sewer System
Components

An industry with a significant wastewater discharge
would impose a different flow fluctuation on a
collection system depending on its pattern of waste-
water discharge.

This can be determined by flow measurement. You
could then construct a combined fluctuation chart,
similar to the chart, for the flows from your com-
bined residential and industrial sources, or the
fluctuation in total flows could be measured in the
collection system downstream of the point of
combined flows.

To construct a chart showing your system’s annual
flow fluctuations, calculate the typical monthly
residential flows.

Add to these amounts any industrial flows including
known or estimated fluctuations.

Next, add in your estimates of infiltration and
inflow amounts, on a monthly basis. Infiltration
and inflows will vary proportionally to the seasonal
variation in groundwater levels and rainfall inten-
sity.

Graph the monthly amounts as you did for daily
totals.

The resulting chart can be used to help you plan
long-term periodic maintenance activities.

Lets take a wastewater collection system apart and
identify the parts and their purposes. In doing this
we will start at the upper end (highest point) and
follow the flow path of wastewater through the
system.

In a gravity wastewater collection system, wastewa-
ter from residences, commercial and industrial
developments is collected and conveyed to waste-
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water treatment plants through the following parts

of the collection system:

Note: When discussing wastewater collection
systems, keep in mind that there will be inconsis-
tencies in definitions and terminology.

Building Sewers. A building sewer connects a
building’s internal wastewater drainage system
(plumbing) to the larger street sewer. Most opera-
tors refer to these as lateral sewers, house laterals

or service laterals.
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Technically, a building sewer may connect with a
lateral sewer, a main sewer, or a trunk sewer, de-
pending on the layout of the system. (All of these
sewers are parts of the sewer in the street.)

The building sewer may begin immediately at the
outside of a building or some distance (such as 2 to
10 feet) from the foundation depending on local
building codes.

Where the sewer officially begins marks where the
building plumber’s responsibility ends and the
collection system operator’s responsibility starts for
maintenance and repair of the system. The follow-
ing figure illustrates a typical building sewer.

Lateral and branch sewers are the upper ends of
the street sewer components of a collection system,
and in some instances lateral and branch sewers
may be located in easements.

This location should be avoided where possible due
to maintenance problems created by locations with
difficult access and limited work space. A typical
gravity wastewater collection system showing
layout is shown in the next figure.

Main Sewers collect the wastewater of several
lateral and branch sewers from an area of several
hundred acres and convey it (the wastewater) to
larger trunk sewers.

Trunk Sewers are the main “arteries” of a waste-
water collection system and convey the wastewater
from numerous main sewers either to a treatment
plant or an interceptor sewer.

Intercepting Sewers receive the wastewater from
trunk sewers and convey it to the treatment plant.
Some of the trunk sewers may have previously
discharged directly into bodies of water or may
have routed wastewater to now abandoned treat-
ment plants.
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Alternative Sewer
System Components

Lift Stations are used in a gravity collection system
to lift (pump) wastewater to a higher elevation when
the slope of the route followed by a gravity sewer
would cause the sewer to be laid at an insufficient
slope or at an impractical depth.

Lift stations vary in size and type depending on the
quantity and height the wastewater is to be lifted.
Sizes and types of lift stations will be covered later
in this course.

Low Pressure Sewer Systems may be used when
the topography and ground conditions of an area are
not suitable for a conventional gravity collection
system due to flat terrain, rocky conditions or
extremely high groundwater. Pressure sewers may
be installed instead of gravity sewers in an area
because;

¢ apipe slope is not practical to maintain
gravity flow,

¢ smaller pipe sizes can be used due to pres-
surization, and

¢ reduced pipe sizes can be installed due to a
lack of infiltration and inflow because the
pipeline has no leaks and water does not enter
the system through access manholes.

Operation and maintenance considerations when
comparing pressure sewers with gravity systems
include the facts that pressure systems have:

¢ higher energy costs for pumping,
¢ greater costs for pumping facilities,
¢ fewer stoppages,

¢ 1o root intrusion,
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¢ no extra capacity for infiltration and inflow,
¢ no deep trenches or buried pipe, and

¢ no inverted siphons for crossing roads or
rivers.

The principal components of a low pressure coliec-
tion system include gravity sewers, holding tanks,
grinder pumps and pressure mains.

Gravity sewers connect a building’s wastewater
drainage system to a buried holding tank located on
the lot.

Holding tanks serve as a reservoir for grinder
pumps and have a capacity of approximately 50
gallons.

Grinder pumps serve both as a unit to grind the
solids in the wastewater (that could plug the down-
stream small diameter pressure sewers and valves)
and to pressurize the wastewater to help move it
through the collection system.

Pressure mains are the “arteries” of the low
pressure collection system and convey the pressur-
ized wastewater to a treatment plant.

Since the wastewater is “pushed” by pressure, the
mains are not dependent on a slope to create a
gravity flow and can be laid at a uniform depth
following the natural slope of the land along their
routes.

Low pressure collection systems must have access
for maintenance. This means line access where a
PIG can be inserted into a line for cleaning and also
removed from the line. Manholes or boxes must
have valves and pipe spools (two to three foot long
flanged sections of pipe) that can be removed for
cleaning the pipe or for pumping into or out of the
system with a portable pump.
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Vacuum Collection
System

Appurtenances

Vacuum collection systems are another alterna-
tive to a gravity collection system. The vacuum
systems are installed for the same reasons that low
pressure collection systems are used. Operation
and maintenance of vacuum systems are more
difficult than low pressure systems because it is
harder to maintain a vacuum due to the number of
inlets and valves to the system. Principal compo-
nents of a vacuum collection system include
gravity sewers, holding tanks, vacuum valves,
vacuum mains and vacuum pumps.

Gravity sewers connect a building’s wastewater
drainage system to a vacuum interface unit.

A vacuum interface unit seals the vacuum
service and connects the vacuum sewer to the
gravity flow system from a home. This unit
maintains the required vacuum level in the main
vacuum sewer system. When approximately three
gallons of wastewater has accumulated at the
vacuum interface unit, a valve is activated which
allows atmospheric air pressure to force the
wastewater into the vacuum branch.

Vacuum mains are the “arteries” of a vacuum
collection system and convey the wastewater to a
treatment plant. Since the wastewater is “sucked”
by vacuum, the collection mains do not have to be
laid at a slope to produce a gravity pull on the
wastewater and the mains may be laid at a uni-
form depth following the natural slope of their
routes.

Vacuum pumps are installed in a central station
usually adjacent to a treatment plant and maintain
the appropriate vacuum in the main collection
system. Access must be provided for mainte-
nance.

The immediately preceding sections described
the principal components of a wastewater collec-
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tion system consisting primarily of sewer piping
and pumps. This section will describe the appurte-
nances to a collection system that facilitate and
control the flow of wastewater and provide for the
access to maintain the collection systems.

Backflow preventers are used to stop the acciden-
tal backflow or reverse flow of wastewater into
buildings. They function by either allowing waste-
water to flow out of a building sewer at a point
outside and below the floor elevation of a building
or by blocking the backflow of wastewater from the
sewer into the building sewer by a one way hinged
valve (check valve). Backflow preventers are used
when the lowest overflow point in a building’s
wastewater drainage system is below the rim
elevation of the manhole in the lateral or main
sewer immediately upstream of the building sewer
connection

Building sewer vent traps are used to prevent the
passage of gases and odors from the main sewer
system into a building’s wastewater plumbing
(drainage) system.

They are not used extensively today since plumbing
codes require adequate trapping and venting of a
building’s plumbing fixtures and because the traps
tend to collect solids, thus causing stoppages in the
building sewer.

Also, removal of stoppages in a building sewer is
made more difficult since cleaning equipment must
negotiate the bends in the trap.

If vent traps are not properly screened, they can
allow rodents access to building sewers and the
collection system.

Also, if traps are located in a low spot in a yard,
this will serve as a source of inflow from surface
runoff.
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Vent traps in low spots should be removed and
adequate venting installed in the home or building.

Building sewer cleanouts are located as required
by local building codes and sewer ordinances.

They are used to allow access to sewers to remove
solids which cause stoppages.

As a minimum, a cleanout should be located in the
building sewer approximately three feet from the
building foundation and another at the building’s
property line if the part of the sewer in the street is
maintained by a sewer agency.

In very cold climates building sewers are usually
placed below the frost line and cleanouts are located
in the inside wall of basements to provide conve-
nient access in the winter.

Building sewer connections (also called TAPS) to
street sewers are either provided during construction
of these sewers, if the appropriate location is
known, or after their construction.

In either instance they should be constructed with
care since these connections can be a source of
groundwater infiltration and sewer stoppages if not
constructed properly. The taps must not protrude
into the street sewer.

Lateral and branch sewer cleanouts are some
times placed at the terminals of these sewers, in
place of manholes, to provide a means of inserting
cleaning equipment and water for flushing the line.

The slant riser provides easier access to the lateral
or branch sewer, but the impact of street traffic and
cover tend to shear the cleanout pipe below the
frame.
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Flusher branches were used in the past for the
introduction of large volumes of water in the upper
ends of lateral and branch sewers to attempt to
move deposited solids downstream to self- cleaning
SEWers.

Those that still exist are similar to the vertical and
slant lateral sewer cleanouts.

However, other sewer cleaning methods are more
effective than flushing and flusher branches are not
used very often today.

Lamp holes are rarely found today. They are
similar to a vertical lateral sewer cleanout.

Lamp holes were placed midway between adjacent
manholes for the introduction of a lamp that would
be viewed through the sewer line from the man-
holes to determine if the sewer line was free of
solids or breaks that could cause a stoppage of the
wastewater flow.

The use of modern sewer line viewing methods,
such as closed circuit television, have made lamp
holes obsolete.

However, they may still exist in older collection
systems where they should be sealed to prevent
surface inflow.

Manbholes are installed in lateral, main, trunk and
intercepting sewers for the purpose of placing
persons, equipment and materials into these sewers
for inspection, maintenance and the removal of
solids from cleaning operations.

Manbholes in straight runs of sewer lines should be
spaced no farther apart than the distance that can be
cleaned by the appropriate type of equipment
(usually 300 to 500 feet).
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Manbholes are also placed at changes in sewer line
direction, slope, elevation, pipe sizes and junctions.

Drop manholes are used when the difference in the
elevation of an incoming and outgoing sewer line
cannot be accommodated by a drop in the manhole
channel without creating excessive turbulence and
splashing of wastewater.

Manholes may be furnished with or without steps
depending upon the practice of a sewer agency.
Some agencies prefer to use ladders for entry and
exit of manholes for safety reasons.

Deterioration caused by corrosion could cause the
steps to fail when the operator tries to use them. A
typical manhole precast concrete manhole and a
manhole with an outside drop connection are shown
in the following figures.

The use of outside drop manholes should be consid-
ered very carefully. Under normal flow conditions,
there is not a problem with them since flow drops
down the vertical section and then into the manhole,
however when this plugs, the overflow from the
pipe then comes out the horizontal section and
straight into the manhole. While in some cases it
may be possible to get a cleaning tool into the lower
elbow and up into the vertical section, it may
require personnel to enter the manhole and unplug it
from inside the manhole. Obviously this is not a
desirable job.
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Figure 2.5 Pre-cast Concrete Manhole
Outside Drop Connection

Manhole Material. Manhole bases are generally
made of poured-in-place non-reinforced concrete
with wastewater channels formed by hand before
the concrete hardens.
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Manhole barrels are usually made of pre-cast
concrete sections with cement mortar or bitumastic
joints.

Manbholes in older collection systems may have
been made with clay bricks and cement mortar
joints.

Some manhole barrels are now being made with
fiberglass for use in areas with high groundwater
and corrosive material in the wastewater conveyed.

Manhole frame and covers are made of cast iron
with the mating surface between the frame and
cover machined to ensure a firm seating.

Manhole steps should be made of wrought iron or
reinforced plastic to resist corrosion. In some
jurisdictions steps are prohibited and ladders are
used to eliminate the hazard of corroded steps.

Junction structures are used to join large diameter
trunk sewers when the junction cannot be made in a
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manhole. The structure usually contains facilities
for the regulation of wastewater flows in the sewers
running out of the junction.. Flow of wastewater
through the structure should not produce undesir-
able turbulence that could release hydrogen sulfide
or create a partial blockage of the incoming waste-
water. Hydrogen sulfide smells like rotten eggs, is a
toxic gas and forms corrosive sulfuric acid when
combined with moisture in sewers.

Interconnector sewers are short sewer lines that
run between adjacent manholes to allow the regula-
tion of wastewater flows in parallel sewers or the
automatic diversion of wastewater to an alternate
sewer if the primary sewer becomes blocked.
Although the automatic diversion of wastewater
from a blocked sewer may protect buildings from
wastewater overflow, this type of diversion requires
periodic inspection to determine if the primary
sewer is blocked. If the wastewater in the primary
sewer is blocked, it may become SEPTIC and cause
odors.

Inverted siphons are sewer lines installed lower
than the normal gradient of the sewer line to pass
under obstructions such as water courses and de-
pressed roadways as illustrated in the following
figure.

Wastewater is “pushed” through the siphon by the
pressure resulting from the upstream sewer (at the
junction manhole) being higher than the down-
stream sewer.

Siphons generally require more maintenance than
gravity sewers since solids in the conveyed waste-
water must be pushed up the downstream leg of the
siphon by the velocity of the wastewater. Low
velocities will leave heavy solids at the bottom of
the siphon and these must be removed by one of
several cleaning methods.
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Design

For this reason, siphons are sometimes constructed
with two parallel barrels (pipes) to provide an
alternative route for the wastewater if one barrel
becomes blocked. Air jumpers are sometimes
constructed as part of an inverted siphon since the
siphon is completely filled with wastewater, a
blockage in the flow of air in the sewer line occurs
without an air jumper.

Continuation of the air flow is important if its
stoppage would cause a corrosive, odorous or toxic
release of hydrogen sulfide at the upstream siphon
manhole.

Installation of air jumpers prevents this from
happening by providing the downstream flow of air
that usually occurs above the wastewater in a
partially filled sewer line.

Flow regulators in a wastewater collection system
are used to divert the flow of wastewater from one
sewer line to another for the efficient use of the
system and to prevent overloading one portion of
the system.

The regulators are usually simple in nature with a
minimum of moving parts due to the nature of
wastewater.

Weirs are used in manholes and junction structure
channels, as shown to regulate the flow of waste-
water in the multiple sewers as appropriate for
operating conditions.

The weirs are simply boards of an appropriate
height that are inserted in preformed slots in the
channels.

Collection system operators need to be familiar
with the elements of a wastewater collection system
design that have an influence on the operation and
maintenance (O&M) of the constructed system.
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This familiarity will allow an operator to effectively
review the plans and specifications for newly
designed collection systems to minimize later
maintenance and to understand problems in existing
collection systems caused by improper or unneces-
sary design factors.

When operators review designs they should, for
example, make sure that manholes are located in
accessible locations and that overhead power lines
and highway overpasses will not interfere with
cranes used to lift pumps or other activities.

Also manholes should not be located in dry creek
beds or the middle of major streets or highways.

A layout of a wastewater collection system shows
the general location of laterals, mains and trunk
sewers within the service area, is shown in the
previous figure of a typical gravity system.
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The layout shows the direction of flow in the sewer
system based on the contours of the area, but does
not indicate the size or slope of sewer lines which
are unknown at the time a layout is prepared.

Field surveys are conducted by engineers to record
the location of the physical features and the eleva-
tion of the ground surface along the planned route
of the sewer lines in the collection system.

Physical information includes location and eleva-
tions of buildings to be served, surface improve-
ments (such as sidewalks and street pavement),
location of surface and underground utilities (gas,
electricity, phone) and other items that will influ-
ence the location of a sewer line.

Field surveys include both route surveys and level
surveys.

Route surveys pinpoint the location of physical
features that will influence the horizontal location
of a sewer line.

A surveyor’s transit and tape are used to locate
these features.

By using measured angles and taped distances, the
exact locations of physical features are referenced
to the known location of the transit.

Very accurate aerial photographs are sometimes
used to determine the location of visible features,
with field surveys being limited to the determina-
tion of invisible features such as underground
utilities.

Level surveys determine elevations of the ground
surface along the route of the sewer line, buildings
to be served and when possible the elevation of
underground obstructions and pipelines.
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Slope and Size

Velocity and Flow

The following factors are considered in determining
the slope and size of a sewer line.

The slope of the sewer should follow slope of land
along the route of the sewer as closely as practical
provided the slope is adequate to produce gravity
flow and the minimum scouring velocity. The siope
of the sewer also known as grade is the ratio in the
change of the vertical distance to the horizontal
distance of the pipe.

The slope of the sewer will determine the velocity
of the flow within the sewer, the steeper the slope
the higher the velocity. Gravity sewers are nor-
mally designed to maintain minimum velocities to
keep the solids suspended. However in some cases,
it may be necessary for certain sections of the line
to be laid on a flatter slope. This could create
problems with insufficient scouring velocities and
the resultant build-up of solids in the bottom of the
sewer.

Minimum slopes are a function of the diameter of
the pipe. For example, the recommended minimum
slope for an 8 inch pipe is 0.40 feet for every 100
feet of pipe. Minimum slope for a 16 inch pipe
would be 0.14 for every 100 feet of pipe and a 36
inch pipe 0.046, for every 100 feet of pipe.

Deviations from ground slope could cause the sewer
to become too shallow for adequate cover on the
pipe or too deep for safe and economical construc-
tion.

Design flow is the estimated amount of wastewater
to be conveyed by the sewer line being designed.

Velocity of the wastewater in a sewer line should be
at a speed which will prevent the deposition and
buildup of solids in the sewer; this is called a
“scouring velocity.”
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Experience has shown that wastewater velocities of
two feet per second or greater will keep the solids
usually contained in wastewater moving in a sewer
line.

When the velocity is 1.4 to 2.0 feet per second, the
heavier inorganic grit such as gravel and sand
begins to accumulate in the invert. At a velocity of
1.0 to 1.4 feet per second inorganic grit and organic
solids will accumulate and for a velocity below 1.0
feet per second significant amounts of organic and
inorganic solids accumulate in the sewer.

A scouring or self cleaning velocity may not be
attainable during periods of minimum daily flows.
However, a sewer should be designed to produce a
scouring velocity during the average daily flow or,
at the very least, during the maximum daily flow.

Collection systems in flat regions with low flow
velocities tend to have the solids settle out of the
wastewater, thus causing sewer stoppages and the
generation of toxic hydrogen sulfide gas.

On the other hand, steep slopes on hilly terrain can
produce high wastewater velocities in sewer lines.
Velocities higher than ten feet per second can
separate solids from the wastewater, cause exces-
sive turbulence at junctions and erode the sewer
line.

The size of a sewer line should be large enough for
the use of cleaning equipment, as well as flow
considerations.

A properly sized sewer line will be approximately
one-half full when conveying the peak daily dry
weather design flow and just filled when it is
conveying the peak wet weather design flow.

Designing for a half-full sewer line allows for a
beneficial flow of air above the wastewater and
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allows for some error in determining the design
flow.

The flow of air helps prevent the buildup of toxic or
explosive gases, an oxygen deficiency, moisture
condensing on pipe walls and crown above the
water line which can contribute to sulfide corrosion.

Most wastewater agencies require at least a four-
inch diameter residential building sewer and a six-
inch diameter lateral and branch sewer.

Many agencies require an eight-inch diameter
lateral and branch sewer to facilitate maintenance
and to convey unexpected wastewater flows.

Commercial buildings require a six-inch or larger
sewer line and industrial sewer lines are six-inches
or larger and sized on the basis of expected flows.

The Manning Equation is commonly used by
engineers to interrelate slope, quantity of wastewa-
ter (design flow) and velocity of flow in a sewer
line. Although you will probably not be designing a
sewer system, this equation will be useful if you
need to design an extension of an existing or com-
pare expected design velocities with actual veloci-
ties in sewers. The Manning Equation is as follows:

V =1.486 R?® §'2
n
where V= velocity, ft/sec
n= Manning’s coefficient of pipe roughness

R=hydraulic radius, ft = cross-sectional area of flow, sq ft
wetted pipe perimeter, ft
S = slope of sewer, ft/ft.

Knowing the available slope and desired depth of
flow in a sewer line and assuming a coefficient of
pipe roughness, the velocity of flow can be calcu-
lated. Then, knowing the velocity and the cross-
sectional area of flow, the flow rate can be calcu-
lated using the formula:
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Location and Alignment

Q=AV

Q= flow, cubic feet per second,
A= Area, square feet, and

V= velocity, ft/sec.

Lateral, main and trunk sewers are usually con-
structed at or near the center of public streets to
equalize the length of building sewers and to
provide convenient access to the sewer line man-
holes.

In extremely wide and heavily traveled streets,
lateral sewers are sometimes placed on each side of
the street to reduce the length of building sewers
and to lessen interference with traffic when the
sewer is being maintained.

Sewer lines are usually separated from water mains
by a distance prescribed by the appropriate health
agency.

Sewers are sometimes placed in easements when
the topography of the land or street layout requires
their use.

Use of easements should be minimized since
sewers in easements are more difficult to gain
access to and to maintain than sewers in streets.

With the greater use of curved streets today and the
development of sewer cleaning equipment that is
more versatile, sewers are sometimes constructed
along curved paths.

The radius of a curved sewer will be determined by
the radius of the street in which the sewer is being
constructed, allowable deflection in the sewer pipe
joints and, of major importance, the effect of radius
upon cleaning procedures.

Some state and local regulatory agencies prohibit
the use of curved sewers because of maintenance
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Depth

problems.

For the efficient use of modern sewer cleaning
equipment, the radius of curvature must be greater
than 200 feet.

Also, most pipe manufacturers will specify the
maximum allowable deflection (departure from a
straight line) in their pipe joints; this amount is
usually sufficient for modern sewer cleaning equip-
ment.

The depth of lateral and main sewers should gener-
ally be approximately six-feet deep.

This depth will allow connecting building sewers to
cross under most underground utilities and will
serve the drainage systems of most buildings with-
out basements.

If most buildings in a collection system’s service
area include basements, the lateral and main sewers
should be deep enough to serve drainage systems in
the basements by gravity.

The depth of trunk and interceptor sewers will
depend to a great extent upon the depth of connect-
ing main sewers.

The depth and width of a trench, backfill material
and method of compaction determine the load
placed on the sewer pipe.

The amount of support provided the sewer pipe by
the sides of the trench decreases as the width of the
trench increases.

The width of a sewer trench (controlled by the
diameter of the pipe, clearance for pipe laying, soil
stability for safety during excavation, and the
excavation procedures) should be kept to a mini-
mum.
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Most sewer pipe manufacturers will provide infor-
mation on the allowable loading on their pipe based
on depth, trench width and bedding conditions.

Construction materials for sewers are selected for
their resistance to deterioration by the wastewater

Ground surface
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they convey, strength to withstand earth and surface
loads, resistance to root intrusion, their ability to
minimize infiltration and exfiltration, and the cost
of the materials and their installation.

Pipe selection - There are a wide variety of pipe
materials used for sanitary sewer construction.
Each type is manufactured in accordance with
nationally recognized material specifications. The
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type of pipe used depends on various factors and
include:
¢ Will it be used for gravity or force main
(pressure)?

¢ Is the wastewater abrasive

¢ Are there any special installation require-
ments such as loading?

¢ Is there a potential for internal and/or exter-
nal corrosion conditions from soil, hydrogen
sulfide or industrial material?

¢ What are the flow and capacity requirements
based on design for pipe size, velocity, slope
and friction coefficient?

¢ Is Infiltration/exfiltration a potential prob-
lem?

¢ What physical characteristics such as pipe
size, fittings and connection requirements and
laying length need to be considered?

¢ How cost effective is the pipe, installation,
maintenance, and what is the life expectancy?

¢ What physical properties such as crush
strength for rigid pipe, pipe stiffness or stiffness
factor for flexible pipe, soil conditions, pipe
loading strength, hoop strength for force main
pipe, pipe shear loading strength, pipe flexural
strength need to be considered?

¢ What about handling requirements including
weight, impact resistance, and ease of installa-
tion?

New pipe materials and methods are continually
being improved and developed for use in sanitary
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sewers. Operators need to be aware of these
changes in order to take advantage of them.

C lassification of Plpe Pipe for construction of sanitary sewers is manufac-

tured from several types of material producing
either flexible or rigid pipe with specific character-
istics that will perform satisfactorily in a particular
situation.

A flexible pipe will bend or bulge from its usual
shape when subjected to a load without being
adequately supported. However, it will not crack
under most loads and will return nearly to its
original shape when a load is removed.

Arigid pipe will require less support; however, it
will crack when the combination of a load on the
pipe and its support causes a stress that exceeds the
strength of the pipe. It will not return to its original
shape when the load is removed. Most of the
commonly used sanitary sewer materials are de-
scribed in the following subsections.

Rigid pipe classifications include the following;
¢ Asbestos Cement Pipe (ACP)
¢ Cast Iron Pipe (CIP)
¢ Reinforced Concrete_Pipe (RCP)

¢ Pre-stressed Concrete Pressure Pipe
(PCPP)

¢ Vitrified Clay Pipe (VCP)
Flexible pipe classifications include the following;
¢ Ductile Iron_Pipe (DIP)

¢ Steel Pipe
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¢ Thermoplastic Pipe

¢ Acrylonitrile Butadiene Styrene (ABS)

¢ ABS Composite

¢ Poly Ethylene (PE)

¢ Poly Vinyl Chloride (PVC)

¢ Thermoset Plastic Pipe
Reinforced Plastic Mortar (RPM)
Reinforced Thermosetting Resin (RTR)

Each of these classifications are discussed in more
detail in the following section.

Asbestos Cement Pipe (ACP) - Asbestos-cement
pipe is used for both gravity and pressure sanitary
sewers. The pipe is produced from asbestos fiber
and cement, is available in nominal diameters from
4 inches through 36 inches and in some areas up to
42 inches. A full range of fittings is manufactured
that is compatible with the class of pipe being used.
Jointing is accomplished by compressing elasto-
meric rings between pipe ends and sleeves or
couplings. ACP, manufactured for gravity sanitary
sewer applications, is available in seven strength
classifications and is specified by pipe diameter and
class or strength. The class designation represents
the minimum crushing strength of the pipe ex-
pressed in pounds per linear foot of pipe.

Potential advantages of asbestos-cement pipe
include; long laying lengths, a wide range of
strength classifications, a wide range of fittings
available, and resistance to abrasion.

Potential disadvantages of asbestos-cement pipe

2-41



Wastewater Collection Systems

include; subject to corrosion where acids are
present, subject to shear and beam breakage when
improperly bedded, low beam strength, and restric-
tions by OSHA due to asbestos content.

Cast Iron Pipe (CIP) - CIP (gray iron) is used for
both gravity and pressure sanitary sewers in diam-
eters from 2 inches through 48 inches with a variety
of joints. CIP is manufactured in a number of
thicknesses, classes, and strengths. CIP is specified
by nominal diameter, class, lining, and type of
joint. A cement mortar lining with an asphaltic seal
coating may be specified on the interior of the pipe.
An exterior asphaltic coating is also commonly
specified. Pipe is very resistant to crushing and
used for creek and river crossings, shallow trench
locations, and under heavy traffic load areas.

Potential advantages of cast iron pipe (gray iron)
include; long laying lengths (in some situations),
and high pressure and load bearing capacity.

Potential disadvantages of cast iron pipe (gray iron)
include; subject to corrosion where acids are
present, subject to chemical attack in corrosive
soils, subject to shear and beam breakage when
improperly bedded, high weight and cost.

Concrete Pipe - Reinforced (RCP) and non-
reinforced concrete pipe are used for gravity sani-
tary sewers. Reinforced concrete pressure pipe and
prestressed concrete pressure pipes (PCPP) are
used for pressure as well as sanitary sewers. Non-
reinforced concrete pipe is available in nominal
diameters from 4 inch through 36 inch. Reinforced
concrete pipe is available in nominal diameters
from 12 inches through 200 inches. Pressure pipe is
available in diameters from 12 through 120 inches.

Concrete fittings and appurtenances such as wyes,
tees, and manhole sections are generally available.
A number of jointing methods are available de-
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pending on the tightness required and the operating
pressure. Various linings and coatings are also
available. Gravity and pressure concrete pipe may
be manufactured to any reasonable strength require-
ment by varying the wall thickness, concrete
strength, quantity and configuration of reinforcing
steel or prestressing elements. Concrete pipe is
normally specified by nominal diameter, class or D-
load strength and type of joint.

Potential advantages of concrete pipe include; wide
range of structural and pressure strengths, wide
range of nominal diameters, wide range of laying
lengths (4 to 24 ft).

Potential disadvantages of concrete pipe include;
high weight, subject to corrosion where acids are
present, subject to shear and beam breakage when
improperly bedded and special field repair methods
may be required for PCPP including fittings and
methods.

Vitrified Clay Pipe (VCP) - VCP is used for
gravity sanitary sewers. This pipe is manufactured
from clay and shales. Clay pipe is vitrified at a
temperature at which the clay mineral particles
become fused. It is available in diameters from 3
through 36 inches and in some areas up to 42 in..
Clay fittings are available to meet most require-
ments, with special fittings manufactured on re-
quest. A number of jointing methods are available .
VCP is manufactured in standard and extra-strength
classifications, although in some areas the manufac-
ture of standard-strength pipe is not common in
sizes 12 inches and smaller. The strength of vitrified
clay pipe varies with the diameter and strength
classification. The pipe is manufactured in lengths
up to 10 ft. VCP is specified by nominal pipe
diameter, strength, and type of joint.

Potential advantages of vitrified clay pipe include; a
high resistance to chemical corrosion, high resis-
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Flexible Pipe

tance to abrasion, and wide range of fittings avail-
able.

Potential disadvantages of vitrified clay pipe
include; limited range of sizes available, high
weight, and subject to shear and beam breakage
when improperly bedded.

Ductile Iron Pipe (DIP) - DIP is used for both
gravity and pressure sanitary sewers. DIP is manu-
factured by adding cerium or magnesium to cast
(gray) iron just prior to the pipe casting process.
The product is available in nominal diameters from
3 through 54 inch and in lengths to 20 ft. Cast iron
(gray iron) or ductile iron fittings are used with
ductile iron pipe. Various jointing methods for the
product are available.

DIP is manufactured in various thicknesses, classes
and strengths. Linings for the interior of the pipe
(e.g., cement mortar lining with asphaltic coating,
coal tar epoxies, epoxies, polyethylene) may be
specified. An exterior asphaltic coating and poly-
ethylene exterior wrapping are also commonly
specified. DIP is specified by nominal diameter,
class, lining, and type of joint.

Potential advantages of DIP include; long laying
lengths (in some situations), high pressure and load
bearing capacity, high impact strength, high beam
strength.

Potential disadvantages of DIP include; subject to
corrosion where acids are present, subject to chemi-
cal attack in corrosive soils, high weight and cost.

Steel Pipe - Steel pipe is rarely used for gravity
sanitary sewers but is common for force mains.
When used, it usually is specified with interior
protective coatings or linings (polymeric, bitumi-
nous, asbestos, etc.). Steel pipe is fabricated in
diameters from 8 through 120 in lengths up to 40 ft.
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Pipe fittings include tees, wyes, elbows fabricated
from steel. Steel pipe is specified by size, shape,
wall profile, gauge or wall thickness and protective
coating or lining.

Potential advantages of steel pipe include; light
weight, and long laying lengths (in some situations).

Potential disadvantages of steel pipe include;
subject to corrosion where acids are present, subject
to chemical attack in corrosive soils, subject to
excessive deflection when improperly bedded,
subject to turbulence abrasion.

Thermoplastic Pipe - Thermoplastic materials
include a broad variety of plastics that can be
repeatedly softened by heating and hardened by
cooling through a temperature range characteristic
for each specific plastic. Generally, thermoplastic
materials used in sanitary sewers are limited to
acrylonitrile-butadiene-styrene (ABS), polyethylene
(PE), and polyvinyl chloride (PVC).

Acrylonitrile-Butadiene-Styrene (ABS) Pipe -
ABS pipe is used for both gravity and pressure
sanitary sewers. Non-pressure rated ABS sewer pipe
is available in nominal diameters from 3 through 12
in. and in lengths up to 35 ft. A variety of ABS
fittings and several jointing systems are available.
ABS pipe is manufactured by extrusion of ABS
plastic material. ABS gravity sanitary sewer pipe is
available in three Dimension Ratio (DR) classifica-
tions 23.5, 35 and 42. (The DR is the ratio of the
average outside diameter to the minimum wall
thickness of the pipe. When adopted as a standard
it is referred to as Standard Dimension Ratio or
SDR). ABS pipe is specified by nominal diameter,
dimension ratio, pipe stiffness and type of joint.

Potential advantages of ABS pipe include; light
weight, long laying lengths, high impact strength,
and ease in field cutting and tapping.
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Potential disadvantages of ABS pipe include;
limited range of sizes available, subject to environ-
mental stress cracking, subject to excessive deflec-
tion when improperly bedded, subject to attack by
certain organic chemicals, and subject to surface
change from long-term ultraviolet exposure.

Acrylonitrile-Butadiene-Styrene (ABS) Compos-
ite Pipe - ABS composite pipe is used for gravity
sanitary sewers, available in nominal diameters
from 8 through 15 in. and in lengths from 6.25 to
12.5 ft. The jointing systems available include
elastomeric gasket joints and solvent cemented
joints. ABS composite pipe is manufactured by
extrusion of ABS plastic material with a series of
truss annuli which are filled with filler material
such as lightweight Portland cement concrete. ABS
composite pipe is specified by nominal diameter
and type of joint.

Potential advantages of ABS composite pipe in-
clude; light weight, long laying lengths, ease in
field cutting.

Potential disadvantages of ABS composite pipe
include; limited range of sizes available, subject to
environmental stress cracking, subject to rupture
when improperly bedded, subject to attack by
certain organic chemicals, and subject to surface
change effected by long-term ultraviolet exposure.

Polyethylene (PE) Pipe - PE pipe is used for both
gravity and pressure sanitary sewers. Non-pressure
PE pipe, primarily used for sewer relining, is
available in nominal diameters from 4 through 48
in. Jointing is primarily accomplished by butt-
fusion or flanged adapters. PE pipe is manufac-
tured by extrusion of PE plastic material. PE pipe is
specified by material designation nominal diameter
(inside or outside), standard dimension ratios and
type joint.
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Potential advantages of PE pipe include; long laying
lengths, light weight, high impact strength, ease in
field cutting.

Potential disadvantages of PE pipe include; rela-
tively low tensile strength and pipe stiffness, a
limited range of sizes available, subject to environ-
mental stress cracking, subject to excessive deflec-
tion when improperly bedded, subject to attack by
certain organic chemicals, subject to surface
change effected by long-term ultraviolet exposure,
and special tooling required for fusing joints.

Polyvinyl Chloride (PVC) Pipe - PVC pipe is used
for both gravity and pressure sanitary sewers. Non-
pressure PVC sewer pipe is available in nominal
diameters from 4 through 36 in.. PVC pressure and
non-pressure fittings are available. PVC pipe is
generally available in lengths up to 20 ft. Jointing is
primarily accomplished with elastomeric seal gasket
joints, although solvent cement joints for special
applications are available. PVC pipe is manufac-
tured by extrusion of the plastic material. Non-
pressure PVC sanitary sewer pipe is provided in two
standard dimension ratios, SDR 35 and 41. PVC
pipe is specified by nominal diameter, dimension
ratio, pipe stiffness and type of joint.

Potential advantages of PVC pipe include; light
weight, long laying lengths, high impact strength,
and ease in field cutting and tapping.

Potential disadvantages of PVC pipe include;
subject to attack by certain organic chemicals,
subject to excessive deflection when improperly
bedded, limited range of sizes available, and subject
to surface changes from long-term ultraviolet
exposure.

Thermoset Plastic Pipe - Thermoset plastic materi-
als include a broad variety of plastics. These plas-
tics, after having been cured by heat or other means,
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are substantially infusible and insoluble. Thermoset
plastic pipe product design should be based on
long-term data. Generally, thermoset plastic materi-
als used in sanitary sewers are provided in two
categories, reinforced thermosetting resin (RTR)
and reinforced plastic mortar (RPM).

Reinforced Thermosetting Resin (RTR) Pipe -
RTR pipe is used for both gravity and pressure
sanitary sewers. RTR pipe is generally available in
nominal diameters from 1 through 12 in. manufac-
tured in accordance with ASTM standard specifica-
tions. The product is available in nominal diameters
from 12 through 144 in. In small diameters, RTR
fittings are available. In larger diameters RTR
fittings are manufactured as required. A number of
jointing methods are available. Various methods of
interior protection (e.g., thermoplastic or thermo-
setting liners or coatings) are available. RTR pipe
is manufactured using a number of methods inciud-
ing centrifugal casting, pressure laminating and
filament winding. In general, the product contains
fibrous reinforcement materials, such as fiberglass,
embedded in or surrounded by cured thermosetting
resin. RTR pipe is specified by nominal diameter,
pipe stiffness, lining and coating, method cf manu-
facture, thermoset plastic material, and type of
joints.

Potential advantages of RTR pipe include; light
weight, and long laying lengths.

Potential disadvantages of RTR pipe include;
subject to strain corrosion in some environments,
subject to excessive deflection when improperly
bedded, subject to attack by certain organic chemi-
cals, subject to surface change from long-term
ultraviolet exposure.

Reinforced Plastic Mortar (RPM) Pipe - RPM
pipe is used for both gravity and pressure sewers.
RPM pipe is available in nominal diameters from 8
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Pipe Joints

through 144 in. In smaller diameters, RPM fittings
are generally available. In larger diameters, RPM
fittings are manufactured as required. A number of
jointing methods are available. Various methods of
interior protection (e.g., thermoplastic or thermoset-
ting liners or coatings) are available. RPM pipe is
manufactured containing fibrous reinforcements
such as fiberglass and aggregates such as sand
embedded in or surrounded by cured thermosetting
resin. RPM pipe is specified by nominal diameter,
pipe stiffness, stiffness factor, beam strength, hoop
tensile strength, lining or coating, thermoset plastic
material, and type of joint.

Potential advantages of RPM pipe include; light
weight, and long laying lengths.

Potential disadvantages of RPM pipe include;
subject to strain corrosion in some environments,
subject to excessive deflection when improperly
bedded, subject to attack by certain organic chemi-
cals, and subject to surface change from long-term
ultraviolet exposure.

Care must be taken in the selection of materials
since sewers are expected to have an economical
life of at least 30 years and most are in service for a
much longer period.

One of the most critical components of the piping
system is the joint because of the requirement for
the control of ground water infiltration, wastewater
exfiltration and root intrusion in sanitary sewer
systems. Many types of pipe joints are available for
the different pipe materials used in sanitary sewer
construction. A common requirement, regardless of
the type of sewer pipe used, is the use of reliable,
tight pipe joints. A good pipe joint must be water-
tight, root resistant, flexible and durable. In general,
today, various forms of gasket (elastomeric seal)
pipe joints are used in sanitary sewer construction.
They generally can be assembled by easily in a
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broad range of weather conditions and environ-
ments with good assurance of a reliable, tight seal
that prevents leakage and root intrusion.

Commonly used sanitary sewer pipe joints include:

Gasketed Pipe Joints- Gasket joints effect a seal
against leakage through compression of an elasto-
meric seal or ring. Gasket pipe joint design is
generally divided into two types—push-on pipe
joint and mechanical compression pipe joint.

Push-on Pipe Joint - This type of pipe joint uses a
continuous elastomeric ring gasket which is com-
pressed into an annular space formed by the pipe,
fitting or coupler socket and the spigot end of the
pipe providing a positive seal when the pipe spigot
is pushed into the socket. When using this type of
pipe joint in pressure sanitary sewers, thrust re-
straint may be required to prevent joint separation
under pressure. Push-on pipe joints (fittings, cou-
plers, or integral bells) are available on nearly all
pipe used in sewer systems today.

Mechanical Compression Pipe Joint - This type
of pipe joint uses a continuous elastomeric ring
gasket which provides a positive seal when the
gasket is compressed by means of mechanical
device. When using this type of pipe joint in pres-
sure sanitary sewers, thrust restraint may be re-
quired to prevent joint separation under pressure.
This type of pipe joint may be provided as an
integral part of cast iron or ductile iron pipe. When
incorporated into a coupler, this type of pipe joint
may be used to join two similarly sized plain spigot
ends of any commonly used sewer pipe materials.

Flanged Pipe Joint - Flanged connections are
primarily used in pump station piping systems

where cast or ductile iron piping is common.

Cement Mortar Pipe Joint - This type of pipe
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joint involves use of shrink-compensatirg cement
mortar caulking placed into a bell-and-spigot pipe
joint to provide a seal. The use of this joint is
discouraged in that reliable, watertight joints are not
assured. Cement mortar joints are not flexible and
may crack due to any pipe movement.

Solvent Cement Pipe Joints - Solvent cement pipe
joints may be used in jointing thermoplastic pipe
materials such as ABS, ABS composite, and PVC
pipe. This type of pipe joint involves bonding a
sewer pipe spigot into a sewer pipe bell or coupler
using a solvent cement. Solvent cement joints can
provide a positive seal provided the proper cement
is applied under proper ambient conditions with
proper techniques. Required precautions should be
taken to assure adequate trench ventilation and
protection for workers installing the pipe. Solvent
cement pipe joints may be desired in special situa-
tions and with some plastic fittings.

Rubber Coupling With Compression Bands -
External sealing bands of rubber are used on plain
end pipe. The elastomeric band is slipped over each
pipe end and compression bands tightened on each
end.

Welded Joints - Welded joints are typically found
on steel pipe used for force mains. This type of
joint is very strong and leak tight. The most com-
mon welded joint is the butt weld or a butt weld
with the pipe ends beveled. A sleeve may also be
used as shown.

Heat Fusion Pipe Joints - Heat fusion pipe joints
are commonly used for PE sanitary sewer pipe. The
general method of jointing PE sanitary sewer pipe
involves butt fusion of the pipe lengths, end to end.
After the ends of two lengths of PE pipe are
trimmed and softened to a melted state with heated
metal plates, the pipe ends are forced together to the
point of butt fusion, providing a positive seal. The
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pipe joint does not require thrust restraint in pres-
sure applications. Trained technicians with special
apparatus are required to achieve reliable watertight
pipe joints.

Bituminous Pipe Joints - This type of pipe joint
involves use of hot-poured or cold packed bitumi-
nous material forced into a bell-and-spigot pipe
joint to provide a seal. While this type of joint can
be found in older systems, it is not used in new
construction.

Elastomeric Sealing Compound Pipe Joints -
Elastomeric sealing compound may be used in
jointing properly prepared concrete gravity sanitary
sewer pipe. Pipe ends must be sandblasted and
primed for elastomeric sealant application. The
sealant, a thixotropic, two compound elastomer, is
mixed on the job site and applied with a caulking
gun and spatula. The pipe joint, when assembled
with proper materials and procedures, provides a
positive seal against leakage in gravity sewer pipe.

Mastic Pipe Joints - Mastic pipe joints are fre-
quently used for special non-round shapes of
concrete gravity sewer pipe which are not adaptable
for use with gasket pipe joints. The mastic material
is placed into the annular space to provide a posi-
tive seal. Application may be by trowelling, caulk-
ing, or by the use of preformed segments of mastic
material in a manner similar to gaskets. Satisfactory
performance of the pipe joints depends upon the
proper selection of primer, mastic material, and
good workmanship in application.
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Pipe Joints
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System Design and
Review

Design Items
Influencing
Maintenance

Plan and Profile - A civil engineer will use the
field data and the design criteria to prepare plans
and specifications for the construction of a waste-
water collection system.

Design Review - Wastewater collection system
operators should request the opportunity to review
the design of collection systems that they will be
responsible for maintaining after construction.

In order to make an effective review an operator
must be familiar with the elements of design that
can create problems during the life of a collection
system.

The following sections give some suggestions for
the review of plans and profiles for construction of
a collection system.

Office Study - When you receive a set of plans and
profiles for review, look them over for an overview
of how the system is to work. Then make a detailed
review by asking yourself how the design may be
improved for the elimination of future maintenance
problems. Make a list of items that are not clear to
you and ask the designer for a clarification.

Field Investigations - Now that you are familiar
with the plans and profiles for a collection system
and have developed some ideas and questions
concerning the effect of the design on maintenance,
you are prepared for a field investigation.

Envision the maintenance of the sewer lines and
appurtenances as planned and ask yourself how the
actual field conditions will influence maintenance.

During both the office and field review of plans and
profiles for a wastewater collection system, ask
yourself the following questions concerning the
design:
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¢ Is the route or alignment satisfactory?
¢ Could there be a better route?

¢ Consider the effect of pipe diameters and
depth of excavation on future maintenance.

¢ Think about maintenance equipment access.

¢ Is there sufficient overhead clearance for
maintenance and repair equipment?

¢ Could repairs be made in case of failures?
¢ Availability of large diameter pipe?

¢ Depth of excavation?

¢ Shoring requirements?

¢ Can the system be easily maintained?

¢ Will there be any industrial waste discharg-
ers? If so, what will they discharge and will the
discharge cause any problems? How can these
problems be controlled?

¢ Where can vehicles be parked when opera-
tors and equipment require access to a man-
hole?

¢ Is traffic a problem around or near a man-
hole and if so can it be relocated to minimize
the problem? Will night work be necessary?

¢ Can the atmosphere in the manhole be
tested safely for oxygen deficiency, explosive
gases and toxic gases? Can large ventilation
blowers be used?
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¢ Can an operator reach the bottom of the
manhole with a ladder if steps are not provided?

¢ If there are steps in the manhole wall for
access, will they be damaged by corrosion and
become unsafe?

¢ Is the shelf in the bottom of the manhole
properly sloped? If the shelf is too flat, it will
get dirty; if the shelf is too steep, it can be a
hazard to operators.

¢ Are the channels properly shaped to provide
smooth flow through a manhole to minimize
splashing and turbulence that can cause the
release of toxic, odorous, and corrosive hydro-
gen sulfide?

¢ Are the channels at least as large as the pipe
so maintenance equipment and plugs can be
fitted or inserted into the pipes?

¢ Can the available sewer maintenance equip-
ment be effective between the manholes or is
the distance great?

¢ Is the manhole opening large enough to
allow access for tools and equipment used to
maintain a large sewer line? Is the opening
sufficient to handle equipment and personnel
during routine maintenance or inspection.

¢ Does the area flood? How often? Can flows
be diverted? Stored? How? For how long? What
tools, equipment and procedures are needed?

In addition to the above questions, use your experi-
ence to raise other questions on how the design of a
collection system can affect your future operation
and maintenance of the system and making repairs
in emergency situations.
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Communication

Construction, Testing
and Inspection

Your questions and ideas concerning the improve-
ment of the design of a collection system should be
given to the designer in a written and understand-
able form with an offer to meet to discuss them.

The designer should be capable of explaining and
justifying a design in terms of economics and
installation.

You should be able to justify your concerns on the
basis of operation and maintenance requirements.

Designers must consider how the wastewater
collection facilities they design will be constructed.

Some facilities have been properly designed, but
have not functioned as intended due to poor or
improper construction materials and techniques.

Good construction, inspection and testing proce-
dures are very important in order to eliminate
operation and maintenance problems that could
develop from poor construction practices.

Whenever problems (stoppages, failures or odors)
develop in your collection system, try to identify
the cause so it can be corrected now and in the
future design of new systems.

Did the problem start with the design, construction,
or inspection of the facility; or was it caused by a
waste discharger, by aging of the system, or by
your maintenance and repair program? Whatever
the cause, identify it and try to correct it.
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LIFT STATIONS

Purpose of Lift Stations

Lift stations are used to lift or raise wastewater or
storm water from a lower elevation to a higher
elevation. Lifting of the wastewater is accom-
plished by centrifugal pumps or air operated ejec-
tors.

The term LIFT STATION usually refers to a
wastewater facility with a relatively short discharge
line up to the downstream gravity sewer.

A PUMP STATION commonly is a similar type of
facility that is discharging into a long FORCE
MAIN.

Throughout this manual when we refer to lift
stations, we intend to include pump stations.

In many areas regional agencies are being created to
serve more than one community.

As a result, lift stations and force mains tend to be
larger and the pumps can range in size up to several
hundred horsepower and the force mains can be
several miles long.

Lift stations represent a major capital expenditure
for an agency or community and they require an
adequate budget to operate and maintain them

properly.

Failures of lift stations and force mains can have a
significant impact on the environment when raw
wastewater is discharged over land or into lakes.
streams, Or rivers.

Backups into private residences caused by a lift
station failure can easily cost thousands of dollars to
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Location

clean up, replace, and repair damaged homes or
businesses.

Significant lift station failures make headlines in
newspapers and tarnish the image of your collec-
tion system agency.

Collection system operators, therefore, play a vital
role in preventing catastrophic failures affecting the
community.

Because pump stations contain complex electrical,
mechanical, and hydraulic systems, collection
systems operators must have a wide range of
training to properly operate and maintain them.

This obviously requires a high level of knowledge,
skills, and professionalism by all operators.

In many agencies today, collection system opera-
tors begin participation at the design stage of new
lift stations because of their knowledge and experi-
ence on various types of lift stations.

Operators can help engineers produce designs
which result in improved maintenance and opera-
tion of lift stations and lower operating costs while
minimizing bypasses and backups.

Location and design of lift stations depend on
economic factors that are analyzed by the design
engineer. Lift stations are installed at low points in
the collection system at the end of gravity sewers
where the following conditions exist:

¢ Excavation costs to maintain gravity flow
and sufficient velocity become excessive.

¢ Soil stability is unsuitable.

¢ Groundwater table is too high for installing
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deep sewers, and for trenching.

¢ Present wastewater flows are not sufficient
to justify extension of large trunk sewers and a
lift station offers an economical short-term
solution.

¢ Other factors that influence the location of
lift stations include the location of other utilities
and also the surface and overhead structures
(buildings and transit systems).

Lift station pumps are designed to move the waste-
water with a minimum of energy consumption. The
pumps are selected to provide a flow as continuous
or constant as possible to minimize surges of waste-
water in the downstream sewer and the wastewater
treatment plant.

Consideration also must be given to installing
pumps that require a minimum of maintenance.

Appearance of lift station buildings and grounds
should blend in with the surrounding environment.
Odors must be controlled and the noise must be
kept to a minimum to prevent the lift station from
being a nuisance to nearby neighbors.

Safety of the operators involved in operating and
maintaining the lift station must be considered, as
well as the safety of the public. If chemicals are
added to the wastewater at the lift station, care must
be exercised when storing, handling, and applying
these chemicals. -

Collection system operators should have easy
access to the lift station during all types of weather
conditions so the station can be properly operated
and maintained at all times. Utilities required to
operate the station must be readily available.
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Types of Lift Stations

Manhole Used as Wet
Well Station

Reliability is the most important requirement of a
lift station. Pumps or ejectors, controls, and the
maintenance program must be designed to mini-
mize the chances of failures to prevent the flooding
of homes and streets.

Wastewater lift stations may be constructed in
various sizes and shapes depending upon the
volume of wastewater or storm water to be handled,
the elevation water must be lifted, and the distance
water must be pumped before the water returns to
flowing in a gravity system.

The lift station may range from a standard manhole
equipped with a submersible or other wet well type
pump, to a factory prefabricated package station, or
to an elaborately designed and constructed station
capable of pumping large volumes of wastewater.
When larger stations are constructed and require a
continuous operational staff, they are often referred
to as pumping plants.

Stations may be classified as wet well or dry well
installations, depending on the locations of the
pumping units.

Precast concrete manhole sections with submersible
pumps have been used as lift stations .

The lift station shown has guide bars made of two-
inch pipe which allow the pump to be removed
from the top of the manhole by pulling the pump up
the guide bars.

When the pump is lowered, a flanged, gasketed
connection seals the pump to the discharge.
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Submersible Wetwell Station
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Wet Well Station

The weight of the pump keeps it in place and there
are no bolts to remove.

Therefore, an operator does not need to enter the
wet well to remove or install the pump. Details of
a submersible pump and the connection to the
discharge pipe or force main are illustrated in the
following figures.

Large wet well stations today can provide capaci-
ties up to 25,000 GPM at discharge heads of 80 to
100 feet or more. These large stations are in wide
use and two different types of configurations are
frequently constructed:

¢ Those that use larger submersible pumps,
and

¢ those that use an above-ground pump
station. In this type, a fiberglass enclosure
usually sits on top of the wet well with the
suction pipe extending down into the wet well
(this is known as a pump which pulls a suction
lift).

Because the above-ground station must “lift” the
water up to the pump suction, the above-ground
type stations use self-priming centrifugal pumps.

The maximum pump size is usually six or eight
inches, whereas the submersible pump can be as
large as twenty-four inches.

Depending on the pump size and number of pumps,
the wet well could be constructed of pre-cast
concrete manhole sections, rectangular box culvert
sections, or poured-in-place concrete structures for
the larger pumps.

Wet well installations typically have limited access
to the pumping equipment. If anything goes
wrong, they can be difficult to repair.
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Dry Well Station

Equipment located in the wet well should be mini-
mized, including suction and discharge valves,
check valves, or other equipment which requires
routine, periodic maintenance. This equipment can
be located in small equipment manholes located
adjacent to the wet well to make accessibility and
maintenance much easier for the operator.

Dry well stations are another common type of lift
station found in the collection system. This type of
station isolates the pumps, motors, electrical con-
trol and auxiliary equipment from the wet well in a
separate dry well. This feature provides a cleaner
and safer environment for operation and mainte-
nance personnel.

These stations will range in size from smaller
prefabricated pump stations constructed of steel or
fiberglass that come already assembled from the
factory to much larger concrete cast-in-place
stations which may or may not include a building to
house the equipment, depending on environmental
conditions.

The third type of wet well/dry well lift station that
has been used in smaller areas is the PNEUMATIC
EJECTOR which uses air pressure to eject the
wastewater; however, this type of station is limited
in capacity and size.

The next figure illustrates a typical duplex (two
pumps) submersible pumping station and its major
components while the next figure illustrates a
prefabricated above-ground duplex pump station
with a fiberglass-reinforced plastic enclosure.

These are both prefabricated type stations that are,
assembled at the manufacturer's facility and then
shipped to the jobsite, The next figure shows a
constructed in place type of drywell station.
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Lift Station
Requirements

The most desirable operation of a lift station would
be the situation where all the flow and solids that
discharge into the wet well from the gravity sewer
are lifted to the higher elevation and continue to the
wastewater treatment plant without delay.

This would occur with the highest use of equipment
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and energy efficiency possible. Also operational
and maintenance problems would be minimized.

Some lift stations almost meet these ideal require-
ments, but there are many more that are unable to
meet these requirements.

Usually a lift station is designed to handle expected
peak flows. Often this means that long detention or
holding times occur in wet wells during low flow
periods.

Provisions for wet well aeration during low flow
periods could help keep the detained wastewater
fresh.

Do not introduce excessive air into wet wells of
pumping stations with long force mains with nu-
merous high points.

Released air can accumulate in the high points in a
force main and cause an air bubble to form, which
reduces the effective diameter of the pipe.

This will result in higher pumping costs and re-
duced pipe flow capacity. In addition, accumulated
air in the force main can contribute to a phenom-
enon known as “water hammer” in which extremely
high pressure shock waves travel up and down the
force main.

Water hammer can cause broken force mains or
piping within the pump station.

Trapped air in the force main is usually associated
with check valve “slamming” which frequently
produces a force strong enough to damage check
valves and piping in the station, thus causing a
failure flooding.

Air release valves are normally installed at high
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Capacity

points in the force main to automatically blow off
accumulated air.

The most critical component of a lift station is the
pumping unit; but pipes, valves, controls and power
supply also are essential. All of these items must
be “go” or the lift station will fail.

Flow

Most pump capacities are rated in GPM (gallons
per minute). The design engineer must carefully
estimate flows under operating conditions to select
the proper pump or pumps for the lift station.
Important operating conditions include:

Flow, Q, = Average daily dry weather flow

Flow, Q, = Seasonal dry weather flow (to handle
industrial flows that produce high flows for 1 to 3
month periods such as canneries)

Flow, Q,= Peak wet weather flow (based upon a
one-in-ten-year occurrence or some other severe
storm frequency that produces conditions where
inflow/infiltration may enter the collection system,
especially important in combined wastewater and
storm water collection systems).

Under certain circumstances, Q, and Q, may range
from 1.5 to 10.0 times or more above Q,.

These high flows present greater problems in
smaller lift stations than in the larger stations with

multiple pumping units.

All but the smallest lift stations should have suffi-
cient pump capacity to handle peak flows. During
usual or average flow conditions, the pumps that
handle peak flows can serve as backup units during
periods when the other pumps are shut down for
maintenance and repairs.
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Head

The term HEAD refers to pressure head (pounds per
square inch or psi) or elevation head (feet). Head is
a vertical distance and is measured as the difference
in elevation between two points. Head may be
expressed in feet or psi. Important head terms that
should be known when pumps are selected include
SUCTION HEAD, DISCHARGE HEAD, TOTAL
STATIC HEAD, and TOTAL DYNAMIC HEAD.

Suction heads may be positive or negative (suction
lift), depending on whether the water level in the
wet well is above (positive) or below (negative) the
center line of the pump impeller.

Discharge heads are measured on the discharge side
of a pump from the center line of the pump to an
elevation on the discharge side. Discharge heads
contain 2 components, static and dynamic discharge
heads.

Static heads are measured when the pump is not
operating and are the differences in elevation (in
feet) between the surface of the water on the suction
side of the pump and the surface of the water on the
discharge side of the pump.

Dynamic heads are measured when the pump is
operating and depend on the velocity of water in the
pump suction and discharge pipes.

Dynamic heads are greater than static heads because
they include the static heads plus the friction losses
in the suction and discharge pipes.

The energy required to start a pump is greater than
the total dynamic head (TDH) during normal oper-
ating conditions because additional energy is re-
quired to start the motor and the pump and to start
the water flowing through the pipes, the check
valves, and the pump.
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Components of a Lift
Station

Friction losses result from pipe friction and the
friction losses due to the water flowing through
pipe fittings such as valves, reducers and elbows.
The greater the velocity of flow in pipes, the
greater the friction losses.

Suction pipes are often larger in diameter than
discharge pipes to reduce friction losses in the
suction pipe and thus also to reduce CAVITATION
problems.

However, cavitation problems are more likely to be
caused by excessive tip speed of the impeller, air
leaks on the suction side of the pump, and restric-
tions in the suction line.

Friction losses may be calculated from tables in
pump and pipe handbooks by knowing the flow (in
GPM) and the diameter, type, and length of pipe
and also the size and type of valves and fittings.

Design engineers try to minimize friction losses by
careful layout of pipes, selection of pipe size
(diameter) and length, and the number of valves
and fittings.

Consideration must be given to friction losses at
expected flows and suction conditions when deter-
mining desired pump characteristics and selecting a
pump. If the lift station piping and pumps are not
properly designed, problems can develop from
vibrations, cavitation, and insufficient pumping
capacity, thus requiring excessive maintenance.

Wet Wells

The wet well size and shape and the equipment
located in it must be carefully designed in order to
allow proper operation of the pumping equipment
and to allow the operator to maintain the wet well
area.

Wet Well Dimensions
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The wet well size affects many operating conditions
of the lift station; however, many of these are fixed
at the time of design which limits the improvements
an operator can make if problems develop or exist.

The length, width and usable depth will affect the
cycle (on-off) time of the pumps since the wet well
acts as a storage basin. If the capacity of the wet
well is too small, excessive starting and stopping of
the pump motors will occur which will ultimately
result in a premature failure of the motor winding
insulation.

Cycle times should be calculated for minimum,
maximum, and peak flow periods. The ability of a
motor to withstand frequent starting is generally
limited by the motor size and, in the larger
horsepowers, may be limited to as few as five starts
per hour.

If, however, the wet well is too large, solids will
tend to accumulate on the bottom since the wet well
will be acting as a settling tank, similar to what
occurs in a treatment plant sedimentation tank or
clarifier.

If solids accumulate in the tank they could partially
or totally obstruct the pump suction pipes and, over
a period of time, microorganisms decomposing the
organic material will generate hydrogen sulfide
(toxic) and methane (explosive) gas.

Therefore, the design engineer may have to compro-
mise between motor cycle time, minimum and
maximum flows, and the detention time period.
This may require annual, semiannual, or even more
frequent removal of the solids from the wet well
using a vacuum-type cleaning machine.

Another method of cleaning the wet well is the use
of high pressure water from the hydraulic cleaning
jet) machine. WARNING: As the solids are dis-
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turbed they may release hydrogen sulfide and
methane gas.

Also, the introduction of large quantities of solids
in a short period of time into the pump suction
could cause pumps to become partially or fully
plugged and actually damage the pumps.

Flow Distribution

Flow distribution from the influent pipe in the wet
well can create operating problems if the wastewa-
ter flow discharges directly opposite one or more of
the pump suction pipes.

Normally, this flow is aerated so that it contains
large amounts of air.

As the entrained air rises to the surface, it can
accumulate in the suction pipe causing the pump to
become air-bound. Then, when the pump is turned
on, it will not pump the wastewater.

Entrained air frequently contributes to pump cavita-
tion which can rapidly destroy the impeller or wear
rings and other pump components in the liquid end

of the pump.

This situation is usually caused by improper design
and the operator has limited options available for
correction; however, construction of a baffle to
divert the flow may be effective.

Operating Levels

The operating levels in a lift station are determined
by the high and low water levels in the wet well.
The high water level is usually limited to the invert
of the incoming gravity pipe, since it is not desir-
able to allow “backup” into the incoming gravity

pipe.

The lowest water level is usually defined by the
center line of the pump impeller. When using
pumps that are not self-priming, the wet well water
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level should not be drawn down below the center
line of the pump impeller.

Too small a distance between the gravity pipe invert
and the center line of the pump contributes to the
short cycling of the pump motors.

Automatic Lead/Lag alternation of the pumps,
which selects a different pump each time a complete
pump-on/pump-off cycle is completed, is an effec-
tive way to minimize short cycling.

The minimum required wet well level (submer-
gence), in some cases, may be higher than the
center line of the pump impeller depending on the
suction line size and pump capacity.

Even though the minimum water level is above the
center line of the impeller, a condition called
“vortexing” may occur.

This happens when the water is being drawn into
the pump so rapidly that a vortex or whirlpool
forms on the surface of the water.

This turbulence draws excessive amounts of air into
the pump suction along with the wastewater.

Although the vortex is usually visible to the naked
eye and can be observed while the pump is pump-
ing, it can be difficult to detect. The only solution is
to raise the minimum operating level for the pumps,
however, this will then affect the number of times
per hour that the pump motors start.

Aeration systems in the wet well are sometimes
necessary to reduce odors in the wet well if deten-
tion times are excessive or if the wastewater reach-
ing the wet well is septic due to warm temperatures
and long travel times in the sewers. These systems
may be another source of entrained air creating
pump operating problems and/or air accumulation
in the force main.
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Many lift stations built since the 1960’s have
variable speed pumps that adjust pump speed and
pump capacity in an attempt to match the pumping
rate with the flow rate into the wet well.

In many cases, however, the wet well in these types
of installations may not be of adequate size, since
there are a number of factors in the pumping
system that determine whether or not the pump’s
speed will actually be able to match the incoming
flow.

If the variable-speed pumping system works as
intended, it does provide an almost constant flow to
the treatment plant which results in an easier
operation of the plant.

On the other hand, if pumps located near a treat-
ment plant come on and off according to levels in a
wet well, the treatment plant receives surges of
wastewater that are difficult to handle.

Wet Well Access

Larger lift stations which require frequent access by
the operator to perform routine maintenance should
have stairs constructed in them.

Stairs should be built of a corrosion resistant
material such as fiberglass or aluminum, since steel
will deteriorate in the corrosive atmosphere of the
wet well.

Similarly, doors or access hatches should be made
of a noncorrosive material.

Environmental conditions can also create problems
for wet well access, particularly below-freezing
weather in the northern climates.

Frost and ice buildup tend to accelerate rusting of
metal doors. Ice buildup may actually freeze the
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door shut.

If the wet well contains a bar screen, a method of
material handling must be provided so that screen-
ings can be removed from the wet well. Floats,
bubblers, fixtures, metering flumes or other equip-
ment which require maintenance in the wet well
should be easily accessible.

Wet Well Inlet Channel

The inlet channel of larger stations must be de-
signed to allow proper flow distribution throughout
the wet well and to minimize problems of solids
settling and submergence described in previous
sections.

A split wet well which allows isolation of one half
of the wet well and pump sections is a desirable
feature, particularly in larger stations. Frequently, a
flume-type flow metering device is also located in
the inlet channel to measure the flows being
pumped.

Wet Well Safety

Wet wells are defined as confined spaces by most
agencies. All the safety procedures and equipment
established by your agency should be reviewed
carefully and implemented when working in the wet
well area.

Hydrogen sulfide and other toxic gases, oxygen
deficiency, and explosive atmospheres are all
conditions which can exist in the wet well. In
addition, slippery ladders or stairs caused by the
buildup of slime and the continual presence of
moisture can create slipping and falling hazards.

If the wet well has standard manhole steps for
access, they should not be depended on to be struc-
turally sound.

After a period of time, corrosion will cause the steps
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to fail and this could be fatal to the operator.

Wet Well Hardware

All hardware in the wet well used for fastening
piping, platforms, or stairs should use stainless steel
anchor bolts or other noncorroding material.

Aluminum ladders and platforms are popular
because of their corrosion resistance features.

However, aluminum must not come in direct
physical contact with concrete since this will result
in corrosion of the aluminum. Handrail supports,
for example, set into concrete without any protec-
tive coating will eventually corrode at the interface
where the aluminum enters the concrete, resulting
in a failure of the handrail when an operator or
visitor leans against it.

Wet Well Electrical Systems

The wet well atmosphere can contain explosive or
flammable gases and is classified as a Class 1,
Division 1 area (National Electrical Code). Any
electrical systems must either be explosion-proof or
be rated as intrinsically (by its very nature) safe.
Equipment installed in the wet well should be kept
to a minimum since maintenance can be very
difficult. Changing a light bulb in an explosion-
proof fixture may be impossible for example,
because of corrosion of the machined surfaces and
threads in the fixture. Replacement of the entire
fixture would then be necessary.

Standard galvanized conduit and fittings will
corrode rapidly in the wet well atmosphere, and
therefore, aluminum conduit and fittings or PVC-
coated conduit should be used.

Fixtures and alarm floats should be easily acces-
sible and not require the operator to increase the
possibility of slipping of falling.
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If possible, do not install fans, blowers, or motors in
the wet well because of the corrosive conditions.

Bar Racks

Installation of bar racks or screening devices in the
wet well used to be a common practice, especially
on the older combined wastewater and storm water
collection systems due to the debris entering the
system from the surface runoff drains containing
leaves, sticks, cans, and trash.

In collection systems for only domestic and indus-
trial wastewater, bar racks or screens have been
eliminated by some agencies at the lift station
because most pumping units are equipped with open
IMPELLERS or closed two-port impellers sized to
pass solids up to the size of a 2.5-inch diameter
sphere.

This is the largest size sphere which may pass
through most home lavatory and disposal systems.

Bar racks are installed to prevent any large debris
from entering and plugging or damaging a pump.
In areas where vandals remove manhole covers and
throw junk into sewers, bar racks may be helpfui.
When bar racks are used, they should be cleaned
frequently so there is no substantial restriction of
wastewater flow to the pumps.

The cleaning of bar racks is accomplished with
forks, screen baskets, or any type of tool capable of
picking up the debris and removing it from the bar
racks.

A limitation of bar racks is the fact that screenings
cause odors and attract flies.

Screenings are usually removed from the station in
buckets and transported to a disposal site. Agencies
that have removed bar screens from lift stations
which pump sanitary wastewater have found the
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Dry Wells

pump impellers occasionally become plugged with
rags (two to three times a year).

However, this problem is preferred to the necessity
of visiting a station one or two times a day to clean
a screen and struggle with hauling the screenings to
a disposal site. Many pumps are designed to
“chew” the rags into a size small enough to be
pumped.

In larger lift stations, some agencies are installing
COMMINUTORS and barminuters to shred rags
and debris ahead of wet wells and pumps. A
bypass channel with a rack is needed for use when
the comminutor is being repaired.

A dry well is that portion of the lift station which is
isolated from the wastewater and used to house the
necessary equipment for the lift station to function.

The structure commonly has two or more floor
levels

The lower floor usually contains the pumping units,
isolation valves, discharge manifold (pipes), and a
sump pump to remove excess water such as seal
water leakage and clean up water.

Electrical control boards, motors, ventilation
equipment, necessary station controllers and auxil-
iary equipment are housed on the upper floor.

This provides protection to station equipment in
case of a broken valve or fitting or a leak that
would permit wastewater to flow from the wet well
or force main into the dry well side of the station.

Flooding of the lower level could occur, but the
electrical systems, motors and expensive control
equipment would be protected from water damage
and would allow the station to be put back into
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service very quickly.

Electrical System

With the exception of very small lift stations such as
grinder pump stations that serve one or two residen-
tial services, electrical power is three-phase utility
power.

Single-phase systems are limited to about five
horsepower since beyond that, wire, controller
equipment and other components increase dramati-
cally in size to carry the amount of current required
for a single-phase system.

Three-phase electrical systems are able to operate
higher horsepower loads because the current is
distributed over the three phases and three indi-
vidual sets of conductors.

A block diagram of a typical lift station electrical
system is shown in the next figure.

Power Transformers

Power is supplied by the utility company through
one or more pole-mounted transformers or a pad-
mounted transformer.

The power company usually supplies a high volt-
age; for example, 13,800 volts (13.8 KV). The
transformer(s) steps this voltage down to 3-phase
208, 220, 240, 440, 460, or 480 volt systems at a
frequency of 60 cycles per second (60 Hz). In
larger pump stations the operating voltage for the
motors may be higher than 480 volts; however, this
is not common except in extremely large pump
stations.

For purposes of discussion, let us assume that in this
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particular pump station the utility company trans-
former steps the voltage down to 480 volts, 3-phase.

Metering
Power is fed into the power company metering
which is usually a watt/hour meter.

A demand meter which measures the peak electrical
demand required by the pump station, usually on a
monthly basis, may also be installed.

Peak demand in a multiple-pump station usually
occurs when all pumps are operating at peak flow
conditions.

In some cases, the power company may impose a
penalty on the user for high demand conditions.

Coordinating pump operation to reduce maximum
electrical demand is one area an agency can exam-
ine to reduce electrical operating costs.

Main Disconnect

The main disconnect switch may be fused, a circuit
breaker, or simply a disconnect switch to allow
isolation of the entire electrical system within the
pump station. In newer stations, this section also
may contain a Ground Fault Interrupter (GFI)
circuit.

Transfer Switch

If the pump station is supplied with either a perma-
nently installed emergency generator or provisions
for a portable unit, a transfer switch is used which
may either be manually operated or automatically
operated when the utility power source is lost.
Pump stations with an automatic transfer switch
will also have an automatic control system to start
up and operate the emergency engine-generator set.

Pump stations may also have provisions for con-
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necting a portable standby power system which,
again, is an engine driven generator that can be
towed to the site and plugged

Motor Control Center (MCC)

The motor control center, or main panel as it'is
sometimes called, houses the controls for all motors
and electrical equipment operated within the sta-
tion. These controls include a starter, fuses, heater
strips and all the coils and relays necessary for any
particular pump or motor to operate.

The motor control center is fed 480V, three-phase
power and contains branch circuit breakers, starter
devices, three phase overload relays, and a low
voltage control circuit for starter coil operation and
indicating lights.

Each three-phase motor will have these control
components in the circuit.

For small, constant-speed pump motors, power is
supplied to the motor via the starter contacts. This
is referred to as across-the-line starting (ACL).

In larger motors it is common practice to use an
additional control section to reduce starting cur-
rents, since across-the-line starting will require
motor starting currents of six to eight times the
normal running currents.

Frequent starts for a motor are not good because
high starting currents generate heat in the windings
which cannot be dissipated. If the winding tem-
perature is exceeded, the insulation will break
down and cause a short within the motor windings.

Other types of starting methods are also used.

In some motors, different sets of built-in windings
are connected during the start phase and the run
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phase; this is known as reduced voltage starting. In
the autotransformer starting system, different values
of transformer-type windings are switched to limit
the amount of current during the start phase. An-
other alternative is to use two-speed motors.

These may be used if the speed is selected to corre-
spond to the incoming flow of the wet well. All of
these methods require some sort of additional starter
contacts and control arrangements for each motor
utilizing them.

Variable-speed motors are often used in an attempt
to match the pumping rate to the incoming wet well
flow. Types of variable-speed systems typically
used are:

¢ Variable frequency (VFD), and

¢ Wound-rotor motor using variable resis-
tances in the secondary winding of the motor to
change the operating speed of the motor. This is
accomplished by:

¢ Metal resistors where different values of
metal resistors are switched by a controller,

¢ Liquid rheostat which varies the resistance
in the secondary by varying the level of a
conducting liquid on electrodes, and

¢ Solid state devices which vary the resistance
in the secondary using silicon-controlled rectifi-
ers (SCR).

110-Volt/220-Volt Loads

In addition to the 3 @ power levels, there are also
single-phase, 110-volt/220-volt loads in most
stations.

An additional transformer is required to convert the
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480 volt, 3-phase to 110/220 volt, 1-phase. Typi-
cally, 120volt loads would be used for lighting
systems, sump pumps, ventilation blowers, and
convenience receptacles.

Supervisory Controls

The supervisory control panel, which controls the
operation of the pump motors, is usually powered
with single phase, 120-volt current.

An additional step-down transformer may be used
to reduce control voltage to 24 volt AC or 24 volt
DC (24 VAC, 24 VDC).

There are several different methods of measuring
the liquid level in the wet well. The supervisory
control system uses this signal to turn the pump
motors on and off. The two most popular methods
are the air-operated bubbler system and the electri-
cally operated float system. Recently, electroniz
transducers have also been developed which con-
vert wet elevation to an electronic signal.

Motors

Motors can have different voltages, horsepowers
ampere readings. Also, they will be rated at 60
cycles and single-phase or three-phase. Voltage
ratings depend on the local power source and may
be 208, 220, 440, 460, 480 volts or higher for very
large stations, 60 cycles, and three-phase. Occa-
sionally in a very small lift station a single-phase
motor is used.

Submersible pump motors are an integral part of
the pump and are encased in the pumping unit.

When a seal fails on a submersible pump, the
wastewater penetrates the motor compartment and
burns or shorts out the motor.

If a maintenance operator resets the unit and it
operates properly for a short period of time with no
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Motors

overload, the operator can assume that a seal failure
was not the reason for the shutoff, but that the pump
had overloaded the motor.

Determine the load on the motor and check for
proper voltage.

Also look for plugged lines and be sure wet well
and pump are clear of rags, mud and debris that
could cause a temporary overload.

By far the most common motor used in lift stations
is the squirrel cage induction motor (SCIM). The
next figure illustrates a typical horizontal squirrel
cage induction motor and the various motor compo-
nents. The term squirrel cage originated from
earlier induction motors in which the rotor (rotating
part) looked like a squirrel cage.

Three-phase power from the Motor Control Center
(MCQ) is applied to the stator winding which
generates a rotating magnetic field.

The rotor assembly, because of the way it is con-
structed, behaves like a transformer. '

Voltage is induced into the rotor which causes
current flow and generates a second magnetic field
in the rotor circuit. There are NO electrical connec-
tions between the stator windings and the rotor.

It is the interaction of the two magnetic fields that
causes the rotor to turn and to develop torque.

Some variable-speed systems in lift stations use a
variation of the squirrel cage induction motor called
the wound rotor induction motor (WRIM).

In this case, the rotor circuit is connected externally
through the use of slip rings and brushes which
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allows the external connection of various values of
resistance. This causes the rotor to change speed
ranging from zero RPM when the rotor circuit is
“open circuited” to full RPM when the rotor circuit
is “short circuited.”

Depending on space requirements in the station,
motors and pumps may be mounted horizontally or
vertically. The mounting configuration is unique
for each design.

Motors are selected based on a number of factors as
listed below:

¢ Design - NEMA A, B,C,ORD
¢ Horsepower

¢ Synchronous Speed-3600, 1800, 1200, RPM
¢ Frame Size

¢ Voltage

¢ Frequency

¢ Phases

¢ Enclosure

¢ Service Factor

¢ Ambient Temperature

¢ Environmental Condition

¢ Special Electrical Features

¢ Special Mechanical Features
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¢ Mounting
¢ Type Bearings Required
¢ Duty-Continuous, 1 Hour, Etc.

These features are discussed in more detail below.
Because the use of induction motors dates back to
the early 1900’s, and because they are in such
widespread use, they are very well standardized.
Electrical equipment standards including motors
are specified by organizations such as the National
Electrical Equipment Manufacturers Association
(NEMA) and the Edison Electric Institute. There-
fore, many of the things which apply to a motor of
one manufacturer, such as dimensional information,
will be identical to that of any other manufacturer.
If, for example, you were to replace a motor that
was constructed with a 445 T frame, this machine
would be dimensionally the same as a 445 T frame
from a different manufacturer.

Power Supply Voltage

Motor nameplate voltages will be less than the
utility power system voltage because of the follow-
ing established recommended standard for 60 Hz
power systems:

Nominal Power System Volts Motor Nameplate Volts

208 200
240 230
480 460
600 575

Motors rated 200 horsepower and below will
operate at rated load with a voltage variation of +
or -10 percent of nameplate value. If frequency
varies as well, the sum of the voltage and frequency
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variation should not exceed +10 percent. In any
case, frequency should not vary more than +5
percent.

Motor Type

Although there are four designs specified (A, B, C,
D), the NEMA design B is most common in waste-
water lift stations and is characterized by normal
starting torque, low starting current, and low slip.

In the case of variable-voltage and variable-speed
drives, high-slip NEMA design D motors are
generally used and their full load speed is 8 to 15
percent lower than the synchronous speed.

Enclosure

The motor enclosure used depends on the ambient
or environmental conditions where the motor is
installed and are of 2 general classifications:

¢ Open and Totally Enclosed

An open machine has ventilating openings to permit
passage of external air over and around the wind-
ings of the motor. A totally enclosed machine is
constructed to prevent the free exchange of air
between the inside and outside of the motor frame,
but is not airtight.

The two general categories of enclosures are broken
down further as described in the following para-
graphs.

¢ Open Drip Proof (ODP) - The ventilating
openings are constructed so that drops of liquid
or solid material falling on the motor at an angle
of not greater than 15 degrees from the vertical
cannot enter the motor directly or by striking
and running along the motor frame surfaces.

¢ Open Drip Proof-Fully Guarded - An open
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motor having all air openings that allow direct
access to electrically live or rotating parts, has
either limited size openings or has screens to
prevent the accidental contact of parts.

¢ Totally Enclosed Ventilated - An enclosed
motor which is not equipped for cooling by
external means.

¢ Totally Enclosed Fan Cooled (TEFC) - An
enclosed motor equipped with an integral fan.

¢ Explosion Proof - An enclosed motor whose
enclosure is designed and constructed to with-
stand an explosion of a gas or vapor if it occurs
within the motor and prevent the ignition of the
gas or vapor surrounding the motor (hazardous
atmospheres are classified by the National
Electrical Code).

Motor Windings and Insulation

In certain environments such as very damp or warm
weather climates, additional insulation treatment is
desirable to improve the ability of the motor insula-
tion to resist moisture.

Standard motor insulation will have one or more
coats of varnish applied during construction.

Additional coats will improve the resistance to
moisture. In certain cases, a special insulation
system called non-hygroscopic insulation is avail-
able; it is made of materials that will not absorb or
retain moisture.

Motors can also be selected for hot, humid environ-
ments by specifying tropical insulation treatment,
including:

Use of a higher class of insulation for higher
ambient operating temperatures,
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Special insulating materials such as varnish to
prevent fungus growth, and

Screens over all air openings on open, drip-proof
motors to prevent the entrance of rodents and
snakes.

Altitude

Motors depend on the ambient air to remove heat
and this heat transfer is a function of air density.
Altitude can decrease the effectiveness of this
process.

Accepted guidelines state that air density has little
effect on cooling between sea level and 3300 feet.
As a rule of thumb, motor operating temperature
will increase one percent for each 330 feet increase
in altitude over 3300 feet.

Motor Mounting

There are three types of standardized machine
mounting configurations for motors. These allow
you to attach pumps or other equipment to the
motor.

¢ Type C face end shield. Provides a male
rabbet and tapped holes for mounting bolts
(sump pumps).

¢ Type D flange. Has a male rabbet, but with
hole through bolts in the flange.

¢ The Type P base. Has a female rabbet and
through bolts for mounting in the flange and is
used to mount motors in a vertical position.

NEMA Code Letters for Locked Rotor
Kilovolt-Ampere

Motor Codes are particularly important when
considering the sizing of pump station standby
power since it directly relates to the generator’s
ability to start the motor.
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The motor code represents the locked rotor kilo-
volt-ampere (KVA) per horsepower of the motor
and is calculated by: KVA/HP = 1.73 x 1 x E/1000
x HP

The table lists the letter designation and the KVA
per horsepower required:

Letter Designation KVA Per Horsepower
A 0.00-3.15
3.15-3.55
3.55-4.00
4.00-4.50
4.50-5.00
5.00-5.60
5.60-6.30
6.30-7.10
7.10-8.00
8.00-9.00

Typically, lift station motors are Code G or Code H
motors.

XCITomMmmoOOw

Internally Thermally Protected Motors
Many agencies require motors to be supplied with
internal thermal protection which constantly moni-
tors the winding temperature of the motor.

If the temperature is exceeded, a switch, which is
connected to the control circuit in the motor control
center, opens and stops the motor. (These standard
connections are labeled P1 and P2 in the motor
conduit box.)

The circuit can be wired so that when the motor
winding cools down and the thermostatic switch
resets, the motor restarts; however, it is preferable
to lock the motor out through the control circuit to
prevent the motor from restarting until the problem
is investigated.

Unless the motor is specially designed, the motor
ambient operating temperature should not exceed
40°C (1 04°F).
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Service Factor

Service factors greater than 1.0 allow an added
margin of safety to account for higher voltage or
frequency variations. A 1.0 or 1.15 service factor is
usually found on lift station motors.

The service factor should not be used for continuous
motor overloading which exceeds the nameplate
horsepower.

.
O INDUCTION MOTOR O
456 DUAL SPEED 123
OPEN o ¢ o e« < e
123 456
LINES ¢ 1t t
LOW SPEED HIGH SPEED
SER NO TYPE MOD
HP FRAME _ SF
[AMPS VOLTS INS
[RPM HERTZ EFF
DUTY °C DES
'SE BRG EO BRG OPI
o3 kVA CODE
ROTATION FACING DRIVE END WITH PHASE SEQUENCE A-B-C
O CCW A-T B-T2 C-T » CW A-T B-T2 C-T O

Shown above is a typical motor name plate for a
dual speed AC induction motor. The name plate
indicates the motor has 6 leads and in the low speed
connection, 3-phase power is connected to lines 1,
2,and 3. Lines 4, 5, and 6 are not connected. The
high speed connection requires the lines to be
connected to 4, 5, and 6, and leads 1, 2, and 3 are
connected together. In addition, the name plate
indicates serial number, type and model, the horse-
power rating, full load amps, operating RPM, duty
shaft and bearing number, motor frame size, operat-
ing voltage and frequency, ambient operating
temperature, opposite end bearing number, KVA
code, service factor, insulation rating, efficiency in
percent, name and design, and operating instruction
numbers. The last piece of information this name
plate provides is the phase sequence which deter-
mines rotation in conjunction with the phase se-
quence of the utility supplied power.
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Controls

Controls to start, stop or change pumping rates in a
lift station are used to tell the pumps when to
operate based on the level of the wastewater to be
pumped from the wet well.

Primary controls such as floats, bubblers or pres-
sure sensitive devices measure the level of water in
a wet well.

Secondary controls convert the measurement from
the primary controls into a signal for a pump to
start, stop, or change speed.

These secondary controls convert a sensing signal
into a mechanical or electrical signal which, in turn,
actuates low voltage motor relays to start or stop
motors or milliamp signals to change ranges on
variable-speed equipment.

Float Controllers

Float controllers are one of the oldest methods used
to start and to stop pumps or to indicate the level of
water surface in the wet well. The float may be a
four- to eight-inch diameter ball manufactured from
copper or stainless steel, or it may be a flat plate of
six to twelve inches in diameter and several inches
thick manufactured from copper, stainless steel, or
a ceramic material, or it may be a cylinder of six to
ten inches in diameter and six to ten inches in depth
and made of glass, stainless steel, or a ceramic
material. In some instances old brown jugs were
used for floats. The jugs were partially filled with
sand or lead shot to provide stability and to coun-
teract the float buoyancy.

All of these devices float on the water surface.
When the wet well fills and the water surface rises,
the float rises; and as the wet well is pumped down,
the float drops with the water surface.

The float must be physically attached by steel rods,
steel tapes, cables, or ropes to transmit the rise and
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fall of the float to a recording or signaling device.

Rod-attached floats

Ball floats are usually attached to 1/4 or 3/8-inch
steel rods. The rod is attached to the top of the ball
float and extends up to or through the cover of the
wet well and passes through the eye of an actuator
arm that is connected to a micro switch. The float
rod is equipped with brass stops on both sides of the
micro switch arm. When the wet well fills, the
bottom stop on the float rod pushes the micro
switch arm up and starts the pump. When the wet
well is pumped down, the float drops and the rod
travels downward. When the top stop on the float
rod pushes the micro switch arm down, it turns the
pump off. The wet well rise and fall levels are
selected or changed by moving the rod’s stops to
new positions on the float rod.

Lowering the bottom stop on the float rod permits a
higher wet well water level by starting the pump
later. Raising the bottom stop will lower the wet
well level at which pumping is started. Once the
top stop on the float rod is positioned, it should not
be changed because it is set to turn the pump off
before it loses suction. If a pump loses its suction
and is allowed to operate, the pump could be seri-
ously damaged.

The most common application of ball-type float
controllers is on sump pump.

Steel tape, cable, or rope-attached to floats
This type of float is a little more complicated than
the attached float. Generally this type of float
requires a stilling well for the float to prevent
excessive movement of the float. Too much move-
ment of the float will produce incorrect readings. A
stilling well is usually a section of pipe ten to
twelve inches in diameter which extends several
feet above and below the normal wet well operating
water level. Usually the stilling well stands verti-
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cally in a corner or against a wall of the wet well.
The stilling well is open at the bottom or is pro-
vided with a smaller inlet pipe of 2.5 to 4 inches in
diameter near the bottom to permit water in the
stilling well to follow the rise or fall of the water in
the wet well. ’

The float is housed inside the stilling well and is
provided one to two inches of free clearance to
permit the float to travel up and down the stilling
well.

At the top of the float is attached the steel tape,
cable, or rope that goes up the stilling well, through
the cover of the wet well, and is wound onto a
small drum which is counter balanced to maintain
tension on the float.

When the water in the wet well rises, the float rises
and the drum rotates, thus winding in the float tape,
cable or rope.

This rotation takes in slack in the line attached to
the float and keeps the line taut.

When the wet well is pumped down, the float
lowers and the drum reverses direction, thus un-
winding the line attached to the float. When the
wet well water level rises, the float rises and the
float line is wound onto the drum or sheave.

This permits the counter balance to drop and rotate
the drum holding the cams and mercury switch.

When the drum rotates sufficiently to drop the
mercury switch from contact with the cam, this
allows the mercury to run down to the contact end.

When this occurs, the switch closes, the pump
motor starter is energized, and the pump starts.
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When the wet well water level drops, the float
drops, reverses drum rotation and unwinds the line
attached to the float.

If the float drops far enough, the cam on the drum
will raise the mercury switch, tilt the switch so the
mercury leaves the contact end, opens the circuit
and shuts off the pump.

These types of float controllers, described above,
are no longer installed in new pump stations. In
many cases, they have been replaced with other
types of controllers due to the maintenance required
for the electromechanical components.

The more current system of float control utilizes
metal or plastic floats that are sealed with a mercury
switch inside. Mercury is a conducting metal that is
liquid in its normal state. It has very good conduct-
ing characteristics and is used to close contacts,
depending on position in the float switch.

The float switch itself is permanently mounted
inside the float at a slight offset angle so that in the
vertical position, mercury makes contact between
two of the switch contacts.

As the float tips, however, mercury flows to the
other side of the bulb and makes electrical contact
between the other switch contacts.

The following figure illustrates this type of float.
The float enclosure is constructed of polypropylene
or stainless steel.

Enclosed inside the float is a mercury switch with
three contacts. Depending on the position of the
float, will determine which contacts the mercury
touches.
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To controls
3 wire
electrica—
cable
Switch
leads

Mercury switch with
3 contacts

Switch contacts

( )«—— Rope Attachment

Float Position T1-T2 Contact T2-T3 Contact
i Closed Open |
Horizontal Open Closed

Typical Float Switch For Pump Control RWA

For example, in the illustration shown, with the
float in the normal vertical position, the mercury is
making contact between the switches connected to
T1 and T2. Mercury, which is a conductor of
electricity, provides the closure between the two
contacts connected to T1 and T2. Each of the
contacts are connected by switch leads which in
turn are encased in a three wire electrical cable
leading up to the pump station control system. As
the water level rises, the float will tip causing the
mercury to flow to the other side of the switch and
making contact between T2 and T3.

Generally, each pump in the pump station will have
a start float and stop float. In addition, there is
usually a third float used to signal a high wetwell
condition and in some cases, there may a float to
indicate low level cutoff or low level condition in
the wetwell. When used for alarms, it is convenient
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for operators to attach a rope and eye bolt to the
bottom of the float and run that to the top of the
wetwell, as shown in the figure . This allows
testing of the float from the top of the wetwell
without physically removing the float and tipping it
above ground. Normally these floats are weighted
internally to provide some sort of stabilization.
Floats can be easily adjusted for different elevations
in the wetwell simply by raising or lowering the
float via the cable, tying off the cable at the top.
However, this type float is susceptible to grease and
rags as well as becoming entangled with other floats
and cables. They can also be purchased with pipe
mounted attachments which reduces the possibility
of cable fouling, however, adjustment of the float
elevation becomes more difficult.

The next figure is a typical float arrangement for a
duplex pump station with high level alarm float and
low level cutoff float. As the wetwell rises, float
switch FS-1, the low level cutoff float, tips and
enables the control circuit. As the level continues to
rise, float switch FS-2, the lead pump off float, also
tips, however, no control action takes place. As the
level continues to rise, float switch FS-3, lead pump
on float, turns on the lead pump. Under normal
circumstances, the wetwell level is then pumped
down until float switch FS-2, the lead pump off
float, returns to the vertical position. At this point,
the lead pump turns off.

The purpose of the low level cutoff float is to ensure
that the waster level in the wetwell remains above
the center line of the pump volute. If, for example,
the system were being operated in manual control
and the operator forgot to turn the pump off, the low
level cutoff float switch would do so prior to pump-
ing the wetwell down below the center line on the
pump volute.

The low level cutoff float also provides additional
protection in the event that the lead or lag pump off
float switches fail.
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Wet Wet
Well Well
Level Level
Rising Falling

High Level Alarm

Lag Pump On

Lag Pump Off

Lead Pump On

Lead Pump Off

Low Level Cutoff

Typical Float Arrangement For Duplex Pump Station With High Level Alarm
and Low Level Cutoff
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In the event that this lead pump was unable to pump
down the wetwell and the level continued to rise,
float switch FS-4 would move to the horizontal
position, this float switch is the lag pump off float
switch and would not cause any control action.
However, as the wetwell continued to rise, float
switch FS-5, the lag pump on float switch, would
move to the horizontal and energize the lag pump
on. Now as the wetwell is pumped down and the
wetwell is falling, float switch FS-4 would turn the
lag pump off when the wetwell allowed it return it
to the vertical position. In the event that two pumps
were unable to pump down the wetwell, float switch
FS-6, the high level alarm float switch, would
activate when the level in the wetwell moved the
float switch to the horizontal position.

Limitations of float control systems can include the
following:

¢ Grease and debris enter the stilling well and
hinder or stop the up-and-down movement of
the float.

¢ Debris can be removed from the top of the
stilling well.

¢ Grease can be controlled by running clear
water (hot water is better than cold water) into
the stilling well at a rate of 1 to 2 gallons per
minute to keep the float and stilling well clear of
grease and solids.

¢ Be sure that this flow of water does not
produce false readings of the wet well level
unless the openings to the wet well become

plugged.

¢ Float attachment line or counterbalance line
breaks and unwinds from drum sheave, thus
allowing counterbalance to fall and all or none
of the pumps could be called on to operate
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¢ Floats develop leaks which change or stop
pump operation.

¢ Cables or ribbons attached to float can
become twisted.

Electrode Controllers

Use of this method of control requires that elec-
trodes be installed and maintained in compliance
with safety regulations.

Be sure that power to the electrodes is turned off
and properly tagged before performing any mainte-
nance on the equipment.

Operators should be cautioned not to touch elec-
trodes with bar screen rakes and other tools. Elec-
trodes hanging in the wet well are at staggered
elevations, usually six to eight inches apart.

As the wet well water level rises and submerges an
electrode, the water surrounding the electrode
completes the control circuit and starts the pump.

When the wet well level is pumped down and the
electrode exposed to air, it opens the electrical
circuit and shuts off the pump.

One electrode controls a single pump, and each
pump usually has its own electrode.

A high wet well elevation electrode is used to
indicate flooding of the wet well and activates an
alarm to signal a high water level or flooding.

Limitations of electrode controllers include the
following:

¢ Rags and debris can wrap around electrodes
and alter desired start and stop water levels and
sequences of pumps.

3-48



Lift Stations

¢ Grease and/or slime can cover an electrode,
thus preventing good conductivity and causing
intermittent or unreliable operation.

Enclosed-Electrode Controllers (Seal trode
units)

These controllers are a refinement of the old free
floating electrodes. They work in the same manner
except they are enclosed in a two to three-inch
diameter pipe with a bulb type container on the
bottom end containing an electrolyte solution.

Electrodes (one for each pump and a high level
alarm) are set at different elevations in the pipe
housing.

The bulb at the end of the pipe holds from three to
eight quarts of electrolyte solution.

This volume is sufficient so that water pressure on
the outside of the bulb will force the electrolyte
solution up the tube to an electrode that completes
the circuit and turns on the pump.

As the water level in the wet well rises, it com-
presses the bulb and forces the electrolyte up the
pipe to the electrode.

When the wet well level is high enough to develop
the pressure required to force the electrolyte solu-
tion up the tube to the electrode, the circuit is
completed and the pump is started.

When the water level in the wet well drops, the
electrolyte solution also falls and opens the circuit.

The electrodes in this system are spaced much
closer in elevation (1.5 to 2.0 inches) because the
change in water pressure on the bulb is small com-
pared to changes in the water depth wet well.
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Limitations of enclosed electrodes include the
following:

¢ When bulb breaks, electrolyte solution is
lost

¢ Shorts occur in electrode wiring
¢ Bulb life is three to five years

Pressure-Sensing Controllers (Air
Bubblers)

Air sensing (pneumatic) controllers are being used
in many new lift stations being constructed today.

They are adaptable to several different control
systems and may be used in either simple dia-
phragm and mercury switches for control inputs, in
complex fluidics (air) systems using orifices and
chambers to control outputs, or in analog equip-
ment with differential transmitter square root
extraction (a method of measuring pressure) and
averaging relays that convert signals from pneu-
matic to electronic (4 to 20 milliamp) outputs for
use by controllers and integrators.

Bubblers provide constant, low-volume, low-
pressure air through a vertically mounted pipe in
the wet well. The bubbler system is aptly named
since, when working properly, bubbles can be
observed at the surface of the wet well.

The principle of the bubbler system is actually
fairly simple. If you have ever blown air through a
straw into a glass of water, you know that it re-
quires a certain amount of air pressure to displace
the water in the straw and to force air out the
bottom of the straw. The amount of force required
is determined by the depth of the liquid over the
end of the straw.
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For example, if the depth of the water is 2.3 feet, it
will require a pressure of 1 PSI (pounds per square
inch) to push the air through the straw and out the
bottom. (We know this since 1 PSI is equal to a
column of water 2.3 feet high.)

Since the air pressure in the straw is directly related
to the level of water over the end of the straw, it
stands to reason that by measuring the air pressure
we can determine the actual water level or depth.

The next figure illustrates a pneumatic bubbler
system which because of its redundancy is ex-
tremely reliable. Described below are the indi-
vidual components of this system.

Two-1/6 or 1/12 horsepower air compressors are
mounted on a small-ten gallon air receiver tank
which acts as an air reservoir. The tank is desirable
since it allows the compressors to shut off instead of
running continuously. Additionally, in the event of
a failure of both compressors, the system would
continue to operate because of the reservoir for
some period of time (depending on the pressure in
the tank) Note: Tank condensate must be bled off
from the tank drain periodically.

Pressure in the discharge side of the tank is sensed
by two pressure switches which turn the compressor
on and off in a lead/lag sequence.

If the lead compressor fails, the lag compressor
comes on when pressure in the system drops to a .
lower preset value at the lag pressure switch.

A two-inch 0-to-100 PSI gage is mounted in the line
so that high pressure air can be monitored.

A desiccant-type air dryer (one that uses silica gel
as the dehumidifying agent and that can be regener-
ated) is located in the line to remove moisture and
prevent condensation farther downstream in the

3-51



Wastewater Collection Systems

instrumentation or in the bubbler line.

A shutoff valve permits isolation of the high pres-
sure air side from the low pressure air side for
maintenance purposes and is in the normally open
position during operation.

A pressure-reducing valve and a two-inch gage
reduce the high pressure from 40 to 80 pounds
(PSI) to generally less than 5 PSI (remember that
the pressure will be determined by the depth of
water in the wet well). Usually this is established
by the highest level that can be reached under high
wet well conditions. The two-inch gage monitors
the downstream or low pressure side of the pres-
sure-reducing valve.

An air flow regulator maintains a constant low
volume flow of air into the system; typically, one-
half to one cubic foot per hour.

A zero-to-five PSI pressure transducer senses the
pressure in the line and converts the pressure to an
electrical signal which is then sent to the motor
control center and sequences pumps, alarms, and
other supervisory control functions.

A low pressure switch is also installed at this point
so that a loss of pressure can be sensed and
alarmed.

A six-inch 0 to 160-inch gage, which is mounted
on the supervisory control panel door, reflects
actual level in inches in the wet well.

The last bleed-off valve shown in the system is in
the normally closed position and is used for bleed-
ing off condensation .

This particular system incorporates a manual
purging panel which allows high pressure blow
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down of the bubbler pipe in the wet well to clear
grease or other accumulated debris from the system.

The advantage of a manual system versus an auto-
matic purging system (which uses solenoid valves)
is positive isolation of the low pressure instruments,
specifically the pressure transducer, low pressure
switch, and gages. Permanent damage to these
instruments will occur if they become over-pressur-
ized as might happen with automatic solenoid
valves if high pressure air leaks past the seat.

The manual purging panel has quick disconnect
pneumatic fittings on the front of the supervisory
control. The operator physically removes the
bubbler system low pressure side and connects it to
the high pressure side.

Bubbler System Maintenance
System maintenance consists of the following tasks:

¢ Draining condensation from air receiver
weekly or monthly,

¢ Changing dryer desiccant,
¢ Weekly purging,

¢ Weekly checks of pump/alarm sequencing,
and

¢ Semiannual checks of bubbler pipe in wet
well for corrosion or looseness.

Many pump stations have been flooded when high
wet well levels caused flo<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>