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OVERVIEW

Proper management of wastewater is one of the most impor-
tant factors for ensuring the general health of a community
and its surface water quality. Much has been written about
the early sewer systems, such as the underground drains
installed in ancient Rome, but these early sewer systems
were generally storm drains. In most urban areas, it was
unlawful to discharge sanitary sewage into these drains prior
to the mid-1800s."Thus, the history of sanitary sewers only
covers the period from the mid-1880s to the present.

Major construction of sewer systems in many communi-
ties occurred during the 1930s period of economic depres-
sion as a part of the federal governments Works Progress
Administration (WPA) program. Many smaller communities
obtained their first central sewer system and sewage treat-
ment facilities as a part of this program. This was the first
significant period of sanitary sewer construction in this
country. This period was also noted for the significant
increase in the popularity of indoor plumbing,

World War 11 was a period of both urban and industrial
growth throughout the United States. At the end of the war,
many segments of surface streams were excessively polluted.
Two of the reasons were the substantial increase in the dis-
charge of untreated industrial wastes and the untreated over-
flow from combined sewers. Many older urban areas
installed storm drains prior to the time of widespread adop-
tion of indoor plumbing. When indoor plumbing became
fashionable, the building sewers were connected into the
existing storm drains. These combined sewer systems gener-
ally drained directly to the nearest watercourse without
treatment of the flow. Also, the wastewater collected in many
sanitary sewer systems received little or no treatment prior to
its discharge into surface waters at that time.

The U.S. Public Health Service was the federal agency
responsible for water quality—related matters prior to the
establishment of the Federal Water Quality Administration
in 1968. This agency later became the Environmental Pro-
tection Agency. It should also be noted that at this time fed-
eral agencies had little control over intrastate matters related
to the environment. The U.S. Public Health Service, private
organizations and universities in the United States, Great
Britain, and Europe were conducting research and studies
related to stream water quality and waterborne diseases as
eatly as the last half of the nineteenth century. One of the
most significant contributions to water quality knowledge in
the first half of this century was the work of two U.S. Public
Health Service officers, published in 1925, on the analysis of
the oxygen balance in streams. This classical work of Streeter
and Phelps remains the basis for modeling stream quality
today.

It was only after World War 1I that the individual states
began to establish agencies and enforce regulations control-
ling surface water pollution. The Water Quality Act of 1972
(PL. 92-500) was the first legislation giving the federal gov-
ernment authority to set requirements and enforce standards
on a national basis. This legislation, together with the fed-
eral funding for water quality programs and facilities, has
changed the quality of sewer system design and construction.

A primary limitation to the effectiveness of any water pol-
lution control program prior to the 1970s was the poor qual-
ity of sewage collection systems. Most community sewer
systems were in a state of disrepair because of the lack of
suitable materials for use in construction, poor construction
practices, and poor maintenance. From 1950 to 1970, while
significant progress was made in the construction of sewage
treatment facilities, most sewer systems, pumping stations,



and treatment facilities were still subject to flooding, over-
flow, and bypassing of flow, particularly during wet periods.

Segments of some sewer systems, primarily in older,
larger communities, are still combined sewers, Thus, during
wet periods, overflow and bypassing may occur with these
systems. Federal and state programs are attempting to cor-
rect these conditions, as funds become available.

PL. 92-500 established regulations and timetables for
eliminating pollution on a uniform national basis. To accom-
plish these new goals it became necessary to design proper
reliability into new sewer systems and to rehabilitate existing
sewers. This meant using suitable construction materials and
methods. The engineers of today have suitable materials and
technology to design and construct sewer systems that will
eliminate problems with both infiltration and exfiltration.
New sewers, when designed and constructed to todays’ stan-
dards, should provide reliable service for many years.

The design engineer now has several choices of suitable
pipe material for use in sewer construction that will provide
long service and near 100 percent exclusion of both infiltra-
tion and exfiltration. Proven design procedures are available
to the engineer for sizing and routing of sewers to ensure
that the completed project will properly serve the contribut-
ing area. The design engineer must be thoroughly familiar
with federal, state, and local laws and regulations before pro-
ceeding with a design.

This chapter presents material that, when properly
applied, will result in a reliable and effective sewer system
design.

Glossary of Terms

This glossary includes common terms used in regard to
sewer systems. Many other terms are defined in the text as
they are used.

Sewer: A conduit for conveying wastewater. Sewers
may be designated as sanitary, industrial, or storm
depending on the type of flow being conveyed. Sanitary
Sewers convey sanitary sewage that originates in a com-
munity. All the wastewater flow from a community—the
flow from residential areas, commercial areas, and nor-
mal community industry such as laundries, Testaurants,
and service stations—is designated as domestic waste-
water. Sanitary sewers are generally closed circular con-
duits. They are designed such that the hydraulic
gradient is below the inside crown of the conduit (see
section entitled “Hydraulics of Sewers”).

Sewage (Wastewater): The liquid conveyed by a
sewer. Wastewater is now the more common term.
Sewage may be designated as domestic, industrial, or
storm to indicate the source. Domestic sewage is also
called sanitary sewage or wastewater.

House (building) spur or lateral: The conduit
between the building foundation and the sewer owned
and maintained by the local utility. The uppermost seg-

ments of a sewer system may also be designated as a lat-
eral (where no other public sewer discharges into the
segment). It is common practice for the local utilities to
maintain the building lateral segment between the pub-
lic sewer and the property line.

Submain, Main, and Trunk sewers: These terms are
used subjectively in defining the type of sewer. Trunk
sewers are generally the main conduits receiving the
flow from a large area and would include the flow from
several submain and main sewers.

Interceptor sewers: A conduit that intercepts other
sewers, such as the sewer routed along a stream and
intercepting sewers in the collecting system.

Outfall sewer: The conduit between the treatment
facility and the receiving body of water. Also, the trunk
sewer between the collection sewers and the treatment
facility is often designated as an outfall sewer.

Combined sewers: A combined sewer refers to the
older systems where the initial drainage was storm
drainage. Before the mid-1900s it was not uncommon
for sanitary sewers to be connected to existing storm
sewers. Thus, the sewers conveyed sanitary and storm
wastewater and were designated as combined sewers.
These combined sewers generally discharged directly to
a nearby body of water without treatment. Since all
Wastewater is now treated prior to discharge, combined
sewers are no longer constructed.

Manhole: An opening to a sewer for inspection and
maintenance. Manholes are generally placed at all sewer
intersections, at all changes in alignment and grade of a
sewer system, and at least every 400 feet. The manhole
structure usually consists of a barrel section with a verti-
cal 4-foot diameter, a top cone section reducing the cir-
cular opening to 2 feet, and a cast-iron frame and cover
with a 2-foot opening.

Infiltration and Inflow: Infiltration is ground water
that enters the sewer system. An infiltration problem
results from broken and cracked sewers, from poor pipe
material and poor joints, and from poorly constructed
manholes. Additionally, concrete and clay pipes are
semipervious and thus susceptible to barrel weeping, a
principal source of infiltration in sewer systems employ-
ing these materials. Local design standards generally
limit infiltration to less than 100 gallons per day per
inch-mile (length of sewer line in miles multiplied by
the diameter in inches). However, the engineer now has
several excellent sewer pipe materials available that
should provide a completely waterproof line when prop-
erly installed.

Inflow is surface water that enters the sewer system. The
principal sources of inflow include inundation of man-
holes and unauthorized connections. Unauthorized con-
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nections can include the building of downspouts, area
drains, and other connections of storm sewer to the
sewer system. Ideally, all storm or surface water should
be excluded from sanitary sewers.

Exfiltration: The seepage of sewage from the sewer
system into the surrounding soil. Exfiltration may result
from the same physical conditions as listed previously
for infiltration. Infiltration may occur when the water
table is above the sewer elevation, and exfiltration may
occur when the water table is below it.

Sewerage: Sewage works, including the facilities for
collection and conveyance of sewage.

Pump Station and Forcemain: A mechanical means
of conveying collected sewage, usually over an area that
cannot utilize gravity flow. A pump station normally
consists of a structure to collect and hold the sewage,
pumps to add energy to sewage and lift it over the land
obstruction, controls to work the pumps, and a force-
main or pressure line to use for the conveyance of the
sewage L0 a gravity system or wastewater treatment
works.

Parties invelved in the Planning and
Design of Sewer Systems

The design of any sewer system always involves several par-
ties. Input from all impacted parties should be organized
early in the design. The design engineer must be familiar
with the local, state, and federal laws and regulations as they
apply to the proposed design. The local government and
often a state agency must approve the design and issue a
permit for construction. Also, it is important to determine
whether the downstream segments of the sewer system and
the treatment facilities that receive the flow have adequate
capacity. If not, a treatment plant and disposal of the treated
cffluent must be a part of the planning phase. The general
responsibilities of the principal parties are discussed next.
Sewer system planning and design are normally a part of
the overall project plans. The overall project plans should
show all infrastructure, and the construction contract should
provide for coordination of all utilities to be constructed.

Owner: The owner is the party that initiates the proj-
ect. The owner may be a local government or utility or it
may be a landowner or developer.

Legal Counsel: Legal counsel is generally needed by
the private owner early in the planning stage of a proj-
ect. Legal counsel provides direction to the project with
respect to property rights, zoning requirements, and so
on. In most urban areas, attorneys who specialize in
legal requirements and procedures for land development
can be found.

Engineer: The engineering firm offering services in
sewer design is generally staffed to provide complete

professional services, including both surveying and engi-
neering. Thus, the term engineer as used herein refers to
an organization that offers consulting services capable of
handling the project from the beginning through the
completion of construction and acceptance by the
owner.

Regulatory Agencies: The engineer must be knowl-
edgeable in the laws and regulations related to the
project. It is common for sewerage projects to be under
both state and local regulations. One or both levels of
government may review the plans and specifications and
issue a permit for construction. Generally, these agencies
inspect the completed project before it is placed in oper-
ation. Most regulatory agencies have minimum design
standards that represent good design practice and also
ensure uniformity throughout the sewer system, which
is important to the maintenance staff. It is critical that
the engineer be well informed on all local design stan-
dards and procedures.

Contractor: The contractor is responsible for con-
structing the project in accordance with the plans and
specifications.

DESIGN OF SEWER SYSTEMS
Characteristies of Sewage

Sewage is a water transport means of conveying wastes from
the source. Domestic sewage conveys wastes from dwellings
and the normal business, commercial, and industrial activi-
ties associated with any community, such as restaurants,
laundries, and service stations. Sewage also contains the dis-
solved inert chemicals from the water supply as well as dis-
solved and suspended organic matter from the sources. The
primary source of the material in sewage is the bathroom,
kitchen, and laundry. Sewage also contains very high con-
centrations of bacteria and viruses. Sewage should always be
considered as being a source of enteric pathogens.

Since sewage behaves hydraulically as water, the design
engineer is only concerned with the composition of sewage
when it contains substances that may be damaging to the
scwer system or maintenance personnel. Principal sub-
stances of concern include those that are corrosive, present
potential fire or explosive hazards, emit toxic fumes, or
interfere with downstream wastewater treatment. Normal
domestic sewage does not contain hazardous constituents
other than pathogens. However, poor design or construction
can create hazards. The accumulation of solids can result in
the creation of odors as well as corrosive and toxic gases
from the decomposition of the solids.

Domestic sewage is more than 99.9 percent water and
generally between 0.05 to 0.075 percent dissolved and sus-
pended solids. The level of organic matter in sewage is indi-
cated by varying degrees of strength or weakness. A weak
sewage generally results from high infiltration to the sewer
system. A strong sewage indicates the presence of industrial



wastes. There is little difference in sewage strength that is re-
lated to living standards.

The two most important parameters for defining the
strength of sewage are the biochemical oxygen demand
(BOD) and suspended solids concentration. BOD is a mea-
sure of the amount of organic matter present, expressed in
terms of the oxygen required to biologically oxidize the
material to a stable form. A 5-day period is generally used for
the test. Thus, the five-day BOD is an expression for the
strength of sewage. The use of a broad test of this type is nec-
essary because sewage is a mixture of many organic com-
pounds, making it nearly impossible to conduct a complete
chemical analysis. Furthermore, many of the compounds
present are partly refractory to biological oxidation, making
a chemical analysis meaningless. The BOD test measures the
strength in a manner that most nearly represents treatment
accomplishment and potential impact of the flow on the re-
ceiving body of water.

Suspended solids concentration is also an important
characteristic of domestic sewage. The sewer system must be
designed to transport the solids. Suspended solids also Tep-
resent a load to the treatment plant. Solids not removed in
the treatment process may accumulate on the bottom of the
Teceiving stream and create a pollution problem. The sus-
pended solids in domestic sewage are generally more than
80 percent organic matter. These solids originate from fecal
material, laundry, and kitchen wastes. Sewage will contain
some organic material from laundry and kitchen wastes. In-
organic matter also originates from washing vegetables and
from laundry wastes. Inorganic suspended material is known
as grit or fixed solids,

Table 24.1 presents information on the range of strength-
related parameters for domestic sewage that may be of inter-
est to the sewer design engineer. Textbooks and other
sources present more detailed analyses of sewage that would
be of interest in the design of treatment works.

Quantity of Sewage

All wastewater management facilities should be designed to
serve the needs of the contributing area for some time into the
future. The design engineer for a wastewater treatment facility
may use several methods for determining future design popu-
lations. These methods will always include population projec-
tions for the design period. In sewer design, the engineer

TABLE 24.1 Strength of Sewage in mg/L

CONSTITUENT

Weak NoamaL StRoNG

Total solids* 400 700 1000
Suspended solids 100 200 350
5-day BOD 100 200 400

*Includes the dissolved inorganic material from the water supply

needs to know the area to be sewered and the developed den-
sity. The developed density will depend on the planned or
zoned activity. The area to be served can be established from
available maps or from field surveys. Most areas subject to
being sewered should be included in a comprehensive plan or
have been zoned for a specific land use. The use of this infor-
mation permits the design engineer to establish sewage flow
for an area at complete development. This information can
then be used to establish sewage flow for each segment of the
sewer to be designed. Sewers are normally designed to sewer
the tributary land area at complete development. Specific con-
ditions, such as political boundaries or land use planning,
may also dictate the design area. It is important to design a
sewer with sufficient capacity to serve the area for at least 25
years. Regulations of the local utility may control the area to be
included in the design and the design requirements.

Most states and many local utilities have established min-
imum design standards for sewers. The engineer must be
familiar with the requirements for the area where the sewer
will be installed. Tables 24.2 and 24.3 present data that may
be used in the absence of any local requirement. Table 24.2
presents the requirements of Fairfax County, Virginia. Table
24.3 is taken from the sewage regulations of the Virginia
Department of Health. No separate allowance is needed for
infiltration if the design and construction keep this source of
flow below 100 gpd/in-mile of pipe.

Variation in Sewage Flow

Sewage flow from commercial, business, and industrial
establishments are generated during the operating hours.
Very little flow is generated from many of these sources
between late evening and early morning, as well as on week-
ends and holidays.

Sewage flow from residential areas is associated with
activities in the homes, with peak flows occurring generally
from 7 to 10 AM. and in the evening between 6 and 10 p.
Peak flow hours will vary somewhat for different sections of
the country, as they depend on the living habits of the com-
munity. Figure 24.1 shows a typical daily variation in sewage
flow for a home. The sewage flow from a home will be very
close to the rate of water use. However, sewage flow in a
sewer system will differ from the rate of water use in two dis-
tinct ways. The peaks in sewage flow are less pronounced
because the time of concentration to a measuring point will
be different for different segments of the system. For exam-
ple, flow from a section of the community that is 0.25 miles
away will reach the measuring point after the flow from 0.10
miles away has passed. The peak sewage flow at a treatment
plant will occur some time after the peak demand on the
water supply because of the flow time in the sewer. The
water supply is a pressure system and a demand is placed on
the source at the instant water is drawn at a faucet. Thus,
peaks in flow in a sewer system occur later than what is
shown in Figure 24.1 and will be less pronounced. The
actual conditions depend on the size and configuration of
the sewer system. Note from Figure 24.1 that water usc
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TABLE 24.2 Recommended Average Design Flows from the Requirements of

Fairfax Gounty, Virginia

Tvyee oF DEVELOPMENT Desien FLow (ePp)
Residential: General 100/person
o | Single-family 370/residence
AAAAA - Townhouse 300/unit
""""" Apartment unit 300/unit
Commercial: General 2000/acre
. Motel 130/unit
) Office 30/employee
0.20/net square feet
""""" Industrial: General 10,000/acre
_ Warehouse™ 600/acre
School Site: General 16/student

*Varies with type of industry

drops to near zero from about midnight until about 6 A.m.
Flow in a sewer system during these hours primarily will be
infiltration except for some industrial and business areas.

The design engineer must design sewers to accommo-
date peak flows. Tables 24.2 and 24.3 provide information
on daily rates of sewage flow generation. A peak factor is
used to account for the differences in the average daily
flow and the instantaneous flow. Nominal infiltration and
inflow is accounted for by the daily flow quantities shown
in Tables 24.2 and 24.3. The table values are considered to
be high for properly constructed sewers. No additional
allowance needs to be made for infiltration and inflow. The
average daily flows shown in Tables 24.2 and 24.3 must be
adjusted for peak flow rates for use in designing a sewer.
The periods of minimum flow are generally not of concern
in sewer design.

Some local utilities have developed or adopted from other
sources regulations for establishing peak flow. Most, if not
all, states also have minimum standards. Most equations for
calculating a peak factor are based on population. Two such
equations are given below:

Peak Factor = ;50; 4.1)

14
Peak Factor =1+ T (24.2)
where p is the contributing population in thousands. The
peak factor should be limited to a maximum value of 5 and
a minimum value of 2.5.

A more useful approach in sewer design is the use of
curves to establish the peak factor. This type of curve is
shown in Figures 24.2 and 24.3. The average daily flow that
has been calculated by using the tributary area and appro-
priate densities is then multiplied by the peak factor to
establish the design flow for use in sewer design.

Hydraulics of Sewers

Sewage is considered to have the same hydraulic characteris-
tics as water. It is an incompressible fluid having viscous prop-
erties similar to water. Both gravity sewers and forcemains are
generally designed as circular pipes flowing full. Design prac-
tice also assumes that the flow is steady and uniform for each
segment of pipe. In instances where building connections are
adding flow to a segment of line, the flow at the downstream
end of the segment is used for the design of the entire seg-
ment. A manhole should be installed where sewers other than
building laterals connect to the line being designed. Design
segments always run from manhole to manhole. Uniform flow
applies when the cross-sectional area and slope of the segment
are constant throughout the length. Manholes are located at all
changes in slope and pipe diameter.

The flow rate is equal to the cross-sectional area of flow
times the velocity at the section. This is expressed by the
continuity equation,

Q=Av 24.3)

where Q is the quantity of flow passing the reference point in
cubic feet per second (cfs), A is the cross-sectional area of
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TABLE 24.3 Recommended Design Flows as Required by the Regulations of Virginia*

Sounce oF FLow Desian Umrs Frow (app)
Dwellings Per person 100
Schools with showers and cafeteria Per person 16
Schools without showers and cafeteria Per person 10 )
Boarding schools Per person 75 X
Motels (rooms only) Per room 130
Trailer courts Per trailer 300
Restaurants Per seat 50
Interstate or through restaurant Per seat 180 -
Factories Per person 15-35
Hospitals Per bed 300 =
Nursing homes Per bed 200
Doctors’ offices Per 1000 square feet 500
Laundromats Per machine 500
Community colleges Per person R 15
Swimming pools Per swimmerm L 10
Theaters Per seat 5

h Picnic/park areas } Per person 5 - T
Camps with fluéh toilets e Per camp site 105

The above flows are considered to be adequate o include fimited infiltration.

State and loca! utility regulations are generally considerad as being minimum design conditions.

*Waterworks Regulations, Virginia Dept. of Health (1993).

flow in square feet (sq ft or ft?), and V is the velocity of flow
at the section in feet per second (fps).

If the flow is steady and uniform as generally assumed,
the continuity equation is applicable and Equation 24.4
applies.

Q=AVi=Al=Al - AV, (24.4)

According to the principle of conservation of mass, mass
can be neither created nor destroyed. Since Q remains con-
stant along a segment of sewer having a constant slope and
diameter, the velocity remains constant.

The energy of a particle of mass is the sum of the posi-
tion of the particle plus the momentum of the particle. In
a homogeneous fluid, all particles in the fluid at a refer-
ence section have the same position energy (a particle at
any depth has the same energy as any particle at the sur-
face). The position energy for open channel flow is the
water surface. The position energy for a closed conduit

under pressure, such as a sewage forcemain, is the surface
to which the liquid would rise if a vertical open tube were
inserted in the top of the conduit. The pressure is indi-
cated by the height of the water column above the center
of the conduit and is known as pressure head. This is shown
in Figure 24.4.

The momentum of a fluid particle is called velocity head.
When a fluid moves from a stationary state to a moving state,
some position energy is converted to momentum energy.
This velocity head is defined as

2

H=Velocity Head = L

24.5)
20 ¢

where velocity head H in feet = position energy equivalent of
the momentum, V is the velocity of flow in ft/sec, and g is the
acceleration of gravity in ft/sec?.

A line that connects the values of position energy at vari-
ous points along a segment of sewer is called the hydraulic

T
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FIGURE 24.1 Hourly variation of sewage flow.

grade line (HGL). The line connecting the total energy values,
which are the sum of the momentum (velocity head) plus
Position energy, is called the energy grade line (EGL). Under
steady uniform flow conditions the two lines are parallel and
separated by a distance equal to the velocity head of the flow.
This is shown in Figure 24.4a and b. The slope of the two
lines is the rate of energy loss or energy gradient and the
drop in the lines over a length L is the energy loss, also

known as head loss or friction loss. Under gravity flow con-
ditions, the HGL and EGL are parallel to the sewer invert
(lowest line of flow). Sewers are therefore designed and con-
structed on the basis of invert elevation.

A pump is 2 means of imparting energy to a flow. This
added energy is generally expressed in feet and is the height
that the energy grade line is raised by the pump. This is
shown in Figure 24.5.
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5 has a temperature of 68°F has a Reynolds number of 50,009 _
os | This indicates that the flow is well within & turbulent floy |
regime, as is always the case for water and sewage flow incop. |
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I manner that causes a complete mixing of the fluid. This move.
[ ment or turbulence is primarily created at the conduit wal] by '.5
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- wall and the moving fluid. The conduit wall roughness and |
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E 0.6 | cous attrition with other fluid particles. This generation and
oy | dissipation of turbulence consumes energy that is converted
E oelL to heat, The energy dissipated within the flow is lost as heat.
Z i This loss is known as head loss or friction loss. As was noted
0.3 for laminar flow, the slope of the HGL and EGL shows the rate i
I of energy loss along a length of conduit. The drop in the HGL &
) over a length of canduit is the amount of friction loss, :I.
g The roughness of the conduit interior wall is of significant i
Al importance in any hydraulic design. Pipe manufacturers = |
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fiow for design purposes. | t.-'
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Flow of fluid in a conduit may be defined as being lami- 5 - '
nar or turbulent. Laminar flow is flow of molecular layers of sol i
fluid where one layer is moving with respect to the adjacent 7] - 1
layer. There is zero movement at the conduit wall under E s0l {
laminar flow conditions. The resistance to movement is the < i $
viscosity of the fluid. Viscosity is due to cohesion and inter- sol E
action between adjacent fluid molecules, The resistance to ! i
movement is an irrecoverable energy loss that is dissipated 20l {
as heat. For laminar flow, the rate of energy loss is a function }
of the fluid and the velocity of the fluid and not related to i t
type of pipe material. This resistance to movement is repre- oL \
sented by the hydraulic gradient. [ ; | ; : ' 2 e '
be:};i .type of flow present is defined by the Reynolds num- 0 b e w5 e ) - =0 s = T :
PEAK FLOW FACTOR
N = 23 (24.6) i
1% Notes: ¢
1. Multiply overage dally sewage flow ]
where D = diameter of conduit in ft, V = velocity of flow in ?l' P""k :"0'; factor to obfain max.
fi/sec, p = fluid mass density in Ib-sec’/ft*, and p = shear 4 P“k ;’ .:::: p:"p::"' e
between fluid layers in lb-sec/ft>. i Rowaitc DU £ 2.8} foriol Mo
For laminar ﬂ)c’)ew, the friction factor is related directly to the DIt S0 BLOSNGD. e

Reynolds number. The upper limit of the Reynolds number ~ FiauRe 24.8 Peak flow curve 1.0 and greater MGD.
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Fiaure 24.4 (3 HGL and EGL for gravity flow; (5) HGL and EGL for pressura flow.

strive to produce a pipe that has a very smooth wall surface,
as this is an important item in marketing the product. A
smoother pipe wall results in less turbulence generated and,
hence, less energy loss in the flow. Most pipe marketed today
is classified as smooth pipe.

The hydraulic design of a sewer system requires a proce-
dure for determining the rate of energy loss. A number of
equations have been developed for this purpose. Most of the
equations were developed empirically from field or labora-
tory data, but some have been developed by dimensional
analysis. Since the head loss depends on the level of turbulent
vortices generated at the conduit wall, all calculations of head
loss must relate to the type, height, and spacing of roughness
protrusions on the pipe surface. These conduit characteristics
depend on the type of pipe material selected. Pipe manufac-
turing is sufficiently developed to where the engineer can
expect all pipe of a given material to be of uniform quality.

Furthermore, since most, if not all, pipe presently avail-
able can be considered as being smooth wall, the engineer
needs to consider other characteristics when selecting the
Pipe material to be included in the construction. These
include resistance to deterioration, ease of handling and lay-
ing, cost, and availability. The characteristics of new pipe
should not be used in design because all pipe material dete-
Horates with age and use. There will be erosion of the sur-
face, growth of slimes on the surface, and accumulation of
solids with use and aging. Sewers should be designed to
function properly at the end of the design life.

i,

There are several equations available for determining fric-
tion loss in sewer conduits. The Manning equation is by far
the most widely used. This empirical equation is accepted by
all reviewing agencies. It is generally the only equation used
by pipe suppliers in marketing material. Velocity is defined
in open channel flow by the Manning equation as

=%8§ fAs1R (24.7)
v2
/29
L
Hey,
EGL and HGL Energy Imparted
- —l Vifzg By Pump (P)
Q) =
——— oL

Fiaure 24.5 Changein HGL and EGL by a pump.



where V= the velocity of flow in fi/sec, n = the Manning coef-
ficient, R = hydraulic radius = area/wetted perimeter; S = the
slope of the HGL (hydraulic gradient) in fu/ft = HUL, HL =
head loss = the drop in the HGL in feet per length of sewer L.

The Manning coefficient n must be selected by the engi-
neer. Selection is based on the type of pipe being employed
in the design, giving consideration to condition of the pipe
at the end of the design period.

Since @ = AV,

0= A(@ n%sm)

(24.8)

In turbulent flow, the conduit wall roughness is the principal
condition that determines the intensity of turbulent vortices
generated and, hence, the energy loss associated therewith.
The Manning coefficient or friction factor is found in catalog
material supplied by pipe manufacturers as well as in texts
on hydraulics and related subjects. A value of 0.013 is gen-
erally used in sewer design. The Manning equation may be
arranged to calculate the head loss for a length of sewer L as
follows:

Information available from pipe suppliers may indicate tha
a Manning n value as low as 0.009 is appropriate for their
product. This would indicate that for a required velocity anq
capacity, the required slope of the HGL would be reduced 48
percent from that for an n value of 0.013:

.009

[—]2x100=48% 24.10)

013

Or for a constant hydraulic gradient (HGL slope), the
velocity and capacity would be increased 44.4 percent
(0.013/0.009 = 1.444). A Manning coefficient of 0.013 is
conservative for smooth wall pipe available for sewer con-
struction. This value of n is recommended and generally
used because its use allows for erosion of the pipe wall, slime
buildup, and other minor obstructions to flow. These forms
of pipe deterioration, resulting in reduction of capacity,
occur over time. A sewer pipe material should give reliable
service for at least 50 years. Other useful relationships for
the Manning equation for a given diameter of conduit
include:

" 01/02 = nz/n1 (24.11)
H= [—V”L ] 249)
‘| 1486R% ' where n is a constant.
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e e e e ey

24 W WasTewaTER CoLLECTION 599

—

-[n]
V L
Since all pipe material used in sewer construction is
essentially smooth wall, there will be little difference in the
pipe roughness and, hence, in the value of n to be used in a
design for different pipe material. The selection of the type of
pipe to be used in a design and included in the contract
ecifications as being acceptable for use in construction
should be based on the long-term serviceability of the pipe
material. Serviceability factors should include expected use-

(24.12)

ful life, resistance to problems with infiltration, ease of in-
stallation, resistance to corrosion and erosion, and mainte-
nance requirements. Initial cost should not be the only
determining factor.

Gravity sewers are designed to flow full at the design peak
flow. Figure 24.6 presents the hydraulic properties of circu-
lar sewers for all depths of flow. As shown by the Manning
equation, one of the factors influencing the velocity or
capacity is the hydraulic radius R (area/wetted perimeter).
The area of flow and the corresponding wetted perimeter
do not vary uniformly with depth of flow. As shown by Fig-
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Flaure 24.7 Nomograph for solving the Manning equation. {From Design and Construction of
Sanitary and Storm Sewers, Manual of Practice No. 9, ASCE 1969. Reprinted with permission from the
American Society of Civil Engineers, New York, New York)



TABLE 24.4 GCommen
Conversion Factors
fefs =449 gpm
Tcuft =748 gallons

1MGD =1.55 ¢fs =695 gpm

1gal  =231cuin=8.34Ibs

Touft =6241bs |
Pressure = 62.4/144 = 433 psi per foot of water

ure 24.6, the hydraulic radius is greatest at 0.8 of full flow
depth. The velocity will also be the greatest at 0.8 of full
depth. While the cross-section area of flow is maximum at
full depth, flow Q = AV and the maximum product of 4 and
V is at 0.94 depth as shown by Figure 24.6. The capacity at
the 0.8 depth is the same as for the full depth. Therefore, a
sewer under gravity flow never flows full because the flow by
natural law flows at the lower energy (energy of flow = sur-
face elevation plus momentum). Any sewer flowing at
greater than 0.8 depth is being surcharged by a downstream
obstruction. Since the velocity of flow at the 0.8 depth is
about 14 percent greater than at full flow, the hydraulic gra-
dient required to achieve the equivalent full depth capacity
is reduced. However, it s not common to design for the 0.8
depth conditions.

Sewers flow at less than 50 percent of full capacity most
of the time. At 50 percent capacity, the depth of flow and
velocity are also 50 percent of full flow conditions. Sewers
should be designed to provide a minimum velocity of 2.0 to
2.25 fps at full flow. A full flow velocity of 2.25 fps ensures a
scouring velocity of 1.0 fps at about 11 percent of full flow
(see Figure 24.6). A scouring velocity of 1.0 fps is considered
adequate to prevent deposition of solids.

—

Various forms of nomographs and slide rules are available
for solving the Manning equation. These devices are normally
used in sewer design to facilitate solving the equation. A typi-
cal nomograph is shown in Figure 24.7. The nomograph
includes lines for five hydraulic elements and a pivot line, The
continuity equation (Q = AV) may be solved by knowing two
of three terms and finding the third from the nomograph
without using the pivot line. The right side of the pivot line
includes n, ¥ and S. Knowing two of the three establishes the
pivot point from which knowing Q or D permits finding the
other. Likewise, Q and D can be used to establish the pivot
point, and knowing either n or S permits solving for the other,

ExampiLe ProsLEM

8. What is the slope and velocity of en 8-inch pipe
carrying 1 cfs?
Using Figure 24.7, knowing Q and D, find
V=209 fps.
Knowing D, Q gives pivot point, with
n=0.013, $=0.0019.

b. What is the depth and velocity for the pipe in

part (a) when the flow is 0.4 cfs?
Knowing Q/Q-full = 0.4/1.0 = 0.4 and using
Figure 24.6

Depth of flow = 43% of Bin=3.44 in
Velocity = 95% of V-full = 2.75 fps.

There are several types of design aids in addition to the
nomographs shown as Figures 24.7 and 24.29 for use in
solving both the Manning and the Hazen-Williams equa-
tions. These include special nomographs and various forms
of slide rules. The conventional type of nomograph shown in
Figure 24.7 and the slide rule types are generally preferred by
design engineers. Some pipe suppliers may provide these
design aids. Some common conversion relationships for water
are shown in Table 24.4. Some common design relationships
from using the Manning equation are shown in Table 24.5.

TABLE 24.5 Hydraulic Elements Determined by Using Figure 24.7
and Equations 24.11 and 24.12
DrAMETER (m.) n v(rrs) 8 (F/F) " q (ePma)
8 0.013 20 0.0033 0.303 314
8 0.013 2.25 0.0042 0.303 354
8 0.010 2.0 0.0020 0.303 314
8 0.012 20 0.0028 0.303 314
10 0.013 20 0.0025 0.351 489
10 0.013 225 0.0031 0.351 551
12 0.013 20 0.0019 0.397 705
12 0.013 2.25 0.0025 0.397 793
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Class and Pressute Characteristics of Pressure PVC Pipe

TABLE 24.6
PRESSURE Cuass* DR? BursTig PRESSURE SusTAmNED
Ib/in? 100 25 535 Ib/in? 350
Ib/in 150 18 755 |b/in? 500
Ib/in? 200 14 985 Ib/in? 650

*The class of pipe is the limit of Internal pressure to be used In design.

1DR is the ratio of the external diameter to the pipe wall thickness. For example, an 8-In DR 25 pips has an external diameter of 9,050 in and a wall thickness of 0,352 in.

Dimension ratios are controlled by manufacturing standards,

The data in Table 24.5 shows that an 8-inch sewer installed
to provide a minimum velocity of 2.0 fps has a capacity of
314 gpm (0.45 mgd). This flow would be subject to a peak
factor of 5 (see Figure 24.2), giving an average design flow of
63 gpm or 90,700 gpd. At a daily flow of 370 gallons per
dwelling unit (see Table 24.2), this 8-inch sewer will serve
243 housing units. Likewise, a 10-inch sewer will serve 389
single-family units (note that the peak flow factor for the 10-
inch line capacity of 489 gpm [0.7 mgd] is 4.8). A 12-inch
sewer will serve 633 single-family units. Velocities greater
than 2.0 fps and smaller n values will provide still greater
capacity. Many developments are sewered by 8-inch sewers,
and line sizes greater than 12 inches are seldom needed except
for main or trunk sewers. An 8-inch-diameter sewer is con-
sidered the minimum size line in public sewer design.

Pipe Materials and Loads on Buried Conduits

The engineer now has several excellent types of pipe mate-
rial available for use in sewer construction. It is important

. that the proper selection be made for the specific installation

conditions. Pipe materials are classified as being either flexi-
ble or rigid. Pipe manufactured from materials such as con-
crete and vitrified clay are classified as rigid wall pipe. A
deflection of the wall of a rigid wall pipe will result in pipe

failure. The most common type of flexible pipe is polyvinyl
chloride (PVC), which is widely used in both sewer and
water line construction. A limited wall deflection of a flexi-
ble wall pipe does not reduce the serviceability of the con-
duit. Ductile iron and high-density polyethylene are also
flexible pipe materials.

Rigid pipe is classified on the basis of bursting strength,
and for pressure pipe the internal pressure rating is also
included. The bursting strength is established by standard
tests and is provided by the manufacturer in pounds of
external vertical force per foot of pipe. It is listed as the
three-edge bearing strength that reflects the type of standard
test procedure. Pipe is designed to withstand both the inter-
nal pressure and the external loading simultaneously. The
manufactured wall thickness is adjusted to provide the
required strength. The engineer should have library catalog
data available for the types of pipe material being considered
for incorporation into a design. The strength of rigid pres-
sure pipe will be shown by pipe class such as class 150, 200,
and so on.

Gravity flow sewer pipe is designed to withstand external
pressure loadings. Rigid wall pipe is manufactured in several
wall strengths as may be required for design conditions. For
example, pipe classes are designated as 1500, 2400, 3300,

Iy B
P,
W, load on pipe f
!

D

a)

b) c)

Fiaure 24.8 Typical trench conditions for a rigid conduit. (From Design and Construction of Sanitary and Storm Sewers, Manual of Practice No. 9,
ASCE 1968. Reprinted with permission from the American Society of Civil Engineers, New York, New York)
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B,+8" min. Plain or B.+8" min,
1V4 B Reinforced 1%4 B
45c Concrete { ‘;\
7 € S
Plain or — 12" N %% D
Reinforced k e : 4‘,, '
c°ncreie COFGfU"y s s X . "mln"
Q Tomped * 0 - 15 max.
i Backfill
Ya B — ':,.'_':":-; e '—_ L& Compacted
1 04 . T d ls y4 D, b
7 C 2" min = Granular
15" mﬂ..x. Material
Concrete cradle Concrete arch
CLASS A
Load Factor 2.2 - 3.4
o —
Carefully - 12" Lightly —&1 44 B
Compacted %JL Compacted;
Backfill k Backfill -
1%
] ¥6 B min. =1 Compacted
b— Compacted y Granular
y Granular Material
Material
Compacted granular bedding Granular bedding

CLASS B
Load Factor 1

.9

CLASS C
Load Factor 1.5

AN
o] Loose
2 Backfill
Note:
a Z Bedding thickness under
};;sipe barrel, b, s(haI; be
By, 100 mm (4”) min.,
Flo‘. bottom 150 mm (su) max.
CLASS D

Load Factor 1.1

Classes of bedding for rigid sewer pipes in trench.
trench, excavate at least 15 cm (6 in.) below bell of pipe where
concrete cradle is used (in. x 25.4 = mm).

NOTE: In rock

FieuRe 24.9 Bedding methods for trench conduits. (From Design and Construction of Sanitary and Storm Sewers, Manual of Practice No. 9,
ASCE 1969. Reprinted with permission from the American Society of Civil Engineers, New York, New York)
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TABLE 24.8

Characteristics of the Most Commonly Used Sizes of SDR-35 Pipe

NommaL Size Lavina LEnad (1n) Exvernal DiAMETER (1) WaLL THickness (1) WeienT (1L8/FT) Lavira Lexath
Y 8.4 0.24 4.42 20

10 10.5 0.300 6.93 20

12 12.5 0.36 9.91 20

15 15.3 043 14.90 12.5

Reprinted with permission from American Society for Testing and Materials. ASTM Standards in Bullding Codes, Vol. 4.

4000, and 5000. The class strengths represent the design
crushing strength in pounds per linear foot of pipe.

Flexible wall pipe is classified by the ratio of the external
diameter to the wall thickness. This is expressed as dimen-
sion ratio (DR) or standard dimension ratio (SDR). Since
limited deflection of the pipe can be tolerated, the strength is
expressed in terms of the force required to cause a defined
deflection. Pressure flexible pipe is designated by pressure
class. A PVC pressure pipe manufactured by Johns-Manville
under the name Blue Brute is available in the three classes
shown in Table 24.6.

In Table 24.6, a DR-25 pipe has a design pressure rating
of 100 Ib/in®, while the sustained pressure strength is
350 Ib/in®. This difference provides for surges in pressure,
known as water hammer, and a safety factor against failure.
For example, a design pressure condition of 100 Ib/in? plus a
surge maximum of 100 Ib/in? above the design pressure pro-
vide a safety factor against failure of 1.75 (350/200 = 1.75).

Buried Conduits

The theory for loads on buried conduits states that the load
on a buried conduit is equal to the weight of the prism of
earth directly over it, plus or minus the frictional shearing
forces transferred to that prism by adjacent prisms of
earth—the magnitude and direction of these frictional forces
being a function of the relative settlement between the
prisms. The equation for calculating the load on a rigid
buried conduit as developed by Marston at the lowa Engi-
neering Experiment Station in 1913 states:

W.= CowB?

where W, (Ibs/ft) is the load acting on the conduit after set-
tlement has taken place; Cp is a dimensionless coefficient
related to the diameter of the conduit, the width of the
trench, and the characteristics of the fill material and the
pipe bedding conditions (Cp is obtained from tables or
charts); w is the unit weight of the fill material in Ib/ft> (nor-
mal earth material may be taken as 130 Ibs/ft®), and Bpisthe
width of the trench in feet (note that load increases as the
square of B).

The engineering design can mitigate the load on the con-
duit by keeping the trench as narrow as practical (the load
varies as the square of the width) and by requiring good bed-

(24.13)

ding and backfill conditions. Figure 24.8 shows the type of
forces affecting the load on the conduit.

In Figure 24.8a the load on the conduit is related to the
weight of the soil in the area ABDC. The upward shearing
forces F reduce the load on the conduit. If the fill below the
top of the conduit is not well compacted, the load on the
conduit is increased as the material settles. It is sometimes
necessary to slope the ditch walls for construction safety and
convenience. Figures 24.8b and ¢ show two construction
means of widening the trench without increasing the earth

Vertical Load
[ ]
| [
| .
Side Fill | | | Side FIll
soll | Spring_ _ | " son
Reaction | | | Reaction
I
| 4
== : - Bedding
o 0o Grade
Vertical Reacilon
a) Forces On A Buried Conduit
&
) N 5
3 7 e
b N S
I R /{/x
] A\ 504 4
A }\\ ; %— Initial
3 § NY AN Backfill
2 N Spring Llnov/Q z et
€| 8] of Pipe N N
s @ /4 Haunching
E| & K NS
} '__7\/ Bedding,
E PN Mox. 6"
= // Foundation
';\/ NN NN (May Not
QU Be Required)
b) Embedment Zone

FIgURE 24.10 Forces on a buried conduit (a): Embedment zones
(b). (Reprinted with permission from College of Engineering, Utah State
University)



load on the conduit. It is important to keep the trench as
narrow as practical from the top of the pipe to the bottom of
the trench because the load on the conduit increases as the
square of the width B. B is taken as the width of the trench at
the top of the conduit.

There are four classes of bedding, as shown in Figure 24.9.
The engineer is required to select a bedding type based on
field conditions. Classes B or C are suitable except where
unusual loading conditions exist. Class D bedding is used
only for small-diameter pipe, not for sewer line construction.

Class A-Concrete Cradle: Bedding in which the
lower part of the exterior of the conduit is set in a plain
or reinforced concrete foundation of suitable thickness
extending upward on each side for not less than 25 per-
cent of the height of the conduit.

Class B-First Class: Bedding where the conduit is set
on fine granular materials in an earth foundation shaped
to conform to the lower part of the conduit exterior for a
width of at least 60 percent of its exterior diameter. The
trench is then backfilled with granular materials, hand

placed, and tamped in 6-in layers to fill completely all
spaces under and adjacent to the conduit for a distance
of at least 1 ft above the top of the conduit.

Class C-Ordinary: Bedding in which the conduit is
placed with ordinary care in an earth foundation shaped
to fit the lower part of the conduit to the spring line.
The ditch is then backfilled with granular materials,
shovel placed, and tamped to fill all spaces to a height of
at least ' ft above the top of the conduit.

Class D-Impermissible: Bedding in which little or no
care is exercised to shape the foundation to fit the pipe.

The engineer also should specify the embedment material
to be used with the installation of the conduit. This informa-
tion should be included in the specifications and also shown
on the plans. Table 24.7 provides information on the stan-
dard material classification system. The soil types are stan-
dard under the United Soil Classification System (ASTM
D2487). The materials are grouped into categories that are
considered to be most suitable for embedment use.

301.0 15 20 30 40 50
C, (graph on left) -
. d P \\
20 / 2
15 1 15
Al B c} D/ E /
10 1.0
9 Iy / 09
- 77 i ey
7 I{/] A 0.7
5 6 / / X EIQ
g / / i | s
2 5 05 g
4 /1 /
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L /
/ /
3 / 7 i 03
/ C, for k. and k!
i A=0.1924 for granular materials 0.2
- / withoutgcoheslon
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15 €=0.150 max for saturated top soil { 0.15
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E=0.110 max for saturated clay
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FIGURE 24.11 Values of C,for trench conditions. (From Design and Construction of Sanitary
and Storm Sewers, Manual of Practice No. 9, ASCE 1969. Reprinted with permission from the American

Society of Civil Engineers, New York, New York
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flexible Conduits

Flexible sewer pipe, such as PVC, is designated by the stan-
dard dimension ratio as noted for flexible pressure pipe. The
most often used sewer flexible pipe is SDR-35. Heavier-wall-
thickness pipe, such as DR-21, are available for use where
required to meet laying conditions. Data for the more com-
mon sizes of SDR-35 pipe is given in Table 24.8.

A flexible pipe having a DR greater than 35 should not
normally be considered for sewer construction. The smaller
wall thickness associated with the greater DR values may not
provide long-term reliability.

A flexible pipe yields under an external load by deflecting.
This deflection results in a shortening of the vertical diameter
because of the load on the pipe from the fill material on top
of the pipe. Excessive deflection results in failure through
openings at the joints and a reduction of internal area for flow
even though the pipe has not collapsed. In conservative
design the allowable deflection is limited to 5 percent,
although deflections up to 7.5 percent are used in design.

Figure 24.10 gives an illustration of the embedment
zones and the forces acting on a buried flexible pipe. As
shown in Figure 24.10a, the vertical load on the pipe is dis-
tributed evenly over the width of the pipe. The vertical reac-
tion acting on the bottom of the pipe is distributed evenly
over the width of the pipe subtended by the bedding angle.
The parabolically distributed side forces act through the
middle 100 degrees of the pipe. The maximum pressure,
found at the pipe’s springline, is passive resistance of the
backfill around the pipe. Using suitable-backfill material and
proper compaction is very important in establishing the field
strength of a flexible conduit, as the vertical diameter cannot
shorten, or deflect, without a corresponding lengthening on

10

H
Yolues of B

Values of coefficlent C¢

Fi GURE 24.12 Values of C, for positive projection conduits. (From
Design and Construction of Sanitary and Storm Sewers, Manual of Practice
’V_O-'-‘?. ASCE 1969. Reprinted with permission from the American Society of
Civil Engineers, New York, New York)
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+ impact
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.
0 I3 I i l
0 500 1000 1500 2000

Pv Vertical Soil Pressure (Ibs/ft?)

Fi1GURE 24.13 Total pipe load—H20 live load plus dead load.
{Source: Handbook of Stesl Drainage and Highway Construction Products,
reprinted with permission from McGraw-Hill)

the horizontal diameter. The embedment zones, as shown in
Figure 24.10b, illustrate the proper bedding conditions and
the common nomenclature associated with pipe installation.

Zone Terminology

Foundation: A foundation is required when the
trench bottom is unstable. Any foundation that will pro-
vide continuous support without causing loss of grade
or flexural deformation is suitable.

Bedding: The bedding directly underneath the pipe is
required to bring the trench to grade. The bedding
should be shaped to fit the conduit with a depression
formed to receive the bell of the pipe so the pipe rests on
the pipe barrel for its entire length. The labor to manu-
ally shape the bottom of the trench is expensive, so it is
common practice to overexcavate a couple of inches and
bring the trench bedding to grade with granular material
such as crushed stone. The bedding should be firm to
support the pipe.

Haunching: The haunching area is most important in
providing good pipe support. The contractor must
insure that the haunch area under the pipe is completely
filled and that the area is compacted to the specified
density. Most of the pipe support comes from this area.

Initial Backfill: The initial backfill begins at the
springline and continues to 6 in or 12 in above the top
of the conduit. When the conduit is properly installed to
this level. problems related to pipe bedding should not
develop. If proper compaction is not provided above
this point, there may be problems with surface settling
for some time.
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The equation for determining the load on flexible con-
duits installed under a ditch condition, as developed by

Marston, is:

W, = CowBoB; (24.14)
where W, = external earth load on the conduit in pounds per
linear foot, Cp = load coefficient for conduits installed in a
trench condition (suitable charts are available for determin-
ing Cp, as shown in Figure 24.11), w = unit weight of back-
fill material in pounds per ft*, B, = width of the trench at the
top of the conduit in feet, and B, = external horizontal diam-
eter of the conduit in feet.

The ratio of the external load for rigid versus flexible con-
duits is given by the ratio of Equation 24.13 to Equation
24.14, and is equal to W/W, = By/B. This ratio shows that
the load on 2 flexible conduit is significantly less than that
for a rigid conduit installed under the same conditions (Cp=
constant). This is because the load on a buried conduit is
modified by the response of the conduit. A minor deflection
of the flexible conduit can materially reduce the load if the
conduit has been properly installed, which means the con-

duit has been placed in a relatively narrow trench and prop-
erly bedded and the backfill has been properly compacted
above the conduit. Where the trench is sufficiently narrow, a
part of the backfill load is transferred to the sides of the
trench by shear action. Where the backfill is not properly
placed and compacted to the top of the conduit, the consol-
idation of the fill material alongside the conduit results in an
additional load being placed on the conduit as the fill settles.
The specifications and field inspection must ensure that the
trench width is limited, the pipe is properly bedded, and the
backfill is properly placed and compacted to 6 inches above
the top of the conduit. This will mitigate problems with fail-
ing conduits and infiltration.

While it is desirable to keep the trench width as narrow as
possible, it is necessary to provide space for the workers to
install the pipe. Also, room must be allowed for a trench
box. Normally a 42-inch trench is suitable for sewer diame-
ters up to 16 inches. Above 16 inches, the trench width
should be the pipe diameter plus 24 inches, allowing
12 inches on each side of the pipe for the trench box and the
workers. Figure 24.11 provides a graphical means for deter-
mining C, for use in Equations 24.13 and 24.14. H is the

TABLE 24.10 Air Test Table

PIPE DIAMETER

* 6 8 10" 122 15

18 21”7 27" 30" 33 36”

%5 29 42 57 71 85

106 127 148 170 192 212 233 255

50 | 283 %5

75 192 212 243 - 289
100 ' 148 170 216 268 322 385
125 127 163 212 270 333 401 482
B 150 106 143 196 255 326 401 483 578
= 175 116 167 228 207 379 467 562 673
% w 85 133 191 261 340 43 535 844 10
= 225 7195 150 215 294 382 487 601 723 867
g 20 74106 167 240 26 425 540 669 805 91
275 81 17 183 263 359 467 596 735 884 105
300 57 89 127 200" 287 391 510 650 803 966 1955
B0 66 104 149 234 334 457 595 757 a7 1127 1946
00 42 76 119 10 %7 %2 522 60 85 071 1288 1540
5 48 85 134 191 300 B0 587 765 974 1205 1449 1737
500 28 53 05 149 215 333 478 653 80 1083 1329 1610 1995

*When testing 4-in house laterals with sewer main, add 2.8 minutes to test time.




height of the fill from the top of the conduit to the surface.
Other parameters are as defined previously,

An embankment condition, as opposed to a trench con-
dition, exists when a conduit is installed in a trench that is so
wide that the sides of the trench have no effect on the load to
the conduit. A transition width is where there is no addi-
tional load imposed on the conduit, as the ditch becomes
wider. This transition width depends on the depth and
diameter of the conduit. Conduits installed in trenches wider
than the transition widths are said to be installed in a pro-

Jection condition, Conduits should not be installed in this
manner. Even in fill, the fill should be placed and a trench
excavated for the conduit. However, where it may be found
necessary to install a conduit under a projection condition,
Marston has provided the following equation for determin-
ing the resulting load to the conduit;

We= CowB® (24.15)
where C. is the coefficient for a projection condition
(replaces C, as shown for trench condition) and w and B, are

defined above for Equations 24.13 and 24.14. A suitable

———

chart has been developed for use in determining C, as shown
by Figure 24.12.

Superimposed Loads

Superimposed loads and live loads may come from vehigje
traffic where the conduit is located in the street or from
storing of material on the surface, such as in a lumber yard,
Figure 24.13 shows the general effect of the combined
trench earth load plus the superimposed load. It is impor.
tant to note that for pipe cover greater than 8 fi, the super-
tmposed load is generally of little significance. In genera]
sewers located in a roadway pavement area should have at
least 6 ft of cover over the top of the pipe. Sewers not
located in roadways should be installed below the freeze
depth or a minimum of 3 ft. Figure 24.13 is for an H20
loading, which s what is generally used in practice (rear
axle carries 16 tons). The impact of the superimposed load
must also be considered, but impact is not considered sig-
nificant where the conduit has at least 3 ft of cover. The
superimposed load is added to the dead load (trench back-
fll load). Tables and equations for calculating superim-
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posed loads are found in reference books and pipe supplier
catalogs.

While it is important for the engineer to have an under-
sianding of the principles related to loads on buried con-
duits, it is not always practical to attempt to calculate the
load by Equation 24.13. The end result from calculating
loads will be no more reliable than the assumptions about
field conditions. Soil conditions vary from location to loca-
tion, and even an experienced soil engineer would find it
necessary to conduct extensive field studies to make the
input parameters more reliable than engineering judgment
and the data available from tables,

Pipe is manufactured to standards that include safety fac-
tors for the broad classes of embedment conditions pre-
sented before. Pipe suppliers provide tables or curves for use
in design such as shown in Table 24.9. This table shows the
deflection of SDR pipe under the indicated installed condi-
tion. As shown by the data, pipe deflections can be held to
less than 5 percent by providing proper embedment.

Data similar to that provided in Table 24.9 for SDR 35
pipe is available from all suppliers of both sewer and pressure
pipe. Standard design go/no go devices as well as electronic
deflectometers are available for measuring the deflection of
sewer pipe after installation. The engineer should include a

requirement in the specifications for this measurement to be
made after the backfill load has stabilized.

Alr Testing

The contract specifications should require that a leakage
test be performed to verify the watertightness of the sewer.
An air test is generally required for this purpose, although
an older water test may be used. The air test is easier to con-
duct and gives good results. The section of line to be tested
is plugged and pumped UP to a pressure of 4 Ib/in? plus
0.433 Ib/in? for each foot of ground water over the conduit
(pressure should not exceed 9 Ib/in®). The pressure is
allowed to stabilize to the sewer temperature. Pressure drop
is then timed from 3.5 Ib/in? to 3.0 Ib/in? (0.433 Ib/in? times
the feet of ground water over the pipe must be added to
these numbers). Acceptable time limits for the 0.5 Ib/in?
pressure drop are shown in Table 24.10.

Pipe Joints

Manufactured rubber compression joints should be used in
Sewer construction unless there are unusual conditions. The
Joint should be free of debris and the rubber gasket lubri-
cated prior to installing the pipe.

Use drop connecilon when
drop s the following:
SEWER DIA. MIN.
IN DROP
INCHES FEET
8 2.5
10 2.8
12 2.8

18— 23

Concrete encosement to axtend

TYPICAL 4' MANHOLE WITH
OUTSIDE DROP CONNECTION

to first pipe joint nd MH
drop co‘?n:.cﬁtn cxmﬂon
{Min, 3 . ] 8" San.
Four §4 rabors to be ry — Cop !
placed under pips to ! & 4
support joint. y b
- X r
"Im s'flp'--.__‘ ﬁj"‘ It
[}
"Y' Connection 2
.:.
] 1] o
2 g *u ‘
5 O :
* - . Strop
o —
&)
ot S!'opc bench 1~ 1o
(To undisturbed earih) C ] toe)
b:':n 71 b-;l:n shall
» "min. al
L L5 bl Lo crown of main sewer.

Inside drop connection 1o be used
under speclal circumstances such
on:

Bad solls / rock
Hlfh water iable
Uity conflicts

Excessive depths

TYPICAL MANHOLE WITH
INSIDE DROP CONNECTION

Flavae 24.15 Typical drop manhole design.
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Manholes

Manholes are a required appurtenance to any sewer system.
They provide access to the sewer for inspection and mainte-
nance. Manholes should be placed at every change in grade
or horizontal alignment, at every change in sewer size, at
every sewer intersection, and at least every 400 ft. For larger
sewers, which are readily accessible to workers, they may be
spaced at greater intervals.

Only precast reinforced concrete manholes should be
used except where special field conditions make it necessary
to field construct the manhole with brick or cast-in-place
concrete. Figure 24.14 shows two typical types of manholes,
The standard manhole includes a base that is generully cast
as a part of the first barrel section. The base shown is an
extended base, which spreads the manhole weight over a
larger area, Additional barrel sectjons are used as required to
bring the manhole to where the eccentric cone is added. A
meanhole frame and cover are placed at the surface. The man-
hole supplier should adjust the height of the sections to
comply with installation requirements. The precast supplier
tailors each manhole for the specific site. Rubber boots are
available that can be cast into the manhole at the locations
where the sewers will pass through the manhole wall. A

e ——

stainless steel clamp is used to secure the sewer to the bogy
making a watertight connection, The inside of the connee-
tion is grouted along with the placement of the bench (only
shrink-proof grout is used). Corrosion-resistant steps are
placed inside the manhole on a 12-in or 16-in vertical spac-
ing. The exterior of the manhole is waterproofed using bity.
minous mastic on the surface and in the joints,

Figure 24.15 shows two types of drop manholes, A drop
manhole is used to reduce slopes of incoming sewers or to
permit connecting a sewer entering the manhole at a higher
elevation than the main sewer. Generally, if the difference in
elevation is less than 5 ft and ground water or obstacles are
not a problem, the slope of the higher sewer is increased 1o
lower the sewer to where the drop manhole will not be
needed.

Doghouse manholes are typically used when a new grav-
ity sewer will intersect an existing gravity sewer, and an
existing manhole is not present. The doghouse manhole is
located at the intersection of the two lines and includes the
construction of the manhole base in the field through forms
and cast-in-place concrete around the existing gravity sewer
line (see Figure 24.16). Additional barrel sections and a cone
section are added to the constructed base section until
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Material:

Gray iron

PLAN VIEW

25 Ya"dla.

STANDARD ROADWAY
MANHOLE COVER

SECTION A-A

PLAN VIEW

4

STANDARD ROADWAY FRAME

25¥%"dia.
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SECTION A-A

Materiak:

Aluminum
Gray iron

1A

Foundry to place
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on rim of frame

PLAN VIEW and cover.
28 ¥,"dla.
1 R R R N M ot 1 }’4"
1‘%,:- : B AP T AT o g e fl”a "
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use use
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SECTION A-A

1%2" @ hole In flange
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: /4

N
hoe o
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\  poreing, ker/
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WATERTIGHT/LOCKING MANHOLE FRAME

SECTION A-A

Fiaure 24.17 Typical manhole frames and covers. (Fairfax County Public Facilities Manual, 1993) .
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ground elevation is reached. Once the manhole is con-
structed, the top is cut out of the existing gravity sewer pipe
to allow the sewage from the new line to enter the pipe, join-
ing the collection and conveyance system.

An epoxy coating or interior liner may also be used with
manhole construction if, in the opinion of the engineer,
highly corrosive situations may be present that would lead to
the early deterioration of the concrete manhole. Typically,
these conditions could exist at manholes that receive sewage
discharge from a sanitary forcemain. There is a wide variety
of coatings and linings, which include epoxies applied as
paint and precast high-density polyethylene linings that are
formed with the original construction of the concrete barrel
sections. These products can also be used in the rehabilita-
tion of existing manholes that have not reached their useful
life expectancy or are cost prohibitive to replace.

The bench is constructed to provide a smooth section
through the manhole so as to reduce energy losses, to pre-
vent the accumulation of solids in the manhole, and to pro-
vide a place for the maintenance person to stand when
working in the sewer. The bench should extend to at least
the springline (see Figure 24.10) of the sewer. For sewers

larger than 10 inches in diameter, the bench should extend
to two-thirds of the sewer diameter. The specifications shouldq
require that the base section be supplied with an extended
base, that a boot be cast in the section for all sewer connec-
tions, and that the channels and bench be cast as a part of
the section. All sewers entering a manhole should be pro-
vided a smooth channel into the main channel, When there
is a change in sewer diameter at a manhole, the 0.8-f; depths
of the sewers should be placed at the same elevation, This
prevents any upstream surcharging at full flow. The change
in flow direction at a manhole should not exceed 90 degrees.
Where a greater change in direction is required, use two
manholes with a segment of sewer between them.

In the past it has been common practice to allow for 3
0.1-ft drop in sewer invert through a manhole where there is
no change in pipe diameter. This is no longer necessary; in
fact, the change in slope and, hence, velocity is more likely
to cause problems. A well-constructed channel will no
require this drop. Many manhole suppliers now provide the
base section with the channel and bench cast in place when
the manhole is formed. The channel invert must be smooth
and have the same shape as the sewer. In all instances, the

Compacted gravel

PROFILE VIEW

£
= o0
Min. grade to be 2.08% ';'ll_'5
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1.04% for cast iron g £
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extended to 5° beyond the sidewalk.
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FiGuRE 24.18 Service connections showing building spurs or lalerals.
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etrations (openings in manhole wall for sewers) should
be cast in the manhole or core drilled where an additional

etration is needed. A penetration made with a jackham-
mer should never be permitted. A short section of sewer is
used at the manhole to provide a joint in the sewer not more
than 3 ft from the manhole. This allows some flexibility for
any difference in settlement between the manhole and the
sewer. An air or water test is used to check the manhole for
watertightness, and this requirement should also be in-
cluded in the specifications.

The manhole frame and cover should be of gray cast
fron. A typical frame and cover are shown in Figure 24.17.
A standard frame and cover as well as a watertight/locking
frame and cover are also shown in the figure. The engineer’s
library should include a catalog on standard manhole cast-
ings. The weight of the frame and cover must be selected to
carry the expected loading. For example, a traffic-bearing
frame and cover are required when the manhole is located
in a street, whereas a lighter one is suitable for off-street
locations. Locking frame and covers are available for use
where required. Waterproof frames and covers should be
used at locations where the area is subject to flooding. Ven-
tilation to the sewer is provided through the manhole cover.
When waterproof frames and covers are used, alternate ven-
tilation should be provided for at least every 1000 feet of
SEewer.

Many utilities have a specific design on the manhole cov-
ers such as the name of the utility. These utilities stock the
covers and sell them to the contractor.

When manholes are placed in the street, the building spur
(often referred to as building lateral) should be installed
from the sanitary sewer to a minimum of 1 ft inside the
property line. A separate spur should be connected for each
lot or building site. Where sidewalks are to be constructed,
the building spur should be constructed to 5 ft beyond the
back of the sidewalk. It is important that each building spur
be shown on the sewer plan with the station of the connec-
tion being confirmed as a part of the as-built drawings. SDR-
35 or heavier pipe should be used for building spurs. The
spur should enter the main sewer through a manufactured
Wye or tee. An approved saddle may be used when connect-
ing to existing sewers. Some localities require that the con-
necting wye or ell be of ductile iron because mechanical
rodding equipment will bore through a PVC connection if
care is not used. Building spurs should be laid to a grade of
at least 0.5 percent slope, with a minimum slope of 1 percent
being provided where possible.

A wye may be installed and the extended line capped at
the surface at the lot line for access in the future as needed.
Where the main sewer is excessively deep, the spur should
be brought to a reasonable depth prior to reaching the lot
line, but the spur must be kept deep enough to serve the
building, Figure 24.18 shows typical connections for build-
ing spurs (Service Connections).

i

DESIGN EXAMPLE
Preliminary Investigation

This design example has been structured to include princi-
pal considerations the engineer may encounter with a sewer
design project. A hypothetical example, such as presented
here, is considered more appropriate for this purpose than
an actual design because a hypothetical case can be struc-
tured to incorporate the circumstances needed to cover many
aspects of sewer design. The example assumes that a Mr.
John Jenn, the owner of 40 acres of land fronting on West
End Road (see Figure 24.19) has commissioned an engi-
neering firm to design the infrastructure and obtain the
required approvals so that construction permits for a single-
family development on the entire tract can be obtained. This
example covers the course of action the engineer may take to
complete the sewer design and obtain the required approvals.
Note that the engineering firm is responsible for providing
the owner with complete plans and specifications that have
been approved by all reviewing agencies, both local and
state. When this has been properly accomplished, the con-
tractor should not have any problems in obtaining a permit
for the construction.

The first stage of the project is to conduct a preliminary
investigation and prepare a report on the findings. The pre-
liminary investigation should include;

1. Securing topographic mapping of the drainage shed
that includes the 40-acre tract

2. Preparing a drawing showing the location of the 40-
acre tract, the drainage shed, and environs

3. Meeting with the staff of the sewer utility (Depart-
ment of Public Works or a separate authority) to advise
them of the project and to obtain information on the
availability of public sewer to serve the area

This early meeting with the staff of the sewer utility is also
necessary to obtain information on how the utility plans to
sewer the area, as shown by the Master Utility Plan for the
area where the 40-acre tract is located. Several additional
pieces of information are obtained from this meeting;

®  The parcel of land is in an area approved to
receive public sewer and that the nearest public
sewer is approximately 16,000 feet to the west.

B Capacity is available in a trunk sewer located to
the west, but it may be 5 to 10 years before service
will be available to the property under the utility’s
sewer extension program.

B The utility does permit property owners to
extend sewer service into areas approved for service
at the property owner’s expense.

®  Any design for sewering the parcel will have to
consider the needs of the entire sewer shed, and the
comprehensive sewer plan provides for the construc-
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F18URE 24.18 Sewer Shed West End Road service area.

tion of a pumping station on the adjacent sewer shed
to the east that will pump the flow across the
drainage area containing the 40-acte tract.

®  This additional 28-acre parcel is zoned single
family at four units per acre.

®  The engineer was advised that the property
south of West End Road is not planned for public
sewer.

8 A pumping station is to be located at Point Y
(Figure 24.19) and a forcemain routed along the

north side of West End Road to the existing trunk
sewer.

The utility has a reimbursement policy whereby if Jenn,
the owner of the 40-acre tract, constructs facilities that will
serve off-site property, the utility will collect prorated funds
from other landowners as their property is approved for
sewer and pass these funds along to Jenn as they are col-
lected. Jenn will only be entitled to reimbursement for any
oversizing of utilities as required to provide service for off-
site property. Note that this is only one procedure for man-
aging a reimbursement policy, since the local policy may

L e St g S =
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TABLE 24.11 Acreage for Each Subarea
as Shown in Figure 25.18

ARgA Acres*  AopmonaL Aches'  ToraL Aches
1 15.50 8.61 2411
2 16.07 5.68 2175
3 2112 424 2536
4 36.39 0.41 45.80
5 37.37 385 N2
6 3754 517 2.1
7 49.65 8.15 57.80
8 1162 6.95 4857
Toials  255.26 52,0 307.32

*Acres within the drainage boundary.
tAcres within the additional 200-ft-wide strip.

provide for reimbursement on the basis of acreage sewered
or by some other procedure.

Early in the project, a meeting between the engineer and
the utility staff is very beneficial to both parties and should
always be scheduled.

The cost of off-site construction in this example may be
more than would be economically feasible in the develop-
ment of a 40-acre parcel. The principal off-site costs are those
of a pumping station and 16,000 feet of forcemain. The engi-
neer is able to apprise the owner of these costs as a part of
the preliminary report. This report is completed and pre-
sented to the owner before starting design. Thus, the owner
is able to make financing decisions before incurring substan-
tial engineering costs. Project financing is not covered in this
chapter, but note that the property owner has several options
that should be explored. The owner himself or through his
legal counsel should meet with other property owners in the
sewer shed to determine whether other property owners are
Interested in participating in the project. The engineer may

also assist the owner by sending a letter to each affected

property owner advising them of a meeting to be held at the
engineers office for the purpose of determining their interest
In participating in the project. The engineer would generally
not be authorized to proceed with design until Jenn has
made suitable financing arrangements for the construction
of the project.

Establishing Sewer Service Shed

A drawing of the sewer shed is shown in Figure 24.19. The
drainage boundary above West End Road is 255.26 acres. It
should be recognized that, for a rural area, a 255.26-acre
area may require many years for complete development, in
which case something less than the entire drainage shed

would be included in the planning and design associated
with sewering the 40-acre tract. This is a decision that
should be agreed on by the local government planners and
the utility. In this example, it is assumed that the parcel is
located in a major urban area where development will
occur within a 10-year period once sewer service becomes
available.

Contours are not shown on Figure 24.19 for clarity pur-
poses. The figure is shown at a 1-in = 500-ft scale in order to
include the entire area on a normal sheet. The engineer
would normally use a 24-in by 36-in layout sheet. This
would permit using a scale of 1 in = 200 ft. At this scale a
5-foot contour interval would be used, unless the terrain is
extremely flat or steep.

The 255.26-acre sewer shed above West End Road has
eight subsheds, each having an unnamed intermittent
stream draining to West Creek. These intermittent streams
are shown as Branch A through G. It is recommended that a
maximum depth of 20 ft for the gravity sewer system be
used for design purposes.

A 200-ft-wide strip has been used in the example to estab-
lish a sewer service boundary. This strip extends around the
three sides of the drainage boundary. Lines are drawn to show
the drainage limits of the eight subsheds. Also shown is the
point where the off-site sewer is proposed to discharge to the
West Creek shed. This is shown as Point X.

The engineer must determine how the area will be sewered.
In this example, it is determined that the area will be sewered
by constructing a main sewer along the east side of West Creek
from Point Y to Area 1. Submains will connect at the conflu-
ence of each of the branches with West Creek. Each of the sub-
mains will sewer the respective area, with no area connecting
directly to the main except through the submains. This deci-

TABLE 24.12 Planned Density

ARea

Numeer  Pramep Densrry

1 100% single-family at 4 units/acre

2 40% townhouses at 10Mu“riis/acre _____
60% new elementary school—300 students

3 100% single-family at 4 units/acre

4 100% single-family at 4 units/acre

5 100%single-familyat4 units/acre

6 100%lownhousesat 10 units/acre.

7 100% single-famiy at4 units/acre.

8  40% commercial at 2000 gpdacre.

60% apartments at 25 units/acre
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sion is made by the engineer and based on the topography. In
this example, the flow for the main sewer is computed. The
design of the submains and the sewer laterals would be
designed as a part of the development of each parcel.

Determining Average and Peak Flow

A topographic map that shows the boundaries for each
planned land use should be prepared for the sewer shed.
This information is taken from the comprehensive plan for
the area. The area of each use for each subshed is then deter-
mined by planimetering. The area for each subshed, as de-
termined by planimeter, is shown in Table 24.11. The
planned density for each subshed is shown in Table 24.12.

A drawing similar to Figure 24.19 would be prepared at
a scale not smaller than 1 in = 200 ft with all topographic
features shown including contours and land use. A map of
this type is not provided in this example because of size
limitations.

Table 24.13 is formatted for tabulating average and peak
flow for each main sewer segment. The length of each seg-

ment is shown in column 3 of the table. The peak design flow
is provided in both gpm and cfs for general information.

Table 24.14 provides information on elevations for the
proposed sewer route and the associated West Creek stream-
bed. This table would not be required in a normal design, as
the information would be taken directly from the topo-
graphic map data as the design proceeds.

Note the following general guidelines:

1. Keep the sewer depth to at least 6 ft. This minimizes
the impact of surface loadings.

2. Design to allow for stream crossings. The top of the
sewer for all stream crossings is to be at least 1 ft below
the streambed. The sewer, in the area of the stream
crossing, will be concrete encased.

Line Design

The sewer design is provided in Table 24.15. Notes are
provided as a part of the table to show how the data was
determined. In the design example, the design is started

TABLE 24.13 CGomputation of Sewage Flow

1) 2 3) (4) () (6) ™ (8) (9 (10) (11)
Faom To Lewm  Aren  Acaes  Desy  Amen*Ave.  Toa Peak DesteN Desien
Ponr*  Powr* Feer  Awoeo' Toru!  Aooeo'  (epm)Fuow’  Fuow® (epn) Facton® Fuow® (apm)  Frow (cFs)
8 7700 1(241) 2411 96SE* 3550 3550 64 158 0.35
7 6 20 275 4586  STTH 26400 61620 60 257 057
6 5 470 32536) T2 101SE 37370 9890 59 406 090
5 4 680 4(4580) 11702 45BTH. 137400 236300 54 886 197
4 3 4 5@4122) 15824 164SE 60680 IS g -
] X(280) 18524 112SF 41440 38500 51 1190 267
_3 e
2 1 20 7780 28675 231SE 85470 552080 47 1802 401
T R T e e !
728Apts. 218550 809486 45 2530 5,63

"Points refer to confluence of subshed drainage with West Creek and correspond with area added as shown in column 4.

"Acres taken from mapping by planimeter (see Figure 25.18 and Table 25.11).
‘Areas are totaled to confiuence of indicated streams.

Mllowable density obtained from comprehensive plan of Jocal government (see Table 25.12).

SAverage flow per unit obtained from Table 25.2.
*Flow added is unit flow times the number of units.
®Total flow s total to indicated downstream point.
*Peak Factor obtained from Figure 25.2.

“Design flow is obtained by muitiplying average flow times the peak factor to obtain gpd and then dividing by 1440 minutes/day to give flow in gpm. Cfs is oblained by
dividing gpm by 449 gpm/cfs. MGD is obtained by dividing gpm by 695 gpm/mpd or cfs divided by 1.55 cfs/mgd gives the flow in mgd. Cfs or gpm can then be used

with the nomograph shown on Figure 25.7 to establish head loss and pipe size.
*S.F. = Single-family detached housing.
TH. = Town house.

Note that when the distance between points in greater than 400 ft, and intermediate number is needed. See the design tabulations shown in Table 15.5.

. e ———————
. e ———
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TABLE 24.14 Elevations Determined from Field Surveys
STATION Grounp Evev, (F)* Stream Inv. Erev, ()t} Starion! Grounn Etev. (F1) Smneam ELev. (F1)
0+00 2120 206.8 19+ 00 2216 2174
1400 2120 207.8 20+00 2220 218.0
2+00 2132 208.2 21400 2225 218.7
3400 2137 208.9 22400 2231 2193
4400 2144 2093 23+00 2236 2199
5+00 215.0 200.7 24 +00 2240 2205
6+ 00 215.9 21041 25+ 00 247 221.0
7400 2164 2104 2 + 00 205.2 2214
8+00 216.6 2110 27+ 00 2258 2221
9-+00 216.8 2116 28+ 00 2065 2229
10+00 217.2 2123 29400 27,0 2235
11400 217.4 2130 30+ 00 2076 2242
12400 2179 2133 31400 208.2 2048
13400 218.5 2137 2400 2289 25,4
14400 2189 2143 33+00 2295 206.2
15400 2196 2149 34400 230.1 270
16+ 00 2201 2155 35+ 00 207 2275
17+00 2207 2162 ®+00 231.2 208.2
18400 2210 216.8 37400 2317 280

*Ground elevations were taken from fleld topography for the selected sewer route.

'Stream elevations are for the lowest point In the stream cross section at the respective station along the sewer route.

¥The sewer route is within 25 ft of the stream at all points.
IStation 0+ 00 Is adjacant to proposed Jocation of pumping station.

adjacent to the proposed pumping station and continued
upstream. When designing sewers to serve relative flat ter-
tain in which the ground slope along the sewer route is less
than the slope required to provide minimum velocity in the
sewer, the design should be started at the upper end of
the system and continued downstream. This is because the
sewer will continue to get deeper as the design proceeds. If
the design is started at the lower end, the designer does not
know what initial depth to use so that adequate cover will be
provided upstream, making several trial-and-error attempts
necessary.

Preparation of Construction Plans

The engineer now has all the information required to com-
Plete a set of construction drawings. It is important that the

plans be clear and complete. These plans would normally be
prepared on 24-in by 36-in sheets (local utility may have
other requirements) and consist of:

B A cover sheet showing the project title, any identify-
ing project number, a location map, and the name of the
engineering firm. The cover sheet also often includes a
sheet index for the drawings and the name of the owner,
If the owner is a public body, the names of the elected
officials such as mayor and council members may be
shown as local practice requires.

® A general notes and legend sheet. This sheet should
include specific notes for the construction of the
improvements in the designated municipality or author-
ity service area, especially if the improvements will be
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dedicated to the municipality or authority after con-
struction. The legend provides definitions for symbols
and details used on the plan and profile sheets.

W A general layout sheet showing streets, lots, and sewer
location. The layout sheet should be to a scale where the
entire project can be shown on a single sheet, The
design sheets should be overlaid on the layout sheet as
an index,

R Plan and profile sheets. These sheets normally show
the design in plan view on the top half and in profile on
the lower half. All topographic data related to the design
construction area should be shown. The manholes are
shown and numbered. The lines are shown with bear-
ings and distances with any angles being shown at
changes in horizontal alignment. Sewer size, manhele
numbering, and stationing are shown on both the plan
and profile views. The plan view should show existing
and proposed structures, houses, underground utilities,
curbs, property lines, all storm drainage, and any other
infrastructure, The profile shows the elevation of all crit-
ical points such as all manhole inverts and top of covers
t0 0.01 ft. Care must be taken to show the location and
elevation of all subsurface utilities, foundations, and
other elements important for safe, orderly, and economi-
cal construction. Field-test pits may be needed for the
proper location of existing subsurface elements.

8 The plan view is generally shown at a scale of 1 in
equals 50 ft. The horizontal scale for the profile is shown
at the same scale as the plan. The vertical scale for the
profile is generally shown at a scale of 1 in equals 5 ft.

B Standard details sheets. Standard details for manhole,
manhole frame and covers, spectal construction such as
waterproof frame and covers, and stream crossings are
shown on sheets as needed following the plan and pro-
file sheets.

®  Submain and building spur connections. In subdivisions
it is common to locate the sewer near the middle of the
street where possible and construct all building spurs to
the property line and cap the end of the line. It is impor-
tant to show the location and elevation of each spur on
the drawings for later location. The spur should enter
the sewer through a manufactured wye. House spurs
generally do not connect to a manhole. Submains
should enter the main at a manhole where the connec-
tion has been cast as a part of the manhale.

Note that the sewer design results in establishing the
sewer invert profile. The sewer conduit is uniform and at
steady flow conditions. The invert (lowest point inside the
sewer conduit) is parallel to the hydraulic grade line (HGL)
While the HGL will rise and fall with changes in flow condi-
tions, it will always be within the pipe under gravity flow
conditions. Since the HGL location varies, the invert slope is
established in design and utilized in constructing the sewer.

PUMPING STATIONS
Goneral Information

Pumping stations are common to most sewage collectipp
systems. The collection system that does not include lift or
pumping stations at one or more locations is rare. The engi-
neer has available a wide chaice of pump types giving flexi.
bility in selecting the type of facility most suitable for g
particular application.

The term lift station refers 1o a pumping facility locateq
within a collection system to lift the flow to a higher elevs.
tion. Sewer systems located in relatively level terrain may
become excessively deep, making it necessary to lift the flow
up to minimum cover for the sewer. In Table 24.5, the slope
of an 8-in sewer providing a velocity of 2.25 fps is 0.0042.
This sewer has a head loss and, hence, a drop in the sewer
invert of 4.2 ft per 1000 ft of length. If the sewer is long or if
the sewer is not running with the ground slope, the depth
may become 5o deep that a lift station is needed, The depth
where a lift station becomes economical depends on subsur-
face conditions. The presence of a high ground water table,
poor soil, or rock must be considered in making this deter-
mination. Also, the length of sewer that will be excessively
deep must be considered. Utility maintenance personnel
generally prefer that sewers not be over 20 ft deep if greater
depths can be avoided.

A pumping station is a facility designed to lift the flow
and convey it some disténce, such as from one drainage area
to another or from the collection System to a treatment
works. A lift station is commonly referred to as a pumping
station, but pumping stations are not called lift stations.

Location

A pumping station should be located so as to serve the entire
sewer shed. In the sewer design example in the previous sec-
tion, it was found as a part of the preliminary investigation
that the limit of the sewer shed was to be West End Road.
This may have been a political boundary or a decision made
by the local government because of land planning. The sta-
tion must be located so as to receive the sewage flow from
the designated sewer shed. Some general considerations to
be used in locating a pumping station are as follows:

® Alift station or pumping station should never be
located in a public street.

®  The station must be accessible by an all-weather ser-
vice road, where the utility either owns the right-of-way
or has a permanent access easement.

®  The station must be located to provide protection
from flood inundation. The station should as a minj-
mum remain fully operational at the 25-year flood eleva-
tion and receive no damage at the 100-year flood level.
The criteria used in determining flood protection are
dictated by local policy and conditions related to the
site, such as the potential for unacceptable environmen-
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al pollution when overflows or sewer backups occur. In
no case should sewer backup due to pump station fail-
ure result in flooding of buildings with sewage.

s Consideration should be given to problems with
noise and odor. Odor is most likely to be a considera-
tion with flow from large long main or trunk sewers
where the sewage becomes septic in the sewer before
reaching the pumping station. The discharge from a
forcemain is also usually septic. Equipment is available
for removing odors from exhaust air. Screenings are
another source of odors, and they should not be stored
at locations where odors will impact the surrounding
area. Accumulation of solids in a poorly designed wet
well may also cause odors.

Noise will not normally be a problem at a properly de-
signed facility. The noise level from the operation of pumps
and motors is low and should not be noticeable outside the
station. There will be some minor noise from the mainte-
nance truck and crew that checks the station on a daily basis.
If the station design includes on-site emergency power, the
generator will need to be exercised weekly, but residential-
type mufflers are available and should be used. The exercise
period is usually one-half hour and should be scheduled
during the normal workday.

® A buffer area of at least 100 ft around the station
should be owned by the utility. A cyclone-type fence
should be installed around the station to minimize prob-
lems with vandalism and, more important, reduce the
possibility of accidents involving children.

®  The exterior architecture of the station should not
detract from the appearance of the neighborhood. A
pumping station can be located in any residential neigh-
borhood if it is designed and sited in an attractive man-
ner. Windows should be avoided to reduce vandalism.
False windows can be used where needed for architec-
tural reasons. The owner should always be consulted
about the exterior appearance of the station. The
grounds should be properly landscaped for appearance
and drainage. Use slow-growing shrubbery, gravel areas,
and pavement to reduce maintenance requirements.

Design Types

The engineer should be familiar with the requirements of the
utility that will own and operate the station. Utility person-
nel prefer to have equipment that they are familiar with for
ease in maintenance. If the utility staff does not like the type
of equipment provided, it probably will not be a successful
Project. It is also important that the equipment be procured
through a manufacturer’s representative who will be avail-
able and responsive if problems occur with the equipment.
A small lift station may serve such uses as a few houses, a
business, a church, or a school. This type of station can be as
simple as placing one or two small pumps in 2 manhole. It is
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widely used with submersible pumps, with the manhole
housing the pumps serving as the wet well. Small grinder
pumps are often used, in which case the forcemain may be a
1%-inch plastic pipe. Pneumatic ejectors may also be used
for small lift stations, but ejectors are generally located inside
buildings to lift the flow from floors lower than the public
sewer up into the sewer. Ejectors located inside buildings are
part of the building plumbing,. In most instances these small
lift stations should include two pumps with automatic alter-
nation for station reliability. Figure 24.20 shows a typical
design of this type

Moving up in capacity, the second type of pumping or lift
station may be of the same general type as described earlier,
except for the size or capacity of the equipment and the reli-
ability of the station. A station of this size would always
pump into a forcemain 4 inches in diameter or greater. The
station should always have two pumps and generally have
on-site emergency power. The engineer has many options
available for selecting the type of pumping facility to be
used. However, the submersible station design normally
offers the most economical and functional choice for use in
systems serving small communities.

Figure 24.20 shows a design employing two submersible
pumps placed in a properly sized concrete manhole. The
bottom of the manhole is filleted and sloped to direct the
flow to the pump intake and to prevent solids from accumu-
lating in the manhole. The pump mounting design provides
for the pump to be removed and replaced by a lifting chain
without the need to enter the manhole. A lifting hoist is pro-
vided as part of the station design. All valves and controls are
located in a separate vault for ease in maintenance, thus
eliminating the need to enter the wet well. This type of
pumping station can be used for designs of any size. Where
the average daily flow is greater than 0.5 mgd, the two
pumps may be placed in separate chambers that are inter-
connected with isolation valves so that either chamber may
be dewatered for maintenance.

There are several manufacturers of reliable submersible
pumps. No alternative offers the simplicity, reliability, and
economy that are achieved with a submersible pump station.
Four-ft-diameter manholes are normally used as the wet well
in collection systems; however, manholes are generally avail-
able in diameters up to 10 ft. When a large-diameter man-
hole is needed for locations where they are not available,
reinforced concrete pipe can be placed vertically on a con-
crete pad. When concrete pipe is used, the design must con-
nect the pad and pipe in a manner that prevents leakage at
the joint.

While the submersible pumping station is recommended,
there are hosts of package pump station designs available.
Generally, the entire pumping station is shipped to the site
already assembled and is placed on a concrete pad, con-
nected to a wet well discharge, forcemain piping, and an
electrical supply. Typically, this type of station is referred to
as a suction-lift pumping station. The name defines how it
operates: a suction pipe is placed within a wet well of simi-



FLYGT submersible pump i
lowerd down guide bars to '
automatic engage with fixed ¢
discharge connection ;
retaining hook for ; E
upper guide bar bracket fifting chain
b
access frame ;
il |
1
i
1
; It ’
S chanl% t
- [motor |
! gl cable E
- level i
guide bar - ol :
/ G
?ji
|
%ﬁrﬁ;g:a%nnacﬂon subme“r'slble I
W um
pump coupling 8 gpergﬁng |
position
self anchoring —
bolits

Fiaure 24.20 Typical submersible pump station. (Reprinted with permission from T FLYGT Corporation, 1893, Wastewater Pumps Catalog, Trumbul, CN}

lar shape and size as a submersible station, and the lines are
connected to pumps placed abaveground. These pumps dis-
charge into a forcemain that conveys the sewage to the
receiving manhole in another collection system or the treat-
ment works. The pumps and associated controls are typi-

cally housed in a prefabricated fiberglass or concrete station
that is easily accessed by maintenance personnel. In addition
to limitations that impact the operation of submersible
pumping stations, the suction-lift station has limitations
with the depth of the wet well. Based on the location of the
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pumping station in relation to sea level, the pumps are typi-
cally unable to pull the sewage vertically through a suction
line greater than 25 ft. Suction-lift stations are generally
more expensive to construct, but are typically easier to main-
tain than a submersible pumping station.

The engineer always has the option of designing a
constructed-in-place wet well-dry well design where rein-
forced concrete basins are constructed and the pumping
equipment, piping, and associated appurtenances are assem-
bled in place. The wet well is the receiving chamber for the
incoming flow. The wet well serves as a flow surge basin and
as short-term storage during periods when the pumps are
not operating. The dry well is isolated from the wet well
except for the pump intake pipes. The dry well houses the
mechanical equipment. The electrical equipment, including
the pump motors, is generally placed in the ground floor
housing located over the dry well. Both the wet well and
the dry well must be suitably lighted and ventilated and
have proper access for maintenance personnel. This type of
pumping station can be designed to incorporate all specific
requirements of the operating utility, but it is the most
expensive to construct and to operate and is normally not an
option for a station serving a land development project.

With designs where the maintenance personnel must
enter the wet or dry wells, a minimum two-person crew
must be present, whereas only one person can carry out the
routine maintenance at a submersible station since no be-
lowground tasks are required. It is important to note that all
pumping station designs be checked for flotation. While
more engineers and utilities are using submersible pump sta-
tions as described earlier, the older accepted practice of con-
structing a built-in-place wet well-dry well pumping station
remains the standard design for the larger installations. Sub-
mersible pumps can be used in dry well installations.

Components of a Pumpling Station

The flow schematic shown in Figure 24.21 is common to all
pumping stations, except the gate valve is not needed
between the wet well and the pump in a submersible design
because the pump is installed in the wet well.

Screening. Screenings are the larger particles of floating
and suspended matter that may clog pumps and other
equipment. The quantity of screening normally does not
exceed 0.5 ft* per million gallons of flow for residential
sewage. Rags are the most troublesome items in pumping
stations. The quantity of screenings to be removed depends
on the type of housing and other sources of incoming

Gate Valve Gate Vaive

Check Valve

Electrical
Controis

FIGURE 24.21 Schematic of a pumping station.

sewage. The screening device should be located such that all
incoming flow passes through the chamber before entering
the wet well. The device should only remove material that
interferes with the station operation because of the difficulty
of handling removed material. Disposal methods include
grinding and returning the material to the flow, burial, and
incineration. Burial and incineration should be off-site from
the pumping station. Maintenance crews generally carry the
screenings from small pumping stations back to the treat-
ment plant for treatment and disposal. Macerators are avail-
able for locating on the incoming sewer and should be
considered for use on sewers serving industrial areas pro-
ducing significant fibrous wastes.

The screening device for pumping stations of small to
moderate size, which primarily serve residential areas, may
be a basket located such that the flow passes through the
basket as it enters the wet well. Daily cleaning should be
scheduled until experience shows that a less frequent sched-
ule is adequate. The design permits overflow in case of stop-
pages without causing a sewer backup. The basket should be
designed for easy removal of the screening, With submersible
stations, the basket is lowered into place and removed by a
cable hoist. The basket is held in place by guides or by hang-
ing hooks, as shown in Figure 24.22. Hanging hooks are
generally more satisfactory because guides are a mainte-
nance problem.

Fixed bar screens are used in larger pumping stations.
The bar screen is placed in a straight channel, usually
located at the entrance to the wet well. The screen is inclined
from 30 to 60 degrees from the horizontal. The corners of
the channel should be filleted to minimize problems with
accumulation of solids, particularly grit. The bars generally
have a face dimension of % to % inches and a depth from 2 to
2% inches. The bar size for larger screens is determined by
the structural requirements, with the face dimension limited
to % inches. The clear space between the bars is normally 2
to 2% inches. The bars are held together with a welded strip
located on the downstream side at the bottom and top of the
screen. A rake, having teeth size and spacing compatible
with the screen, should be provided for cleaning the screen.
The screenings are raked to the top of the screen, where they
fall into a can having a perforated bottom for drainage or
onto a drain rack. The top of the bars may be curved over to
facilitate cleaning. Fiberglass racks and slide gates are avail-
able and should be considered for a design. Mechanically
cleaned screens are used at large stations.

The approach velocity to the screen should not be greater
than 2.5 fps at peak flow. The design must allow for the
energy loss in the channel and through the screen so that the
incoming sewer is not surcharged. Also, the maximum oper-
ating level in the downstream wet well must not surcharge
the screen. When the screen is located in a subsurface cham-
ber, suitable hoisting equipment should be provided for lift-
ing the screening to the surface. A typical manually cleaned
bar screen is shown in Figure 24.23. Calculations are shown
for sizing a screen to handle the flow from the West Creek
sewer.
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The average and peak flows at Point Y are 1.25 cfs
(809,560 gpd) and 5.63 cfs, respectively (see Table 24.13).
The approach velocity is to be 2.5 fps at peak flow. The bars
are to be ¥ in x 2 in with 2-in clear openings between bars.

Cross-section area of flow = Q/V = 5.63 cfs/2.5 fps =
2.25 fe.

Solect Channel Depth. The incoming 15-in sewer at 0.8
depth of flow = 1 fi; therefore, a 1-ft depth is selected for the
approach channel. Width of channel =2.25 /1.0 ft =225 fi =
width of screen. Note in Figure 24.23 that free fall of about 3
in is provided at the influent pipe and 6 in of fall is provided
through the screen chamber. The energy loss through a clean
screen is small, generally less than 1 in. But most of the time
the screen is partly clogged, which can materially increase the
loss. Note the curved bars that aid in handling the screening.
The screenings are raked onto a drain pad. After draining, the
screenings are removed for disposal.

Sizing of the Wet Well. The wet well is a chamber that has
been sized to receive and accumulate the incoming flow

gglde—mounted basket. (Reprinted with permission from Washington Aluminum Company Components

when the pumps are not operating. The wet well also pro-
vides some flow equalization, thus reducing the peak pump-
ing rate from the peak influent flow rate. Some common
design criteria for pumping stations are the following;

1. Pumps ate selected to pump 2.5 times the average
daily flow rate with the largest pump out-of-service. For
example, if only two pumps are provided, each must
have a pumping capacity of 2.5 times the average daily
flow rate. 1f three pumps are provided that are not of
equal size, the two smaller-capacity pumps must be
capable of pumping 2.5 times the average daily rate. All
pumping stations should have at least two pumps so
that any single pump can be removed for maintenance.

2. There is a heat buildup in pump motors if the fre-
quency of starting is too great. This can shorten the life
of the motor. Most heavy-duty motors of the type used
with pumps can be started up to about 10 times per
hour without overheating. Starting frequency is con-
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Fiaure 24.23 Manually cleaned bar screen.

trolled by the size of the wet well, and this should be
coordinated with the electrical designer to ensure that
the proper class of motor is specified.

3. The wet well should be filleted to eliminate corners
where grit can accumulate.

-

4. The wet well should be divided into sections at
larger stations so that the section supplying each pump
can be isolated and dewatered for maintenance. This can
be accomplished with submersible pumps by placing
each pump in a separate manhole that is suitably inter-
connected and valved.

5. If maintenance crews are required to enter a chamber
for routine maintenance, proper ventilation must be pro-
vided. The ventilation fan should be sized to provide 30
air changes per hour. Air is usually exhausted from near
the floor so that fresh air is brought into the top of the
chamber as the crew descends. The exhaust fan switch
should be located at the top of the stairs or ladder so the
fan can be started before entering the subsurface chamber.

6. A potable water hose bib should be available at each
structure for use in cleaning. The potable source should
be protected by installing a backflow preventer on the
service line serving all outlets except the drinking foun-
tain and bathroom.

7. A flow-measuring device should be included in the
design. Ultrasonic meters are reliable and widely
accepted.

8. The short intake piping and intrastation effluent
piping may be designed for velocities of 6 to 8 fps, but
force mains are not normally designed for velocities
greater than about 5.0 fps at the peak pumping rate.
Higher velocities scour and erode the pipe, and the
energy loss increases exponentially with an increase in
velocity. A minimum velocity of 2.0 fps should be pro-
vided at the minimum pumping rate.

9. Pump stations, except for the very small ones,
should have an alarm system for the following malfunc-
tions: power supply failure, pump fail to start, high level
in wet well, failure of sump pump to operate, and failure
of on-site generator to start. Other alarms may be
needed at specific locations. The alarm should be
relayed by telephone line or other means to a central
staffed location.

10. A check valve should be placed in each pump dis-
charge pipe to prevent backflow through the pump. A
gate valve should follow the check valve so that the
pump and check valve can be isolated for maintenance.

11.  The top of the pump bowl on horizontal impeller
shaft pumps should contain an air release valve that is
vented back to the wet well.

12.  No air should enter the dry well from the wet well.

13.  Pumping stations located in an area where sewage
backup or overflow would result in a health hazard
should include an on-site power generator. These gener-
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ators are normally driven by diesel engine and designed
to start automatically when the off-site power supply
fails and return to standby conditions when the off-site
power supply returns, The units are designed to keep
the facility completely operational. An on-site fuel sup-
ply for 36 to 48 hours of operation is provided as a part
of the design

Pump Selection

Sewage pumps are typically centrifugal volute nonclog
impeller design. The impeller should be designed to pass a
2¥%-inch-diameter sphere. Other pumps, such as grinder
pumps, utilize a cutting-type impeller that reduces the size
of the solids that are being pumped and allows for a reduc-
tion in the discharge forcemain diameter. The pump manu-
facturer provides performance curves for each impeller
avatlable for the specific pump. A typical performance chart
for a submersible pump is shown in Figure 24.24.

The performance curve shown in Figure 24.24 shows
only the characteristics of the particular pump for a single
impeller, The manufacturer casts the largest impeller that
can be used with the pump. Impellers are then trimmed to
the diameter required to provide the head and flow needed.

Figure 24.25 provides performance data for eight im-
peller diameters. The diameters, in millimeters, are shown
along the ordinate of the graph. Efficiency curves are shown
for the operational range of the pump, with the peak effi-
ciency being 87 percent for the 670-mm impeller. Addi-
tional data available from catalogs includes intake and
discharge connection diameter, brake horsepower, and rota-
tional speed. Rotational speed is also an important charac-
teristic in pump selection. Higher rotational speed increases
flow and head, but bearing life is generally materially
reduced. A larger pump with lower speed may cost more,
but reliability is significantly improved. The pump selected
should operate at less than 1700 rpm and specify any diam-
eter between 7.0 in and 10 in. Net positive suction head
(NPSH) is the difference between the absolute pressure at
the suction point and the vapor pressure of the liquid. Fail-
ure to maintain the NPSH can result in vaporization of the
liquid being pumped, with the resulting cavitation causing
damage to the pump. The low water pump shutoff level is
usually set no lower than the midpoint of the pump bowl so
that pump suction is not a problem. Pump efficiency is
shown to vary between 58 percent and 72 percent. Brake
horsepower is shown for each of the four impeller sizes.

The total head imparted to the flow is shown as the ordi-
nate for the indicated flow rate. The head imparted is not the
same as the discharge pressure, The imparted head is the dis-
charge energy minus the intake energy of the flow. Note that,
for centrifugal pumps, the discharge head decreases as the
motor horsepower requirement increases. Never oversize a
centrifugal pump, as this may lead to an overloaded motor.

It is sometimes necessary to install two centrifugal pumps
in series to provide the required energy input. When cen-
trifugal pumps are installed in series, the flow through each
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purp is the same and the energy input is the sum imparteg
by the two pumps. The two pumps are designed as separaie
pumps and piped to operate in series. With water pumps,
series impellers can be installed in a single multistage Pump
housing (multistage pump has two or more inipellers on the
same shaft within a single housing). However, this cannot he
done with sewage pumps because the pump must be de-
signed to pass solids. Therefore, sewage pumps are designed
8s separate pumps where series operation is required 1o
induce the required head,

When centrifugal pumps are installed in parallel, the
flows cannot be summed to obtain the flow from the two (or
more) pumps, Figure 24,26 shows a pump curve that has
been constructed for four pumps installed in parallel. The
pump curve is constructed by selecting a head and
a line parallel to the abscissa. Each pump discharge for that
head is added along the line. In Figure 24.26, all four
pumps are identical, but the same principle applies if the
pumps are different. When pumps having different petfor-
mance characteristics are installed in an installation, the
smaller pump will not function if the discharge head of the
larger pump is greater than the shutoff head of the smaller
pump. The shutoff head is the head produced by a pump at
zero flow and is shown by the ordinate-intercept of the
pump curve.

A system curve is then constructed by starting with the
static head at the ordinate-intercept and adding the system
energy loss at two or more flow rates to permit drawing the
curve. The interception of the system curve with the per-
formance for the indicated number of pumps shows the
capacity for the respective number of pumps. Note that in
Pigure 24.26, since four pumps are identical, the distance
between the curves at the total head value are the same
because each pump has the same pumping capacity at any
given head. However, as more pumps come online, the
energy loss increases as defined by the Hazen-Williams
equation and shown by the system curve. Thus, the flow
capacity of two pumps is less than twice that of the single
pump operating. The capacity of each pump is the same and
is one-half, one-third, or one-fourth of the total, depending
on the number of pumps operating,

Pumping stations serving a long forcemain should have a
surge relief valve to relieve the surge from water hammer.
This valve is located on the station discharge piping and is
vented back to the wet well.

The incoming 15-inch sewer at Point Y has an invert ele-
vation of 204.75 fi (see Table 24.15). The fall in the piping
and bar screen is 1.00 ft, giving an invent elevation entering
the wet well of 203.75 ft. Each of the two pumps are to be
installed in an 8-ft diameter manhole (volume per vertical
foot = 375.8 gal per manhole = 100 ft* for the two man-
holes). The minimum inflow rate is taken as about 10 per-
cent of the average rate or 50 gpm. The peak inflow rate i
2530 gpm (see Table 24.13) and the pumping rate will be
2.5 umes the average daily inflow rate (2.5 x 562.2 gpm =
1405 gpm).
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The wet well should be sized to provide at least a
4-minute run time at minimum flow. Therefore, the volume
of the wet well is the pumping rate minus the inflow rate =
(4 x 1405) — (4 x 50) = 5420 gal = 724.6 ft>. The operating
depth of storage in the wet well = 724.6 ft*/100 ft* of volume
per foot = 7.25 ft. Therefore the pump cutoff depth =
203.75 — 7.25 = 196.50 ft. These depths are shown in Fig-
ure 24.27. Note that the bottom of the manhole is the distance
from the pump connection flange to the bottom of the pump
mounting plate, which is lower than the pump stop level. This
dimension is obtained from pump catalog information.

A suction lift exists when the hydraulic grade line drops
below the center of the pump bowl. Suction lifts should be
avoided with sewage pumps unless the installation is specif-
ically designed to be self-priming. Total dynamic suction lift
is the vertical distance in feet from the center line of the
pump to the free liquid level in the wet well plus all energy
losses in suction pipe and fittings.

The total dynamic head imparted by a pump is the differ-
ence in energy across the pump and is given by the E term in
Equation 24.16:

Q out T
Qin 9
Y TP
i/ y Level 1
| (start)
|
Vol. |
o A |
+
\ 4 -| g Level O
/ (stop)

Points 1 and 2 are located on the suction and discharge side
of the pump, respectively. Point 1 may be the water surface
level in the wet well and point 2 the free discharge point at
the end of the forcemain. Points 1 and 2 must be the same
for all parameters in Equation 24.16. V is the velocity, Z is
the vertical distance from the same datum to the respective
points, E is the energy imparted by the pump, and H is the
energy loss between the two points. Each term in the equa-
tion has the dimension of feet.

Brake horsepower is the shaft input to the pump and is
given by Equation 24.17:

BHp = —apm)(Head in Feet)
~ (3.960)(Pump Efficlency)

Brake horsepower is the work done by the pump expressed
in foot-pounds per minute. Raising a gallon of water 10 ft
represents 8.34 Ib/gal x 10 ft = 83.4 fi-lbs of work. One
horsepower is doing work at a rate of 33,000 ft-Ib per
minute. In Equation 24.17, 3960 is obtained by dividing
33,000 by 8.34. Pump efficiency is expressed as a decimal
and not in percent (obtained from pump performance
curves). Velocity head is usually ignored in pump selection
because it is insignificant. For example, at a velocity of 5 fps,
the velocity head (see Equation 24.5) = 25/64.4 = 0.39 ft.

The profile for the forcemain, planned for construction
between the West Creek pumping station located at Point Y
in Figure 24.19 and the existing gravity trunk sewer, is
shown in Figure 24.28. The low water level in the station
wet well is 196.50 ft. The invert of the forcemain at the dis-
charge point is 308.15 ft (obtained from field survey or
taken from as-built drawings available at utility), giving a
static head of 111.65 ft.

The energy loss due to pipe roughness for pressure flow is
generally determined by the Hazen-Williams equation, The
terms in Equation 24.18 are: V = velocity in fps, C is the
Hazen-Williams coefficient, R is the hydraulic radius = D/4
in feet for circular pipe, and S is the hydraulic gradient =

(24.17)
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Flaure 24.28 Profile of ground surface along forcamain.



head loss/length. Equation 24.19 is the continujty equation
for noncompressible flow. Equations 24.20 and 24.21 are
rearrangements of Equation 24.18. Note that the flow varies
directly as C for a constant hydraulic gradient and pipe
diameter. The technology of pipe manufacture is such that
all pipe is near smooth wall. Most information supplied by
pipe manufacturers indicates that a C value of 140 to 150
should be used in design; however, engineers generally use a
value between 100 and 120. This allows for normal minor
losses in the pipe and also accounts for & somewhat deterio-

rated pipe wall condition after the pipe has been in use for
several years.

V=1318CRO® g0

%=—2— (24.20)
H = [ m;;——ﬁTm]mL (24.21)

Various types of nomographs and slide rules are availghle
for solving the Hazen-Williams equation, One type of nomo.
graph is shown as Figure 24.29.

As determined previously, the static head for the pump-
ing station is 111.65. The friction loss is based on 1600 ft of
pipe plus the minor losses in the pumping station. The
pumping rate is 1405 gpm or 3.13 cfs. Forcemains are gen-

(24.18) erally designed for a velocity at peak flow of around 5 fps.
From the continuity equation and Figure 24 29, it is found
Q= Av (24.19) that & 12-in pipe at a velocity of 5.0 fps will have a ca
pacity
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of 1737 gpm and that a 10-in pipe requires a velacity of
5.7 fps to carry 1405 gpm. The 12-in pipe is selected for the
forcemain because the friction loss will be less and because
there is another area at station 10+00 that may use capacity
in the forcemain at a later date.

Since the flow from the pumping station will be small
for several years, it is decided to install less than the full
pumping capability at this time. A forcemain should have a
minimum velocity of 2 fps when the pumps are operating.
Thus, the initial pumping capacity will be et least 710 gpm.
Figure 24.20 shows a hydraulic gradient of 0.0016 when
using a design C of 120 and a flow of 710 gpm in the 12-
inch pipe. The hydraulic gradient at 1405 gpm is 0.0056.

Minor losses are losses in valves, bends, and segments of
& conduit that produce turbulence over that for straight pipe.
These losses are usually neglected in a pipeline, but they can
become significant in a pumping station. One method of
accounting for minor losses is by use of Figure 24.30. Know-
ing the source of the minor loss, the information from the
figure can be used to determine an equivalent length of
straight pipe. Por example, a check valve is equivalent to
80 ft of 12-in pipe. The following minor losses apply to the
West Creek pumping station: one check valve, one gate
valve, two elbows, and one tee, giving equivalent lengths of
80 ft + 6 ft+ 33 ft (2) + 70 ft and a total equivalent line
length of 1600 + 222 = 1822 ft. At the hydraulic gradient of
0.0056 the initial friction head loss will be 10.2 ft, which
1s added to the static head and gives a pumping head of
111.65 + 10.2 = 122 ft. The pump selected, as shown by
the performance curve in Figure 24.24, will deliver about
750 gpm at the required head. This pump will operate at
about 53 percent efficiency and require a 40 Hp motor.

The pump selected will accept larger impellers and
motors as shown by the catalog data. These can be changed
when the need arises without having to replace the pump.
The daily cost of pumping can be determined as follows:

BHP = (750 gpm)(122 ft)/(3960)(0.53)
=438  (See Equation 24.15)
Electric Power = BHp/Efficiency of motor
=43.6/0.92 =474 Hp
Cost = (Hp) (0.746 KW/Hp) (Hours)' ($/kWH)

= (47.4) (0.746) (24) (0.40)* ($0.08)°
= $27.16/day

Other appurtenances to be included in a forcemain
design include air relief valves and blowoffvalves. Air relief
valves must be placed at high points in the forcemain, as an
accumulation of air will restrict the area of flow and result in

' Although 24 hours Is used in the xample, pump may operale fewer hours per day and
this would be used In the equation period.

#Slnca the pumping rate is 2.5 times the average dally fiow, the pump will oparate only
40 percent of the time when the flow reaches the design rate. The fiow and pump run
time will be less until the sewer shed is developed to design density.

SPower costs are assumad as $0.08 per kilowatt-hour.

————

a decreased carrying capacity of the line. It is seen from the
line profile in Figure 24.28 that an air valve is needed g
about station 8+00. An air relief valve for sewage must he
used. The valve is placed in an enclosure such as a manhole,
Blowoff valves are located at low points in the line to permy
draining the line for maintenance, A blowoff valve is usually
a gate valve or a plug valve. The profile of the main showg
that a blowoff valve is needed at about station 10400, Plug
valves are generally preferred over gate valves because of the
ease of operation. A plug valve only needs to be turned 9p
degrees to open or close, whereas a gate valve requires much
more effort and time to open or close.

Solid-state frequency controllers are a very reliable means
of varying the speed of the pump motor. Variable-speed
pumps should be considered for pumping stations, as their
use minimiges surges in the forcemain from the constan-
speed pump cycle. The variable-speed feature results in the
pumping rate matching the incoming flow rate. Variable-
speed pumping stations at sewage treatment plants greatly
reduce surge waves through the plant.

DESIGN OF SANITARY SEWERS
WITHIN SUBDIVISIONS

General information

The previous section presents pracedures for the design of a
main or trunk sewer such as might be needed for sewering
an entire sewer shed. This section presents the principal ele-
ments that are generally applicable to the layout and design

. of a sewage collection system to serve a subdivision or devel-

opment.

The design of a sewage collection system for a subdivision
generally requires fewer hydraulic calculations than is
needed in the design of a main sewer, such as presented in
Tables 24.13 and 24.15. There are many important aspects
in the layout and design of any sewage collection system,
and an experienced engineer should be involved in the pro-
cess. A poorly conceived layout of a collection system will
increase the construction costs and generally result in addi-
tional maintenance requirements. Care must also be taken to
ensure that all lots can be properly sewered.

The hydraulics of sewers as presented, along with the data
in Table 24.5, apply to all sewer designs. However, the calcu-
lations required in the design of collector sewers are generally
much less complicated than what is required for larger sew-
ers. As shown in Table 24.5, an 8-in sewer flowing full at a
slope of 0.0042 fi/ft, and a roughness coefficient n of 0.013,
has a capacity of 354 gpm (0.51 MGD). At this flow the peak-
ing factor is 5.0 (see Figure 24.2), giving an average daily
flow for design of 0.1 MGD (hydraulic design flow divided by
peaking factor = average daily flow from source). Thus, an
8-in sewer will sewer 270 single-family houses (270 SF units
times 370 gpd/unit = 99,900 gpd) or 333 town houses (see
Table 24.2 for average daily flow per unit). Likewise, a 10-in
sewer will serve 476 single-family units or 587 town houses
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(peak factor =4.5). A 12-in sewer will serve 700 single-family
units (peak factor = 4.4) or 863 townhouses.

These sewer capacities are based on a minimum velocity
of 2.25 fps. When a sewer is placed on a slope greater than
required to provide the minimum velocity, the sewer capac-
ity is increased in accordance with the Manning equation
see Figure 24.7). Generally, the sewer design for the normal
subdivision does not require the calculations of flow and
iabulation of data as shown for the larger-capacity main sew-
ers by Tables 24.13 and 24.15. For subdivisions where the
pumber of units is less than 500, the engineer is concerned
with selecting the most appropriate sewer layout and ensur-
ing that the sewer depth is sufficient to provide gravity
drainage from the units served and that the sewer slope is
equal to or greater than required to provide a velocity of
2.25 fps (slope greater than 0.0042 ft/ft). When designing
the sewer collection system for single-family subdivisions
greater in size than 500 units or town house developments
greater than about 800, the design engineer should perform
the design calculations as shown for large sewer mains. The
upstream terminal segment of a sewer line should be placed
on a 1 percent slope because this segment will serve only a
few houses and the greater slope is needed to ensure that
adequate scour is provided at the low flow. The minimum
diameter for a public sewer is 8 in. Also, as noted previously,
infiltration should essentially be zero in a properly con-
structed sewer. The unit flow data given in Table 24.2 in-
cludes an allowance for infiltration.

Feasibility Investigation

Often an engineering firm will become involved in a feasibil-
ity investigation. This investigation, generally conducted
prior to the developer purchasing the property, is important
in that it confirms the zoning of the parcel, the availability of
an adequate water supply, and sewer service. The investiga-
tion should also discover any limitations to development,
such as environmental or physical limitations.

Zoning for the parcel dictates several features of the de-
velopment that impact the sewer layout. These features in-
clude street width, lot size, sidewalk and curb and gutter
Tequirements, and building setbacks from property lines.
This chapter is concerned only with items related to the
sewer design. A more complete description of items associ-
ated with a feasibility investigation is included in Chapter 5.

The Preliminary Plan

An experienced engineer should direct the preliminary plan
design. Many important aspects leading to the success of the
development are related to the preliminary plan. Items such
as the boundary shape of the parcel, topography, and the
location of existing connecting roads and utility lines influ-
ence the location of streets and consequently the planimetric
design of the sanitary sewer system. While it is preferable
that utilities such as sewer, water, and gas be located within
the public street for ease of maintenance, this may not be

— S

possible for all sewer lines because of topographic consider-
ations. When the sewer is located within the street, it is gen-
erally located along the center line except for curvilinear
street segments where the manholes are located so as to keep
the sewer within the paved street area. Locating the sewer as
near as feasible to the center of the street results in equal
lengths of building spurs to the units on each side of the
street. The sewer should never be located under the curb
because access for maintenance is thereby limited. Most orga-
nized utility departments have regulations on the location of
utility lines because uniformity in location and construction
methods throughout the system aids in maintenance.

During preparation of the preliminary plan, the engineer’s
task is to select a sewer layout that will most effectively serve
an area at the least cost while providing long-term reliable
service with minimum maintenance. The principal items
affecting construction costs are the length of sewer, sewer
depth, and subsurface obstacles to construction—all of
which must be investigated and confirmed as part of the pre-
liminary design. Deep sewers are particularly expensive when
construction is in rock. The principal items affecting mainte-
nance costs include infiltration and stoppages. Both items
are related to the quality of the material specified by the
engineer and to the quality of the construction. A properly
designed and constructed sewer should require little, if any,
maintenance. Good engineering includes specifying the
proper materials and construction requirements and provid-
ing competent inspection of the construction, the fine details
of which are determined during development of the final
plan.

Final Plan

The engineer should not proceed with the preparation of the
final plans for a development until the preliminary plan
review has been completed and all departments of the local
government have approved the plan. In most instances, one
department will act as the control department and distribute
the plans to the necessary departments and all review com-
ments will come back through the control department.
While the sewage utility, whether it is the Department of
Public Works or another authority, will review and comment
on the sewer system proposed, the preliminary plan will be
reviewed by a number of departments and agencies.

A public or common sewer is a sewer that serves two or
more building units. A private ownership segment of sewer
should never serve more than one customer. All segments of
common or public sewers that are not constructed within
public right-of-way should be within dedicated easements.
A fifteen-foot-wide easement is desirable, with the sewer line
located at its center. Easements should not straddle lot lines
because homeowners often plant shrubbery or construct
fences along property lines, making access to the sewer diffi-
cult. Easements should extend to the development bound-
ary at locations where the sewer will need to be extended in
the future to serve off-site property.
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Proper separation must be maintained between water
and sewer lines. Regulatory agencies generally require a
minimum horizontal separation of 10 ft between the two
conduits. Where field conditions preclude a 10-fi separa-
tion, some agencies will permit construction with a 5-ft hor-
izontal plus an 18-in vertical separation with the water line
higher. Special design requirements may be used where
suitable separation cannot be maintained. Special condi-
tions may include the use of ductile iron pipe for the sewers
or other safeguards to ensure that the water lines do not be-
come contaminated in case of line leakage or breakage.
Sewer lines placed within 20 It of buildings may require
special construction, such as concrete encasement, to
ensure that any leakage will not seep around the building
foundation. Also, if a building is located near or over a
sewer, it may not be possible to access the sewer for any
required maintenance.

Sewer depth is established by the elevation of the build-
ings to be served. The sewer should be sufficiently deep to
permit gravity drainage from all buildings if possible. For
residential subdivisions, the sewer depth is based on the
building construction. If the homes have basements, the
sewer should be at sufficient depth to gravity sewer the
basement. Basement floors will generally be about 6 fi
below finished grade at the highest point next to the house.
An additional 2 ft of depth is needed to allow for the base-
ment foundation, as the house sewer should be located
below the wall foundation and not through the foundation,
The building spur (sometimes referred to as the house lat-
eral or house sewer) should be placed on a minimum slope
of % in per foot or 2 ft per 100 ft (slope = 0.02 fu/ft).
Plumbing codes allow a slope of 1 ft per 100 ft (slope =
0.01 ft/ft) for sewers under conditions where the greater
slope cannot be conveniently provided. Thus, the invert of
the house spur at the connecting point to the public sewer,
where the public sewer is located in the center of a 50-fi
street and the setback for the house is 50 ft, is 9.5 ft lower
than the highest point of the finished grade at the house
wall (from above 6 ft + 2 ft = 8 ft at outside of building
foundation plus 1 ft drop in elevation in the 50-ft distance
between the house and front property line plus %4-ft drop in
elevation in the 25-ft distance from the property line to
center of street). The invert of the public sewer is the sewer
diameter plus 1 ft to allow for the wye connection, lower
than that of the incoming house spur (see Figure 24,18 for
typical spur connection to public sewer). Thus, a total ver-
tical drop of about 12 ft between the highest proposed
grade at the house wall and the invert of the public sewer
is needed to ensure gravity drainage when the house is
constructed.

In relatively level terrain, there will be a drop across the
lawn of about 2 ft between the front building wall and the
street thats results in a sewer about 8 ft to 10 ft lower than
the street. Sewers should not be constructed deeper than
20 ft except where alternatives are not available because of
the difficulty in maintenance of deep sewers. Topographic

——

conditions may make it necessary to locate sewer lines algp,
the back of some lots in order to provide gravity drainage 5
a reasonable sewer depth.

Since, as noted previously, design calculations are seldgp,
required for sewers within a subdivision, sewer slopes a5
shown on the profile for each segment of sewer. The slope i
constant between manholes.

The design engineer should follow certain rules in selecy.
ing sewer slope. The slope for each segment of sewer rup.
ning between adjacent manholes is selected on the basig of
design condittons. The overall design objective is to design
the collection system that can be constructed most econom.
ically while maintaining good engineering practice. Thig
generally means keeping the sewer as shallow as possible
while complying with the following criteria:

1. Minimum sewer slope—the slope required to pro-
vide a velocity of 2.25 fps, or the slope required to carry
the required flow, whichever is greatest.

2. Minimum cover

a. Sewers located in streets should have at least 6 fi
of cover. If less than 6 fi of cover is provided, special
bedding may be needed because of the superim-
posed load from traffic.

b. Sewers located within off-street easements
should be placed below the freeze depth or at least
to a depth of 3 ft.

¢. Sewer segments serving a building lateral should
be at sufficient depth to provide gravity drainage
from the building served.

Figure 24.31 shows a portion of a final plan. The plani-
metric sewer layout is highlighted on this drawing, The final
grading contours are shown along with the storm drainage.
The manholes have been numbered and the locations of the
house laterals are shown.

Plan and Profile

A plan and profile is prepared showing all utilities including
the sewers. If the sewer is located within a street, the lines
are a part of the street plan and profile. All existing and pro-
posed underground utilities should be shown on these
drawings. If underground utilities are not shown, the con-
struction contractor is likely to damage them, leading to
additional costs.

A plan and profile sheet is used for presenting this
design. The plan view is shown on the top half of the sheet
and the profile is shown directly below on the bottom half
of the sheet. The plan and profile view for the final plan of
Figure 24.31 is shown in Figure 24.32. The scale of the
original drawing is 1 in = 50 ft. In the profile view the hor-
izontal scale of the profile is the same as that of the plan
view. The vertical scale is 1 in = 5 ft. The larger scale is used
to show the detail needed for construction. The drawing 15
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Fieure 24.31 Final plan.

carefully constructed, as the contractor may need to scale
some dimensions from the drawing during the project
construction.

Corresponding manhole numbers are shown on both the
plan and profile views. The building lateral locations are
shown on the plan view, but note that the stationing and ele-
vation of each building lateral at the lot line are also shown
on the profile view. The contractor must construct the sewer
as shown. Sewers located in a street are constructed to just
inside the property line and marked at the surface with a
stake so that the house plumber can access the sewer with-

A

out disturbing the street. He keeps a set of plans in the field
that are kept current with field conditions being noted as the
construction progresses. This field set of plans is used to
construct as-built drawings that become record drawings.
The utility crews can then use these drawings for maintain-
ing the sewers in future years.

The manhole stationing along with the sewer slopes and
diameter is shown for each segment of sewer. Note that the
sewer grades are considerably greater than the 0.0042 fvft
required to provide the minimum velocity of 2.25 fps. The
water line is placed to provide 4 i of cover, whereas the sew-
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FiauRe 24.32 Example of aplan and profile view for a sanitary sewer line.

ers are required to be much deeper in order to provide grav-
ity drainage from the buildings. All information needed by
the contractor to construct the sewer, roads, and other utili-
ties is shown on the plan and profile. The engineer must be
thorough in ensuring that all underground conditions are
shown on the final plan and profile. Existing underground

utility location can be obtained from as-built drawings and
supplemented through field surveys and test pits. Specifica-
tions are prepared to establish the allowed type of pipe mate-
rial, the type of bedding required, and the acceptable
infiltration. This information can also be included on the
plans as notes.
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FicuURE 24.33 Flow diagram for pressure pumping systems.

PRESSURE SEWERS

A pressure sewer collection system is used to reduce costs
relative to the cost of a conventional gravity system. The
technology may be the only feasible means of sewering some
areas. Pressure sewers are particularly applicable for sewer-
ing less populated areas, and developments or communities
located in hilly or rocky terrain. Conventional gravity sewers
may need to be deep and costly to construct in areas where
the topography is undulating. Also, a high water table may
make the construction of gravity sewers economically unfea-
sible. Pressure sewers also have merit other than lower con-
struction cost. Reliable pumping equipment is available. The
technology requires no modification to the house plumbing
and, therefore, the use of pressure systems causes little
inconvenience to the homeowner.

The two major types of pressure sewer systems are the
grinder pump (GP) system and the septic tank effluent pres-
sure (STEP) system. Figure 24.33 shows the basic elements of
both systems. A typical grinder pump is shown in Figure
24.34. The GP system consists of a grinder pump that re-
ceives the flow from a dwelling or other activity and pumps
the flow into a pressure forcemain. The GP system may also be
installed to replace an existing septic tank system, as shown in
Figure 24.33. The STEP system follows a conventional septic
tank where the flow is pumped into a pressure forcemain.

WATER TIGHT LID, FRP,
WITH PADLOCK (STANDARDj ™~

FIELD JOINT, REQUIRED
FOR MODELS TALLER
THAN 2010 - 83

ELECTRICAL QUICK DISCONNECT,
(EQD)

CORE CONTROL COMPARTMEN
BREATHER

QUICK DISCONNECT ASSY
(304 5.S.)
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11/4" FNPT
ALARM

1 1/4" DISCHARGE LIN
(304 S.8.)

CHECK VALVE ON
(PVC)

ANTI-SIPHON VAL OFF
(PVC)

STRAIN RELIEF CORD
CONNECTOR

PROTECTIVE CABLE SHROUD
(FAP)

POWER/ALARM CABLE
{12 FT LONG)

INTERNAL WELL VENT
2.0" DA,

INLET, 4.0° GROMMET
TO ACCEPT 4.50" 0.D.
PVC PIPE (STANDARD).
DUST COVER SUPPLIED
FOR SHIPMENT (NOT
SUITABLE FOR BURIAL)

28in.
701 mm.
51 gal,
18in. 1951

SEMI-POSITIVE DISPLACEMENT TYPE PUMP
DIRECTLY DRIVEN BY A 1 HP MOTOR
CAPABLE OF DELIVERING 8 gpm AT 138' T.D.H.

(34 lpm AT 42m T.D.H.)

14in.
345 mm
24 gal.
91

Fieure 24.34
One product catalog, Schenectady, NY)

,

Typical grinder pump complete with housing. (Reprinted with permission from Environmental One Corp. 1994, Grinder Environment



Pumping equipment for the GP technology is well devel-
oped. The pump shown in Figure 24.34 is available in sev-
eral sizes and capacities to serve uses from a single-family
dwelling to a small commercial or industrial flow. The unit is
supplied in a prepiped and wired fiberglass enclosure that
can be installed in a basement, crawl space, or below ground
level in a lawn. The units are available with one or two
pumps for reliability. The unit is installed and the 4-inch
building sewer connected. Pumps are available for pumping
against discharge heads of more than 100 ft. Pressure sys-
tems are designed similarly to forcemains, as discussed in
the section on pumping stations, except for a determination
of the number of pumps operating on the main at any one
time and the resulting flow. GP suppliers have developed
this type of statistical data, and it can be found in the respec-
tive catalog,

The normal wet well size for a single-family dwelling is
60 gallons (pump enclosure provides wet well volume). This
constitutes some wastewater storage availability during peri-
ods of power outages. The units are wired to permit placing
a high-water alarm at an appropriate location in the home,
usually in the kitchen, so that the homeowner is made aware
that the pump is not operating and that the wet well is full.
The pumping units are designed for easy removal of the
entire unit in case of pump failure. The pumps should give
10 or more years of service under normal conditions. It is
desirable for the community with a GP system to have ser-
vice provided by a utility or by a private plumbing company
that will keep spare pumps in stock for rapid installation.
The nonfunctioning pump is then taken to the shop for
repair or replacement and kept in stock for the next replace-
ment need. If rapid service is not available, the homeowner
should install the duplex unit so that a backup pump is
always available, allowing time to have the nonfunctioning
unit repaired.

The septic tank effluent pressure system (STEP) is a
means of eliminating the need for on-site treatment and dis-
posal, such as the soil absorption field. In past years, septic
tanks’ absorption fields have been installed at locations that
are no longer environmentally acceptable. Criteria for siting
absorption fields have improved as more knowledge on soil
percolation and potential for ground water pollution has

become available. The STEP systems are being installed to
eliminate failing absorption fields and as a means of provig.
ing central sewerage service to both existing and new com.
munities. The septic tank located ahead of the pump
eliminates most of the grease and solids in the flow to be
pumped. The forcemain design is similar to that of the Gp
system except for the type of pump required. The home.
owmner must continue to maintain a septic tank as a part of
the STEP design.
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