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R. Paul Farrell, Jr. is a second–generation sanitary engineer who has devoted more than three
decades of his career to grinder pumps and pressure sewers. The son of a state sanitary engineer,
he grew up in a home where BOD, residual chlorine and D.O. were breakfast table conversation.

He began his career, however, in the appliance division of the General Electric Company after
earning a B.S. in electrical engineering from Virginia Tech in 1949. The time spent designing food
waste disposers and developing a home wastewater treatment plant turned out to be serendipitous
preparation for a later assignment from ASCE to develop and design a new product envisioned by
Dr. Gordon M. Fair of Harvard. In the mid–1960s, he was fortunate to be able to start with a “clean
sheet of paper” and design a new pump specifically and uniquely intended for use in handling
residential wastewater as part of a pressure sewer system. The result was a prototype grinder
pump with most of the essential features of the present day E/One unit. These included a flooded
suction; 15 gpm progressing cavity pump; a 60 gallon tank; level control with no moving parts in
sewage; 1,725 rpm motor; high torque, large–diameter grinder; and large–diameter, low–velocity
suction bell.

In 1969, Mr. Farrell joined Environment One as a charter employee and immediately began product
design of the world’s first commercial grinder pump. In parallel, a full–scale pressure sewer system
demonstration had begun under the sponsorship of the New York State Department of Environmen-
tal Conservation and the U.S. Water Pollution Control Administration (now EPA). This demonstra-
tion studied the performance of three prototype and nine production grinder pumps in residential
housing in Albany, New York, for 13 months, producing a detailed record of their performance, from
both environmental engineering and mechanical points of view. The outcome was very successful,
and a voluminous report (EPA–R2–72–09) resulted, which has provided much of the design basis
for pressure sewers built subsequently.

Mr. Farrell then traveled widely for two decades, introducing grinder pumps and pressure sewers to
the professional community in the United States and abroad. This work contributed significantly to
the development of the design standards and application data now generally in use. He has pre-
sented papers about pressure sewer application and operation at technical seminars at numerous
colleges and universities and for the EPA. He is a life member of the Water Environment Federation
(WEF) and contributed to two WEF Manuals of Practice. Mr. Farrell is a registered Professional
Engineer in New York, Pennsylvania, Kentucky and Ohio. He has earned more than a dozen United
States patents relating to appliances, food waste disposers, wastewater treatment processes,
pressure sewers and grinder pumps.

In 1997, he retired from active work and enjoyed a bit more time for sailing, “ham” radio, stamp
collecting, American history and flying. Mr. Farrell says he will never lose interest in pressure
sewers and still consults frequently on this, his favorite topic.
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It has been more than three decades since grinder pumps and pressure sewers were first intro-
duced. During this time, many questions have been asked and satisfactorily answered. It has been
interesting to note that the same questions are asked over and over again, each time a thinking
person begins consideration of pressure sewers. Surprisingly, the questions have been almost
identical whether the questioner was in New England, Hawaii, Japan or Sweden. Since we hope to
continue adding new customers to the fold every year, it seems like a good idea to capture as many
of these questions and answers as possible in a permanent form that can be used as an “answer
book” for at least a few years into the future.

Many questions are too specialized or site specific to be of interest to everyone, so they have been
answered up until now on a more or less custom basis as the need arose. In many ways, this was
desirable because it allowed consideration of site specifics. On the other hand, it was information,
but usually at a later date.

This handbook is a result of these considerations, plus the fact that the author has retired. I hope
that most readers will quickly find herein at least a partial answer to their most frequently raised
questions.

With this in mind, the index has been made as comprehensive as possible. Many subjects are
cross–referenced under several key words. Where answers are incomplete or based entirely on
empirical knowledge, it is hoped that additional study, laboratory evaluation and field research will
be undertaken. Such work may confirm, refine or modify substantially much of what we have
learned so far, and will move us continually from the primitive beginnings of the 1960s to a state of
refined knowledge befitting a generation of engineers soon to be practicing in a new millennium.

R. Paul Farrell, P.E.
Niskayuna, New York
July 1997
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Standard Power Supply

Environment One grinder pumps are driven by 1–horsepower (hp) single–
phase induction motors. They are of the capacitor start, induction run type.
Standard models require a power supply of 240 volts, single phase, 60 Hz.
Rated full load current is 8 amperes, with a momentary starting current of
approximately 35 amps. The NEMA code letter is H.

In practice, the available power supply may deviate somewhat from the
nominal voltage and frequency, and the question often arises, “How much
deviation is acceptable?” The chart on the next page shows the range of
deviation considered acceptable by most motor manufacturers and electric
utilities. The rule of thumb is plus or minus 10 percent on voltage and plus or
minus 5 percent on frequency, provided the combined deviation of both does
not exceed 10 percent.

Non–Standard Power Supply

Low Voltage (100 or 120v 50/60 Hz)

Prospective users sometimes ask if the E/One Grinder Pump can be fur-
nished in a 120–volt rating, and if so, how will it perform on this common
single–phase voltage? The answer is a qualified “yes.” The grinder pump will
start and run satisfactorily on a 100v or 120v 50– or 60–Hz power supply,
only if the branch circuit wires are large enough to avoid excessive
voltage drop from the panel to the pump. A system in Iowa with more than
300 E/One SPD pumps has been operating on 120v 60 Hz power without
motor failures or starting complaints since 1987. Twelve of these houses
have 60–ampere service entrances, while all the others are 100 to 200 amps.

If cable runs are extra long and/or wire size is too small, or service entrance
capacity is 30 amps or less, customers will experience poor pump starting,
lights dimming and momentary TV picture shrinkage each time the pump
turns “on.” Since ensuring that these conditions will be met is difficult, we
strongly recommend the 240v supply for optimum performance.

Example Calculations of Voltage Drop for Various Wire Sizes

The conductor size, material and length determine the resistance (R) in ohms
of a pump feed circuit. This resistance times the current in amperes (I) deter-
mines the voltage drop (V) that will be experienced at the pump. It is not
unusual to experience a voltage drop of 10 volts with sizes and lengths
frequently encountered.

1.1 POWER SUPPLY VOLTAGE AND FREQUENCY for Grinder Pumps
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Table 1 covers a range of typical values:

* Note: This length is the sum of the distance from the service panel to the
load and back, i.e., the 100 feet used in above calculations represents a 50–
foot length of two conductor cable from panel to load. Typical lengths in many
American houses could easily be greater.

** Note: The use of aluminum wire in residential electrical work has been
virtually discontinued in most parts of the country because of the potential for
excess voltage drop and high resistance joints caused by oxidation.

208–Volt Supply

Customers often ask, “Will an E/One pump work efficiently on 208 volts?”
The 208v system is frequently available in commercial buildings as the line–
to–line voltage in a three–phase wye system providing 120v line to neutral for
lighting and convenience outlets. As shown on Table 1, 216 is the lowest
acceptable voltage (provided there is zero frequency deviation). This means
that 208 will not give satisfactory performance; starting torque will be low and
current higher than normal.

The answer is to use a small “buck–boost” transformer to convert 208 volts to
240. The diagram shows how to wire up such a transformer. These are
stocked by most local electrical distributors such as Graybar or General
Electric Supply. They are small and inexpensive. General Electric publication
GEI–99853 contains application data for the proper use of such equipment.

Niagara Mohawk, a typical electric utility, says this about such usage:

“The customer, in taking three–phase electric service, shall connect
his lighting and other single phase loads so as to maintain as nearly
as is reasonably possible, equal current in each of the three phase
conductors at the point of taking. The current in any phase conductor
shall not exceed the average of the currents in all three phase con-
ductors by more than five percent.”

Starting
AWG wire size Ohm/1000 ft Length* R–Ohm Current Volts Drop

#16 Cu 4.09 100 .409 70 28.63
#14 Cu 2.58 100 .258 70 18.06
#12 Cu 1.62 100 .162 70 11.34
#10 Cu 1.02 100 .102 70 7.14
#8 Cu 0.64 100 .064 70 4.48
#14 Al** 4.22 100 .422 70 29.54
#12 Al** 2.66 100 .266 70 18.62

Table 1
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The one 1–hp E/One motor will not unbalance most three–phase systems
unduly.

480V Three–Phase Power Supply

In situations where the available power supply is 480 wye/277 volts, 60 Hz,
three phase, the required grinder pump power can best be obtained by using
a “buck–boost” transformer connected (line to neutral) across one phase of
the three–phase 480–volt supply, as shown below.

LO VOLTS
  (208)

HI VOLTS
  (240)

H1

H2

H3

H4

X1

X2

X3

X4

N

277V LINE TO NEUTRAL

480V LINE TO LINE

3 PHASE 60 Hz WYE

BUCK BOOST TRANSFORNE

L3

L2 L1

TO

GRINDER

PUMP

277V

  240V

60 Hz 1ø

H1

H2

H3

H4

X1

X2

X3

X4
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Again, the 1–hp motor will not unbalance a three–phase system unduly.

50/60 Hz Induction Motors with Centrifugal Switch

The special 100–volt General Electric motor made for Japan will operate
successfully on either 50– or 60–Hz power supply. Here is the explanation:

1. A single–phase induction motor runs 5/6 as fast on 50 Hz as on 60 Hz.
Therefore, its rated speed is about 1,440 rpm, compared to 1,725 rpm at 60
Hz.

2. During the starting sequence, a centrifugal switch disconnects the “start”
winding at a speed slightly higher than that at breakdown torque. This en-
sures that the motor can continue accelerating the load, on the main winding
alone. For the 50–Hz, 1,440–rpm motor, assume that this happens at 85
percent of full load speed, or about 1,225 rpm. The normal switching speed
for a 60–Hz, 1,725–rpm motor would be higher, if it switched over at the
same percentage of full speed (1,725 x .85 = 1,465). A spring is selected that
will counteract the centrifugal force generated in the mechanism at the
desired switching speed. The spring for a 60–Hz motor will be stronger and
will operate at a higher speed, than the nominal for 50 Hz operation.

3. If conditions are favorable, it may be possible to select a single spring that
is strong enough to operate acceptably at 60 Hz and also achieve satisfactory
switching on 50 Hz. This will cause the switch to operate at a higher than
optimum speed on 50 Hz, but if it is safely below the actual operating speeds
imposed by the load, it may be satisfactory. There will be a compromise
involved, and in some applications the performance will not be satisfactory.
Warning!! A spring optimized for 50 Hz will not work at 60 Hz because it
will switch at too low a speed before the torque necessary to sustain rotation
is reached.
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GRINDER PUMP PERFORMANCE CHARACTERISTICS

LOW PRESSURE SYSTEM DESIGN PRESSURE
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Background

Unlike the situation in the plumbing industry, there really is a single, univer-
sally accepted and uniform national electrical code. It is published by the
National Fire Protection Association (ANSI/NFPA 70) as the National Electri-
cal Code (NEC). It is updated frequently and serves as the model for, or is
literally adopted in its entirety by, nearly 100 percent of the municipalities and
legal jurisdictions in the United States.

Approved, Listed or Labeled Equipment

Contrary to much “common knowledge,” equipment is not “approved by the
code.” The NEC describes the materials and methods to be used in making
an approved installation of electrical devices and equipment. Within the code,
there is provision for determining if electrical equipment is approved or listed
or labeled by a recognized, third party, approval organization. The most well–
known of these third party organizations is Underwriters Laboratories, Inc.
(UL). Others include CSA, Electical Testing Laboratories (ETL) in Cortland,
New York, and most recently, the National Sanitation Foundation (NSF) has
become accredited. To the best of the author’s knowledge, this has been
done by NSF so far primarily for obtaining approval for use of new American
equipment in foreign countries.

In Canada, the Canadian Standards Association (CSA), under sponsorship of
the electric utility industry, performs a similar function to UL in the United
States. Recently, UL Canada has begun to play a significant role, making two
choices available to a manufacturer of electrical equipment who wishes to sell
in Canada.

1.2 NATIONAL ELECTRICAL CODE
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The essential definitions of hazardous locations from the National Electrical
Code, ANSI/NFPA 70, are:

Class I: Flammable gases or vapors may be present

Class II: Hazardous because of the presence of combustible dust

Class III: Easily ignitable fibers or flyings are present

Division 1: Hazard is normally present

Division 2: Hazard becomes present only in case of failure of some
protective mechanism

The groups relate to the specific types of gases or vapors present, for ex-
ample:

Group A: Acetylene

Group D: Atmospheres such as acetone, ammonia, benzene,
butane, ethanol, gasoline, hexane, methanol, methane,
natural gas, naphtha, propane or gases or vapors of
equivalent hazard

For the full text, refer to Articles 500–3, 500–5, 500–6 and 500–7 of the 1993
(or later) edition of the NEC.

The most significant fact is that UL has specifically investigated the intended
use of Environment One Semi–Positive Displacement (SPD) Grinder Pumps
and has stated:

“ … it is our belief that your pumps are intended for use only in resi-
dential locations, and Underwriters Laboratories does not believe that
residential installations of your pumps are considered to be hazardous
locations as defined in the National Electrical Code.”

A copy of UL’s letter, dated January 3, 1991, is in the Schenectady, New
York, UL file.

UL’s opinion confirms that our product is well differentiated from most com-
petitive units. It means that we need not become involved in debates be-
tween competitors and electrical inspection authorities over the question of
explosion–proof equipment or installations. This is another example of how
E/One’s unique, well–differentiated and UL–listed grinder pump is superior to
the competition.

1.3 UL, HAZARDOUS LOCATIONS and the NATIONAL ELECTRICAL
CODE
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Testing a motor rated for 50/60 Hz at 50 Hz will subject it to the most severe
conditions since torque, current and heating are higher at 50 Hz than at 60.
However, the differences are not great. Current increases about 10 to 15
percent and torque roughly 20 percent at 50 Hz over the same motor at 60
Hz. In addition, as we all know, speed (N), flow (Q) and input power (watts)
decrease in rough proportion to frequency.

50 Hz is the more severe test condition in terms of motor torque. Therefore, if
pumps rated for dual frequency operation (50/60 Hz) are tested at 50 Hz, the
customer can confidently predict that 60 Hz performance will be entirely
satisfactory. The 100 percent final test cannot check a pump at two frequen-
cies and still retain the data on both in its memory. This means that, if re-
quested in advance, E/One can test specific orders and furnish certified test
data at either 50 Hz or 60 Hz, but not both.

1.4 TESTING DUAL FREQUENCY PUMPS (Motors)
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As shown by data from the Federal Power Commission, the average power
outage in the United States lasts less than two hours, and the tank storage
capacity is more than adequate for these short intervals. This is especially
true since all water–using appliances are inoperable during a power outage,
and the per capita usage drops dramatically during such periods.

Even so, it is a legitimate question to ask, “What happens if the power is off
for several days and all the pumps try to turn ‘on’ at once when power is
restored?” In such a situation, the pipe friction losses go far above the calcu-
lated values, which are based on simultaneous operation of a small fraction
of the pumps at any given time. Under such circumstances, those pumps with
the highest total dynamic head losses will turn “on” momentarily but will be
automatically tripped “off” the line in a few seconds by the built–in thermal
overload protector. Meanwhile, those pumps nearest the discharge point and
with the lowest static heads will see lower pressures, will pump out normally,
and shut off in three or four minutes.

Meanwhile, the other pumps will have cooled down enough to come back
“on” a second time and try again. Some will still see high enough heads to be
tripped back off again. Others will find the line pressure has reduced enough
to permit them to pump out and shut off. In this way, the system completely
and automatically restores itself to normal operation within 30 to 45 minutes
following restoration of power. No one must visit the pumps because they
reset automatically.

Although such long outages are rare, several instances of automatic reset-
ting, including Weatherby Lake, Missouri, are known to have successfully
occurred.

The automatic reset thermal overload protectors are very rugged devices
custom designed for the grinder pump motor. As evidence of this durability,
these protectors must cycle on and off locked rotor current for 15 continuous
days before gaining the UL seal of approval.

1.5 E/ONE GRINDER PUMPS AUTOMATICALLY RESET FOLLOWING
POWER OUTAGES
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The significance of an SPD pump is not immediately apparent except to
those experienced and skilled in the art of pump design and application. The
semi–positive displacement characteristic and principle is at the heart of
E/One grinder pumps. The SPD characteristic means that the flow (Q) from
the pump is very nearly constant, no matter what the back pressure (H).

In practical terms, in a pressure sewer system, it means that when a pump is
turned “on,” it will deliver a useful amount of flow into the system, no matter
where it happens to be within its allowable range of operating pressure. The
flow volume will be, for all practical purposes, independent of pressure in the
system. The maximum pressure may temporarily exceed the steady state
normal rating by up to 50 percent with no harm to the pump or piping.

This reserve capability offers great advantage in handling intermittent or
abnormal hydraulic conditions, including:

• More pumps “on” simultaneously than planned (design assump-
tions non–critical)

• Temporary greater than planned resistance to flow (obstructions
or gas pockets)

• Fewer than planned number of pumps connected (oversized
pipelines)

• Additional pumps added to an existing system (planned or un-
planned growth)

• Undersized pipelines (unexpected growth in customers con-
nected)

• Lower than planned velocities in pipes (fewer customers than
planned)

• Scouring pipelines that are temporarily oversize (auto–sizing
phenomena)

• Can operate far above the point where centrifugals shut off

The choice of the semi–positive displacement principle was made with input
from the ASCE Staff and Steering Committee more than 25 years ago based
on these irrefutable hydraulic fundamentals. E/One began with no vested
interest or existing investment in any particular technology, so was free to
start from the “ground floor” and develop a unique class of pump, tailored in
every respect to the specific needs of pressure sewer systems. The wisdom
of that decision has become more evident with each passing year of success-
ful operation worldwide.

2.1 BASIC CHARACTERISTICS OF SPD GRINDER PUMPS



2–4

None of these advantages can be attributed to centrifugal pumps. As a class
of hydraulic machinery, centrifugals accomplish perhaps 80 percent of the
world’s pumping tasks, but they work satisfactorily only in the simplest,
smallest pressure sewer systems. Centrifugal pumps have been “forced” into
LPS applications, whereas the E/One SPD pump was designed specifically
for this singular purpose.
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What is a Pump?

A pump is a machine that converts mechanical energy into hydraulic form. A
pump produces flow (Q, gpm) at a given pressure (P, psi) or head (H, feet).

Efficiency

Most pumps are driven by electric motors. A motor is a machine that converts
electric energy into mechanical energy.

All machines are less than 100 percent efficient because some energy is
always lost in the conversion process.

The general expression for the efficiency of any process or machine is:

Energy Output (P out)
Efficiency  (%)   =  ———————————— x 100

Energy Input    (P in)

Overall Efficiency

Below is a general diagram of a pump driven by an electric motor. The power
is input as electric energy, which is converted by the electric motor to me-
chanical energy available at the output shaft. This mechanical energy is
connected via a coupling to the input shaft of the pump. Inside the pump, the
mechanical energy is converted to hydraulic energy that can be expressed as
fluid flow at a specified rate against a given pressure.

2.2 PUMPS
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1 hp = 746 watts or 0.746 kw

The work required in pumping can be expressed as follows:

H x Q x Sp. Gr.
Brake Horsepower (BHP) = ————————

3,960 x EffP

Where:   BHP = Input (motor) power required to drive pump

H = Head in feet

Q = Flow (or capacity) in gpm

Sp. Gr. = Specific gravity of fluid (equals 1.0 for water)

3,960 is a constant

EffP =  pump efficiency

H   x   Q   x Sp. Gr.
Hydraulic HP = ——————————

3,960

Where hydraulic HP is the output power of the pump in
horsepower

In electrical terms, this measure of output power is known as
“water watts”

Pump output or “water watts”  =  Hydraulic HP x 746

UNITS AND CONVERSIONS

General Principles

1. Using consistent units is absolutely mandatory.

2. Check equations for dimensional consistency.

3. Check units before substituting values and solving equations.

Example

1. Suppose you have a pressure in psi that you would like to convert to feet
of water.
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2. A table of conversion units, slide rule or computer aid such as “Coade” can
be consulted for a constant. If we do this, we will find these constants:

1 psi = 2.3 ft. of H2O (from Flyght Conversion Calculator)
1 psi = 2.307 ft. of H2O (from Dorco Conversion Guide for Engineers)
1 psi = 2.308792 of H2O (from Coade computer program)

Wouldn’t it be interesting to derive this conversion ourselves and see how it
compares with these reference or book values?

Knowns

Water weighs 62.4 lbs/ft3. There are 144 square inches in one square foot.

By definition, pressure is force divided by area, or P =

How much pressure does a column of water one foot tall exert on a square
inch of surface at its base?

Substituting the above values, we get:

P = = 0.43333 psi per ft H2O

Since we want ft. of H2O per psi, we can take the reciprocal (divide into 1).

Therefore:

= 2.3076 ft of H2O per psi

This checks quite well with the reference book values.

F

A

62.4 lbs

144 sq. in.

1

0.43333
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This section is basic information and applies to pumps in general, not specifi-
cally to grinder pumps.

I.  Performance

A. What flow rate (Q) is needed? Express in gpm, gps, gpd, or gph.
(Think of Q for Quantity to remember this.)

Is the flow continuous or intermittent, seasonal, shift related, etc.? (This
will determine totalized flow and starting duty.)

B. What will be the pressure (P) in psi, or total head (H) in feet of H2O?
(P for Pressure and H for Head are easy to remember!)

C. What is the nature of the fluid to be pumped?

Water at room temperature is the standard fluid on which most perfor-
mance tests and specifications are based.

Specific gravity (water = 1.0)
If fluid is heavier or lighter than water, this must be considered in power
and efficiency calculations.

Viscosity (water at 68 F/20 C = 1.0 centistoke)
Whether the substance is thicker (syrup) or thinner (alcohol) must be
considered in head calculation.

Is the fluid clear or solids laden? If solids are to be pumped, what are their
size, shape and density?

II. Life

Is the fluid corrosive? If so, materials of construction must be chosen to
resist chemical attack. Both metallic and non–metallic wetted parts of the
pump must be considered.

Is the fluid abrasive? This will also impact materials of construction to be
specified. Some commonly available materials include:

• Cast iron, stainless steels, bronze, tool steel

• Plastics in great variety can be engineered for specific heavy–duty
applications

• Elastomers for rotating and static seals, gaskets, O–rings

PUMP SELECTION
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III. Special Requirements

The operating environment may impose special requirements such as:

• Vibration, impact or shock resistant

• Waterproof, raintight or dust–tight

• High ambient temperature

• Explosion–proof

• Light weight or small size

Such special constructions should be specified only when necessary
because they always result in increased cost.
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Types

A. Centrifugal
Impeller

Radial flow
Open

Vortex
Closed

Mixed flow
Axial flow

Volute Casing
Inlet
Cutwater
Discharge
Shaft
Bearings
Seal(s)

B. Positive Displacement
Reciprocating

Piston, plunger
Diaphragm

Rotary
Gear
Screw
Lobe
Vane
Flexible rotor
Progressing Cavity

Rotor
Stator

2.3 PUMP CLASSIFICATION
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The total dynamic head (TDH) that a pump must overcome consists of the
following components:

Static Head (Hs) The elevation to which the fluid is to be lifted.

Suction Head (Hs) A component of static head that will be negative if
the suction basin is below the pump casing. It becomes more critical if
the fluid is hot or has a low vapor pressure. Pumps have a character-
istic known as Net Positive Suction Head Required (NPSHR), which
can be obtained from the manufacturer and must be considered in
such applications.

Friction Loss (Hf) The energy spent in causing a fluid to flow through
a length of pipe. As discussed elsewhere in these notes, it is the result
of flow rate, pipeline length, surface roughness and pipe inside diam-
eter. Pipe diameter has by far the greatest influence (varies in propor-
tion to almost the 5th power of diameter).

Velocity Head (Hv) The energy required to impart velocity to the flow.
It can usually be neglected unless the flows are very low.

Total dynamic head (Ht) can be obtained using the following equation:

Ht  =  Hs  +/-  Hsuc  +  Hf  +  Hv

2.4 HEAD ON A PUMP
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FRICTION LOSS IN A PIPELINE

Energy is required to cause a fluid flow through a pipe. The amount of energy
depends on several things. The most important are:

• Pipe diameter (D)

• Rate of flow (Q)—gpm for instance

• The roughness of the pipe wall (a function of material, e.g. glass is
slick; concrete is rough) is expressed as an empirical (experimen-
tally determined) constant (C or n)

• The length of the pipe (L)

This energy is called friction loss and can be calculated several ways. A
method used by many practicing civil engineers is the Hazen–Williams
equation:

H
f
 = Friction loss in ft. of water

C = Friction coefficient = 150 for new PVC pipe
Q = Flow in gallons per minute (gpm)
D = Actual inside diameter of pipe in inches

Example

Let’s calculate the friction loss of a PVC pipeline with the following character-
istics:

We will calculate for five values of flow (Q) and plot the result:

Flow–Q Friction Loss (Hf) — ft of H
2
O

gpm 1.5 in. 2.0 in. 2.5 in.
0 0.000 0.000 0.000

10 1.691 4.996 0.668
20 6.104 18.035 2.411
30 12.933 38.215 5.109
40 22.034 65.106 8.704
50 33.309 98.423 13.158

Length 1,000 feet
Material PVC SDR–21
Roughness 150 C factor
Nominal Diameter 2 inches
Actual I.D. 2.149 inches

( )
1.852

100

C

H
f
 = 0.2083[ ]

Q1.852

D4.8655

x
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The table also shows the same calculation for a larger and smaller diameter
pipe:

Nominal Actual
1.5” 1.720
2.5” 2.601

Note how much steeper the curve becomes as the diameter is decreased
from 2 inches to 1.5 inches.

Conversely, increasing the diameter from 2 inches to 2.5 inches flattens out
the curve, even at the highest flow rates.
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2.5 VELOCITY PROFILE IN A PRESSURE SEWER PIPE

The graph on the next page shows a velocity profile across a typical section
of a 2–inch SDR–21 PVC pressure sewer flowing full. The average velocity is
2.0 feet per second (fps). This was calculated from an empirical equation
based on the work of Vennard, as quoted by Neale and Price in the June
1964 issue of Journal Sanitary Engineering Division ASCE. The profile shows
that the velocity is not the same at all points in the flow stream. From an
examination of the profile, the following conclusions can be drawn:

• The velocity is zero at the pipe wall where viscous drag is a
maximum

• There is a relatively thin, so–called “boundary” layer immediately
adjacent the pipe wall where the friction drag of the wall is still
felt. This drag diminishes rapidly as the distance from the wall in-
creases. For this size PVC pipe and velocity, the boundary layer
is about 19 mils thick.

• The average flow velocity of 2.0 fps actually occurs midway
between the pipe wall and the centerline

• The maximum velocity is about 1.23 times the average and
occurs at the pipe centerline

Reynold’s numbers were calculated for the range of interest in pressure
sewers, namely for velocities of 1, 2 and 3 fps; in PVC pipe from 1 1/4 inches
to 6 inches in diameter (see the next section for more information).

The resulting Reynold’s numbers indicate that pressure sewer flow with
E/One SPD pumps is classified as Smooth Turbulent.



2–18

0
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

F
ra

ct
io

na
l D

is
ta

nc
e 

fr
om

 W
al

l t
o 

C
.L

.

2.
5 2

1.
5 1

0.
5 0

Velocity (fps)

B
o

u
n

d
ar

y 
L

ay
er

 A
p

p
ro

xi
m

at
el

y 
.0

20
 in

ch
es

E
st

im
at

ed
 V

el
oc

ity
 P

ro
fil

e
2–

in
ch

 P
V

C
 P

re
ss

ur
e 

S
ew

er
 a

t F
ul

l P
ip

e 
F

lo
w



2–19

Viscosity of water (sewage) centistoke @ 60 F/16 C per Cameron Handbook
p. 1–4 = 1.125057 centistoke

Kinematic Viscosity, v = 1.2E–05
Re = D*V/v Where:

D = Pipe ID, ft
V = Velocity, fps
v = Kinematic viscosity = .0000107639  x centistokes

If Re < = 2,000, flow is generally laminar
If Re > = 4,000, flow is generally turbulent

2.6 REYNOLD’S NUMBER for Pressure Flow Through PVC Pipe

SDR–21 Re @ 1 fps Re @ 2 fps Re @ 3 fps
Size inch D–inch D–ft 1 2 3

 1 1/4 1.502 0.12517 1.03E+04 2.07E+04 3.10E+04
2 2.149 0.17908 1.48E+04 2.96E+04 4.44E+04

 2 1/2 2.601 0.21675 1.79E+04 3.58E+04 5.37E+04
3 3.166 0.26383 2.18E+04 4.36E+04 6.54E+04
4 4.072 0.33933 2.80E+04 5.60E+04 8.41E+04
6 5.993 0.49942 4.12E+04 8.25E+04 1.24E+05

R e y n o ld 's  N u m b e r  fo r L P S S  F lo w

1 . 0 0 E + 0 3

1 . 0 0 E + 0 4

1 . 0 0 E + 0 5

1 . 0 0 E + 0 6

0 1 2 3 4 5 6

P ip e  S i z e  -  i n c h

3 fp s 2 fp s 1 fp s

Reynold’s Number for LPS Flow

Pipe Size - inch
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Engineers sometimes inquire if low pressure sewer (LPS) systems could
have a water hammer problem. Therefore, the fundamentals of this phenom-
ena and why water hammer is not a problem in systems using E/One SPD
pumps should be understood.

The water hammer phenomena results from sudden deceleration of a column
of liquid moving through a pipeline. This can happen when water is flowing
through a long line and suddenly encounters a fast–closing valve, or if a high
rate pump suddenly shuts off. The moving mass of water must then be
decelerated rapidly and large pressure forces can be generated. A pressure
wave created at the point of sudden closure will reflect back and forth be-
tween the point of closure and the origin. The magnitude of the pressure will
gradually diminish with each transit. The first wave generates the highest
pressure and represents the worst case mechanically. Subsequent waves,
however, may be noisy and cause vibration in the piping system.

In general the following factors contribute to water hammer:

• Velocity of flow

• Bulk modulus of liquid being pumped—water is 300,000

• Length of pipeline

• Modulus of elasticity of pipe material (steel is 30 x 106)

• Inside diameter and wall thickness of pipe

• Speed of closure of valve

A review of these variables shows why water hammer has never been a
problem with Environment One LPS systems:

• Flow velocity is rarely above 3 ft per second, and usually lower

• Pipelines are of non–metallic materials—PVC and HDPE have a
lower modulus of elasticity than steel (i.e., more flexible or elastic)

• The short vertical passageway between pump discharge and anti-
siphon valve always contains an air column that functions as a
“water hammer arrester”

• The flexible elastomeric pump stator ensures a “soft start”

There are no reasons to expect water hammer problems in a low pressure
sewer system using E/One SPD grinder pumps and a non–metallic pressure
piping system.

2.7 WATER HAMMER IN LOW PRESSURE SEWERS
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Environment One grinder pumps have been approved for use all over the
United States and Canada. More than 90,000 of these UL–listed (guide card
E48042M) and National Sanitation Foundation approved grinder pumps have
been installed since 1970. Grinder pumps are recognized as a great improve-
ment over older type “sewage ejectors” because they reduce the sewage
solids to small pieces, typically 1/4 inch to 1/2 inch. Sewage ejector piping
was typically 2 1/2 inches or larger in order to pass solids entire. This, in turn,
required inefficient pumps with oversized passages and a high flow rate to
achieve an acceptable cleansing velocity. In contrast, since the solids from a
grinder pump are so small the discharge pipe need be only 1 1/4 inches, and
flows of 10 to 15 gpm are ample to ensure good scouring.

These references are suggested for further documentation:

“Grinder Pumps for Individual Applications and System Use” in Yearbook of
the 1973 National Meeting—American Society of Sanitary Engineering. This
paper is appended and describes the Environment One grinder pumps in
some detail from the plumbing inspector’s viewpoint.

NSF Test Report C–9–3 provides further evidence of the suitability of Envi-
ronment One grinder pumps from a plumbing and public health standpoint.
See Section 3.2 for more information.

A Pressure Sewer System Demonstration, U.S. EPA–R2–72–091, November
1972, describes a full–scale demonstration of 12 Environment One grinder
pumps in houses in Albany, New York. Detailed data collected over a 13–
month period include water and wastewater flows, power consumption,
running time, reliability and mechanical performance of the units.

These reports, studies and analyses show that Environment One semi–
positive displacement grinder pumps, when installed in accordance with the
manufacturer’s recommendations, meet all the intended performance require-
ments for safely pumping sanitary wastes from residential buildings.

No single, widely accepted national plumbing code exists; nine separate
organizations claim authority over plumbing approval in various sections of
the country. E/One has not applied for approval from any of these regional
groups. Grinder pumps have been specifically included since 1991 in the
National Standard Plumbing Code, published by the National Association of
Plumbing–Heating–Cooling Contractors. As a result of persistent work by the
distributor in that state, the Massachusetts State Plumbing Code now permits
a 1 1/4–inch discharge line in conjunction with an SPD grinder pump such as
that offered by E/One. Other codes and jurisdictions are likely to join as
favorable experience based on waivers continues to accumulate. As the
installed base approaches 100,000 units, it is becoming easier and more
routine to obtain such waivers that are based on performance, rather than
literal compliance with material–based requirements.

3.1 PLUMBING CODE APPROVAL
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3.2 NATIONAL SANITATION FOUNDATION LISTING

The NSF is an independent testing and certifying organization headquartered
in Ann Arbor, Michigan, that was founded in the 1940s in cooperation with the
University of Michigan School of Public Health. Its mission has been to set
national (and recently international) standards for materials and products that
are of plumbing and/or public health significance. These standards are
arrived at by consensus, sometimes over a period of a year or more. The
committees always include a good cross section of state and national public
health professionals and consultants as well as industry representatives and
university faculty, so the standards thus set are an impartial yardstick by
which to judge the suitability of various health and plumbing–related materials
and products. Logistics and management are handled by NSF permanent
staff. The organization is equipped with modern laboratories and field testing
facilities that are used to determine compliance of submitted products with
the applicable criteria or standards.

The E/One grinder pump line was originally tested by NSF under Criteria C–9
in 1973 and has been continuously approved for listing since that time.
Evidence of NSF approval is given by the NSF label on every grinder pump
that leaves the factory. The NSF also publishes a quarterly publication, NSF
Listings, that shows all approved products. This can be consulted by plumb-
ing inspectors who wish to verify that a listing is current. Each significant
change in the product is cleared in advance with the NSF, and their field
inspection staff visits the factory for unannounced audit visits at frequent but
irregular intervals. The purpose of these visits is to ensure that the product is
in compliance with the plans and specifications on file with NSF. Largely
because of E/One’s high quality standards, plus the 100 percent final test,
E/One’s record of compliance has been virtually flawless.

Some of the items in the NSF test protocol for original listing include:

• Ability to grind and pump foreign objects

• Ability to pump raw sewage daily for six weeks

• Freedom from objectionable odors, noise or safety hazards

• Freedom from plumbing or health hazards of any kind

• Durability of materials of construction for the intended purpose

• Ability to pump 25 percent above rated pressure with only a small
linear reduction in flow
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E/One grinder pumps are sometimes used to transport household wastewa-
ter to a septic tank. This has no harmful effect on septic tank performance.
Although the solids in the waste are reduced in size by the grinding action,
there is no significant effect on settleability since it is influenced more by the
micro particles than larger–sized solids. This question was addressed during
the Albany Pressure Sewer Demonstration Project. A specific settleability
study concluded that “settleability tests on pressure sewer wastewater
showed no significant differences over conventional wastewater.”

Additionally, since the E/One grinder pump discharges at a steady rate (9 to
15 gpm) regardless of head, the flow is metered into the tank, tending to
smooth out the many normal peaks and surges. This encourages the estab-
lishment of quiescent settling conditions in the septic tank and tends to
improve settleable solids removal.

This satisfactory performance of E/One grinder pumps on community septic
tank systems has been experienced at a number of locations. A well–docu-
mented example is Cuyler, New York. In this 41–house rural Hamlet, an
E/One pressure sewer system went into operation in 1976. The treatment is a
community septic tank system consisting of two 5,000–gallon tanks, a dosing
siphon and a four–section tile field, providing for alternate “use” and “rest” of
the two halves. Operation and maintenance has been easily handled by this
small village with no organized public works department. Service call rates
and maintenance costs covering more than 15 years of operation are con-
tained in two references. See Small Flows Journal, Fall 1994, and Journal of
Environmental Health, June 1996. This experience provides assurance that
E/One grinder pumps will perform in an entirely satisfactory manner with any
type of treatment, including a community septic tank–soil absorption system.

Mr. James Feuss or Mr. Peter Rynkiewicz, both of the Cortland County Public
Health Department, would be pleased to provide current details.

As further evidence that grinding has no adverse effects on settleability of
pressure sewer wastewater, a series of four grab samples of septic tank
effluent at Cuyler, New York, were taken in spring 1994. When analyzed for
suspended solids, the average was 85 mg/l. If a typical influent SS value of
250 mg/l is assumed, the removal efficiency was 67 percent.

Reference:
“A Pressure Sewer System Demonstration,” (Albany Demonstration Project),
EPA–R2–72–091, pages 2, 167–168, 171, November 1972.

3.3 EFFECTS OF GRINDER PUMPS ON SEPTIC TANK OPERATION
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The effects of ground wastes (garbage) on various methods of sewage
treatment have been studied and documented in the literature. In general,
there is no harmful effect since the materials are mostly organic and suscep-
tible to the same biological oxidation and stabilization processes used to treat
domestic wastewater. Most municipalities permit the use of garbage dispos-
ers on septic tanks, provided the tank is not smaller than 1,000 gallons, and
with the understanding that sludge removal intervals are likely to be short-
ened by about one–third.

A study by K.S. Watson, et. al. published in JWPCF (December 1967) in-
cluded these conclusions regarding the effects for food waste disposers on
sewers or septic tanks:

• “There was no significant increase in the use of water as a result
of the use of a disposer.

• There was an average per capita load increase in the wastewater
as follows: suspended solids 26 percent, BOD about 17 percent
and grease about 35 percent.”

The following is an abstract of “Effect of Garbage on Sewers & Sewage
Purification,” report of the Institute of Sewage Purification, Surveyor (Brit.),
Vol. 115, No. 178 (April 1956), reviewed by M.C. Rand in Journal Water
Pollution Control Federation, Vol. 29, No. 9, p. 1,095 (Sept. 1957):

“Conclusions:

1. Clogging of sewers and drains due to garbage grinding is unlikely

2. Sewage volumes are increased 2 to 7 percent when grinders are in
general use

3. The solids in sewage are likely to be about doubled

4. The solids present no difficulty in purification provided the treatment
plant has sufficient capacity to handle the increased loading.”

Studies as part of the Albany Demonstration Project (Section 3.9) showed
that passing domestic waste through a grinder pump had no deleterious
effects on settleability.

3.4 GARBAGE AND SEWERS
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On a property in Wakulla County, Florida, an Environment One Model 212
grinder pump is being used to protect a fragile wetland. The GP 212 pumps
raw sewage from a four–bedroom, four–bath residence to a septic tank and
soil absorption system located about 1,300 linear feet from the house and
approximately 5 feet higher in elevation than the pump site. This 1,300–foot
polyethylene pipeline traverses a wetland for nearly its entire length. The
house and pump have been elevated to ensure that they are well above the
100–year flood plain.

High–density polyethylene pipe (HDPE) was used because of its low friction
losses and freedom from joints. It is pressure rated at 160 psi or higher and
provides a completely infiltration/exfiltration free piping system. This sealed
piping system positively protects the fragile natural environment through
which it passes. The friction loss in 1,300 feet is less than 26 feet, and the
scouring velocity is well above the minimum recommended value of 2 feet
per second, ensuring a clog–free situation.

There are numerous pressure sewer systems in the state of Florida, many
using E/One’s equipment, and some more than 15 years old. In all these
installations, the company knows of no instance where sleeving the plastic
service line has been required.

3.5 WETLAND PROTECTION WITH GRINDER PUMPS
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Sanitary Waste All the wastewater (or sewage) of domestic origin in a
building. It includes laundry, bathing, kitchen and toilets, but not downspouts,
floor drains, area drains or sump pumps. Most sanitary waste comes from
houses, but commercial sites, businesses, schools and industries also con-
tribute sanitary waste from their restrooms. To the ordinary citizen, this term
sounds a bit odd since it is correctly perceived as unsanitary. Environmental
engineers use the term to distinguish this wastewater source from industrial
waste and stormwater (see below).

Sanitary Sewers Intended for transporting sanitary wastewater or domestic
sewage from the buildings where it originates to the treatment works.

Industrial Waste Wastewater of industrial or commercial origin that often
contains high concentrations of chemicals, organics, oils and greases, sol-
vents or any process waste stream.

Stormwater Runoff from surfaces such as streets, parking lots, building
roofs, lawns and spring snowmelt. It usually flows in greatest abundance
following major rainfall events. Stormwater, or storm flow, is a more or less
transient phenomena, peaking a little after a rainstorm begins and gradually
diminishing several hours after the rainstorm is over. Its primary significance
is twofold: first, stormwater peak flows tend to flush out storm or combined
sewers; second, if transported to the treatment works, the flows are often so
much larger than normal that treatment processes are severely overloaded
hydraulically, allowing untreated waste to escape into the river or other
receiving water.

Storm Sewers Intended to transport only stormwater from the points of
origin, primarily catch basins, to disposal sites. Formerly, this meant direct to
the nearest river, creek or other natural watercourse. Research during the
past several decades has revealed that stormwater is not just “pure rain from
heaven” as we once thought. Instead, it may contain many contaminants and
nutrients. In many large cities today, stormwater collection and dispersal
systems provide at least primary treatment before discharge. Most of the
contamination in stormwater is from non–point sources. Examples of non–
point sources are runoff of animal manure from farm fields or fertilizer from
suburban lawns.

Combined Sewers No longer built, but many exist in large eastern and mid–
western cities; they transport both sanitary wastes and stormwater to the
treatment plant. During peak storm events, they often overflow and divert raw
wastewater directly into the river.

Infiltration Defined by the Environmental Protection Agency (EPA) as non–
sewage water that finds its way into sanitary sewers through broken pipe
sections, especially joints, root intrusion, leaky manholes and covers.

3.6 IMPACT OF LPS on Infiltration/Inflow and Treatment Plant Design
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Inflow Non–sewage water purposefully, and sometimes knowingly, in viola-
tion of local plumbing codes introduced into sewers intended for sanitary
wastes only. Some of the most common sources include downspouts, sump
pumps, floor drains and area drains.

Municipalities wishing to detect and eliminate such inflow, whether intentional
or innocent, often use a smoke test that involves introduction of a smoke
“bomb” into a sealed–off section of street sewer. Every connection to the
section of sewer under test soon begins to puff out brightly colored smoke,
making it easy to pinpoint each source of inflow. Illegal downspouts can be
particularly dramatic, puffing at the gutter ends.

Pressure Sewers Small–diameter, completely sealed plastic pipelines
operating under a moderate internal pressure (typically 20 to 60 psi). They
transport sanitary sewage from residential buildings to a treatment facility
either directly or by way of intermediates such as pumping stations and
gravity sewers. If properly constructed, they are watertight to the same
degree as water distribution pipes. This makes them completely impervious
to infiltration and most types of inflow.

Because pressure sewers are constructed of pressure–tight piping systems
with sealed joints, either solvent welded, “ring–tite” with O–rings, or fusion
welded (in the case of polyethylene), they are not the usual sites for ground-
water or surface drainage to creep in. Therefore, a completely pressurized
collection system will, for all practical purposes, ignore storm flows and
deliver only the intended sanitary waste stream to the treatment plant. This
means that there will be no storm–induced overflows, no solids washout from
hydraulic overloads, and waste will be much more homogenous in both
strength and quality from day to day and season to season.

As a result, treatment plants served by complete pressure collection systems
are easier to operate, require less tankage per capita and will deliver a
consistently higher quality effluent.

One excellent illustration is Keedysville–Sharpsburg, Maryland, where a
completely pressurized E One system serves more than 800 houses. Careful
records were kept over an extended period, showing that plant flow was
completely independent of storm events. This is clearly shown on the graph
on the next page. Refer to Preserving the Antietam Battlefield at Affordable
Cost (Palmer) for complete details.

Because there is no extraneous flow, typical hydraulic loading from a pres-
sure collection system ranges between 30 and 50 gallons per capita per day
(gpcd). The amount of organic load per capita remains the same, but since it
is transported in roughly half the carrier water, the sewage concentrations, as
indicated by B.O.D. and suspended solids, will be about double conventional
values (typically 400 mg/l instead of 200). Translated into aeration basin
design, this means half the basin size with the same CFM of blower air.
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3.7 EFFECTS OF SEPTAGE ON TREATMENT WORKS

Definitions

In the normal course of operation of a septic tank, sludge settles and scum
floats and is trapped behind an outlet baffle or other device. As the depth of
sludge accumulates upward on the tank bottom and the floating scum depth
builds downward, the clear space through which new flow must pass reduces
and the resulting velocity increases to the point that settling is inhibited, and
effluent quality deteriorates. This is a principal cause of septic tank failure,
namely that solids are being carried out into the soil system (tile field) where
they eventually reduce, clog or “plug the soil’s absorptive capability.”

The previous discussion applies equally to ordinary septic tanks or to so–
called STEP systems, which are basically nothing more than a septic tank
with an effluent pump.

Recommended Cleaning Interval: Septic (or STEP)

To avoid this soil clogging (damage that is largely irreversible), it is very
important to pump out the scum and sludge from septic (or STEP) tank at
intervals frequent enough to prevent the solids “scouring” effect. The recom-
mended pump out or cleaning interval has been subject to continuing debate
for decades. A few STEP proponents, anxious to put the best possible face
on this “technology,” insist that the required interval is 10 or 12 years. Most
practitioners (pumpers and sanitarians) know better, and their typical recom-
mendation is every three or four years, depending on the results of a physical
inspection. In practice, very few individuals ever inspect their tank as a
preventative measure. What usually happens is that the tank, “out of sight,
out of mind” for years, suddenly becomes plugged—and fixture flow drops to
zero or very nearly. A scavenger is hurriedly called on an emergency basis
and the system is pumped out.

Some pump–out contractors or scavengers may be marginal operators and a
poor source of reliable information. Nonetheless, they are one of the only
“experts” that many homeowners come in contact with and a great source of
misinformation.

As an example of the unreliable information available from such sources, the
author has personally heard several pumpers say with alarm, just when the
lid is removed, “Look, Mr. Homeowner, your tank is filled right up to the top!”
The fact is that a normal tank works in a full condition, and this observation is
a meaningless scare tactic. Since the tank will be empty when the scavenger
finishes his work, Mr. Homeowner thinks he has received something for his
money, not realizing that the tank will fill again, just as it should, as soon as
one tankful flows in from the home. This usually takes a day or so.
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Septage Disposal

Whether pumped out regularly in advance of plugging or on an emergency
basis, the contents of the scavengers tank truck must be disposed of in a
safe, healthful, legal fashion. This practice has come to be known as septage
disposal. This is hardly a trivial matter and has received much study. The
EPA has published an in–depth report entitled “Guide to Septage Treatment
and Disposal,” which provides background and technical guidance to engi-
neers and plant operators charged with the task of safely accommodating
septage disposal into existing or newly constructed treatment works. This
often involves accepting loads of septage as sporadic shock loads into the
existing headworks of a plant.

Since septage is orders of magnitude “stronger” than normal municipal
waste, it can easily upset treatment processes. To mitigate against such
shock loads, holding tanks and pumps are sometimes added to provide flow
equalization.

Regulation of the amount and frequency of dumps is another technique often
used by plant operators to reduce the adverse effects of septage on the
treatment system.

In some cases where the problem is acute and the volume is too great to
handle in existing facilities, a new dedicated receiving facility and septage
treatment plant must be built and operated.

Though it is strictly illegal and probably less frequent than at one time in the
past, a few unethical scavengers still surreptitiously dump septage illegally,
either in an obscure manhole, the woods, a farmer’s field or even trickled
onto the road as the truck travels along. This is another largely overlooked
environmental disadvantage associated with septic tanks, either conventional
or STEP–related.

References:
Several papers and reports about septage characteristics and treatment are
included in the list of references (Chuang 1976, Katsura 1975, Kolega 1971,
Silbermann 1977, U.S. EPA 1994).
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Ecologists describe the most common type of water quality degradation as
eutrophication. The American Heritage Dictionary defines eutrophic as:

“eu·troph·ic” (y¡–tròf¹îk, –tro¹fîk) adjective
Ecology.
Having waters rich in mineral and organic nutrients that pro-
mote a proliferation of plant life, especially algae, which re-
duces the dissolved oxygen content and often causes the
extinction of other organisms. Used of a lake or pond.

[From Greek eutrophos, well-nourished : eu–, eu– + trephein,
to nourish.]

— eu·troph´i·ca¹tion noun

— eu¹tro·phy (y¡¹tre-fê) noun¹

Eutrophication of inland lakes is most commonly the result of introduction of
phosphates from detergents, and nitrates of sewage origin, into the water.
The usual mechanism is through failing septic tanks. The essential ingredient
of such “failure” is that nutrients (frequently accompanied by disease produc-
ing organisms) are leached into the lake. This can result when any or all of
the following conditions are present:

• Excessive sewage flow

• Excessive rainfall or surface runoff

• Too small an absorption (tile, leach) field

• Soil not suitable for absorption field
rock
clay
sand
high ground water
percolation rate too slow

• Topography unsuited for absorption field
too steep
bowl shaped

• Poor installation
cracked or crushed distribution tiles
distribution box defective or tilted when installed
trench side walls smeared during installation
distribution lines not laid on specified grade
leaky tank causes infiltration or exfiltration

Any or all of these conditions can result in untreated sewage or septic tank

3.8 IMPACT OF LPS ON LAKE WATER QUALITY
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effluent flowing at or beneath the surface into a nearby lake or pond. One
particularly insidious route is just under the sod layer of a lawn. Nothing
shows on the surface, but the pathway is nearly as direct as the infamous
“straight pipe” that has been surreptitiously employed to “solve a problem”
more often than anyone likes to admit. These problems are exacerbated by
the customary location of recreational waterfront properties as close to the
shore as possible. Some owners, aware of the potential problem, become
amazingly frugal users of water and equally faithful with frequent tank clean-
ing maintenance, thereby preventing or postponing failures. At the other
extreme, tiny rental units crowded together near the water’s edge almost
never benefit from such careful responsible usage.

All of these sources of lake water degradation can be controlled and elimi-
nated by the installation of a low pressure sewer system, which will transport
the offending wastewater up and out of the drainage basin to a suitable
treatment site. The sealed, small–diameter piping system, without manholes
or other possible overflow openings, makes the LPS system quick and easy
to install with a minimum of disruption to the waterfront and with no danger of
contaminating the land that must be traversed from the shoreline houses to
the disposal site. Using environmentally gentle construction techniques, an
LPS can be installed through a forest or wetland if necessary with almost no
trauma to the environment.

Improvements in lake water quality have been observed at many E/One LPS
project sites. Among those documented in the literature are Quaker Lake,
Pennsylvania, and Indian Lake, Ohio, where fishermen commented on the
noticeably increased water clarity only one season later. At Liberty Lake,
Washington, a three–pronged attack on water quality produced dramatic
reduction in cultural eutrophication as measured by aquatic plant growth rates
(carbon production). Installation of an LPS system using grinder pumps,
massive harvesting of existing plant growth and diversion of flows from a
swampy tributary contributed to a highly successful and well documented
project.

At this writing (1997), a massive lake cleanup project using E/One sewers is
underway in La Grange County, Indiana, under the pioneering and some-
times controversial leadership of the county health administrator, William F.
Grant. His work included development of a novel instrument for detection of
septic tank “plumes” off shore from offending septic tanks, painstaking review
of the data, study of all the alternatives (he ultimately recommended SPD
grinder pumps), and educational programs to muster public understanding
and support. Another major accomplishment was to persuade the State
Health Department to assign a high priority to funding for eliminating these
serious public health threats.

Reference:
1The American Heritage® Dictionary of the English Language, Third Edition
copyright © 1992 by Houghton Mifflin Company. Electronic version licensed
from InfoSoft International, Inc. All rights reserved.
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In 1969, one prototype grinder pump had been developed and a working
model built by General Electric in its General Engineering Laboratories in
Schenectady, New York. This was done under sponsorship of the ASCE
Combined Sewer Separation Project Using Pressure Sewers (The ASCE
Project). The pump met all the goals originally set as part of that project. At
about that same time, the ASCE steering committee determined that al-
though a full–scale demonstration project had always been planned, there
were no funds for it.

The ASCE project had concluded that pressure sewers were not a viable
solution to the combined sewer overflow problem as originally hoped, but that
pressure sewers powered by grinder pumps appeared to have a viable future
as a new collection system technology for special situations where gravity
was not suitable for either technical or economic reasons.

The Federal Water Pollution Control Administration (now EPA) and New
York’s newly established Department of Environmental Conservation (DEC)
were persuaded by Gordon M. Fair, Kenneth S. Watson, Martin Lang, Murray
McPherson and others that a full–scale field demonstration was needed and
fully justified by the tremendous potential for environmental improvement that
pressure sewers could make. Lacking was the kind of hard data required by
the sanitary engineering community to guide their first efforts toward practical
application of pressure sewers.

With these pragmatic objectives in mind, FWPCA authorized a year–long,
full–scale demonstration to be conducted by New York’s Department of
Environmental Conservation. The DEC then awarded a contract to the infant
Environment One Corporation in 1969. A site was found in a new multi–family
public housing unit in the south end of Albany, New York. These were two–
story single–family townhouses with full basements already connected to the
Albany public (gravity) sewer. Environment One’s project team was led by
Paul Farrell, and DEC’s Research Division contributed the services of Leo
Hetling and Italo Carcich.

By August 1969, 12 townhouses had been equipped with prototype grinder
pumps along with an elaborate system for measuring, recording and tele–
metering  pump performance. Six months after the project began, Environ-
ment One replaced nine of the 12 prototypes with a new modified unit (pro-
duction model Farrell 210, just then available commercially).

The project continued around the clock for 13 months and the overall reliabil-
ity of the data collection system was greater than 95 percent. Every malfunc-
tion set off an alarm that notified whomever was on duty so that the project
site was visited in person by a team member to observe, record and, if
possible, fix the trouble. Information from the automatic data collection sys-
tem, along with field notes of each routine visit and alarm response, provided
a mountain of information that was turned into a final report known informally

3.9 PRESSURE SEWER DEMONSTRATION PROJECT Albany, New York
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as the “Albany Demonstration Report.” Its full proper description is A Pres-
sure Sewer System Demonstration, EPA–R2–72–091, November 1972.

The findings from this study were extremely positive and New York State
concluded that “… there appears to be no need for further demonstration,
and it is recommended that pressure sewer systems be considered as avail-
able engineering technology for use where applicable.”

The report is available in limited quantity from Schenectady headquarters and
is still an excellent reference source. After this small stock is exhausted, the
report will continue to be available from NTIS as:

Pub.: # NTIS–PB 214 409
From: National Technical Information Service

5285 Port Royal Road
Springfield, VA 22151

Price: Paper photocopy $14.25; microfiche $2.25

Any serious student of pressure sewers should study this report and add it to
his reference library. Meanwhile, here are a few highlights:

• Water consumption and sewage production were nearly equal
and averaged only 35 gallons/capita/day—first proof of zero
infiltration/inflow

• Out of the 12 pumps, four was the maximum number ever to
operate simultaneously, and this happened on average only once
in two weeks. Three was the maximum to operate simulta-
neously once a day. This was many fewer pumps “on” at once
than our “common sense” estimate of 50 percent (six out of 12)
going into the project. Six out of 12 never occurred during the
entire 13–month long study period. This data became a key item
in the table of simultaneous operations in the E/One design
procedure (now in the handbook and computer programs). It also
meant that the demonstration project pipe sizes were at least one
size too big. This resulted in lower than planned velocities and
some grease buildup—the first indication of how a semi–posi-
tive displacement pump becomes self–scouring in such situations.

• The entrance diameter of the level control diving bell was in-
creased from 1 inch to 3 inches and its immunity to grease–
related malfunctions demonstrated

• Chemical and micro–biological analysis of the wastewater
showed it to be lower in volume, and correspondingly stronger in
BOD than normal values. This means that pressure wastewater is
amenable to all standard treatment processes. In building a new
plant for 100–percent pressure–collected wastewater, the aera-
tion and sedimentation basins can be smaller and the blower
capacity on a per capita basis should remain the same. Specific
tests were run that showed that the settleability of pressure
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collected wastewater was not impaired by the grinding pro-
cess.

• Population of the project varied from three to nine persons per
house with an average of 6.3 (roughly twice the national average).
Even with this larger–than–typical population, the pump running
time averaged only 17.9 minutes per day, and the typical electric
energy consumption ranged from 51 to 130 kwhr per year. At
the average usage of 88 kwhr per year and a typical energy cost
of 10 cents per kwhr, a typical monthly electric bill would increase
by $8.80 per year, or 73 cents per month.

• The 11– to 15– gpm pump rate and a tank with 50 gallons capac-
ity was shown to be completely adequate hydraulically. Continu-
ous monitoring for overflows was carried out and there were
none.

• The flooded suction, positively primed pump arrangement pro-
vided 100 percent reliable starting and the production units never
failed to pump on demand

• The pump stations were completely torn down and analyzed at
the completion of the test. There was no observable deterioration
or wear.

• Several basic system questions were answered, providing a
rational starting point for design of larger projects

• Since this was a new technology, careful hydraulic design was
indicated, especially in regard to velocity

• The demonstration accomplished all its objectives and was
judged highly successful by EPA and New York State. The results
were a clear endorsement of the semi–positive displacement type
grinder pump and a green light for Environment One.

The following paragraph, quoted verbatim, makes clear the need for a near
vertical pump H–Q curve (SPD pump) and is extremely important:

The pump rate, pressure, discharge size, and required characteristic
curve were established prior to the development program as being those
required to best match the flow rate, pipe size, power requirements and
hydraulic characteristics into which they would discharge. These require-
ments were spelled out as necessary inputs to the prototype develop-
ment program and were based on extensive study by others including
L. S. Tucker, who describes the critical necessity for a pump with es-
sentially a vertical head versus discharge (H–Q) curve.12 This same
study shows the basic reasons why pumps with centrifugal type charac-
teristic curves will not perform in a system requiring discharge of many
units simultaneously into a common header. These conclusions are
based on sound hydraulic principles established by Stepanoff and oth-
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ers in various texts on hydraulics, and pump application and design,13,14,15

all of which point out the basic instability of a centrifugal type character-
istic (with its flat H–Q curve) when operated in parallel with a number of
other pumps, even if they have nominally similar characteristic curves.
The problems are accentuated if the centrifugals are of slightly different
shaped characteristics, or discharge against different static and/or dy-
namic heads. These were exactly the conditions which would be ob-
tained in any envisioned large scale pressure sewer system. In such
systems, each pump would be located at a different position along the
line and would, therefore, be required to discharge against a total head
composed of static and dynamic components that would vary one from
another, and from time to time. This reasoning, based on fundamentals
of hydraulics and pump design, dictated the requirement that the H–Q
curve for a grinder pump suitable for system use be as nearly vertical as
possible. As noted in Figure 29, the pump ultimately chosen is a Moyno
Pump, which is positive displacement, progressing cavity type, and has
an almost vertical H–Q curve, coupled with proven solids handling abil-
ity. Vital in system application is the fact that it does not have a ‘shut off’
head and discharges at an essentially constant rate regardless of head.

References:
12. Tucker, L.S. “Hydraulics of a Pressurized Sewer System and Use of a Cen-
trifugal Pump.” Tech. Memo No. 6, ASCE Project, Nov. 1967.

13. Stepanoff, A.J. Centrifugal and Axial Flow Pumps. New York: John Wiley
and Sons, 1948.

14. Hicks, T.G., and T.W. Edwards. Pump Application Engineering. New York:
McGraw Hill, 1971.

15. Lazarkiewicz, S., and A.T. Troskolanski. Impeller Pumps. New York:
Pergamon Elmsford, 1965.

This pressure sewer system demonstration project work was published in
ASCE’s Civil Engineering magazine and in the respected Journal of the
Environmental Engineering Division for February 1974. Reprints of this article
are still available. It is an excellent reference for engineers, particularly
members of ASCE.
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The subject standard, ASTM 2321, was written primarily in regard to gravity
sewer pipe, but is of interest to us for at least two reasons:

First, we need to know as much as possible about the “competition,” and
gravity is still probably the biggest competitor. This standard contains a good
outline of those design and construction practices necessary to achieve a
satisfactory long–lived plastic pipe installation. This sounds like a mundane,
boring topic, but there is more to it than meets the eye and many of the
subtleties are apparent from a careful reading of this article. It helps explain
why gravity sewers are expensive if they are done right, and why they are not
“100 percent trouble–free” as sometimes claimed, if done poorly.

Second, some of the basic civil engineering principles and practices de-
scribed are applicable to installation, backfill and compaction of other under-
ground structures including smaller–diameter pressure pipe and grinder
pump tanks and accessways.

The single most significant point in the article is that plastic pipe laid horizon-
tally does not have sufficient intrinsic strength to resist vertical loadings from
traffic or backfill without support from the surrounding embedment. See
Figure 1 on page 52 and the paragraph about “Embedment Stiffness” on
page 54. This and the sidebar article, “Imported vs Native Embedment,” help
explain in simple terms why small crushed stone or pea gravel is generally a
better choice for embedment than most types of native excavated materials.

Reference:
Public Works magazine, c. Fall 1991.

4.1 NEW STANDARD FOR INSTALLATION OF PLASTIC SEWER PIPE



4–4

Directional boring refers to any of several methods for installing pipelines
underground without an open cut to the surface. A variety of techniques are
available for both rehabilitating old work and in new construction. A great deal
of work has been done in this field in the past decade in the U.S. Such tech-
niques have been in widespread use in western Europe and Japan for much
longer as evidenced by a quote from a recent WEF Specialty Conference
paper:

“Many methods of trenchless pipeline replacement or rehabilitation
are currently available or under development. Worldwide, in 1991,
there were over 50 different types of pipeline rehabilitation methods
with over 500 different contractors providing services for these tech-
niques.” 1

The number of choices is bewildering but can be divided into categories
suitable for dry or wet soils and whether steerable or non–steerable. Many
are usable only for pipes 30 inches in diameter or larger.

Pressure sewers are considered a special application for directional boring
because the line sizes and unit costs are so much smaller than the large
gravity sewers that have received most of the publicity. On the other hand,
the linear feet involved in a typical pressure sewer system can quickly make it
attractive based on volume.

Directional boring offers these advantages in pressure sewer construction:

• Absolute minimum of surface disturbances

• Little or no damage to lawns, trees, shrubs, marshes, wetlands,
animal habitats

• No disruption to use of streets and roadways

• Much lower restoration costs

• Much less surface noise

• No dust

• No dangerous open holes

• No disturbance to roads or driveways

• Go under walls and fences

• No disturbance of gardens and decorative plantings

4.2 DIRECTIONAL BORING IN LPS
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Characteristics (disadvantages) of the traditional open–cut method:

• Trench route must be cleared

• Pavement or road surface must be broken up

• Involves open–trench construction

• Must be shored and braced or excavated extremely wide for
stability

• Dewatering frequently required

• Excess excavation must be hauled away for disposal

• Trench must be backfilled in lifts less than 1 foot

• Suitable backfill must often be imported to job site

• Testing of finished pipeline for leakage, alignment and grade
required

• Lawns and/or pavement must be restored

• Traffic delays and detours unavoidable

• Possible loss of business

• Noise of heavy excavation equipment; sometimes blasting

• Damage to lawns, gardens and plantings is inevitable

• Dusty conditions are to be expected

• Dangerous open holes can pose threats to traffic, pets and
children

Directional boring is not applicable to systems using centrifugal
pumps. The methods applicable to pressure sewer with its small pipe sizes
(1 1/4 to 6 inches) are in the nonsteerable category and, as a consequence,
do not proceed on an absolutely accurate line or grade. This departure from
intended course is sometimes called drift and was described as follows in a
1992 WEFTEC paper: “The drift is usually between 1 and 2 percent of the
tunneling distance for pipes less than 800 mm (30”) in diameter.” 2

This can amount to errors in vertical position of one to two feet in a line 100
feet long! Such variation creates undulations or “running traps” that will trap
air and drive a centrifugal pump to shutoff. Such a lack of vertical alignment,
significant to a centrifugal, has a trivial effect on the E/One pump because of
the air handling capability inherent in the progressing cavity principle.
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This dependence of final pipe alignment on the characteristics of the micro–
tunneling method was clearly stated in the following quotation from the same
WEFTEC conference:

“In pipe jacking operations, the whole alignment of pipe has to follow the
tunneling device. Thus, the tunneling path provides the final line and
grade for sewer construction. Any deviations of the tunneling machine
from the specified line and grade will provide equal or worse deviations
in the true line and grade of the sewer line at the end of the job.” 2

Projects

Several successful E/One LPS projects have already been built or are sched-
uled for construction using directional boring. Among them are Strawberry
Lake, Michigan; Orihula, Wisconsin; and several in Maryland.

References:
1. Najafi, Mohammad, et al. Trenchless Rehabilitation of Sanitary Sewer
Systems—Survey of Available Materials and Methods in the U.S. Proceed-
ings, Water Environment Federation Specialty Conference on Collection
Systems Operation and Maintenance, Tucson, June 1993.

2.  Jeyapalan, Jey K. Developments in Micro Tunneling Techniques and
Jacking for Sewer Construction. Proceedings, Water Environment Federation
Collection Systems Symposia,  New Orleans, September 1992.
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Environment One grinder pumps are designed for installation in non–traffic
areas. The tanks and lids are made of high strength non–metallic materials
and are designed and tested to withstand the weight of a person or casual
exposure to lawn vehicles such as a rubber–tired lawn tractor or mower, but
not the full weight of a car or truck. Therefore, E/One pumps should always
be placed off of traveled ways including driveways, parking lots, streets or
highways.

Despite this fundamental limitation and your best efforts to avoid it, you may,
from time to time, find a customer who insists on placing a pump within the
traveled surface. In such cases, a separate structure such as a cast iron
manhole and cover must be placed above the grinder pump tank in such a
way that access is provided from the top, but the live traffic load is transferred
around, not through, the grinder pump tank, accessway and lid.

Besides adding significant construction cost for additional material and labor,
such installations are susceptible to flooding from surface water and much
less convenient or safely accessible for inspection or service. As such, they
should be avoided if at all possible.

4.3 LOCATION OF GRINDER PUMPS OUT OF ROADWAY
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When installed below grade, grinder pumps have a tendency to rise upward
or float if water is present in the ground. The buoyant force can be great
enough to cause tanks to literally “pop out of the ground” under worst case
conditions, or under best conditions, lift enough to break station piping. This
can be avoided by adding concrete ballast so that the weight of the station
plus concrete is greater than the weight of water displaced.

These calculations are based on the following standard densities: water 62.4
pounds per cubic foot (lbs/cu ft) and concrete 150 lbs/cu ft. Since an object in
water exerts an upward buoyant force proportional to its volume (or the
weight of water displaced), concrete has a net hold down force equal to its
gross weight minus its buoyant force. (Remember Archimedes in the bathtub
from Physics 101?) For standard aggregate concrete, this works out to be
150.0 – 62.4 = 87.6 lbs/cu ft.

To be safe, the calculations in the installation instructions assume the worst
case, which is as if the tank and accessway were surrounded by water. Since
this would be the case only for “quicksand,” it is a very conservative solution.
The installation instructions present recommendations for current models and
warn that the warranty can be voided if these instructions are not followed. In
no case should the company or its representatives assume responsibility for a
design using less than this recommended weight of ballast.

Sample Calculation: Illustrates the method using the GP 2010–93 as a
typical example:

Given: Mean Dia. (D) = 26.4 in or 2.2 ft Station Weight = 270 lbs
Overall Length (L) = 92.5 in or 7.7 ft

Calculations:

Volume = ——— x  L  = ———————- x 7.7 = 3.8 x 7.7 = 29.3 cu ft

= 29.3 – 0.7* = 28.6 cu ft

Buoyancy = 28.6 x 62.4 = 1,785 pounds

Ballast required = = 17.3 cu ft or 0.64 yards**

Notes

* Adjustment for smaller mean diameter of transition section.

** Yards of concrete means cubic yards. Concrete is priced and ordered by
the yard.

4.4 NEED FOR BALLAST ON UNDERGROUND STRUCTURES

Π x D2 3.14159 x 4.84

4 4

87.6

 (1,785 – 270)
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Most customers understand that the shallow, contour–following trenches of
an E/One sewer can be located just deep enough to avoid frost damage and
need be only wide enough to accept the small diameter pressure pipe. This
pipe is usually assembled on the ground and dropped into the trench after
bedding sand has been placed from the surface. These practices result in
obvious and often large cost savings compared to conventional gravity con-
struction. Much of this savings is because shoring, bracing and dewatering
expense is rarely encountered in LPS installations.

A significant but less often recognized advantage of LPS construction meth-
ods and practices is the dramatically reduced risk of construction accidents
(especially cave–ins and asphyxiation) that regularly result in tragic loss of life
in the gravity construction industry.

The environmental and aesthetic benefits of LPS over gravity are thought to
be well known; however, it comes as a surprise to many who learn how wide,
deep, slow and traumatic to the environment a gravity construction job usually
is. A typical new gravity construction project will involve trenches from 14 to
24 feet deep, 4 to 12 feet wide, shored continuously, braced every 3 feet and
often pumped continuously to control groundwater. The spoil surface along
the trench centerline, either destroyed or severely traumatized, is rarely less
than 40 feet wide. Often, mature trees must be sacrificed as part of the
process.

All these disadvantages, namely dangerous, expensive and harsh on the
natural environment, are eliminated when E/One pressure sewers are chosen
in preference to gravity.

4.5 E/ONE SEWER TRENCHES: SMALLER, SAFER, CHEAPER
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One of the most important factors in the successful installation of an under-
ground structure is the nature and condition of the soil used as backfill mate-
rial. Since most contractors and many engineers have only a limited under-
standing of soils and their evaluation and because it is so site specific, this
work should usually be done by a soils scientist or specialist.

Generally, soils can be classified according to the original particle size, water
retention, compactability and bearing strength.

Backfill

Proper backfill is essential to the long–term reliability of any underground
structure. As backfill for grinder pump stations, the ideal material will be well–
graded sands and gravels with little or no fines. On the other hand, clay or silt
will retain moisture indefinitely, have poor compressive strength and must be
avoided. It is equally important that soil to be used as backfill be free of
organic materials such as tree branches or leaves because as they slowly
decompose, such soils will continue to settle over long periods and are
entirely unsuitable for foundations.

Several methods are available to produce favorable results with different
native soil conditions. The most highly recommended method of backfilling is
to surround the unit to grade using Class I or Class II backfill material as

4.6 SOIL TESTING AND BACKFILL FOR GRINDER PUMP STATIONS

Angular crushed stone or rock, dense or open–graded, with little or no fines (1/4 inch
to 1 1/2 inches in size).

Clean, coarse–grained materials, such as gravel, coarse sands and gravel/sand
mixtures (1 1/2 inches in size).

Coarse–grained materials with fines including silty or clayey gravels or sands. Gravel
or sand must comprise more than 50 percent of Class III materials (1 1/2 inches
maximum size).

Class I

Class II

Class III

Class IV

Class V

Class

Fine–grained materials, such as fine sand and soils, containing 50 percent or more
clay or silt. Soils classified as Class IVa (ML or CL) have medium to low plasticity and
are not recommended in the embedment zone. Soils classified as Class IVb (MH or
CH) have high plasticity and are not recommended for embedment materials.

These materials include organic silts and clays, peats and other organic materials.
They are not recommended for embedment materials.

Description

Note: Do not place lumps of frozen soil or ice in the embedment zone.
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defined in ASTM 2321. Class Ia and Class Ib are recommended where frost
heave is a concern. Class Ib is a better choice where the native soil is sand or
if a high, fluctuating water table is expected. Class I, angular crushed stone,
offers an added benefit in that it needs minimal compactive effort. Class II,
naturally rounded stone, may require more compactive effort, or tamping, to
achieve the proper density.

If the native soil condition consists of clean, compactable soil with less than
12 percent fines, free of ice, rocks, roots and organic material, it may be an
acceptable backfill. Such soils must be compacted in lifts not to exceed one
foot to reach a final proctor density of between 85 and 90 percent. Non–
compactable clays and silts are not suitable backfill for this or any other
underground structures such as inlet or discharge lines. If there is doubt
concerning the consistency and suitability of the native soil, it is recom-
mended that geotechnical evaluation of the material be obtained before
specifying a backfill.

Another option is the use of a flowable backfill (i.e. low–slump concrete). This
is particularly attractive when installing grinder pump stations in augured
holes where tight clearances make it difficult to ensure proper backfilling and
compaction with dry materials. Flowable fills should not be dropped more
than four feet between the discharge nozzle and the bottom of the hole
because this can cause separation of the constituent materials.
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There is no published standard method for testing pressure sewer pipelines.
However, since they are in the same size range and operate in about the
same range of pressures, many engineers have adopted the American
Waterworks Association (AWWA) standard for water mains as an appropriate
substitute. The method uses water under pressure in a line free of air and
sets limits for leakage per hour as a function of length of test section, nominal
diameter of pipe and test pressure.

Generally, a test pressure of 150 percent of rated working pressure is recom-
mended for a period of two hours. In the case of an E/One sewer system
rated at 90 psi, the test pressure would be 1.5 x 90 = 135 psig. Our equip-
ment  and the typical plastic pipe used in LPS (SDR–21 and SDR–26 PVC or
SIDR–11 HDPE) will have no problem withstanding this test condition.

Note: Testing must be done against closed discharge valves (in stations) or
closed curb stops. Testing against check valves will yield erroneous results.

The allowable leakage according to this standard for two typical pressure
sewer conditions are given:

The standard is designated Installation of Ductile Iron Water Mains and Their
Appurtenances (ANSI/AWWA C600–87) and can be purchased from:

American Water Works Association
6666 West Quincy Avenue
Denver, CO 80235

Procedural Note: The details of procedure and equipment, like other elements
of construction practice, are the sole responsibility of the contractor. Inputs
from the engineer or manufacturer on such matters are purely advisory.

Warning Note:  Air must not be substituted for water as the test medium!
Since it is compressible, air in this pressure range, if released suddenly, will
expand with potentially deadly, explosive–like force.

4.7 TESTING PRESSURE SEWER PIPELINES

Test Pressure Diameter Length Max. Leakage
psig inch feet gallons/hour cups/hour

135 2 1,000 0.17 2
135 6 5,000 2.62 37
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In evaluating the equipment for use in pressure sewer systems, the designing
engineer should begin with two main choices: first, select the pump charac-
teristic (H–Q curve), either centrifugal or semi–positive displacement; second,
select the equipment manufacturer based on additional pump characteristics,
including:

• Performance features

• Reliability and track record in the “field”

• Ease of installation

• Serviceability

• Preventative maintenance requirements

• Real estimates of operating and maintenance costs

• Initial cost

A rational “system” design cannot proceed beyond the crudest preliminary
stage until the pump characteristic is selected. Indeed, neither pumps nor
piping network alone constitute a system. Only when they are considered
together can an integrated harmonious design be created.

To realize the inherent economy of pressure sewer systems compared to
other alternatives, the designer must:

• Fully utilize the head capability of the pumps to eliminate or
minimize the use of large lift stations

• Minimize the tank size needed at each site

In evaluating the merits of positive displacement versus centrifugal pumps in
light of these two requirements, it is important to remember that the prime
function of the low pressure sewer system is to remove sewage from the
home whenever it is required. There is an almost–unlimited number of combi-
nations of pump rate and tank volume that will, theoretically, perform satisfac-
torily. Large flow rate pumps can use very small tanks, while low–rate pumps
require larger tanks to handle peak flows. Installation costs are sensitive to
tank volume, which should be minimized.

However, once a tank size is chosen, there is a definite relationship between
pump flow rate and the ability of the storage tank to handle peak inflows. The
graph on the next page illustrates this relationship for a GP 2000 with a
nominal 60–gallon capacity normally used for a single–family residence. The
curves marked Qo = 9 and Qo = 15 relate the inflow rate to the time available

5.1 PUMP SELECTION AND SYSTEM DESIGN
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from pump “turn on” to overflow. The straight line marked “ASCE Peak Data”
summarizes thousands of test points taken from two different studies re-
ported in the ASCE Pressure Sewer Project. These define the maximum
duration of peak inflow rates from single family homes. For example, with a
pump out rate of  9 gpm, inflow at the rate of 15 gpm can take place continu-
ously for 10 minutes before the storage volume is filled.

For a pump out rate of 15 gpm, the system would be in equilibrium and the
tank would never overfill. By contrast, the straight line defining peak flow
shows that the longest 15 gpm peak recorded lasted only two minutes.
Obviously, overflow is not even approached under these conditions. The
curve can be interpreted similarly for any inflow rate, and the general conclu-
sion drawn is that any “pumpout vs volume” curve that lies to the right of the
ASCE peak (straight line plot) will never result in overflow.

If a pump is used that can be driven to shutoff (as all centrifugals can), the
curve marked Qo = 0 should be used. The intersection with the ASCE peak
line indicates that overflow would begin in less than five minutes. To build a
reasonable degree of safety into a system with hundreds of pumps, a mini-
mum pump rate should be specified at some head in excess of the nominal
maximum. E/One recommends 9 gpm at 138 feet of H2O. The E/One pump
can easily and safely operate continuously at this point, equivalent to 100
percent of normal design pressure with no damage to the pumps or pipelines.
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Sect I: Raw Data
Totalized Gallons in Specified Intervals — minutes

Minutes 1 2 4 15 60 1,440

20 Nov 66 8 15 26 39 83 423
21 Nov 66 11 19 32 52 81 537
22 Nov 66 10 9 35 68 140 478
23 Nov 66 8 16 22 36 87 500
24 Nov 66 5 7 12 29 69 311
25 Nov 66 9 16 28 60 104 467
26 Nov 66 12 22 37 54 114 434
27 Nov 66 9 18 27 45 75 495
28 Nov 66 8 16 30 55 77 494
29 Nov 66 8 15 22 27 51 296
30 Nov 66 7 14 22 43 85 315

1 Dec 66 8 15 26 48 99 594
2 Dec 66 9 17 30 41 64 356
3 Dec 66 9 16 25 58 93 420

Sect II: Totalized Flow Gallons in Specified Intervals — minutes
Minimum 5 7 12 27 51 296
Maximum 12 22 37 68 140 594
Average 9 15 27 47 87 437

Sect III: Rate in Specified Intervals — gallons per minute
Min Rate 5.0 3.5 3.0 1.8 0.8 0.2
Max Rate 12.0 11.0 9.3 4.5 2.3 0.4
Avg Rate 8.6 7.7 6.7 3.1 1.5 0.3

5.2 WATER FLOW STUDY GE Water Management Laboratory, Louisville

Notes

1. House “B” was a four–bedroom, three–bath, two–story suburban home
with automatic dishwasher, clothes washer and dryer, and food waste dis-
poser

2. Occupancy was two adults and six children, including one infant in diapers

3. Water supply—public; sewage disposal—septic tank

Summary and Conclusions

1.  Even in this large suburban home with several small children, the flows
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averaged only 8.6 gpm during the highest peak minute and daily average flow
was less than 1/3 gpm.

2.  None of these flows would even come close to producing an alarm event
in an E/One simplex grinder pump (GP 210 or GP 2010).

3.  This data takes the same form as the ASCE Peaks, but is in every case
lower than that data (shown in the preceding section). This again confirms
that the ASCE peaks are a very safe estimate of the maximum design flows a
grinder pump should be able to accommodate.
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Residential Use

The original design loading for a simplex grinder pump was based on resi-
dential service using one pump per house and a minimum interval between
stator renewal of three years. The assumptions and calculations used were
those listed as “typical” in Table 1.

Table 1 illustrates the very interesting, and perhaps surprising, fact that stator
life among a large population of pumps can vary by a factor of 90 to 1. These
absolute values are obviously too high for practical purposes but are intended
to show the relative differences in stator life as a function of loading. It is
highly dependent on the specific circumstances. Such high variability in stator
life could be easily observed in a single project if these two “normal” sce-
narios were compared:

Case 1, maximum usage:

• Large, young, growing family (8 people)

• High water use habits (100 gpcd), likely if an infant and several
small children with one or more loads of laundry every day, dish-
washer run after every meal

• High head location in project, so pump rate is minimum (9 gpm)

• Stator life variability, worst case (1,000 hours)

5.3 HYDRAULIC LOADING FOR E/ONE GRINDER PUMPS

Table 1

Minimum Typical Maximum
(Worst Case)

Input Values
Houses/pump 1 1 2
Persons/house 2 3.2 8
gpcd 30 50 100
Pump rate, gpm 15 11 9
Stator life, hours 2,000 1,500 1,000

Calculated values
Gal/day/pump 60 160 1,600
Hours/year 24.3 88 1,081
Stator MTBSC, yrs 82 17 1
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• Two houses per pump

Case 2,  minimum usage:

• Small family, retired or working couple (2 people)

• Low water use habits—away from home a lot, laundry sent out or
perhaps no more than two loads per week, dishwasher run once
every two days (30 gpcd)

• Low head location in project, so pump rate is maximum (15 gpm)

• Stator life variability, best case (2,000 hours)

• One house per pump

Non–Residential Use

As a general policy, E/One grinder pumps should be applied to handle only
normal volumes of domestic sanitary wastewater from residences. Excep-
tions to that policy can be made in special circumstances and after detailed
analysis of the proposed use and candid discussion with the customer of the
risks and probable outcome in terms of effect on MTBSC. A larger storage
tank, such as provided by the GP 2012, 2014 or 2015, will accommodate
peak flows, and duplex units double the stator life compared to the 2010. In
addition to the anticipated hydraulic load, this investigation should also
ensure that any proposed characteristics of the wastewater (pH, chemicals,
temperature, etc.) be compatible with the materials of construction.

Such non–residential applications often involve semi–continuous pumping of
volumes far larger than encountered in typical residential use. Some ex-
amples include stores, commercial areas, motels, metering pumps for waste-
water treatment processes, etc. For reasons not fully understood, this almost
always results in improved  life, as measured  by “gallons pumped during life
of stator.” One apparent cause is that even a well–lubricated (submerged)
stator undergoes more stress and wear during a start and stop cycle than
during continuous running. To date, E/One has not quantified this behavior,
but it appears to be real and provides a partial rationale for recommended
hydraulic loads two to three times the normal gallons per core associated with
a simplex in residential usage.

Conclusions

1.  The typical life of a simplex pump in normal residential service is far
longer than the original design goals and expectations—current experience of
15 years or more compared to the original goal of three years.

2.  There is no single “cookbook” answer to, “How long will an E/One Grinder
Pump run under different hydraulic loads?”
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3.  Under typical conditions, as outlined above, the stator wear–out interval is
not a significant limitation on service life.

4.  There is a wide range of “abnormal but acceptable” applications for E/One
grinder pump equipment. Careful examination of the specific environmental
and hydraulic circumstances, plus candid prior discussion of the proposed
outcome with the customer, should be a part of every such proposal.
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Some projects are planned to start in stages. It may be desirable to plan and
construct the entire wastewater collection system at the beginning, even
though houses will be built and occupied over an extended period of years.

The most frequent concerns are fears that lower–than–design velocities will
cause line clogging, or that longer detention time will cause odors. There are
several ways to accommodate this change in system flow without creating
operating problems:

• Growth greater than 45 percent has already been accommodated
at several successful E/One sewer projects. At another, the lines
were designed “oversized” by comparable amounts, and no prob-
lems resulted.

• Because “oversized” mains result in longer detention times, hydro-
gen sulfide generation during warm weather is likely. This is true in
most long force mains and effective techniques for control of odor
and corrosion are in use routinely. Of these, hydrogen peroxide
and “Bioxide®” are known to have been particularly effective in
Environment One pressure sewer projects.

• The “forgiving” nature of the semi–positive displacement pump
makes design assumptions much less critical than with other
types whose flow is very sensitive to changes in head. This is
because the SPD pump produces an essentially constant flow
that is nearly independent of operating pressure in the pipeline.
Thus, if in initial stages the flow and velocity are below optimum,
some solids will probably begin to plate out on the pipe wall. As
this happens, the flow cross section is reduced and the velocity
will increase, since the flow remains constant. The situation
stabilizes at a cross section that maintains scouring velocity.

• If an entire section is to be built at a much later date, or if the
planned growth is tentative, it is sometimes a good practice to lay
two mains in parallel in the same trench at the beginning. If two
diameters are used, for example 3 and 4 inches, the two pipes can
be reconnected to produce areas of roughly 100, 200 and 300
percent by using first the smaller, then the larger and finally both
sizes together.

• Planned growth can be accommodated using the design criteria
contained in Design Handbook for Low Pressure Sewer Systems
by Environment One Corporation, along with semi–positive dis-
placement grinder pumps having a steep H–Q curve.

5.4 PLANNING FOR FUTURE GROWTH or Slow “Buildout”
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The total dynamic head loss in a pipeline is the sum of three parts, one of
which is usually negligible. They are:

Static Head Results from elevation or position above or below a reference
plane, usually the pump centerline.

Friction Head Results from moving a volume of fluid of a certain density and
viscosity through a pipeline of specific characteristics at a specified rate. This
is commonly called “friction loss.” This friction loss has been studied experi-
mentally by numerous hydraulics researchers over the years.

Several empirical equations that are in common use have resulted, notably
the Manning formula and the Hazen–Williams equation. The Hazen–Williams
equation is used by most civil engineers for full–pipe (pressure) flow. A factor
to account for the relative smoothness (or roughness) of the pipe interior is
used in which an aged concrete pipe is assigned a “C” factor of 100. For PVC
or HDPE pipe, a friction factor of C = 150 used in the Hazen–Williams for-
mula has been shown by the Plastic Pipe Institute and Johns–Manville
research to be a realistic choice since the surface is quite smooth when new
and ages very little. This reduces the calculated friction losses and means
that any given pump can move fluid over a much longer distance than if older
pipe materials with correspondingly lower “C” factors were used.

The complete Hazen–Williams equation is as follows:

                                               100 Q 1.852

Hf = .2083  x  (——) 
1.852    X  ————

                                                 C d 4.8655

Where: Hf  = Friction loss in feet per hundred feet of pipeline
C = Factor for interior smoothness of pipe (C = 150 is

suggested)
Q = Flow rate in gallons per minute (gpm)
d = Actual inside diameter of pipe (inches)

Note that the friction loss varies as roughly the square of flow rate, and
almost the fifth power of diameter. This equation appears on each page of
friction loss tables in the Environment One Design Handbook and was used
to calculate the data contained therein.

Minor Losses Some designers also include an additional allowance for
friction loss from appurtenances and fittings such as valves, elbows and
couplings. These allowances can be found in Cameron Hydraulics, for ex-
ample, as tables of equivalent length of straight pipe for each item. However,
since E/One recommends the use of fittings with maximum openings such as
ball or gate types (never globe pattern), and since the SPD pump is not
sensitive to small head changes, we generally ignore these so called “minor

5.5 HEAD LOSSES IN PRESSURE SEWER PIPELINES
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losses.” They require additional calculations but yield a result that is of no
greater utility. Minor losses could be of some significance with a centrifugal
pump where sometimes a foot of head is very important, particularly if operat-
ing in the vicinity of “shutoff.”

Velocity Head Results from the application of energy to a fluid to impart flow
velocity. In pressure sewer applications using SPD pumps, velocity head can
be neglected because, as shown on the velocity head plot on the next page,
it amounts to less than half a foot over the range of pipe diameters and  flows
encountered. While it is conceivable that half a foot of head could make a
difference in the performance of a centrifugal, especially near “shutoff,” such
a small change would have an undetectable effect on the performance of an
E/One SPD pump because of its near vertical H–Q curve.
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VELOCITY HEAD CALCULATIONS
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5.6 FRICTION FACTOR FOR PVC PRESSURE PIPE

Friction head loss results from moving a volume of fluid of a certain density
and viscosity through a pipeline of specific characteristics at a specified rate.
This is commonly called friction loss and has been studied experimentally by
numerous hydraulic researchers over the years. Several empirical equations
that are in common use have resulted, notable among them being the Man-
ning formula and the Hazen–Williams equation. The Hazen–Williams equa-
tion is used by most civil engineers for full–pipe (pressure) flow.

A factor to account for the relative smoothness (or roughness) of the pipe
interior is used in which an aged concrete pipe is assigned a “C” factor of
100. For PVC or HDPE pipe, a friction factor of C = 150 used in the Hazen–
Williams formula has been shown by the Plastic Pipe Institute1 and Johns–
Manville2 research to be a realistic choice since the surface is quite smooth
when new and ages little. This reduces the calculated friction losses and
means that any given pump can move fluid over a much longer distance than
if older pipe materials with correspondingly lower C factors were used.

In summary, the higher the C factor, the lower the friction losses and the
longer the runs that a given pump can accomplish. All head loss calculations
in the E/One Handbook are based on a C factor of 150. the values for PVC
SDR–21 from the E/One Handbook are included on the next page. The
formula allows for substituting a different value of C in the head loss equa-
tion. It is desirable (to obtain maximum usefulness from a pump) to encour-
age use of the highest possible C factor, preferably 150 and absolutely not
less than 140. Any lower C factor simply means wasted energy and often the
purchase (and perpetual operation and maintenance) of unnecessary lift
stations.

References:
1 Neale, Lawrence C., and Robert E. Price. “Flow Characteristics of PVC
Sewer Pipe.” Journal of the Sanitary Engineering Division, ASCE. June 1964.

2 Bishop, Ronald R. Hydraulic Properties of Johns–Manville PVC Clear Water
Pipe. Research for Plastics Pipe Institute, Denver, May 1975.



5–18

Velocity and Friction Loss for PVC Pipe
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This curve is based on the doctoral dissertation of J. C. Kent entitled “The
Entrainment of Air by Water Flowing in Circular Conduits with Downgrade
Slopes,” University of California at Berkeley, 1952.

The work is pertinent to our question but must be used with care because it
applies only during periods of steady flow. In general, it shows that bubbles
are more difficult to move out as the downward slope increases and as the
pipe diameter increases. In LPS system practice, we are usually dealing with
slopes much less than 10 percent (just under 6 degrees) and, in most sys-
tems, pipe diameter seldom exceeds 6 inches.

Since flow at peak velocity in an LPS system is usually of short duration, the
question becomes “How long is the flow at the required velocity, and what is
the length of the downhill run under study?” For example, if a flow of 2 fps
continues for three minutes, it will be enough time to purge a section (2 x 3 x
60) 360 feet long.

Since air bubbles tend to travel a short distance past a summit in the down-
stream direction, it is good practice to locate the ARV on a manifold about six
feet long, located just past the summit on the downstream side.

The following guidelines will avoid water hammer during massive air release
if, as the last air leaves the line, a solid water column suddenly arrives at the
vent opening. For manual valves, the vent opening should be less than one
tenth the pipe diameter; for automatic valves, the opening should be either
less than 1/10 or greater than 1/4 the pipe’s diameter.

5.7 USE OF AIR RELIEF VALVES IN LOW PRESSURE SEWERS

A ir Bubble Movement in Downward Sloping Pipelines
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The inherent ability to pump air/water mixtures is a strong point of semi–
positive displacement pumps and a weakness of centrifugals. A centrifugal
can become “airbound” from air in the casing or gas pockets in the pipeline.
Especially troublesome are the so–called “running traps” created when a
nominally flat line exhibits a series of shallow vertical undulations. These
traps in series behave exactly as if the line were partially obstructed, creating
a series of additive friction head losses. Since a centrifugal pumps less at
increased heads, the flow in an airbound line will decrease, the velocity will
decrease correspondingly and the air bubble will grow larger. Ultimately, it is
possible to drive the centrifugal back on its curve to “shutoff,” at which point
the system becomes inoperative.

The inherent air pumping ability of an SPD pump, combined with its constant
flow characteristic (even at abnormally high heads), means that it will not be
rendered inoperative by these conditions that a centrifugal just can’t handle.

This discussion provides only a partial answer to questions about air handling
and air relief valves but sheds some light on the subject. Number and place-
ment of ARVs in a system design is somewhat empirical at this time. Engi-
neers tend to use more than are needed with SPD pumps, increasing capital
cost and operation and maintenance (O&M) requirements. Even so, this is
usually far fewer than are indicated by the generalized sketches in the valve
maker’s catalogs.
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A positive displacement pump tends to maintain a constant flow over a very
wide range of pressure, and this sometimes causes thoughtful people to ask
what happens in the discharge piping connected to an E/One pump if it is
permitted to develop maximum pressure, as for example if the line becomes
clogged or a valve is accidentally closed. The graph on the next page shows
what happens if higher–than–normal pressure should develop even momen-
tarily. The fact that the E/One pump is classed as semi–positive displacement
is significant in this case. Note that the E/One curve is not perfectly vertical,
but slopes back just a few degrees. If this linear performance characteristic
curve is projected far enough beyond the normal range of operation as
shown on the illustration, it reaches a point of zero flow at a maximum pres-
sure that is in the range of 150 to 170 psig.

This maximum available pressure is just below the normal full–time rating of
the plastic pipe types generally recommended for pressure sewer service.
Note that for SDR–21 PVC, the normal rating is 200 psig and its ASTM
sustained pressure rating is 420 psig. Its ASTM short–term rupture test rating
is 640 psig! From this, it is evident that there is no cause for concern about
bursting pipe in properly designed systems using semi–positive displacement
pumps. The motor is inherently protected by its thermal overload protector. It
can interrupt locked rotor current continuously cycling “off” and “on” the
protector for 15 days as demonstrated in torture tests required by UL and
CSA for listing. This integral automatic protection has proved to be far more
reliable than supplementary external controls or mechanical over–pressure
devices that are vulnerable to fouling in a sewage environment.

Summary

• The maximum output of the pump is limited by the breakdown
torque of the driving motor, which protects the system piping

• The motor itself is protected by its integral automatic–resetting
thermal overload protector

• The E/One SPD pump provides double protection against pres-
sure damage to the piping system, since it is torque limited and
thermal limited

5.8 EFFECTS OF HIGHER–THAN–NORMAL LINE PRESSURE
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It often happens that a force main already exists that would offer a conve-
nient route for discharge from a group of grinder pumps. The question that
immediately arises is, “Can the grinder pumps and existing centrifugal lift
station pumps share the existing force main?” To answer this question, the
force main system head curve must be constructed, and the centrifugal H–Q
curve drawn on the same sheet. The intersections will show the existing
operating points with one or two pumps running.

Knowing how many grinder pumps are proposed to be connected, the next
step is to look up how many will be running simultaneously from Table 4 of
the Environment One LPS Design Handbook. Depending on the approximate
line pressure from the discharge (Q) in gpm for each grinder pump, multiply
by the number running simultaneously and parallel this flow with the centrifu-
gals. This will intersect the system head curve at a new operating point. It is
required that the large pumps not be driven so far back on their curve toward
shutoff as to fall behind in handling peak flows. Unless the centrifugals are
already operating in an undesirable region very near shutoff, it is usually
possible to add a significant number of grinder pumps with no difficulty.  The
following figures illustrate this process graphically:

5.9 OPERATION OF GRINDER PUMPS AND LARGE PUMP STATIONS
INTO COMMON FORCE MAIN

Q - GPM

H - FT

 0

0 100 200 300 400 500

25

50

75

100

125

HS

1. System head curve for a 6–inch diameter SDR–21 PVC force main, 3,000
feet long, with a total static head of 25 feet. The curve has been constructed
for a range of Q’s from zero to 500 gpm. The Hazen–Williams equation with a
C factor of 150 has been used to construct this curve.
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2.  Two Gorman–Rupp Type XYZ Lift Station Pumps are shown operating in
parallel into the main. Curve A represents one pump alone; Curve B shows
both in parallel. The operating point for one pump is “A”; “B” is for both to-
gether.

3.  Now assume that 75 houses (pumps) are to be added, each served by a
simplex E/One grinder pump. From Table 4 of the E/One Handbook, the
maximum number running simultaneously will be seven. These seven grinder
pumps at the middle of their H–Q curve will each contribute 13 gallons per
minute (gpm), or a total of 7 x 13 = 91 gpm. This 91 gpm is represented by
the horizontal line drawn to the same scale as the base curve and shown
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paralleled with two lift station pumps. As the curve shows, the centrifugals
have a new operating point C, which is about 250 gpm at a head of 76 feet.
This is still far away from shutoff and represents a flow reduction of only 24
percent. It is probably entirely satisfactory.
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In most ordinary situations, low pressure sewer pipelines can be buried just
below the frost line to protect against winter damage. Even in sub–tropical
climates where there is no danger of freezing, the pipelines should still be
placed deep enough to avoid mechanical damage, typically 18 inches. A
typical map follows that shows maximum frost penetration depth in the United
States. Such maps provide useful, general guidance, but often there are
significant local differences, particularly because of site elevation above sea
level. The customary local burial depth for water mains is always common
knowledge in the construction industry and can be obtained from any knowl-
edgeable contractor or engineer.

In places where frost depth is excessive, other means of freeze protection
must be used. Some of these are described:

In Sweden, shallow rectangular insulating boxes are constructed of Styro-
foam panels. They may contain just pressure sewers, but often, especially in
new construction, the same insulated chase may carry water, sewer, phone,
cable television and maybe even gas because the insulation provides a
convenient and warm pathway for utilities. The chase is filled with sand and a
thermostatically controlled electric heating cable set to turn on when the
temperature is a few degrees above freezing.

Electric heat tracing is the preferred method today, but in a few places,
running water may still be employed. A project in Ontario, Canada, uses a
“double–barreled” pipe with a large and a small–diameter tube extruded
together. The larger one serves as the LPS pipe while the much smaller one
carries a tiny stream of continuously running water, just enough to prevent
the adjacent pressure sewer from freezing. This is not an acceptable conser-
vation practice in most locations today.

While the vast majority of LPS lines built in the U.S. have used PVC pipe;
HDPE is also an excellent choice. In addition to its long lengths, which mini-
mize joints, it has the additional significant advantage of being the only
material that can resist freeze–thaw cycles without bursting.

In some locations where the accessway offers an entry point for cold air,
loose bags of thermal insulation are placed in the air space above the pump
core, effectively protecting the core and discharge pipe from damage. They
can be taken in and out easily if access for service should be needed. A
molded foam box is also available from E/One for insulating the discharge.

5.10 WINTER ENGINEERING
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A key assumption in the recommended design procedure in the E/One
Handbook is Table 3, “Maximum Number of Grinder Pump Cores Operating
Dailly.” The table contains the predicted maximum daily number of pumps
running at once vs the number of pumps connected and duplicated below;
N = total number of houses (or cores) contributing to a system or section
under study, and n = maximum number of pumps “on.”

These recommendations are the result of two major items of data. The most
important is that data at low numbers of houses (pumps) where traditional
flow data were not available prior to the Albany Pressure Sewer Demonstra-
tion Project in 1971. Data were also needed to establish the maximum flows
expected from larger numbers of pumps. For this purpose, suitable peak to
average data from national ASCE flow studies were already available in the
literature.

Data from Field Demonstration

Simultaneous operations from the Albany Demonstration Project were ob-
tained by review of a continuous graph of pump operations created on a 12–
channel event recorder. Tabulated results show how often various numbers
of simultaneous operations occurred. A key conclusion was that four pumps

5.11 SIMULTANEOUS OPERATIONS

Table 3

Maximum Number of Grinder Pump Cores Operating Daily

No. GP Cores Max No. Cores
Connected Operating Simultaneously

N n
1 1

2–3 2
4–9 3

10–18 4
19–30 5
31–50 6
51–80 7
81–113 8

114–146 9
147–179 10
180–212 11
213–245 12
246–278 13
279–311 14
312–344 15
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“on” out of 12 happened only once in two weeks. This means that the design
criteria in the E/One Handbook are quite conservative about this point.

The pressure sewer demonstration was sponsored by the U.S. EPA and
conducted jointly by engineers and scientists of the New York Department of
Environmental Conservation and Environment One Corporation. Prototype
E/One Grinder Pumps were operated in 12 residences in Albany, New York,
for 13 months between 1970 and 1971. The system was highly instrumented
so that performance was monitored continuously. This extensive work was
reported in a comprehensive 1972 EPA report, R2–72–091; three pages from
this report are included here. For a complete discussion of this project, see
Section 3.9.

Peak to Average Ratios for Larger Numbers of Pumps

L. Scott Tucker, P.E., who served as a hydraulic consultant to E/One during
the 1970s, used peak one–minute flow data from earlier ASCE national
studies for 100 and 200 homes, an assumed pump rate of 11 gpm and a
peak–to–average ratio of 5.0 to establish the number of simultaneous opera-
tions for large numbers of pumps. Table 3 was derived from these two data
sources by Tucker. Based on these key data points, this smooth curve was
constructed and converted into a tabular approximation for design purposes.
It shows the derivation of the numbers in Table 3. For 300 or more pumps,
the design guide is based on a linear extrapolation.
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Derivation of Simultaneous Operations
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SECTION VI

SUMMARY OF OPERATIONAL DATA

Introduction and Objectives

This section focused its attention on five specific objectives which
were explicitly stated in the approved grant application(11).

“..........2.   Obtain the operating experience necessary for an evalua-
tion of the effectiveness of the individual pump storage-grinder (GP)
units by subjecting these prototypes to an extended period of actual use
in a significant number of homes where the mechanical performance, use
patterns, operating costs and maintenance requirements are completely
monitored.”

“3.   Through the monitoring program mentioned, determined the occur-
rence and duration of any overflows to the gravity sewers which may take
place. This information will either confirm the initial choice of pump
rate and reservoir capacity or show the need for future optimization.”

The mechanical performance of the individual GP units is perhaps the
single most important parameter to be evaluated(2). This evaluation was
made utilizing the extensive data supplied by the automatic monitoring
equipment, event recorder’s charts, and recorded field observation de-
scribed in detail in Section IV.

The data also furnish information on use patterns, operating costs, and
maintenance requirements necessary for the design of future systems.

Results - Mechanical Performance

A bar graph was prepared showing the performance of the twelve GP units,
the automatic monitoring system, and the event recorder (Figure 41). It
should be noted that, for the duration of the field demonstration, the
event recorder and monitoring equipment were never out of operation at
the same time. As a result, a relatively continuous monitoring of the
pressure sewer system was obtained.

The total number of operations was recorded by the twelve channel event
recorder. Prior to its installation on January 4, 1971, unit counters,
which were part of the automatic monitoring equipment, had to be read
manually and they, at best, could give us only the total number of op-
erations over longer periods of time, such as twenty-four hours.

The information gathered by the event recorder was transcribed manually
to yield the total number of operations over any fifteen minute period
for any given day, with simultaneous operations also being tabulated at
the same time.

79
Reproduced from A Pressure Sewer System Demonstration. Used with permission.
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TABLE 21 - TOTAL NUMBER OF OPERATIONS AND SIMULTANEOUS OCCURRENCES

Total Number
No. of GP Units of Operations Simultaneous Occurrence
Operational 1/4/71 to 11/8/71 2 GP Units3 GP Units 4 GP Units

12 37,888 4,132 268 14
11 18.523 1.911 118 4
10 2,211 191 8 3

Total 58,622 6,234 394 21

Aver. per day = 58,622 = 191 operations/day
307 day

Occurrences per day

2-GP Units Simultaneous Operation 20

3-” “ “ “ 1.2

4-” “ “ “ .07

123

Reproduced from A Pressure Sewer System Demonstration. Used with permission.
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Odors can be a problem from time to time in all types of sewer systems.
Large–diameter, long–distance force mains have been a classic source of
gas generation, odor and sometimes corrosion. Much study and experimen-
tation on the force main problem has resulted in a large body of theoretical
and practical knowledge that is available for use, if needed, in designing and
operating odor control systems for pressure sewers.

Principles of Odor Production

The  most common odor problem in wastewater force mains and pressure
sewers is caused by release of hydrogen sulfide (H2S) gas. Other odor
producers such as mercaptans and indols are rarely present unless an
industrial site is contributing to the flow. Hydrogen sulfide has a characteristic
rotten egg odor in low concentrations, but exposure for only a few seconds
will deaden the human sense of smell so that the warning sign disappears.
Under such conditions, the gas is highly toxic and death can result from very
short exposures—measured in seconds, not minutes.

Hydrogen sulfide production is influenced by the following conditions:

• Amount of dissolved oxygen (D.O.) in the wastewater

• Presence of sulfate and nitrate compounds in the wastewater

• Temperature of the wastewater

• pH of wastewater

• Turbulence

• Velocity of flow

• Condition of pipe and wetwell walls

• Retention time

Each of these factors can exert complex and interacting effects on the total
odor–producing mechanism. Some examples:

• The amount of dissolved oxygen that water can contain in solution
is reduced by increased concentrations of dissolved compounds in
the water, such as sulfates, nitrates or chlorides (bad). See Table
C, “Dissolved–Oxygen Solubility Data,” from Wastewater Engin-
eering later in this section.

• The amount of dissolved oxygen in solution is decreased as water

5.12 ODOR CONTROL IN PRESSURE SEWER SYSTEMS
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temperature increases (bad). This can also be readily seen from
the table from Wastewater Engineering.

• Turbulence can cause dissolved hydrogen sulfide to be released
from solution into the atmosphere (bad), while in some other
instances turbulence results in reaeration and prevents odors
(good)

• Reduction of oxygen proceeds relatively independent of pH for
values of from 5.5 to 9, but pH may be reduced even further by
the condensation of sulfuric acid (H2SO4) into the wastestream

• The speed of chemical oxidation–reduction reactions is directly
influenced by temperature, generally the reaction rate doubles for
a 10 C increase in temperature

• In northern climates, a buried pipeline may not rise above 55 F/13
C all year, so the odor potential is low even in summer

• In more temperate regions, with warmer temperatures and shal-
low trench depths, the flow may remain warm enough to require
odor control all year

• Velocity of flow can ensure dissolved oxygen concentrations
remain above the critical 1 mg/l level needed to maintain aerobic
conditions

• Low velocity combined with large pipe size can lead to slow
exchange of the wastewater giving it time to become thoroughly
oxygen depleted (anaerobic) and into a disagreeable gas–releas-
ing odorous condition. This potential is usually expressed as
retention time, or the average number of hours sewage spends on
its way from the beginning to the end of the pipeline.

• Release of H2S, besides causing odor complaints, can also result
in serious sulfuric acid corrosion of many commonly used materi-
als of construction, especially concrete in gravity pipe and man-
holes and cast iron pipe, fittings, pumps and valves

From the above, two significant conclusions emerge:

1. The phenomena resulting in odor and corrosion are quite complex and can-
not be reduced to a single variable such as temperature or retention time alone.

2. Much knowledge and expertise are available for implementing a solution to
each specific problem. Such solutions need not be expensive or complicated.
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Case Histories

Hydrogen Peroxide (H2O2) — Weatherby Lake, Missouri

A problem appeared in 1976, the first summer. Odor was very noticeable at
several houses in the vicinity of a large pumping station that received the
discharge from a long pressure main with lower than design flow. At the time,
there were about 300 houses each with a GP 210 in the front or side yard.
The project engineer made a study of retention time and installed a small,
inexpensive, chemical feed pump (similar to an LMI swimming pool pump)
about 30 minutes flow time upstream from the discharge point into the lift
station. Hydrogen peroxide (H2O2) in 50–gallon plastic carboys and a small
wooden building that looked like a “tall” dog house completed the system at a
cost of less than $1,000. At this location, the temperature moderates suffi-
ciently that there is no odor during about half the year.

May to October is the typical odor control season but is easily adjusted to the
vagaries of weather from year to year. Hydrogen peroxide is a strong oxidizer
but is otherwise quite safe and stable to handle. This chemical is available
from several large companies. Among them, Du Pont has been a pioneer and
offers outstanding product support, application notes and literature.

The Weatherby Lake hydrogen peroxide treatment system consisting of four
feed stations performed satisfactorily for 14 years, until supplanted in 1990 by
the less–expensive technique described below.

Bioxide® — Weatherby Lake, Missouri

Bioxide oxidizes H2S by means of proprietary liquid organic nitrate com-
pounds injected into the wastewater at least two hours residence time up-
stream from the discharge point. It was successfully tested at Weatherby
Lake in 1990 and adopted soon thereafter. The performance is excellent and
a cost savings of 60 percent over hydrogen peroxide was realized. This
method became permanent following the full–scale field trials. Bioxide is a
process patented by Davis Water and Waste and available through a turn-
key–type contract that includes equipment, chemicals, installation and
startup. Handling and storage of the chemical is non–hazardous.

Oxinite®  — Pierce County, Washington

An odor problem at a large downstream pumping station resulted from long
residence time and warm summer temperatures. An Oxinite system was
installed in 1991. This proprietary process converts atmospheric oxygen to
ozone electrostatically. A noiseless machine with no moving parts, the Oxinite
generator is housed above ground adjacent to the main pumping station.
Ozone is blown into the sewage pump wetwell and has been very successful
in eliminating complaints. The Department of Utilities operators are pleased
with the system and report that the only operating costs are for electric power
and periodic cleaning of the intake air filters.
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Potassium Permanganate (KMn04) Pellets — Cranston, Rhode Island

A paper presented at WEFTEC ‘91 describes how odor from air relief valves
on a large sewer was controlled at multiple vents into crowded city streets of
Cranston, Rhode Island. Vertical vent risers were extended up through the
sidewalk to just above head height (about eight feet). They terminate in
decorative hooded baskets, filled with 10 pounds of potassium permanganate
(KMnO4) crystals, through which the sewer gas must pass before being
released to atmosphere. The hoods controls pests or vandals and keep the
crystals dry. The KMnO4 crystals are replenished at 6– to 10–month intervals;
this technique should be useful in air–release valve pits.

Organic Biofiltration

This technique is based on absorption and biological degradation of odorous
and organic air pollutants by microorganisms within a solid media matrix.
Biofilter media can consist of materials such as compost, bark, wood chips,
soil, sludge or a mixture of these and other materials. Most systems are
essentially an upflow filter with distribution plenum at the base. Humidified,
odor–laden air is blown through the media bed from bottom to top at a rate
that provides at least one–minute detention time. Leachate must be collected
and piped to a suitable sump. A leachate pH of about 2 indicates good perfor-
mance. Biofilters have been used for decades but are currently undergoing a
renaissance. Moisture in the biofilter bed is reported as essential, and all but
the most rudimentary systems provide some form of  humidification. Hydro-
gen sulfide removals greater than 99 percent are reported consistently on
odor input levels up to 75 ppm.

Capital and operating costs are reported to be less than 1/3 that of chemical
feed systems. Significant land area is required that could be a limitation in
crowded cities, but is not a problem in suburban or rural areas.

At this writing, there were no known applications of biofiltration to E/One
sewer systems, but their use would appear entirely suitable for LPS in subur-
ban situations where lowest cost is a primary consideration. Sketches of two
typical biofilters are shown schematically in drawings at the end of this sec-
tion, one from an article in the August 1996 issue of Operations Forum
magazine, and the other from a paper presented at WEFTEC ‘96.

General

Because reaction to odors is largely subjective, it is helpful to obtain as many
details as possible about each complaint. A simple questionnaire along these
lines will help to determine the true cause and source as rapidly as possible.



5–38

3
 I

N
C

H
 P

V
C

R
IS

E
R

 F
O

R

L
E

A
C

H
A

T
E

S
A

M
P

L
IN

G

B
IO

F
IL

T
E

R
 D

E
S

IG
N

G
E

O
T

E
X

T
IL

E

M
O

IS
T

U
R

E

B
A

R
R

IE
R

4
 I

N
C

H

P
V

C

F
R

A
M

E

B
IO

-F
L

O
R

A
W

O
O

D
 C

H
IP

/S
O

IL
 M

E
D

IA
 M

IX
T

U
R

E

P
V

C
 F

R
O

M
 F

A
N

M
U

L
C

H
 S

L
O

P
E

D

T
O

 G
R

A
D

E

L
E

A
C

H
A

T
E

/

C
O

N
D

E
N

S
A

T
E

 T
O

G
R

A
V

IT
Y

 M
A

N
H

O
L

E

3
 I

N
C

H

P
V

C
 T

R
A

P

4
 I

N
C

H
 P

V
C

 R
A

W

H
U

M
ID

IF
IE

D
 A

IR

D
IS

T
R

IB
U

T
O

R
 L

E
G

6
 I

N
C

H

P
IN

E
 B

A
R

K
4

 I
N

C
H

P
E

R
F

O
R

A
T

E
D

/R
ID

G
E

D

D
R

A
IN

 F
IE

L
D

 S
E

W
E

R
 P

IP
E

1
2
 I
N

C
H

D
R

A
IN

 S
T

O
N

E

4
0

 M
IL

 T
H

IC
K

P
O

L
Y

E
T

H
Y

L
E

N
E

L
IN

E
R



5–39

SPRINKLER HEADS

BIOFILTER PLAN

S

SECTION "S-S"

CONCEPTUAL BIOFILTER LAYOUT

FILTER MEDIA

3 TO 4 FEET

BARK LAYERGEOTEXTILE

FABRIC

LATERALHDPE LINER
ROUND

STONE

EARTH

BERM
EARTH

BERM

WET WELL

EXHAUST

FILTER

MEDIA

DISTRIBUTION

LATERALS

EARTH BERMS

HUMIDIFICATIO

CHAMBER

DISTRIBUTION

HEADER

BLOWER

S



5–40

Suggested Odor Complaint Form

• Nature and intensity of odor

• Apparent source

• Duration

• Date and time of day

• Wind speed and direction

• Temperature

Summary

Odor problems are not specific to pressure sewers, but are characteristic of
many common sewage handling processes, particularly long force mains
discharging to atmosphere into another pump wetwell or gravity manhole.

A body of knowledge, expertise, equipment, chemicals and processes is
readily available for solving any potential odor problem that may arise in
connection with a LPS. Most applications will require site–specific evaluation
and recommendations including, in many cases, a full–scale field test. Manu-
facturers of chemicals and processes are usually anxious to cooperate by
furnishing free trial materials, application recommendations and sometimes
even field testing labor.

The following general guidelines are useful as a starting point in application
studies:

• Keep lines as short as possible

• Design for the highest possible velocity consistent with acceptable
friction head losses

• Higher sewage temperatures tend to cause more odor problems

• Avoid intentional turbulence where pressure sewers discharge into
a gravity manhole or large pump station wetwell

• Periodic line flushing by preventing significant buildup of organics
on the interior of pipe walls can sometimes offer a satisfactory
and cheaper alternative to the need for sustained chemical or
other treatment
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740

C DISSOLVED–OXYGEN SOLUBILITY DATA

DISSOLVED OXYGEN,* mg/liter

Chloride Concentration, mg/liter

0 5,000 10,000 15,000 20,000

Tem-
perature,
C

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

* Saturation values of dissolved oxygen in fresh and sea water exposed
to dry air containing 20.90 percent oxygen under a total pressure of 760
mm of mercury.
Source: G. C. Whipple and M. C. Whipple: Solubility of Oxygen in Sea
Water, J. Am. Chem. Soc., vol. 33, p. 362, 1911. Calculated using data
developed by C. J. J. Fox: On the Coefficients of Absorption of Nitrogen
and Oxygen in Distilled Water and Sea Water and Atmospheric Carbonic
Acid in Sea Water, Trans. Faraday Soc., vol. 5, p. 68, 1909.

14.62 13.79 12.97 12.14 11.32
14.23 13.41 12.61 11.82 11.03
13.84 13.05 12.28 11.52 10.76
13.48 12.72 11.98 11.24 10.50
13.13 12.41 11.69 10.97 10.25
12.80 12.09 11.39 10.70 10.01
12.48 11.79 11.12 10.45 9.78
12.17 11.51 10.85 10.21 9.57
11.87 11.24 10.61 9.98 9.36
11.59 10.97 10.36 9.76 9.17
11.33 10.73 10.13 9.55 8.98
11.08 10.49 9.92 9.35 8.80
10.83 10.28 9.72 9.17 8.62
10.60 10.05 9.52 8.98 8.46
10.37 9.85 9.32 8.80 8.30
10.15 9.65 9.14 8.63 8.14
9.95 9.46 8.96 8.47 7.99
9.74 9.26 8.87 8.30 7.84
9.54 9.07 8.62 8.15 7.70
9.35 8.89 8.45 8.00 7.56
9.17 8.73 8.30 7.86 7.42
8.99 8.57 8.14 7.71 7.28
8.83 8.42 7.99 7.57 7.14
8.68 8.27 7.85 7.43 7.00
8.53 8.12 7.71 7.30 6.87
8.38 7.96 7.56 7.15 6.74
8.22 7.81 7.42 7.02 6.61
8.07 7.67 7.28 6.88 6.49
7.92 7.53 7.14 6.75 6.37
7.77 7.39 7.00 6.62 6.25
7.63 7.25 6.86 6.49 6.13

Reproduced from Wastewater Engineering: Collection, Treatment, Disposal, 1975. Used with permission.
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All Environment One grinder pumps contain a small ceramic power resistor
within the control compartment. This resistor provides a low–level continuous
source of heat to keep the control compartment dry and prevent moisture
damage.

The heat generated (and available for dissipation) by a resistor is measured
in watts and is calculated by Ohm’s law using the relationship P = E2 / R. The
heating resistor values (ohms) have been chosen to generate 10 to 12 watts
of heat at rated voltage. All have a power dissipation rating of 20 watts, so
the heat generated is about half the rating. This conservative loading ensures
long life and results in the following values:

Thus, for example, Japanese pumps should have either 1,000– or 3,500–
ohm heating resistors, depending on the motor voltage rating.

Electric power (energy) consumption of the heater resistor is about 100 kwhr
per year, or less than $1 per month at 10 cents per kwhr.

6.1 HEATING RESISTORS

Heat– Rated
Generated Dissipation

Used On Ohms Watts Watts

100v Japan 1,000 10 20
120v U.S. 1,200 12 20
200v Japan 3,500 11 20
220v Sweden 5,000 10 20
240v U.S. 5,000 12 20
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The significance of an SPD pump is not immediately apparent except to
those experienced and skilled in the art of pump design and application. The
semi–positive displacement characteristic and principle is at the heart of
Environment One grinder pumps. In layman’s terms, the SPD characteristic
means that the flow (Q) from the pump is very nearly constant, no matter
what the back pressure (H). In practical terms, in a pressure sewer system, it
means that when a pump is turned “on,” it will deliver a useful amount of flow
into the system, no matter where it happens to be within its allowable range
of operating pressure. The flow volume will be, for all practical purposes,
independent of pressure in the system. The maximum pressure may tempo-
rarily exceed the steady state normal rating by up to 50 percent with no harm
to the pump or piping.

This reserve capability offers great advantage in handling intermittent or
abnormal hydraulic conditions, including:

• More pumps “on” simultaneously than planned (design assump-
tions non–critical)

• Temporary greater–than–planned resistance to flow (obstructions
or gas pockets)

• Fewer–than–planned number of pumps connected (oversized
pipelines)

• Additional pumps added to an existing system (planned or un-
planned growth)

• Undersized pipelines (unexpected growth in customers con-
nected)

• Lower–than–planned velocities in pipes (fewer customers than
planned)

• Scouring pipelines that are temporarily oversized (auto–sizing
phenomena)

• Can operate far above the point where centrifugals “shut off”

The choice of the semi–positive displacement principle was made with inputs
from the ASCE Staff and Steering Committee more than 25 years ago based
on these irrefutable hydraulic fundamentals. Environment One started with no
vested interest or existing investment in any particular technology, so was
free to start from the “ground floor” and develop a unique class of pump that
was tailored in every respect to the specific needs of pressure sewer sys-
tems. The wisdom of that decision has become more evident with each
passing year of successful worldwide operation.

6.2 BASIC CHARACTERISTICS OF GRINDER PUMPS
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None of these advantages can be attributed to centrifugal pumps because
they operate on a different principle—the flow changes from a torrent at a low
pressure to a trickle at higher pressures. As a class of hydraulic machinery,
centrifugals do more than 80 percent of the world’s pumping tasks, but they
work satisfactorily only in the simplest, smallest pressure sewer systems.

Case Studies

Golfview, Indiana

This 4–inch diameter pressure sewer pipe is SDR–26 PVC and went into
service in June 1972. Initially, only one pump was in operation. Sixteen
months later, when this sample was removed for engineering examination, 41
pumps were connected. The initial flow was 13 gpm, only a tiny fraction of
design flow. At the end of the test period, the calculated velocity was 1.87
feet per second, still a bit below the recommended minimum of 2.0. Even so,
the photograph shows clearly that the pipeline was completely clean and free
from any discernible tendency toward a buildup or obstruction. This indicates
that either: 1) there was no buildup in the pipe even at extremely low flow; or
2) that any buildup was subsequently removed by the self–scouring capability
of the semi–positive displacement pumps.
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Grandview Lake, Indiana

This 3–inch Schedule 40 PVC pressure main had been in service for two
years when it was removed for research purposes. Initially, nine pumps were
connected, giving a velocity of 1.72 fps. At the end of the test period, more
houses had been added and the velocity had increased to the recommended
design minimum of 2.0 fps. Again, there is no sign of any significant deposits
or obstructions. Operation below recommended design flow apparently
caused no buildup in the line. If any deposits did occur during the early low–
flow period, they obviously had been automatically scoured out by the SPD
pump before the section was removed for examination.
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Weatherby Lake, Missouri

This is a lake–oriented year–round municipality of upper–income homes near
Kansas City, Missouri. It was designed and constructed in the early 1970s
and was the first pressure sewer system funded by the EPA construction
grants program. There was little experience or design precedent available
then on which to base pipe sizing decisions. Environment One’s Design
Handbook and pipe sizing recommendations were newly available and based
principally on results of the Albany Demonstration Project and the research of
hydraulic consultant L. Scott Tucker.

The consulting engineer for Weatherby Lake was Glenn C. Gray, a senior
partner in the form of Larkin and Associates. He was skeptical about the
E/One design flow recommendations and chose to use his own sizing method
based on a modified water demand equation, x = y^.515. This relationship
results in design flow assumptions from 25 percent to 45 percent higher than
the E/One Handbook standards. This means that the pipelines in Weatherby
Lake were significantly oversized compared to the E/One design recommen-
dations.

This project has been operating successfully within budget for more than 20
years with pipelines that are “oversized” up to 50 percent compared to the
present E/One design criteria, and except for one section of inverted siphon,
has experienced no significant problems with plugged lines. The lesson to be
learned from this experience is that the SPD pump can tolerate large depar-
tures from ideal or nominal design conditions without noticeable effects on
long–range operating and maintenance requirements.

Design Flow Criteria (LPS)
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Alarm tube extensions are required on the GP 215 and 216 because of the
reduced height of the baffle. The baffles on these units can be lowered to
accommodate larger inlets such as 6, 8 or 10 inches, which are often re-
quested with oversized tanks. The resulting baffle height is slightly below the
alarm level on the core. Therefore, without the extensions, the sewage would
begin spilling over the baffle and would have to fill both sides of the tank
before rising to the alarm level. Incidentally, 214 units with 6–inch and 8–inch
inlets are also fitted with extension tubes.

The vinyl tube extensions provide a means of lowering the alarm level below
the baffle, which is readily identifiable and easy to move to a spare core in
the event of a service call. The extensions provided to Japan appear more
robust because they are permanently attached at the expense of the inter-
changeability feature.

The extensions are needed only on 200 Series stations. The 2000 Series
cores have been altered to work in any tank without the need for extensions.

6.3 ALARM EXTENSIONS ON GP 214, 215 AND 216
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Early Research and Field Test Results

ASCE Project  (C. 1967)

The original ASCE project on Combined Sewer Separation Using Pressure
Sewers (ORD–4) included extensive research on wastewater production
rates at numerous locations throughout the United States, including affluent
suburban homes with a large number of baths and all water–producing
appliances such as automatic washers, dishwashers, and food waste dispos-
ers. The peak flows for various time intervals from all these studies are
summarized:

These peak data served as the design basis for tank volume and pump rate
of the first prototype grinder pump developed under the auspices of ASCE.
These peak flow rates and durations are plotted with the hydraulic character-
istic of various tank volumes and pump rates on the graph on the next page.
Nothing has changed materially since that time. Thousands of installations in
use for decades without alarms or overflows resoundingly confirm the suit-
ability of the 60 gallon tank and 11 gpm pump rate.

Field Test and Demonstration by EPA and New York DEC

A year–long, full–scale demonstration project was conducted by the New
York Department of Environmental Conservation in 1971. Environment One
was the primary contractor and funding was by the U.S. EPA. The perfor-
mance of the 12 pumps in this field test project were monitored continuously
for all pertinent performance parameters. Included were measurement of
water inflow, the possibility of overflows and overall performance of tank
volume and pump rate in handling all types of inflow conditions. The final
report, entitled A Pressure Sewer Demonstration, EPA–R2–72–091, was
issued in November 1972.

Two sizes of tanks with two different peak flow storage capacities were used

6.4 TANK VOLUME AND PUMP RATE Ability to Handle Peak Flows

Time (t), minutes Peak Flow Rate (Qi), gpm

1 17
2 15
4 13

15 9
30 7
60 5
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(30 and 43 gallons), and the conclusion on page 99 of the report and else-
where applies to both sizes. It states:

After reviewing the computer printouts, no data was found to substan-
tiate any inadequacy in the storage capacity of the tanks, when used
in combination with pumps of the capacity previously indicated (i.e. 11
to 16 gpm).

These field data provide a severe test of flow handling capability since the
population of the demonstration site was about double the national average.
There were 75 people living in the 12–house project, or an average of 6.25
persons per household.

An article in the prestigious ASCE Journal of the Environmental Engineering
Division (February 1974) entitled “Pressure Sewer Demonstration” stated
that “pump size and tank volume were more than adequate to handle peak
wastewater flows so that no other design modifications are necessary in this
area.”

Standards

Much more recently, these characteristics (i.e., 11 gpm and 60–gallon tank)
were confirmed in the state design standards issued as guidance to practic-
ing engineers in New York. The following requirement is quoted from page
22 of Design Standards for Wastewater Treatment Works (1988), issued by
the New York State Department of Environmental Conservation:

The pump tank shall be of a 50 gallon minimum capacity and be able
to accommodate normal peak flows without exceeding its peak flow
capacity. The volume between the on and off levels in the tank should
be based on a sensible compromise between excessive unit operation
and efficient removal of raw sewage into the system.

Hydrographs

“Hydrograph” may sound formidable, but it simply means “water graph.”
Geologists use them to describe the behavior of water over time; rainfall
intensity and stage of a river are two common examples. A hydrograph can
be drawn to show what happens to the water level in a grinder pump tank
under different conditions. This procedure was used to select the 60–gallon
nominal volume and 11 gpm pump rate for the GP 200. Hydraulically, the GP
200 and GP 2000 are the same.

The hydrographs later in this section were constructed using a simple
mathematical model of the GP tank volume, pump rate and control levels.
They show how the standard E/One Simplex GP responds to several “worst
case” inflow patterns that could occur in a residential environment.

• An automatic washer discharging a wash and three rinses each at
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a 35 gpm rate over a 10–minute time period

• A bathtub discharging 45 gallons in three minutes at a steadily
declining rate as the water level (static head) reduces

• A continuous discharge over an extended period, such as a
shower of 8 gpm for 20 minutes

• A luxury home with eight bedrooms and eight baths in which an
extreme “party” loading is applied as follows: each toilet dis-
charges once every three minutes, followed 30 seconds later by a
wash basin discharge. During the 15–minute peak study period,
an automatic clothes washer and a dishwasher are also run.

In all of these hydrographs, it is evident that the alarm or overflow levels are
not even approached.

Constructing a Hydrograph

1.  Assume an initial liquid level in the tank. The most conservative value is
just below the pump “turn on” level.

2.  Select a pump out rate for the grinder pump. The most conservative
assumption will be at maximum operating pressure, for example 9 gpm at 60
Hz or 7.5 gpm at 50 Hz.

3.  Determine the volume at which “alarm” is actuated and the volume at
invert of inlet pipe. These are standardized characteristics of production
product so are not normally varied for application studies.

4.  Determine an inflow pattern to study, for example a long shower can be
represented by an inflow of 8 gpm for a period of 15 minutes. The inflow
pattern can be divided into time increments of any convenient length. In this
example, we will choose to show 2.5 gallons in each 30–second period.

5.  A spreadsheet program solves the equation for each interval of time:

V = (Qi – Qo) x t

6.  This quantity, which will be negative if the level is falling or positive if
rising, is added to the volume at the beginning of the interval to obtain the
new stored volume. The plot of tank volume vs time is the hydrograph. If it
reaches the horizontal lines representing “alarm” or “invert,” an abnormal
condition is indicated. The amount and duration of alarm or overflow (if any)
can be seen directly on the hydrograph.

7.  The pumpout rate falls to zero when the “turn off” level is reached.

Where: V = Volume, gal
Qi = Inflow rate, gpm
Qo = Pumpout rate, gpm
t = Time, min
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8.  In addition to the input flow pattern, the pump rate and initial level can be
easily changed to determine the effects of various “what ifs?”

Summary

Continued acceptance of the 60–gallon Simplex tank should be diligently
sought because everything in the past history, from earliest research and
development to years of actual use, has shown this volume and the 9 to 15
gpm pump rate to be completely adequate. Any well–intentioned efforts to
make them larger in the name of conservatism will significantly and need-
lessly subtract from the economic advantages inherent in LPS technology.
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The basic relationship between velocity, area and flow rate can be expressed
as follows:

The velocity in a full pipeline carrying a non–compressible fluid such as water
is directly proportional to the rate of flow (Q) and inversely proportional to the
cross–sectional area (A).

If the flow rate remains essentially constant over the entire range of normal
pressure, then the velocity will increase in direct proportion as the cross
section decreases. In a practical sense, as applied to pressure sewers, this
means that if SPD pumps are used, the following events take place:

• If initial occupancy is below the design number, the Q will be low

• Velocity will be below the minimum 2.0 fps recommended to
scour

• Deposits may begin to build up on the pipe invert and walls

• As this happens, the cross sectional area becomes smaller

• Velocity increases

• Deposits will be scoured away

• The average flow increases as the connected load increases

• Velocity reaches 2.0 fps or above each day and the line stays
clean

This does not happen with centrifugal pumps because as the pipeline area
decreases, the head loss increases, causing the flow to drop. The usual
response from CFG proponents is to enlarge the pipe sizes, but this leads to
motor overheating or even burnout if operation is too far to the right on the
CFG curve. This is the significance of the two different shaped pump curves.
The semi–positive displacement type keeps on pumping at a nearly constant
rate despite major changes in head. Conversely, the flow from a centrifugal
drops off rapidly as head increases, and will fall to zero when the “shutoff”
head is reached.

6.5 SELF–SCOURING BEHAVIOR OF SPD PUMPS

Where: V = Velocity in ft/sec
Q = Flow rate in cu ft/sec
A = Cross–sectional area in sq ft

Q

A
V =
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The normal procedure used by local code personnel to determine that
E/One’s grinder pump product line is listed by UL is to look for the label on
the product, or to look up E/One’s “listing card” (published by Underwriters
and shown below), or the computerized version thereof.

These procedures serve the basic need of electrical inspectors who are
familiar with the system and its significance. However, it sometimes leaves
unanswered questions in the minds of laymen who want to know, “What does
the UL label mean?”

6.6 UNDERWRITERS LABORATORIES, INC. Listing of E/One Grinder Pumps

QMTX January 12, 1995
Plumbing Accessories

ENVIRONMENT/ONE CORP  , SCHENECTADY NY E48042 (M)
12304

Grinder pumps, Models Farrell 210, 210A, 212, 212A, 215, 215A, 216, 216A; 2000 Series
Models 2010, 2012, 2014, 2015, 2016

2773 BALLTOWN RD

LOOK FOR LISTING MARK ON PRODUCT

348562001 Underwriters Laboratories Inc. E1l/0246735

REUZ January 13, 1994
Pumps, Motor-Operated Water

ENVIRONMENT/ONE CORP  , SCHENECTADY NY E156868 (M)
12304

Grinder pumps, Models AMGP-1, -2.

2773 BALLTOWN RD

LOOK FOR LISTING MARK ON PRODUCT

348562001 Underwriters Laboratories Inc. E1l/0246735
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This section highlights the significance of the UL inspection and listing proce-
dure. In order to qualify for this listing, E/One’s grinder pumps were submitted
to UL’s laboratory for detailed testing and engineering examination. The
purpose of these tests was to ensure that the product was designed and
manufactured in accordance with best current practice and to establish that it
would perform its intended function safely. All products listed by UL must be
tested under both “normal” and “abnormal” conditions. This helps ensure that
there will be virtually no safety hazards, even if the product is grossly mis-
used. After the initial examination and approval listing, the product is sub-
jected to several unannounced factory audits each year. These visits are to
confirm that the listed grinder pumps continue to be manufactured in accor-
dance with the standards set when it was originally approved.

All this work is documented in a voluminous report and published under UL
file numbers E48082 and E156868(M). The report is bulky, subject to fre-
quent updating as improvements are made, and may not be distributed
except in its entirety. The following summarizes the main tests that were a
part of UL’s original testing for safety:

Input Test Warmed up, pumping water under rated pressure with
various foreign objects added; current and power recorded.

Dielectric Withstand Test Dielectric strength of insulation tested at
1,480 volts for one minute without breakdown.

Temperature Test, Method 1 Run under load with foreign objects in
simulated sewage until thermal equilibrium reached. Temperatures
measured at 21 locations by the thermocouple method; must be
within prescribed safe limits.

Temperature Test, Method 2 Same as above, but cycled 2 minutes
“on” and 2 minutes “off.” Maximum temperatures reached must not
exceed safe limits.

Insulation Resistance Test Insulation resistance checked with a
megger and found to be essentially infinite.

Flooding Test Control compartment flooded with 75 gallons of water,
simulating a failed switch diaphragm. No shock hazard resulted.

Gasket Tests Wiring compartment gasket and pressure switch rubber
seals were subjected to oxygen bomb and water immersion tests to
simulate aging. No evidence of significant hardening, cracking or
other deterioration.

Mechanical Abuse Test 2–inch diameter steel ball was dropped from
the top and impacted from the side of the unit with an energy of 5.0
foot pounds without evidence of injury to the grinder pump.

Static Load Test Top of unit was loaded with 180 pounds for three
minutes in two different locations without deformation or damage.
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Dynamic Load Test A 100–pound load was dropped 5 inches onto
three different 16–square–inch locations on top of unit. No deforma-
tion, warping or any other physical damage.

Submersion Test Control compartment was pressurized with 5 psi air
and submerged in water for one minute. No bubbles, no water in
compartment, no breakdown of insulation resistance.

Rain Test Unit subjected to simulated rain for one hour. No water in
control compartment, no measurable reduction in insulation resis-
tance.

Running Overload Test Unit was run at maximum load that could be
carried (without tripping thermal overload) until thermal equilibrium
attained. Maximum temperature did not exceed allowable limit.

Stalled Rotor Test, Method 1 Rotor was locked and starting at room
temperature; full line power was applied. The unit cycled on and off
the thermal protector, breaking locked rotor current for 72 hours.
Temperatures did not exceed allowable limits and no shock hazard
developed.

Stalled Rotor Test, Method 2 Pump operated for an additional 15
days at locked rotor conditions. A 30–amp fuse from protector to
ground did not open, and temperatures remained below safe limits.

Flammability Test Thermoplastic enclosure was subjected to seven
days of air aging at 158 F/70 C. Following this, an effort was made to
ignite the enclosure with two separate applications of a standardized
Bunsen burner flame. The enclosure would not support combustion.

While this description is not exhaustive, it offers some insight into the profes-
sionalism and competence with which UL accomplishes its mission of “testing
for safety.”
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The E/One line of grinder pumps is driven by integral 1–hp motors running at
1,725 rpm. Without exception, all the centrifugal competitors run at 3,450
rpm. This obviously means that the competition runs twice as fast as E/One
does. Below are the basic disadvantages of higher speed and the benefits of
lower speed.

As motor speed increases:

• Bearing life decreases

• Noise level increases

• Pump specific speed increases

• Horsepower required to produce a specific torque increases

As motor speed decreases:

• Bearing life increases

• Noise level decreases

• Pump specific speed decreases

• Horsepower required to produce a specific torque decreases

Equations

6.7 EFFECT OF SPEED ON GRINDER PUMP PERFORMANCE

Specific Speed Where: Ns = Specific speed
N x Q 0.5 N = Pump speed

Ns =  ————— Q = Flow, gpm
H  0.75 H = Head, ft of water

Torque Where: T = Torque, ft lbs
HP HP = Power, hp

T = K1 ——— K1 = A constant
N N = Speed, rpm

Bearing Life (Nd) 0.3 Where: L10 = Rated life, hours
L10 =  K2  x  ————— K2 = A constant

(Nr) 0.3 Nd = Design speed, rpm
Nr = Rated speed, rpm
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The custom–designed check valves built into Environment One grinder
pumps are constructed of glass–reinforced, injection–molded PVC. All hard-
ware and metallic parts are made from Type 300 (18–8) stainless steel. A
combination flapper hinge, seal and gasket are die stamped from a compos-
ite Buna N synthetic rubber sheet molded in a sandwich configuration around
a non–wicking woven nylon cloth matrix.

This configuration provides the needed flexibility and freedom of motion
needed to ensure dimensional stability, ease of seating and flex life for years
of trouble–free operation. Periodic testing is carried out in the laboratory to
ensure that this valve is capable of operating in excess of 100,000 cycles.

Further, total sales from the factory of the check valve flapper assembly in
1990, 1991 and 1994 constituted a failure rate of 0.00212 (1/5 of 1 percent).
Since these failures are so rare and for completely random causes, the
probability of a system failure with two valves in series (a logical “and”)
becomes .00212 x .00212, or .0000045 (1/2,500 of 1 percent). Highly unlikely
events!

The check valve is and was always considered a component that must be
highly reliable. The prototype was developed at General Electric under the
project direction of the ASCE Combined Sewer Separation Project. The
production design was further refined but kept all the principles of the proto-
type development in mind. Other types were evaluated during the develop-
ment, and ball valves were found to be particularly vulnerable to clogging with
ground waste. For more details, see “Advanced Development of Household
Pump–Storage–Grinder Unit,” ASCE Project Task 6, December 1968.

6.8 GRINDER PUMP CHECK VALVE Characteristics and Reliability
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Heat is the worst enemy of electrical apparatus. Insulation, in particular, must
not be operated above rated temperature if it is to achieve rated life.

When operated at or below its rated temperature, an E/One GP motor will
last 30 years or more. To ensure that damaging temperatures are never
reached, all Environment One grinder pumps are protected against overheat-
ing by a built in thermal overload protector. Depending on the model, this
protector is either embedded in the winding or fixed in place close to it. The
thermal protector consists of a current–carrying bimetallic element with snap
action contacts that is custom calibrated with the motor to open before dam-
aging temperatures are reached.

The E/One protector provides inherent thermal overload protection because it
senses both current and winding temperature. It will open the circuit because
of excessive line pressure, short circuit, prolonged high ambient temperature
or any combination of these factors that result in the trip temperature being
reached. When the protector opens, it begins cooling down and will automati-
cally reset when a predetermined temperature is reached. If the condition that
caused the initial trip persists, the protector will open again and can cycle
repeatedly if necessary. One of the UL acceptance tests requires E/One’s
pump and motor to cycle on and off the protector under locked rotor condi-
tions for more than two weeks. Considering the fact that locked rotor current
is more than 35 amps, one concludes that this is a very rugged and reli-
able component.

The automatic reset feature avoids the service calls required by manual reset
types. In addition to winding protection, another extremely useful function of
the automatic reset protector is how it regulates the orderly way that a large
system of E/One pumps comes back online automatically following an ex-
tended power outage. If the power is off for several hours, many (perhaps
most or all) GP tanks will have filled to above the “turn on” level by the time
power is restored. Therefore, many more pumps will try to run than the
number predicted in the simultaneous operations table of the design hand-
book. As a consequence of this “overcrowding” of the mains, the friction
losses will climb literally “out of sight.” Those pumps that see the highest
pressures will automatically trip offline in a few seconds. Those remaining
pump down and turn “off.” Meanwhile, the pumps that tripped “off” cool down,
turn back “on” and try again. If successful, they empty their tank and turn
“off.” If not, they can cycle again until the line pressure returns to normal. This
all takes place automatically without the necessity for any service calls. This
sequence of events has been documented at a number of projects, specifi-
cally known to include Weatherby Lake, Missouri.

The protector also tends to limit the maximum pressure that our grinder pump
is capable of producing. The graph on the next page shows the results of a
locked rotor cycling test. The time to trip and time to reset on each of six
cycles is shown. Note that the trip time decreases as the unit heats up and,

6.9 THERMAL OVERLOAD PROTECTOR
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conversely, the reset time lengthens out. Both are leveling off and would
stabilize after a few more cycles. The maximum pressure during each cycle is
in the range of 175 to 200 psig and is well within the rating of those piping
materials used in pressure sewers. Concerns are sometimes expressed by
serious students or unscrupulous competitors that E/One’s “positive displace-
ment pump can produce a limitless pressure” and will burst pipelines. In
reality, as shown on this curve, the pressure has a definite high limit. It is
guaranteed by the available torque built into the motor design and further
ensured by the overload protector.

GP 210 Cycling on Protector
Against Closed Discharge
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The Environment One Seal

E/One uses a single, premium–quality mechanical face seal with a lapped
carbon nosepiece running against a micro–finished ceramic face. The faces
are loaded into a precise dimensional and pressure relationship by a 300
Series stainless steel spring. This assembly rotates at the same leisurely
1,725 rpm as the motor.

Centrifugal Pump Seals

Some have claimed that double–sealed, oil–filled motors are superior. The
double–sealed construction is not a new idea, having been used in certain
submersible centrifugals for many years. The principal objective of such a
design has always been to obtain maximum heat transfer away from the
motor core and windings into the surrounding liquid in order to extract the
maximum useable power from a motor of small size and weight. Without this
oil bath for optimum heat transfer, the winding temperature would rapidly rise
to a dangerous level and motor burnout would result. In such motors, two
seals are used to provide a balanced environment on the primary seal that
sees oil on both sides. A secondary seal has oil on one side and is alternately
wet or dry on the other. The simplistic reasoning that twice as many seals
gives twice as much reliability just isn’t so, especially when it is noted that the
vital lower bearing is protected by only one of the two seals.

Other Limitations

The insulating oil in both the motor housing and between seals must be
inspected periodically for dielectric strength and freedom from moisture or
other contamination. Whenever the properties are found to be below specifi-
cation limits, the oil must be drained, disposed of in an environmentally
acceptable manner and new, clean oil added.

In most competitive centrifugals, the seals rotate at 3,500 rpm, which is
double that of an E/One pump. This results in a seal wear rate proportional to
the square of the speed change, or four times greater than at 1,725 rpm.

A seal leak detector is a recommended accessory for double–sealed centrifu-
gals. It is intended to provide a contact closure that activates an alarm if the
conductivity of the oil between the seals increases markedly. In reality, the
properties often change slowly and in a non–linear manner, so obtaining a
definite snap action closure at a calibrated value of conductivity is an elusive
goal. At best, even when it works, these alarm systems add additional com-
ponents, wiring and connections in both the pump and panel, which trans-
lates into more cost and less reliability.

6.10 MECHANICAL SEALS
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The original testing by the National Sanitation Foundation included an evalua-
tion of the unit from the standpoint of noise. Item 7 on page 10 from the NSF
Report on the Performance of Grinder Pump Model Farrell 210, dated Sep-
tember 1973, states: “No structural weaknesses, undesirable noise, or other
environmental defects and failures were detected.” [emphasis added]

On June 3, 1991, a sound level test was conducted in the E/One laboratory
using the “A” weighting scale on a GP 210. The results, reported in Report
#TL16, showed a noise level of 63 to 69 decibels (dB) at a distance of 6 feet.

For comparison with the measured GP noise levels reported above, the same
instrument was used to measure the sound level of a Panasonic KX–P1180
dot matrix computer printer in an office environment. The printer generated a
sound level of 66 to 68 dB at a distance of 6 feet.

It is important to note that these tests were both run with the grinder pump in
a free–standing mode on a concrete floor. The entire tank surface was
exposed to room air and was free to act as an acoustic radiator.

Although no tests were made with a buried unit, it is obvious that if the unit
was surrounded by earth, the radiated sound level would be appreciably
lower than under the test conditions described above. This has been ob-
served in the field literally thousands of times

Conclusion

These tests show that the noise level of E/One grinder pumps ranges from 63
to 69 dB. This is very low, essentially the same as a computer printer. They
will operate virtually unnoticed in a typical residential environment.

6.11 NOISE LEVEL OF E/ONE GRINDER PUMPS
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The standard EPDM rubber used for normal residential applications pos-
sesses superior resistance to a broad spectrum of common household
substances, including animal and vegetable oils. It also has outstanding
property retention, tear resistance, heat and oxidation resistance and water
immersion characteristics. As with any material choice, there is a tradeoff of
one property for another, but for the vast majority of appropriate applications
for E/One’s pumps, the standard EPDM stator will be found most suitable.

The oil–resistant stator, part number PA0928P01 (service part 8003A), is
made of Nitrile synthetic rubber (type NBR, formerly called Buna N). It was
chosen because of its resistance to petroleum oils, gasoline and aromatic
hydrocarbons. This material is commonly used in automotive and aircraft
applications such as carburetor and fuel pump diaphragms, gaskets and
hoses. Most applications of GPs with a Nitrile stator are in automotive ga-
rages and service shops where casual amounts of petroleum greases and
oils may find their way into the drains.

A basic characteristic of the Moineau principle SPD pump is the nearly linear
motion of the particle–laden wastewater as it describes just 1 1/2 spiral turns
on its way through the stator. This means that there are virtually no centrifu-
gal forces acting on the rubber stator and accounts for the lack of abrasive
wear on both the helical components comprising the semi–positive displace-
ment pump. This is in sharp contrast to centrifugal–type grinder pumps in
which all the forces are centrifugal and erosion of casing and impeller are
commonplace.

6.12 SPECIAL PUMP STATOR MATERIALS
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Environment One conducts a comprehensive final test of 100 percent of
production. This is done in a semi–automatic, computer–based test stand by
a skilled operator with special training in the operation and interpretation of
the test equipment. Every pump is tested for these characteristics:

• Pump discharge (gpm), current (amps) and power (watts) at two
pressures (15 and 60 psig)

• Function of “on,” “off” and “alarm”–level sensors

• Noise level and absence of “strikers”

• High voltage insulation resistance (HIPOT) test

• Water–tight integrity of all static and dynamic seals

• Leak–tight integrity of all penetrations through station walls

The data are automatically recorded by pump serial number and become a
permanent digital file. This rigorous testing has always been conducted and
recorded, but prior to 1990 was done manually, and the records for that
period are handwritten.

This 100 percent testing is an important indication of the quality conscious-
ness of E/One and the consequent performance, reliability and safety of its
grinder pumps. It is significant to note that competitive equipment, if shipped
unassembled, cannot be subjected to such a test of the complete station.

This testing done on every pump has as its basic purpose a constant internal
audit of performance and quality. As such, the data is not normally furnished
to the customer; it is, however, a fairly simple matter to obtain certified test
data if requested by the customer in advance. It can be retrieved and printed
as it is generated, with a registered professional engineer (or other accept-
able certifying authority) present to witness the tests.

Such certified testing often costs upwards of $100 per pump within the
industry. However, since these tests are done routinely for E/One’s records,
the only extra step that must be taken is to extract and print the data and
write up the certificates. Consequently, E/One can afford to quote a much
lower figure, depending on the detail desired, the number of pumps involved
and whether or not this item is requested in advance.

It is also possible for a customer representative to be present for what is
commonly referred to as a “witnessed test.” If given a few days notice, Envi-
ronment One will always welcome customer representatives to visit its mod-
ern manufacturing facility.

6.13 CERTIFIED TESTING
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General

Grinder pump level controls are needed to sense the wastewater level in the
wetwell and cause the pump to turn on and off when preset levels are
reached. In addition, there are usually auxiliary level sensing devices to
detect unusual conditions such as abnormally high or low levels.

Types of Level Sensors

Float Switches

Mercury switches The mercury switching element consists of two electrodes
sealed into one end of a small glass cylinder containing a bead of mercury.
Since mercury is a high conductivity, high surface tension liquid, tilting the
cylinder causes the mercury bead to roll quickly from one end of the glass
container to the other. This quickly makes or breaks the electrical contact
between the two electrodes. Current carrying capacity is limited to a few
amperes, so it is used as a control element actuating a relay or contactor. An
outstanding feature of the sealed mercury float switch is that it can be made
quite resistant to moisture and corrosion.

These switching elements are built into a plastic float suspended (usually by
the cable) so that it will tilt up and down as the liquid level rises and falls.
Mercury switches work well in clean liquids if there is ample clear space for
the float to move freely in all directions without becoming entangled or hang-
ing up on anything. Mercury switches are commonly used in large sewage
pumping stations with acceptable reliability because in such service the
wetwell is large and provides a clear arc all around the switch where it has
nothing to hang up on. Also, such stations are attended frequently (some-
times daily and nearly always at no more than weekly intervals) so that
grease is not permitted to build up on the hangers or tank walls enough to
immobilize a float.

Because of the need for clear space in which to work and vulnerability to
grease fouling, mercury switches are a poor choice for grinder pumps that
have small tanks and a requirement for extremely long intervals between
maintenance visits. Most operators of competitive grinder pumps with mer-
cury float switches have found through experience (the hard way) that to
avoid emergency calls at off hours, it is necessary to visit such pumps at
least once quarterly to wash down and sometimes brush clean the grease
that accumulates on the tank walls and mercury float switches.

The case study from Pierce County, Washington, over a five–year period
showed an annual pump O&M cost five times higher for Myers centrifugals
with mercury switches than for E/One SPD pumps with standard pressure

6.14 LEVEL CONTROLS FOR GRINDER PUMPS
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switches. The majority of this difference is attributed to the necessity for four
preventative maintenance calls per year on the mercury float switches versus
none for the E/One pumps. The owner is systematically replacing these
centrifugals with AMGPs (see section 8.2).

Float, Lever and Micro–Switch This design has most of the disadvantages
of mercury switches and is vulnerable to moisture and corrosion. They are
not used in grinder pumps.

Reed At the heart of the reed switch is a small glass capsule containing a
pair of tiny contact elements (the “reeds”) made of a magnetic material. A
reed element is placed inside a waterproof hollow tube at each level to be
controlled and the rod placed vertically in the tank. A doughnut–shaped float
is located concentrically around the tube so it can move up and down freely
as the water level rises and falls. Inside the float is a permanent magnet. The
magnetic field closes the reed contacts when they are in close proximity to
each other. Wires leading out the top of the tube conduct this contact closure
to a low current circuit that triggers a motor control relay.

Weakness of reed switches include:

• Floats are lightweight and will bounce up and down on waves in
the tank, causing contact chatter instead of a clean make and
break. The whole assembly is sometimes placed inside a large
diameter pipe called a “stilling well,” which, being open at the
bottom, allows the level to rise and fall with that in the tank while
shielding the floats from most of the turbulence.

• They are best suited for clean water applications because of
vulnerability to grease fouling, whether or not there is a stilling
well

Reed switches have been used by one or two competitors in an effort to
improve on the poor reliability of mercury float switches. However, this has
been an “out of the frying pan, into the fire” experience because of the limita-
tions mentioned. In at least one instance, the stilling well warped enough to
immobilize the floats.

Pressure Switches

Trapped Air Pressure This principle is used in all E/One grinder pumps and
is simplicity itself. A volume of air is trapped inside a downwardly facing
watertight cylinder (often referred to as a diving bell) by the rising liquid level.
The pressure of the trapped air volume is proportional to the depth of water
above the entrance to the sensing bell. This air pressure signal (in the order
of 2 to 18 inches of water) presses against a flexible rubber diaphragm in the
switch housing, and when a preset pressure is reached, operates a snap–
action switch capable of carrying several amperes of current. This level
control system has no moving parts in contact with wastewater. These
level control devices have been used by such leaders as General Electric,
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Maytag, Whirlpool and KitchenAid in both clothes washers and dishwashers
for decades. These pressure switches are custom manufactured by the
millions every year under rigid process and quality control to ensure repeat-
ability, accuracy and reliability.

The E/One embodiment of this basic switching type uses a large–diameter
sensing bell for the specific purpose of avoiding grease fouling. As the sew-
age level rises and falls, it enters approximately the lower half inch of the bell
interior and can leave a bit of grease residue each time it rises into and falls
below the bell entrance. In the earliest prototypes, the bell was only 1 inch in
diameter and testing showed that the bell could become sealed shut with
grease in a few months. Increasing the bell diameter to the present 3 inches
completely solved the problem because a grease deposit becomes too heavy
to support itself and falls off of its own weight before it can bridge across this
big opening.

Separate sensors and switches are used for pump operation and alarm
functions. The alarm switch actuates so seldom, perhaps at intervals of
several years, that the contacts could oxidize between closures. To avoid
this, gold plated contacts are used in the alarm switches.

Bubbler This method also measures the pressure in a submerged trapped
air column. A small–diameter tube submerged in the sewage functions as the
depth measuring element. It is kept free of grease and other fouling by
means of a continuous stream of air bubbles blown gently down the measur-
ing tube and out into the surrounding sewage. While this method is reason-
ably trouble free and is used in many large pumping stations, it is not practi-
cal for application to a small, compact device such as a grinder pump. It
requires a compressor running continuously that would use more electricity
than the grinder pump. It would take up precious space and, even if the most
expensive unit was used, have an unfavorable impact on MTBSC.

Electronic Switches

Capacitive Measures the capacitance between two metallic surfaces placed
in the liquid. Usually one electrode and the tank wall or two electrodes on an
insulating rod. The two metallic surfaces form the plates of a capacitor, and
the dielectric is the substance between the plates. This capacitance changes
measurably as the liquid level rises and falls between the plates. This capaci-
tance change provides a low–level input to a signal conditioner and amplifier
whose output can turn a power circuit on and off.

Conductive Similar to the capacitive method except measures the conductiv-
ity of the substance between a pair of electrodes.

Both these methods suffer from a necessity to calibrate them against the
capacitance or conductivity of some standard condition of the liquid. Since
sewage is such a non–homogeneous liquid with physical properties that
change greatly from one occasion to another, it is not practical to “set it and
forget it.” While useful for homogenous fluids and as a laboratory technique
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under controlled conditions, these methods have not been found suitable for
grinder pump application. One common problem is the inability to distinguish
between a probe submerged in water and one wrapped in wet paper, causing
a pump to continue running below the desired turn off level.

Ultrasonic These devices project a sound wave from a unit above the liquid
and measure the time required for the sonic echo to bounce back off the
liquid surface. They are sometimes used in wastewater treatment plants (as,
for example, in flow measuring flumes), but to date have been too complex
and expensive to be economically feasible for grinder pumps.
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The function of the grinder in a grinder pump is to reduce the size of every-
thing in raw wastewater from gross solids that move into the tank through a
4–inch house drain into particles small enough to pass freely through 1 1/4–
inch pressure laterals. In practice, most solids that have been through the
E/One grinder pump will measure between 1/4 and 1/2 inch in extent.

The design of the grinder is such that solids are carried gently upward into
the grinding zone by the pump suction currents. The flow is gentle because
the combination of a large diameter grinder entrance and low pump rate,
produces a low flow velocity according to the equation: V = Q/A, where
V = flow velocity in feet per second (fps); Q = pump flow rate in gallons per
minute (gpm); and A = the entrance area in square feet (sq ft). This equation
says that velocity increases as flow rate (Q) increases, and decreases as
area (A) increases.

The E/One grinder pump has the lowest flow rate and the largest entrance
diameter of any pump in the industry. Therefore, it also has the lowest, or
most gentle, entrance velocity. The next page, Comparison of Inlet Velocities,
compares the E/One GP 2010 to a typical centrifugal. This shows that the
centrifugal entrance velocity is more than six times greater than the E/One
SPD pump. Therefore, whereas a jammed or blocked E/One grinder is
virtually unheard of, it is commonplace to find centrifugals that have been
starved for flow because the intake is completely blocked by a disposable
diaper, for example.

Since the pump is turned on and off depending upon the liquid level, the
grinder will frequently stop while in the midst of handling a tough object such
as a plastic diaper or toy. This means that next time the pump turns on, the
grinder must start up fully loaded. The E/One motor starting torque is so high
(106 inch pounds) that it cuts through such starting loads with ease every
time.

These characteristics, namely gentle upward flow, high torque motor and the
fact that solids need not be ground immediately but can make multiple
passes through the grinding zone, account for the reputation that E/One
stations enjoy—they never jam.

Horsepower, Speed and Torque

The claim is often made, especially by uninformed or unscrupulous competi-
tors, that a “big” centrifugal 2–hp pump running at 3,500 rpm is twice as
powerful as the “little” 1–hp, 1,725–rpm unit offered by E/One. On the sur-
face, twice the horsepower and twice the speed certainly does sound like
more pumping and grinding power. However, if the basic physics of work and
energy is revisited, we find that the argument simply isn’t true.

6.15 GRINDING IN A GRINDER PUMP
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COMPARISON OF INLET VELOCITIES

The velocity of the wastewater entering a grinder pump has a significant influence on the wear of components
in the cutting assembly and pump assembly. More importantly, it directly affects a grinder pump’s tendency to
jam. Solid materials entrained in high velocity fluid are much more likely to cause a jam by becoming lodged
when they impact the cutting elements than if they were moving at low velocity. The erosion caused by en-
trained particulate also increases as the inlet flow velocity increases.

To compare inlet velocities between different types of grinder pumps, one must first calculate the cross–
sectional area of the flow passageways in the grinder. For an Environment One grinder pump, the cross–
section is based on the shredder ring I.D. at the cutter teeth and the I.D. of the shredder ring between the
cutter teeth; the percentage of the circumference interrupted by teeth; and the O.D. of the cutter wheel that
rotates inside the shredder ring.

Using the following dimensions:

Cutter Wheel O.D ........................ 5.480”
Shredder Ring Max. I.D. .............. 5.670”
Shredder Ring Min. I.D. ............... 5.520”
% of Circumference w/ Teeth....... 25%

The flow cross–sectional area is
calculated to be 1.34 sq. in.

For a typical centrifugal grinder pump, the shredder ring I.D. is 2.5” or less and the radial gap is only .020”. The
majority of the flow will be through the truncated axial holes in the fixed shredder ring which provide cutting
edges. Six small, rectangular slots (.090” x .188”) also exist in the cutter wheel and provide flow passages.

The total cross–section is calculated using this data:

15 truncated holes of .203 dia. and 70% cross–section
6 slots of .188” x .090”
2.500” dia x .020” wide annular gap

The flow cross–sectional area is
calculated out to 0.633 sq. in.

The inlet velocities are then calculated by dividing the respective flow rate by the cross–sectional areas of
each pump.

E/One centrifugal
a) Flow Rate (gpm) 15 45

(cu. in/min) x 231 3,465 10,395

b) Flow Area (sq. in.) 1.34 0.633

Velocity Through Gap (in/min) 2,586 16,421
(“a” divided by “b”)
Convert to feet per second 3.6 22.8

It is easily seen that the flow velocity through the cutting assembly of centrifugal type grinder pumps is 6.3
times faster than the inlet velocity through the cutting area of the Environmental One grinder pump. The
tremendous velocities found in centrifugal grinder pumps contribute to jams and clogs that interrupt service
and cause rapid wear and parts deterioration. Having such a restriction in front of the pump can also aggravate
the centrifugal pumps tendency to cavitate at high flow rates.
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Horsepower is defined as “the time of rate of doing work” and can be calcu-
lated from the following equations where HP = power in horsepower;
T = torque in foot–pounds; and N = rotational speed in revolutions per minute
(rpm).

The second equation states that torque is directly proportional to horsepower
and inversely proportional to speed. Therefore, the torque is the same for a
1–hp, 1,725–rpm motor as it is for a 2–hp, 3,450–rpm motor.

Don’t let your potential customers be fooled by this specious argument!

or, rearranged:

T = K
1

HP

N

HP =
2Π x T x N

33,000



6–37

Occasionally, concern will be expressed about the potential detrimental
effects of minor amounts of sand entrained in residential sewage and intro-
duced to a grinder pump station. In this situation, the durability of various
types of grinder pump designs will be heavily influenced by two factors: fluid
velocity through the grinder and pump and materials of construction in con-
tact with the fluid flow.

The inlet velocity through Environment One’s large grinding mechanism is
approximately 1/6 the flow through a comparable 2–hp centrifugal grinder
pump operating at 3,450 rpm. This means that not only is the centrifugal
grinder pump much more likely to jam from objects being lodged in the
grinder, it is also more vulnerable to wear and erosion caused by entrained
sand since it will be moving at much higher velocities.

To demonstrate the wear resistance of typical materials used in grinding
mechanisms and pumps, a test was performed using an industrial sand
blasting cabinet. An Environment One pump stator (EPDM), an Environment
One pump rotor (17–4 PH stainless), a piece of ASTM A48 Class 30 cast iron
typical of centrifugal pump housings and a bronze impeller from a centrifugal
grinder pump were each exposed to the effects of sand blasting to simulate
the potential for damage caused by sand suspended in residential wastewa-
ter. Each sample was impinged upon for 10 minutes with the nozzle posi-
tioned 4 inches away and oriented for a 45 degree angle of attack. The sand
blast medium was medium grit coal slag. The nozzle was operated at 80 psi
and 33.5 CFM.

The results showed the EPDM stator to be least affected during the test. In
fact, other than a slight dulling of the part’s sheen, no signs of damage were
visible. The cast iron showed the highest degree of wear, followed by the
bronze and then the stainless steel. This would call into question the sand’s
effects on centrifugal pump impellers and volutes and, specifically, how wear
on the pump’s critical clearances might affect the pumps shut off head capa-
bility.

There is no reason to believe that an Environment One grinder pump using a
semi–positive displacement pump is more vulnerable to sand because of its
rubber stator. The resiliency and other qualities of the stator combined with
its much lower inlet velocity provide excellent abrasion resistance and may, in
fact, make this type of pump less vulnerable to sand than centrifugal pumps.

6.16 EROSION RESISTANCE OF MATERIALS Used in Grinder Pumps
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Hardware All hardware in contact with wastewater is of Types 302, 304 or
316 austenitic stainless steel. This is the non–magnetic variety of stainless—
often referred to in the trade as “18–8” because these are the nominal per-
centages of chromium and nickel.

Castings All are Class 40 Gray Iron. Machining is done in E/One’s plant by
highly skilled machinists using modern numerically controlled (NC) machine
tools. This provides maximum control over quality while enabling speed and
flexibility in responding to customer needs.

Finishes Most exterior cast surfaces in contact with wastewater are pro-
tected by epoxy resin powder coatings formulated for wastewater service that
offer excellent protection as well as an attractive appearance.

Tank and Accessway of the GP 2000 series are made from high–density
polyethylene (HDPE). A blending of double–wall corrugated pipe and custom
injection molded sections are fusion welded into a one–piece, virtually inde-
structible, high–integrity assembly. This material has an outstanding perfor-
mance record as direct buried drainage and sewer pipe, confirming its suit-
ability for underground wastewater service. Earlier models were constructed
of fiberglass–reinforced polyester (FRP), which has been used in under-
ground storage tanks for both water and fuel for nearly fifty years.

Pump Stator The pump stator (stationary element) is molded of a custom–
compounded ethylene–propylene–terpolymer (EPDM). It is a synthetic elas-
tomer (rubber like material) possessing an optimum blending of properties
including chemical resistance, tear resistance, hardness, water stability,
temperature resistance, low coefficient of friction and other properties that
specifically suit it to this severe mechanical duty in a sewage environment.

Pump Rotor The pump rotor (rotating element) is directly coupled to the
motor through a one–piece stainless shaft and turns inside the stator at motor
speed (1,725 rpm on 60 Hz power). It is investment cast of type 17–4 PH
precipitation–hardened stainless steel. The surface is polished to a uniformly
fine finish and the hardness is present throughout the metal, rather than a
thin layer of “case hardening.” The 17–4 PH alloy hardens as a natural result
of the casting process plus controlled cooling. There is no tendency toward
distortion as sometimes happens in surface oriented heat treating processes.

Grinder The stationary grinding ring is a robust cast stainless steel part with
precision ground and hardened cutting teeth located around the periphery.
The cutting tooth pattern has a subtle non–symmetry that prevents foreign
objects from spinning around and around without being turned and deflected
out of the same repetitive orbit. Thus, fresh surfaces are continuously ex-
posed to the sharp stationary teeth and cutting is a continuous process.

The movable cutters present two high–strength, corrosion–resistant, low–

6.17 MATERIALS USED IN E/ONE GRINDER PUMPS
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profile hardened and sharpened stainless edges that rotate at 1,725 rpm.
This results in a tip speed of about 17 feet per second. These elements
transport some foreign objects around at a high rate past the many stationary
cutting surfaces, while at the same time creating a scissors–like action on
others.
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E/One’s semi–positive displacement pump operates on the Moineau prin-
ciple. It is a progressing cavity screw pump based on the original invention of
a Frenchman, Jacques Rene Moineau, sometime prior to World War II. His
name is pronounced moi–no or moy–no (hence the Robbins & Myers
tradename “MOYNO”). All the basic patents have long since expired, so this
technology is in the public domain.

Although the geometry of its pumping elements is complex, the principle of
operation of a progressing cavity pump is uniquely simple. The two key
components are the rotor and the stator. The rotor is a single external helix
with a round cross section, precision investment cast of a precipitation–
hardened stainless steel, and polished and buffed to a jewel–like finish. The
stator is a double internal helix, custom molded of a special purpose EPDM
elastomer.

As the rotor turns within the stationary stator, cavities are formed 180 de-
grees apart. These cavities progress from the suction to the discharge end of
the pump, carrying the pumped wastewater. A planned interference creates a
continuous seal between the rotor and stator helices that keeps the fluid
moving steadily at a fixed rate, proportional to the rotational speed.

Since, in E/One’s custom–designed grinder pump, the geometry and rota-
tional speed are fixed, the pump discharge is essentially constant. The two
helices operate in parallel, much like a two–cylinder tandem pump with
pistons in 180 degree opposition. Thus, as one cavity is forming, the other is
discharging, the output transitions smoothly from one to the other, and a
virtually steady flow results.

The pockets or cavities formed in the E/One pump are greater than 1/2 inch
in size. This, along with the fact that most particles from the grinder are
smaller than 1/4 inch, accounts for its superior non–clogging solids handling
capability.

Another valuable characteristic is the direction of motion of the solids as they
pass through the pump. The flow path for solids is nearly linear or straight
through the stator, with about 1 1/2 turns of rotation. This virtually eliminates
the centrifugal component of forces acting on the fluid, greatly reducing wear
and contributing to the long life of the pumping elements. In sharp contrast,
centrifugal grinder pumps create forces, loads and wear that act almost
exclusively in a radial or centrifugal direction. Among the well–documented
detrimental effects of these large centrifugal forces are wear of casings,
cutwater, bearings and seals, as well as cavitation and erosion.

6.18 WHAT IS THE MOINEAU PUMP PRINCIPLE?
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The Moineau principle pump was chosen during the ASCE–sponsored
development program because of its nearly vertical characteristic curve,
which fit exactly within the performance rectangle specified by ASCE.

The second reason was its outstanding reputation for solids handling, earned
during 30 years’ use as a municipal and industrial sludge pump.

The third reason was that the desired performance could be achieved with a
single–phase, 1–hp motor running at the relatively low speed of 1,725 rpm.
This matched its power requirement to a standard residential service en-
trance while ensuring quiet operation and long life.

The only negative was the fact that the Moineau principle involves rubbing
contact between rubber and metallic surfaces. It was recognized initially that
there would be wear and, therefore, a finite life. Moineau pumps must never
be permitted to run dry because the coefficient of friction is an order of mag-
nitude higher dry than wet. A thin film of water makes all the difference.

When the Moineau semi–positive displacement pump was selected, the
stator was visualized as being similar to tires on an automobile—they wear
out in time. The challenge was to achieve such a long service life that it would
not be a practical limitation, similar to the development of auto tires, which
went from a puncture every 20 miles in 1912 to today’s 60,000–mile steel
belted radials.

The development of the E/One SPD pump, based on the Moineau principle,
is a similar story, highlighted as follows from 1969 to 1997:

• Prototypes for Albany demonstration purchased from R & M

• Adopted own design and purchased tooling at Acushnet and
Hitchener

• Added nylon wear liner

• Improved micro–inch finish of pump housing casting

• Increased size of cast support ring in pump housing provided
greater axial support to stator and eliminated tendency to extrude
under high pressure

• Improved surface finish of rotor with final hand buffing

• Replaced hard chrome–plated 400 stainless steel rotor with 17–
4PH, a precipitation–hardening stainless. Hardness penetrates
deep into the metal; furnace heat treat is not needed, so there is
no chance of warping.

6.19 HISTORY OF E/ONE SPD PUMP STATOR AND ROTOR
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• Added built–in tank vent so a full pipe “slug” of incoming wastewa-
ter cannot pressurize the tank—pressure switch cannot be
“fooled” into thinking the water level is higher than it actually is

• Raised  pump “turn off” level so stator is always submerged

• Added anti–siphon valve—a negative pressure in the lateral or
main will not draw tank contents down; rotor can never run dry

• Tapered outlet end of stator—eliminated a high stress corner
and reduced tendency for stator to “crawl” up the rotor if run dry

• Reduced engaged length of rotating contact—smaller excursion
at bottom requires less flexing and less rubbing contact on stator
“nose”; still provides contact surfaces greater than one pitch
length

All of these evolutionary improvements are included in the present design
used in GP 200, AMGP and 2000 Series. Stator life long ago became a
matter of literally no concern, currently averaging more than 20 years.
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Motor Starting Basics

It is the fundamental nature of a single–phase induction motor that it will run
in either direction if given an initial torque pulse in the desired direction. This
starting torque, or “twist,” is obtained  by energizing a second winding electri-
cally out of phase with the main winding for a short starting period (in the
order of a few seconds). This is called the “start” or “starting” winding and is
permanently wound into the motor stator, electrically lagging the “main” or
“run” winding. The start winding is planned to be energized for extremely
short intervals each time the motor is started from a dead stop. Therefore,
even though it carries a high current (typically five to seven times the normal
run current), it will be made of wire that is recognizably smaller than the main
winding. For the most dependable starting performance and highest starting
torque, the motors used in E/One grinder pumps have a capacitor in series
with the start winding, which increases the phase shift between windings to
almost 90 degrees. This type motor is referred to as “capacitor start–induc-
tion–run” and has about three times more starting torque than a less–expen-
sive split–phase type. This is why the E/One grinder pump starts so depend-
ably, even if it happens to turn “off” while busy grinding a tough object.

Starting Systems

Whatever system is used, it is necessary to place the starting and main
windings in the circuit together during the starting interval of a few seconds.
The function of the starting system is to set the motor rotating in the desired
direction and build up enough speed and torque that the motor will continue
to run when the starting winding is removed from the circuit.

Centrifugal Switch

The most common starting method in use for more than half a century is the
centrifugal switch. This is a mechanical system consisting of a speed–sensi-
tive mechanism operating on the centrifugal governor principle. When a
preset speed is reached, corresponding to a value of centrifugal force large
enough to overcome a spring counterforce, mechanical motion opens a pair
of contacts. This disconnects the start winding at about 80 percent of rated
motor speed. For the GP 2000 Series, rated speed is 1,725 rpm; 80 percent
of this is about 1,400 rpm.

“Smart” Switch

This is the common name for a patented electronic starting system devel-
oped by Franklin Electric in which the only moving part is a reed switch. The
basic principle is that the phase relationship between the currents in the main
and start windings is continuously sensed during starting. When the differ-

6.20 STARTING SINGLE–PHASE INDUCTION MOTORS
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ence in phase angle approaches zero, a conducting triac turns off, discon-
necting the start winding. This phase relationship is directly proportional to
motor speed, the preferred control parameter in motor starting. Operation is
independent of load, temperature or line voltage. If, after starting, breakdown
torque is exceeded, the start winding is immediately re–inserted. Since its
introduction in 1990, the “smart” switch has performed flawlessly in all E/One
pumps equipped with Franklin motors.

The figures show the wiring diagram and current relationships during the
starting interval. This switch is covered by Franklin Electric patents 4,307,327
and 4,463,304.

Application and Performance

Both of these starting methods are reliable and trouble–free if installed and
serviced according to the manufacturer’s instructions. The following points
should be emphasized in discussions with customers, engineers and service
personnel:

• E/One pumps are not designed to operate dependably on 208–
volt power supply. A “buck–boost” transformer must be used to
obtain the proper voltage. See Section 1.1 for details. Use of the
“smart” switch at a line voltage of 208 or less will result in poor
starting and premature motor failure. Such use is considered
abuse of the equipment and is not covered by warranty.

• The centrifugal switch standard on all GE motors is adjusted at
the factory for proper starting at the correct speed. If, for any
reason, the motor stator (field), rotor (armature) or motor head is
changed, it is imperative that the start switch contact plate be re–
adjusted according to the procedure in the service manual. Fail-
ure to perform this re–adjustment will usually result in marginal
starting and eventual premature failure of motor or capacitor.
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6.21 THE E/ONE AFTER–MARKET GRINDER PUMP

This section describes a new type of grinder pump first introduced in 1994
that offers easy field replacement of older, trouble–prone, competitor equip-
ment. Because of its unique performance and operating characteristics and
robust design, this model is finding application at diverse projects where
owners of competitive brands are seeking a solution to the dilemma of poor
reliability and excessive operating and maintenance costs.

The new after–market grinder pump (AMGP) model is a derivative of the
original semi–positive displacement grinder pump first introduced in 1970. It
offers these basic design features:

• Low rpm—4–pole motor (2 pairs of poles)

• Large–diameter intake to pump and grinder—entrance bell diam-
eter greater than 5 inches

• Semi–positive displacement pump of the progressing cavity type
provides excellent solids handling capability combined with a low
(almost constant) pump rate over a wide head range: 15 gpm at
zero head, up to 9 gpm at 138 feet of water. See the characteris-
tic curve in Section 1.

• Static level control system operates on the diving bell principle,
sending an air pressure signal to remote switches. No moving
parts in contact with sewage, so immune to grease deposits or
mechanical fouling. This simple, robust, level control system
eliminates preventative maintenance calls.

These features were combined into a new patented product that is com-
pletely submersible and can be easily lowered by means of polypropylene
rope into existing grinder pump tanks. A stainless ring stand is furnished that
firmly supports the pump at the optimum distance off the tank bottom. This
ensures a non–clogging flow into the intake while scouring the tank bottom.
The discharge is through a high–pressure flexible hose, easily adapted to a
variety of existing discharge configurations.

The old unit is stripped, cleaned and carefully inspected. Frequently, the
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existing tank, discharge piping and electric service cable can be reused,
thereby salvaging much of the original capital cost.

During its early exposure to the marketplace, with almost no formal advertis-
ing, this new AMGP unit has received an enthusiastic reception. As usual in
this field, acceptance is slow at first, but a few satisfied operators talking to
their peers can literally spread the word like wildfire. This has happened in
1995 and 1996 and is expected to accelerate during 1997.
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Centrifugal Pump A pump that consists of an impeller fixed on a rotating
shaft enclosed within a casing and has an inlet and a discharge connection.
As the rotating element impels liquid from a central inlet opening toward the
periphery, it imparts energy of rotation and accelerates the particles from a
low entrance velocity to a higher one that approaches impeller tip speed. The
rotating impeller creates pressure in the liquid by the velocity derived from
centrifugal forces.

Impeller Rotating component in a centrifugal pump that imparts energy to the
fluid by converting part of the velocity to pressure. Impellers may be open,
closed or semi–open. Most centrifugal grinder pumps are of the semi–open
type (i.e., open on one face and closed on the other).

Vortex Pump A special class of centrifugal that has extremely large clear-
ances on the front of the impeller so the fluid essentially passes in front of,
rather than through, the impeller. The rotary motion and velocity is induced
through fluid shearing forces rather than by being physically impelled by the
rotating member. As an advantage, vortex pumps (which usually have eight
to 12 vanes) have good solids handling capability. A result of the large clear-
ances and inefficient fluid coupling is that vortex pumps have low efficiency.

Vane A single, generally radially oriented blade on an impeller. Most centrifu-
gals have at least two vanes. They may vary from a simple flat shape to
highly developed and polished curved surfaces. While there is a body of
knowledge describing centrifugal impeller design, it is still somewhat of an art
in which much of the design refinement is accomplished empirically.

Casing A stationary housing surrounding the impeller that contains and
guides the flow as it leaves the impeller. The casing is volute shaped so the
clearance into which the fluid discharges becomes larger as approached in
the direction of rotation. At the widest point, a cut water is formed in the
casing as close to the impeller as possible without touching it.

Cut Water A feature of the pump casing located adjacent to the discharge
opening that separates the low and high pressure zones within the casing.
This is obviously a source of some losses in the pump caused by leakage or
recirculation past the cut water. At low flow rates, as head approaches
shutoff, radial loads and recirculation losses increase dramatically.

Cavitation Cavitation occurs when the pressure in a pumped liquid drops
below its vapor pressure. It consists of the formation and collapse of vapor
bubbles in a liquid and can be accurately described as “boiling” of a fluid
inside a centrifugal casing, most often in the vicinity of the inlet to the impel-
ler. The forces involved can be surprisingly high and often produce loud
noises that sometimes sound like gravel being pumped. The resulting forces
can sometimes be substantial enough to cause serious pitting and erosive
wear on the impeller or casing.

7.1.1 CENTRIFUGAL PUMP BASICS
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Characteristic Curve A graph of head versus discharge (H vs Q) for a
specific pump. For centrifugal pumps the discharge (Q) is customarily plotted
on the horizontal (X) axis.

Best Efficiency Point (B.E.P.) The point on a pump’s characteristic curve
where efficiency is the highest.

Rated Head The head normally expected at the operating point of a centrifu-
gal pump, usually at or near the B.E.P. head.

Shutoff Head The value of head (H) at which the pump discharge (Q) falls to
zero.

Drooping Characteristic Term describing a centrifugal pump in which the
shutoff head is lower than maximum head. Such pumps are inherently un-
stable because there are two values of Q for each value of H.

System Head Curve A plot on H vs Q axes of the total dynamic head losses
of a specified pipeline (length, diameter, material and C factor) versus the
amount of flow, Q, passing through it. The curve is drawn over a range of
flow likely to be experienced in operating the connected pump or pumps.

Operating Point The intersection of the pump characteristic and system
head curves. It is good practice for the operating point to be as near to the
B.E.P. as possible. In applying large centrifugals, a range not exceeding plus
or minus 20 percent in head or discharge is typical. Outside this range,
efficiency is seriously decreased and the pump may become unstable, mani-
festing itself in overload, shutoff or cavitation.

Specific Speed A relative characteristic of a pump impeller calculated as:

Q ½ Where: N
s
 = specific speed

N
s
 = N  x ——— N = motor speed, rpm

H ¾ Q = discharge, gpm
H = head, ft. H2O

The significance of specific speed in centrifugal grinder pumps is that hydrau-
lically, a high specific speed pump should be chosen to achieve a “steep” H–
Q curve. However, the mechanical conditions which result in a small, quiet,
solids handling grinder pump, are associated with pumps of low specific
speed.

These fundamental laws governing centrifugal impeller performance point out
the absolute incompatibility of centrifugals for this specialized service. These
fundamentals formed the basis for the original choice of SPD pumps during
the original ASCE–sponsored development. A recent survey of centrifugal
grinder pump literature indicated a range of specific speeds of about 450 to
1,200.
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Application of Centrifugal Pumps

The following quotation from Chapter 5.1, “Pumps and Pumping Stations,” in
the Environmental Engineer’s Handbook, Vol. 1 states quite succinctly three
basic rules governing centrifugal applications:

“Most water and wastes can be pumped by centrifugal pumps. It is easier
to list the applications for which they are not suited than the ones for
which they are. They should not be used for 1.) pumping very viscous
industrial liquids or sludges; 2.) low flows against very high heads and;
3.) low to moderate flows of liquids with high solids content.”

It is evident that centrifugal grinder pumps flagrantly violate two out of three
of these basic application guidelines.



7.1–6

COMPETITIVE O&M: WHITE HOUSE, TENNESSEE

White House, Tennessee, (pop. 2,225) is about 25 miles north of Nashville.
The following data were furnished by the Director of Public Utilities to an
independent market researcher who passed it on to the author in June 1996.

The city has an extensive alternative collection system with both vacuum and
grinder pump systems. The vacuum equipment is Airvac and the grinder
pumps are Aurora Hydr–O–Matic. They have kept good records and made a
comparison of service calls and costs of service for both types of systems.
Unfortunately, the size of the system was not stated in the report, so rates or
MTBSCs cannot be calculated. Even so, the raw data and some statements
are extremely instructive.

This table appeared in the report:

The above shows that level control accounted for 30 percent of calls in 1993
and 60 percent in 1994. Jamming caused by foreign objects is a major item
as were “bad pumps.” Also note that, with the single exception of blown
fuses, the call numbers increased from 1993 to 1994. A later service call
summary covering a 10–month period between 1995 and 1996 was compiled
and furnished the independent researcher. That report follows.

City of White House Sewer Dept. Service Call Breakdown

Reason for Service Call 1993 1994

Float hung 55 92
Grease on float 102 118
Bad floats 26 49
Floats fell 10 16 This is due to rusting lids.
Our breaker tripped out 25 36
House power off 16 18
Jammed pumps 45 58 Caused by tampons, rags, socks, etc.
Bad pumps 23 30 Due to windings, seals, etc.
Water in “J” boxes 5 11
Tripped thermals 5 10
Blown fuses 13 6
Bad capacitors 3 6
Bad contacts 2 7
Bad coils 0 3
Bad relays 0 4
Air locked pumps 0 4
Broken hubs 17 19 When the line breaks away from the tank

Total Calls 347 457
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In regard to the vacuum system, the following is again quoted from the report
by the Director of Public Utilities:

On the vacuum system the valves are easy to repair. The problem is,
when the system loses vacuum, you must find the problem. This can
be very time consuming if you don’t have a good routine for checking
your mainline valves. If a valve on a line is leaking, you can shut off
the mainline valve and hear it through the valve wrench. Once you
determine what line the leak is on you must check each valve on that
line to see which one is causing the leak. You can hear it sucking air
when you walk up to it.

Vacuum calls take more manpower than the grinder pressure system
because of the time spent finding the leak. However, there are less
calls for repair on the vacuum system because it is such a tight
system. If you weigh the two systems out by amount of calls vs time
to repair, they will come out about equal. The main thing to remember
on vacuum system is to have a good installation of your mainline and
valves.

Grinder jammed could be from rags, sticks, sanitary products, roots, etc. (48)

Bad pumps 18

Tanks and Pumps Repairs
Hung floats — caused by grease and detergent 182
Bad floats replaced 25
Tripped breakers (theirs or ours) 42
House plumbing problems 45
Broken lines or fixtures connecting line to grinder tanks 31
Wires shorted out from water in junction boxes 7
Rusted lids causing floats to fail 26
Air–locked pump 1
Cutter adjustment 1

Electrical Control Panel Repairs
Coil 4
Start capacitor 5
Run capacitor 3
Contacts 10
Heaters 2
Fuses 6
Transformer 2
Relay switch 2
Thermals 2
P.C. board on duplex system 1
Loose wires 1

Grinder System Calls
July 1, 1995 — May 31, 1996
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An addendum to the comparison between vacuum and grinder pump system
experience is quoted:

Grinder System Calls vs Vacuum System Calls

For the past 10 months we had 620 grinder system service calls and
only 90 vacuum system calls. As I stated previously, when compared
to the amount of calls vs time spent they will both be equal in the long
run. An average of 15 minutes will be spent on a grinder call unless a
pump is pulled then it takes about 30 minutes to pull the old pump and
rewire a new one.

Comment

The data should be kept in context by remembering that this is comparing
Airvac vacuum performance to a system of Aurora Hydr–O–Matic centrifu-
gals, which obviously require the massive number of preventative mainte-
nance calls we all know are characteristic of float–switch units. The owner/
operator may think the vacuum call rate is very good, but that’s only when
comparing it to something (the HOM centrifugals) positively terrible!
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7.1.2 PUMPING ENERGY OF CENTRIFUGAL AND SPD PUMPS

The curve on the following page illustrates the difference in pumping power
per 1,000 gallons pumped versus head for a typical 1.5–hp centrifugal and
the E/One 2010 semi–positive displacement pump.

Note that the two energy curves intersect at about 60 feet of head, and this is
roughly the maximum efficiency point of the centrifugal. This again shows the
basic fact that centrifugals are intended to be operated in a rather narrow
range of heads centered on the B.E.P., a fundamental that the competition
continues to ignore in their futile attempts to operate over the wide range of
heads required in most LPS system applications.

Note that as the head on the centrifugal increases above the recommended
operating point, the energy efficiency drops rapidly and at shutoff is zero
since no water is being moved.

The semi–positive displacement pump, on the other hand, operates efficiently
throughout the entire range of operating pressure.
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Pumping Energy Requirements of Two Types of
Grinder Pumps vs Total Dynamic Head
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Definition: Shutoff head is that value of pressure or head (H–ft) at which the
flow (Q–gpm) of a centrifugal pump drops to zero. Conceptually, if the dis-
charge pipe was run straight up in the air, the distance water would rise in the
pipe above the pump impeller eye would be the number of feet of head at
“shutoff.” The significance, in the practical application of centrifugal pumps, is
that at shutoff there is no flow; the pump continues to rotate, recirculation
increases in the casing, raising the fluid temperature, and sometimes causing
vibration, noise and even destructive cavitation of the impeller.

In addition, if a centrifugal grinder pump is driven to shutoff by line pressure,
it will not discharge even though it continues to run. This means that the
pump may be “on” but not pumping. Under such conditions, available storage
can be used up in a few minutes while waiting for the line pressure to drop
down low enough for flow to start again.

Calculation: The shutoff head of a centrifugal impeller can be approximated
from the following equations:

As an example, we will use the Barnes SGV Series, with a 5.375–inch impel-
ler trim, running at a motor speed of 3,500 rpm.

Step 1: Calculate the impeller tip speed, v (feet per second), from impeller
diameter and motor speed.

      Π x Impeller Diameter (inch) x Motor Speed (rpm)
       Tip speed =  ———————————————————————

   12 (inch/foot) x 60 (second/minute)

3.1416 x 5.375 x 3,500
=  ——————————————— =  82.1 ft/sec

12 x 60

Step 2: Calculate the shutoff head from the basic mechanics equation gov-
erning the velocity of a freely falling body under the acceleration as a result of
gravity.

h = 104.6 feet

7.1.3 SHUTOFF HEAD OF A CENTRIFUGAL PUMP

v2

2g
or      h = =

82.12

2 x 32.2

v = 2gh
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On an expressway, average speed depends on the traffic density. Speed
slows dramatically as traffic builds from a single car every 30 seconds in off–
peak hours to bumper to bumper in every lane during rush hour. In the worst
case, when too many cars try to get home at the same time, design capacity
will be exceeded and traffic comes to a complete standstill.

In a pressure sewer system, all the pumps comprising a main branch must
share the same pipeline. Under normal conditions, only a few of the many
pumps connected are “on” at once, so the pipeline is not crowded, friction
losses are low and the wastewater makes an easy trip to the treatment plant,
sort of like riding on the interstate in off peak times when you “have the
highway to yourself.”

When many more than the predicted design number of pumps try to run at
once, the situation is very different. Centrifugals are quite sensitive to the
number of other pumps running, and the flow from each decreases in propor-
tion to the number turned “on.” If too many try to run at once, many of them
will be driven to their “shutoff head,” where they churn liquid and generate
heat but produce no flow. Exactly like cars tied up in traffic, centrifugal pumps
just sit, burning up fuel, producing smog, going nowhere. They must wait until
traffic thins out.

The E/One semi–positive displacement pump, in contrast, performs like a
“super car”; its speed is barely affected by the volume of “traffic” in the pipe-
line. The E/One pump keeps on performing along its almost vertical curve. Its
flow is dependable, predictable and nearly constant. Traveling down a low
pressure sewer with an E/One pump is like riding in a “super car” that passes
by all those centrifugals “stuck in rush hour traffic” when the pipeline is
crowded.

Would you rather travel the centrifugal route—victim of unexpected, unpre-
dictable delays caused by all kinds of transient conditions such as more
pumps “on” than planned, air trapped in the line, incipient clogging, etc.—or
continue your journey as planned, oblivious to such conditions? Then, for a
“super” trip, even in the worst traffic, choose the E/One SPD “super” pump.

7.1.4 PUMPS ON A PIPELINE COMPETE FOR SPACE
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7.1.5 AIR LOCKING ON AN LPS PIPELINE

At one of the older LPS systems, Grandview Lake, Indiana, in February 1973,
interesting data were obtained by installing a recording pressure gauge on
the line for several weeks. That basic data is still available in the form of a
group of curves hand–plotted by the author in 1980 and attached herewith.
They show how a mixture of centrifugal and positive displacement grinder
pumps react to an air lock in a pressure sewer pipeline.

The traces are of line pressure vs time and represent four different cycles
that took place during a period of several weeks.

This is the best explanation for what is shown that can be made in retrospect
without more details. For reasons and by a mechanism unknown, it is clear
that air was introduced into the line on several occasions. As this happened,
the line pressure began to build up and in all four recorded cycles, the pres-
sure eventually increased to well above the 105–foot shutoff of the centrifu-
gals (HOM 1.5 hp). Under such conditions, the centrifugals on the line would
all be at shutoff, and the E/One SPDs would be discharging at about 9 to 11
gpm. It is evident that the air bubbles were finally purged by the SPD pumps,
at which time the pressure dropped to normal rather quickly. The centrifugals
then came back online as the pressure dropped below shutoff.

It is obvious that without the SPD pumps to purge the line, the shutoff condi-
tion would have continued indefinitely and all the centrifugals would sooner or
later would have filled up and gone into an alarm or overflow condition. This
again illustrates how the SPD pump delivers when you need it under tempo-
rary “off design” conditions. At the same time, a typical centrifugal “quits
when you need it most.”
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Operating Principle

The basic premise upon which vacuum sewers are based is that in mechan-
ics, a mass can be moved by either pushing or pulling. These two kinds of
force are analogous to pressure and vacuum, or to use the vernacular,
“blowing” or “sucking” (we could say accurately that vacuum sewers suck, but
that’s probably not a good idea in polite company).

In a vacuum sewer system, the motive power comes from a central station
where the vacuum is generated by pumps, usually of the sliding vane type.
No electric power is needed at the individual stations, which contain a valve
that opens and closes in response to the sewage level in a receiver tank. A
network of collection system piping connects all the individual household
units to the central vacuum station. Most systems of any size include several
central vacuum receiver stations, each serving a subsection of the system.
Each vacuum station also contains conventional sewage pumps that trans-
port the wastewater to a gravity system or treatment plant. Since these
central stations are large and expensive, they must serve many houses to be
economically feasible.

The two illustrations below show the vacuum valve and receiver pit with the
valve “closed” and “open.” The illustration on the next page shows the basic
components in a vacuum receiver station.

7.2.1 VACUUM SEWER SYSTEM BASICS
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Basic Characteristics

• Lifts up to about 20 feet of head (reports vary from 12 to 22); the
absolute theoretical maximum is 32.2 feet (a perfect vacuum not
even attainable in the laboratory)

• Shallow, buried pipeline just below frost line but must have a
specific profile of pockets or running traps so installation requires
the same attention to grade as a gravity line. Placement must be
carefully controlled by “surveying it into place.”

• Individual receiver tank and vacuum valve assembly (roughly the
same size as a grinder pump station used at each house). A
vacuum valve assembly can be shared between two or more
houses with the same limitations and disadvantages as sharing a
grinder pump.

• Wastewater moves through the lines with a high velocity, keeping
the sewage relatively “fresh” and odor–free by aeration during
transport

Advantages

The primary advantages claimed for vacuum sewers are:

• No electric power required at house

• Sewage remains fresh during transport

• Lower cost is claimed but is very site specific—vacuum valves
cost less than a grinder pump, but the central vacuum receiver
station and more expensive line installation must be prorated over
the individual houses served to arrive at a comparable per–house
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cost; reliability has been improved significantly since the earliest
systems and O&M costs are probably comparable or slightly
higher than for an E/One SPD system, but very little objective
data have been published. See the following section for some
data comparing pressure, vacuum and STEP systems funded by
EPA as Innovative/Alternative projects during the 1980s.

Disadvantages and Limitations

• Limited to lifts of roughly one–half atmosphere (about 16 feet)

• Vacuum lines are at least one size larger than LPS and must be
installed on a prescribed profile with pockets

• Not economically feasible for systems smaller than about fifty
houses because of the large capital investment for central
vacuum stations

• Detection of a leaky vacuum line is difficult (most techniques are
based on acoustics)

• Vacuum receiver stations must be visited frequently for operating
and routine maintenance

• An alarm must be sent to a control point whenever vacuum
source goes down. Some typical causes include power failure at
vacuum station, vacuum pump malfunction and line break or leak.

Summary

• Limited to very low heads

• Not applicable to systems smaller than about fifty houses

• Piping profiles are critical and much more expensive to achieve
and maintain than an SPD LPS

• Sewage is aerated during transport
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This data from the EPA provide some operating and maintenance information
about vacuum systems. During the 1980s, as part of the Innovative/Alterna-
tive Grants Program, the EPA–funded projects in all parts of the country
using grinder pump, STEP and vacuum technologies. A few years later, a
progress report, EPA–430–09–009, was made to Congress. The following
results are from that report:

* The one GP system failure used centrifugal pumps, not SPD. It was located
in Williamstown, Massachusetts.

Conclusions

• Grinder pumps were used seven times more often than vacuum
systems

• The failure rate for vacuum systems was 13 times higher than for
GP systems

• Only one grinder pump system failed, and it used centrifugal
pumps

7.2.2 OPERATION AND MAINTENANCE REQUIREMENTS

Technology # Funded # Failed % Failed

GP Pressure 151 1* 0.7

STEP 87 4 4.7

Vacuum 21 2 9.5
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7.2.3 VACUUM SYSTEM DATA: SANFORD, FLORIDA

The data below give some interesting construction cost information for a
vacuum sewer system constructed in Florida and reported in Small Flows,
published by the EPA–sponsored Small Flows Clearing House in September
1990. All the data came from that article. Some of the derived calculations
have been made by the author.

Comments

1. The cost per connection of $2,708 is based on 1,500 connections served
by 433 vacuum valves. This is an average of 3.5 connections per valve and
implies an extensive network of gravity connections from the individual
buildings served to the shared valve location.

2. The total construction cost per valve is:

$4,061,500

433
= $9,379

Sanford, Florida Vacuum Sewer System
Data from Small Flows

Given Data Value Units
Service Area 305 Acres
Residential Conns. 1,200 du
Commercial Conns. 300 Units
Pipe Greater than 6 Inches 36,147 lf
Pipe Less than 6 Inches 6,379 lf
Vacuum Valves (3 inches) 433 Units
Division Valves 44 Units
Vacuum Coll Tank (One) 5,000 U.S. gal
Vacuum Pumps (Three) 430 cfm (each)
Sewage Pumps (Two) 800 gpm (each)
Design Capacity 1 MGD
Vacuum Mains Cost $2,703,000 Dollars
Collection Station $833,500 Dollars
House Lateral $525,000 Dollars

Total Construction Cost $4,061,500 Dollars

Calculations
Cap Cost per Connection $2,708
Main cost/ft $64
Average Design Flow Rate 694 gpm
Average Pump on Time 43.4%
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$2,703,000

(36,147 + 6,379)
= $63.56 per foot

Hardly competitive with an E/One grinder pump system using one pump per
house.

3. In this Florida location, where conditions are as near ideal as possible for
vacuum (flat terrain, low static lift, easy soil conditions), the vacuum mains
still cost an average of $64 per linear foot:

No competition whatsoever for E/One’s pressure trenching or tunneling
approach, which would likely cost only 1/4 to 1/10 this amount. Part of the
reason is the larger pipe sizes, mostly equal to or greater than 6 inches, plus
the more complex and accurate saw–tooth pattern demanded by typical
vacuum installation requirements.
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Historic Background

It is useful in thinking about septic tanks to remember that they originated on
the farm. A rural sewage disposal method replaced the outhouse when farms
first began to enjoy running water (c. 1910–1930). There was plenty of land,
so the tile field could be located remotely from the water well and out of the
way visually and esthetically. If it overflowed or caused odor, it was either
ignored or simply moved to a new site since land was plentiful.

After World War II, to satisfy the pent–up demand of veterans for affordable
housing, the modern suburban subdivision was born and the septic tank
came to town. Now hundreds or thousands of septic tanks were on “postage
stamp” size lots, side by side in seemingly endless rows in all directions with
no breathing space. When tile fields fail, sewage comes to the surface, odor
permeates the neighborhood and children have only a slushy, odorous,
potentially dangerous “marsh” to play in.

The idea that septic tanks are suitable only for limited use where there is
plenty of space was expressed in an early sanitary engineering textbook
(Kershaw 1911):

Septic tanks can be a cost–effective approach to wastewater treat-
ment in sparsely populated areas with good soil absorption character-
istics. Unfortunately, septic tanks often are used in less–than–desir-
able areas.

The editors of a respected trade publication summarized the facts about
septic tanks in this more recent statement (Water & Sewage Works 1979):

… a homeowner installing a septic tank will have high operation and
maintenance costs, cause a large pollutant load on the environment,
and run the risk of creating major health and aesthetic problems that
are attributable to low reliability.

Persons aware of these facts find it hard to support, in good conscience, any
proposal using septic tanks.

Origin and Assumptions Behind STEP Systems

The idea for septic tank effluent pumps (STEP) originated about 1965 with
the Farmer’s Home Administration (which, by then, was responsible for not
just farms, but also communities up to 5,000 population) and a Florida devel-
opment company. Both were looking for the lowest–cost method to replace
failing septic tanks. Certainly their motives were sincere and their proposals
sounded plausible, but the assumptions on which this approach were built

7.3.1 STEP (SEPTIC TANK EFFLUENT PUMP) SYSTEMS
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have been found, through hard–won field experience, to be almost entirely
specious.

It will also be shown that STEP:

• Requires more O&M than LPS

• Is less desirable from the homeowner’s viewpoint

• Can cause complications for the operating authority

• Poses potentially dangerous safety hazards to owners, operators
and service personnel

• Is not the low–cost solution originally dreamed of; in fact, it costs
as much or more than LPS

Analysis

The original assumptions for STEP made by Cecil Rose, then Chief Engineer
of FmHA; Harold Schmidt, General Development Utilities; Bill Bowne,
Roseburg, Oregon; and others were:

Assumption No. 1 Existing septic tanks represent a valuable capital invest-
ment. This was based on the belief that they were structurally sound and
watertight (no leakage to or from groundwater).

Fact No. 1  Almost no septic tanks are reusable. Many have been carefully
inspected and were found to be corroded by sulfuric acid, lids fallen in, baffles
gone and definitely not watertight. This has been acknowledged by STEP and
SDG proponents (see page 164 in Alternatives Manual, U.S. EPA 1994).
Some old tanks are still found that are grossly inappropriate, such as used
car bodies and 55–gallon steel drums. As a result, most STEP systems now
use new 1,000– to 1,500–gallon fiberglass or HDPE tanks plus concrete
ballast to keep them from floating out of the ground (U.S. EPA 1994).

Assumption No. 2 Solids removal by septic tank would be so complete that
small, low–head, 1/3–hp clear–water sump pumps and float controls would
be suitable.

Fact No. 2 Solids do come over in the effluent of a septic tank (Brandes
1978). Even a cigarette filter or tampon applicator is enough to completely
disable a system. Every imaginable type of screen and filter has been tried to
keep solids out of pumps, controls and the effluent. These designs are
“chasing their tails” trying to make a bad idea work. For proof, one has to
merely look at the precautionary elements now proposed for STEP or SDG
systems in the EPA Alternative Handbook, pages 70 to 74 (U.S. EPA 1994).

The prominent competitors have each been forced to upgrade their STEP
offerings over the years as the severe service conditions of this application
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became evident in unacceptably high failure rates in real systems nationwide
(Calif. WRCB 1979).

Pumps now being used are mostly 1.5– or 2–hp centrifugals. They are based
on either trash or solids handling designs, i.e., open impellers, large volute
clearances, 3/4–inch solids, 2–inch discharge.

Casings are coated with epoxy or other high–quality finishes, and bronze or
non–metallic impellers and stainless hardware are now universally specified
for corrosion resistance.

Assumption No. 3 Float switches would make appropriate level controls in
this clarified septic tank effluent.

Fact No. 3 Mercury float switches are still being used for level controls. Since
they hang up and become inoperative at regular intervals, preventative
maintenance (PM) calls at 3– to 12–month intervals are mandatory to avoid
unacceptably high numbers of off–hour emergency calls resulting from stuck
floats.

Assumption No. 4 Gases associated with anaerobic digestion in the septic
tank including methane, hydrogen sulfide, hydrogen and sulfur dioxide were
of no concern.

Fact No. 4 The gas safety problem is still being largely ignored with the aid of
a short memory span and the apparent inconvenience of acknowledging it.

A literature search by the author in 1980 found numerous early accounts of
serious explosions in the U.S. and Europe resulting from methane, usually
associated with underground tanks, shafts or mines. Those examples cited
here are to remind the reader that such explosions have happened in the
past. The physical properties of gases have not changed, so the threat must
still be real.

Most septic tank gases contain from 65 to 85 percent methane, 10 to
20 percent CO2, 2 to 15 percent nitrogen, some hydrogen and oxy-
gen and occasionally other gases. (Folwell 1929)

Sludge gas is generally odorless, and its presence in confined spaces
is not readily detected. Sludge gas becomes violently explosive in
mixtures of one volume of gas to between 5 and 15 volumes of air.
(Imhoff 1940)

In this connection it might be mentioned that roofs over tanks in which
septic action is taking place should always be suitably ventilated in
order to prevent explosive gases accumulating under them. (Kinnicutt
1910)

An investigation is continuing into the cause of an explosion in a water
pipeline chamber that killed 15 people in northwest England. Prelimi-
nary reports, however, blame the blast on naturally generated meth-
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ane gas from coal seams … a blast lifted off the chamber’s earth
covered pre–cast concrete roof, sending it crashing down among 42
people. Nine were killed instantly and all the others suffered burns—
some so severe that they subsequently died.  ‘… it was a gas explo-
sion,’ says Britain’s Health and Safety Executive, which found traces
of methane afterwards. (Engineering News Record 1984)

Early In 1906, an explosion at Saratoga Springs [New York] lifted the
entire roof of a 52 by 92 foot [septic] tank. (Anon.; date not cited)

The utilization for heating or lighting purposes of gas evolved from
sewage and stored in septic tanks is always attended by risk of
explosion unless the very greatest care is exercised … Explosions
have occurred [in England] at Cromer, Exeter, Olford and elsewhere.
An explosion of the septic tank on the sea front at Sheringham af-
forded an object lesson of the damage likely to occur if the tank gases
become diluted with atmospheric air. In this particular case, the
manhole covers had been off for some time during sludging opera-
tions, and upon one of the workmen entering with a candle, an explo-
sion occurred, wrecking the tank and causing loss of life. Masses of
concrete were shattered and iron ladders twisted up like corkscrews,
the force of the explosive gases apparently being little less than that
of dynamite. The extreme violence of this explosion was most prob-
ably due to the fact that there was just enough gas present to com-
bine with the oxygen, that is to say, about one volume of methane to
nine volumes of atmospheric air. (Kershaw 1911)

Operation and Maintenance Considerations

If STEP is chosen, the homeowner will have two systems to maintain:

• Septic tank or new interceptor tank must still be accessed and
pumped out regularly

• Added STEP equipment (pumps, controls, filters, screens, tanks)
must be kept in good operating condition

The sewer authority takes on multiple management responsibility to regulate
and ensure maintenance of:

• On–lot septic systems with periodic pumpout

• On–lot STEP pump equipment. Either the homeowner or authority
may be nominally responsible for periodic service calls and
regular preventative maintenance on the tank and floats. In
either case, the authority is legally obligated to see that it gets
done in order to avoid health hazards and/or public nuisances.

• Off–lot collection (piping) system must be kept in good condition
in perpetuity
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• Treatment of STEP waste at wastewater treatment plant. This
waste will be weaker in BOD and SS because it receives primary
treatment in the septic tank and will be, at best, in an oxygen–
depleted condition; at worst, highly odorous. (Katsura 1975)

• Treatment of septage as sporadic shock loads into the existing
headworks of plant or added cost of building and operating a
special septage receiving facility. This is hardly a trivial matter and
has received much study. An EPA report entitled Guide to
Septage Treatment and Disposal, plus several research papers
and reports, are included in the list of references. (Chuang 1976,
Katsura 1975, Kolega 1971, Silbermann 1977, U.S. EPA 1994)

Summary

The sewer authority that chooses a STEP system must assume double the
operating and maintenance responsibility in exchange for a solution that is
temporary, of doubtful efficiency, potentially dangerous and without the
promised cost savings.
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Pro Septic Tank

Nearly 30 million septic tanks are installed in the U.S. and they are still being
installed in surprisingly large numbers in new single–family houses. All of the
reasons behind this continued strong popularity of a largely discredited
system are economic! If septic tanks are used, there is no “up front” construc-
tion cost. A tank and tile field are installed on each lot as part of the house
construction, so the investment dollars are not “sunk” very long.

Decisions regarding each lot can be made more or less independently, since
there is no requirement for community–wide unified action as required when
a community system is built all at once. If only three houses are desired on a
whole block, they can be constructed more or less as the owner’s or
developer’s schedule dictates. It affords the developer tremendous freedom
in the planning and decision–making process. It also means that the builder
or developer has no on–going responsibility or O&M costs of any kind. Al-
though many homeowners are not even aware of the existence of a septic
tank at the time of purchase, they will discover to their surprise and dismay,
at some later date, that whatever work is required on the mysterious “septic
tank” in the backyard is to be done at the individual owner’s expense.

Con Septic Tank

Most of the basic information about septic tank “failure” is from U.S. Public
Health Service Studies, which were conducted over nearly 10 years and
constitute a huge library now out of print but available in good university and
health department libraries. Public officials have been concerned about the
shortcoming of septic tanks for decades. Section A6 in the Appendix contains
several such comments dating back to the 1950s.

A 1963 federal training manual says that “over 1/2 the soil in the U.S. is
unsuitable for septic tank systems.” Page 4 from the Seepage Bed study by
USPHS defines septic tank failure as used in these studies.

Observation: Septic tanks are still being installed at a significant rate in the
U.S. and there is continued economic and technical pressure from certain
quarters to continue. Most of these alternatives have had limited success
because of either technical failure or prohibitively high capital and operating
costs or both. In the author’s opinion, nothing in the early factual studies has
changed, but there are still those who are either very idealistic or naive or
selfish as to continue to beat this tired old horse.

Notable among these are a group of university professors pulled together into
a consortium by Valerie Nelson of Gloucester, Massachusetts, the founder of
a national coalition for the advancement of on–site treatment. The people in

7.3.2 SEPTIC TANKS AND STEP SYSTEMS
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Gloucester started with a legitimate complaint, namely that state and federal
officials were trying to push a “big city” collection and treatment plan upon
their small (pop. 29,000) city. The citizens felt something less grand and
expensive, perhaps even a bit innovative, was what they needed. It is an
ideal place for LPS system, but the STEP and “on–site” concepts were
proposed first, and quite an enterprise has resulted. The EPA has contributed
to a modest demonstration project to try out several exotic “septic tank
systems” with recirculating filters, mounds, impervious geo–technic fabrics,
Ph.D.–level operating attention, artificial wetlands and every other “on–site”
scheme ever thought of—all this is being reported at great expense and with
little or no critical judgement by the Small Flows Clearing House.

Meanwhile, the STEP approach is also getting favorable attention from many
of the same persons and groups. Septic tank makers, haulers, installers and
pumpers can also be added to those who have a vested interest in keeping
this “technology” alive.

The Pros and Cons of STEP

Proponents believe or claim:

• An existing septic tank is an asset already installed and paid for

• Septic tanks provide primary treatment

• Septic tanks provide grease removal

• A cleaning interval of about twelve years

• Solids removal so effective that no grinder is needed

• Ordinary sump pumps will work

Unbiased critics believe:

• Nearly all existing tanks are in such bad condition as not to be
reusable

• Primary treatment is about 60 to 80 percent effective. Floatables
such as cigarette butts, tampon applicators, toothpicks, etc. will
clog a sump pump or stall a low–powered grinder

• Grease removal at a STEP and GP demonstration project was
essentially equal

• Actual field studies show that once every 2 to 3 years is a more
realistic cleaning interval

• When the STEP system goes online, the owner becomes
responsible for a new pumping system but retains all the original
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responsibility (headaches) and inconveniences of maintaining and
periodically cleaning the tank. This usually means a heavy, dirty,
truck (in the driveway if you’re lucky, on the lawn if you’re not) and
digging around in the lawn to uncover the cleanout opening. In
addition, someone must be responsible for keeping the typically
poor–quality pumps working. The nearest town will have to deal
with the septage generated by the septic tanks and include it as a
slug load on the treatment process.

• Septic tanks work by anaerobic (in the absence of air) bacterial
action. This produces carbon dioxide (CO2), methane (CH4) and
hydrogen sulfide (H2S). Methane is potentially explosive; hydro-
gen sulfide is toxic and can also form corrosive sulfuric acid.
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How do the O&M costs of gravity and pressure compare?

Concept

Many engineers and managers think of gravity sewers as:

• Having no moving parts

• Requiring no external energy source

• Requiring no maintenance over the (50–year or greater) life of
the installation

Reality

The unsung heroes who actually operate and maintain gravity sewers are
learning that:

• Uneven settlement cracks and opens joints

• Corrosion of concrete by H2SO4 is common

• Roots penetrate and enlarge cracks

• Roots completely fill and stop up sewers

• Infiltration and inflow cause surcharging of sewers

• Infiltration and inflow overload treatment plants

• These “trouble–free” static devices have been neglected to such a
degree that many are in an advanced state of deterioration

• Incidents of complete collapse (sometimes in busy downtown
streets) are more and more common

• Pumping stations are almost always needed to supplement the
motive power of gravity

Therefore, the true operating and maintenance costs of gravity sewers are
finally being recognized. The growth of TV surveying, rehabilitation and
replacement techniques is a whole new industry justified by the fact that
gravity sewers are literally falling apart. The Water Environment Federation
established a Collection Systems Committee in the 1960s and the increasing
number of sessions and papers given each year are a good indication of the

7.4.1 WHAT ARE GRAVITY SEWERS REALLY LIKE?
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fact that gravity sewers are no longer perceived by those who operate or
finance them as something that can be installed and forgotten. Of course,
this has never really been true, but the out of sight location and slow rate of
deterioration contributed to this erroneous impression. Indeed, there have
been two full generations of operating personnel who probably never experi-
enced a collapsed sewer because of H2SO4 corrosion.

Another reality is that within the sanitary engineering profession (universities,
consulting offices and regulatory agencies), collection systems have tradition-
ally been unofficially relegated to a position of secondary importance be-
cause they were perceived as less technically challenging and less interest-
ing. The best and brightest engineers demanded assignments as treatment
process designers, not sewer designers. Treatment is where the future
project managers and owners got their start and made their mark in the
profession. Is it any wonder that they retain the (false) belief that gravity
sewers are simple, static structures to be designed, built and forgotten?

The fact that LPS involves highly visible and dynamic machinery helps
explain why many engineers underestimate the true operating and mainte-
nance costs of gravity while overestimating the costs of pressure sewers.
Successfully “selling” LPS to these thought leaders begins with understand-
ing this background.

The next step consists of working persistently and diplomatically to update
them with more current, factual data on the true costs of operating and
maintaining the two types of collection systems. Actual operating experience
and cost data from projects such as Pierce County, Fairfield Glade and
Weatherby Lake, which keep good records and are willing to share them with
others, is invaluable in this regard. Less useful are O&M data in which collec-
tion system costs cannot be distinguished from treatment or maybe even
other miscellaneous public works activities. A considerable body of excellent
data is now available for such use including several papers published in
recent years that emphasize the O&M aspects of pressure sewers.

Even more useful are project field trips that allow the engineer and his client
to talk face to face with satisfied users of E/One systems. This invariably
accomplishes the desired “re–education” in a single afternoon. Field trips are
especially effective with “dyed in the wool—show me” types who find one
hands–on chance to talk to their opposite number more convincing than all
the technical papers ever written!

There are great differences in operating costs from project to project across
the country, depending on differences such as size, location, ownership.
Generally, however, at the time of this writing, it is safe to say that $50 per
pump per year will easily keep an Environment One SPD grinder pump
operating for a minimum of 20 years. To be conservative, since we presently
have little data from projects older than 20 years, a pump replacement or
complete overhaul should probably still be planned for at 20– or 25–year
intervals. If, as at Quaker Lake, Pennsylvania, this turns out to produce a
surplus in the O&M account, it can happily be used to retire the capital debt
early.
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Owner A municipality (village, town or city), sewer district, association,
development company or other legal entity.

Sewer Authority Sewer District, Department of Public Works, Sewer Board,
Sewer Authority, Lake Association or other subdivision of the “owner” organi-
zation specifically responsible for wastewater collection and/or treatment.

Engineer A registered professional engineer (referred to as a P.E. and
licensed in the state of practice) retained by the owner as an engineering
consultant. On small jobs, he may work independently, but usually is a princi-
pal member or senior employee of a firm of engineers.

Regulatory Authorities The lead agency is usually at the state level and will
be called by various names such as the Department of Environmental Qual-
ity, Protection, Regulation, Natural Resources or Conservation. Often several
state agencies will play a part in the approval process, particularly in the
semi–arid west where water and “water rights” have traditionally been of
extreme political and financial importance.

Prime Contractor The construction company who physically carries out the
engineer’s plans and specs on site by building the project. If the prime con-
tractor proposes to “furnish and install” the grinder pumps, then he will pur-
chase the GPs direct from a pump company, such as E/One, who functions
as a subcontractor to him. In some cases, the owner will purchase the grinder
pumps directly from the manufacturer, in which case E/One would function as
a contractor rather than a sub. Such direct procurement still permits competi-
tive bidding, but it pits manufacturer (or rep) directly against manufacturer.

Subcontractors Specialty contractors such as electrical, directional boring,
dewatering, equipment suppliers, etc. who furnish products and/or services to
the prime contractor.

The Bidding Process

The engineer’s mission is to study the problem presented by the owner (his
client), consider various options and present his formal recommendation in
an engineering report that will include a summary of alternatives and their
estimated costs. Once the engineering report is approved by the responsible
regulatory officials and the client and funding is established, the engineer
prepares the bid documents consisting of detailed plans and specifications of
a final design. The engineer also represents the client by inspecting the work
as it progresses to ensure himself that it is in conformance with good practice
and the plans and specs.

The next step is to advertise publicly for bids from contractors who want to
perform the work. On rare occasions, a contract may be awarded directly to a

7.5.1 THE BIDDING PROCESS
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specific contractor without going through the bidding process. This is almost
never done on publicly financed jobs. Contractors who wish to bid on the job
obtain a set of plans and specifications (usually referred to as bid documents
or just “plans”) and have a limited time (typically four weeks) to prepare their
written bid and obtain any bonding required by the bid documents.

During the bid preparation period, changes may be requested by any in-
volved party. If the engineer agrees to a suggested change, he issues an
addendum that must be furnished to every party who has purchased a set of
plans. This keeps the process moving in an orderly fashion and ensures that
all parties are bidding on exactly the same work. A major change will necessi-
tate a new bid date.

The bids are opened publicly at the specified time and place with all inter-
ested parties invited to be present. Each contractor’s bid is read aloud to the
assembled company, and unless there are glaring faults or omissions, the
contractor whose bid is low is declared “the apparent low bidder.” Immedi-
ately after the opening, all bids are tabulated by the engineer and copies of
this so–called “bid tab” are made available to all interested parties.

The engineer checks the apparent low bid in detail to be certain that it is in
strict conformance with his plans and specifications. During this same time,
other interested parties may bring alleged discrepancies to the attention of
the engineer. This may be done informally or in severe controversies an
official protest can be lodged. If the protest has merit, the engineer, with
agreement from his client, will either declare another contractor the winner or
reject all bids and start over.

After these steps are accomplished, the contract is officially awarded and a
final construction schedule is set. The wining contractor then requires each
subcontractor of manufactured goods (such as grinder pumps) to make an
official submittal for review and approval by the engineer. This will consist of
detailed “shop drawings,” descriptions, performance data, materials of con-
struction, etc. that define in detail just what the subcontractor agrees to
furnish. Once the shop drawings are approved, as submitted or sometimes
after multiple submittals, the manufacturer is free to begin production of the
equipment.

A delivery schedule must also be agreed upon at about this time. It is impor-
tant that the manufacturer make delivery as agreed since work on many
facets of the project is interdependent. The prime contractor is often bound to
a specific completion date with penalty clauses for non–conformance. If late
delivery of equipment causes the main job to be delayed, the responsible
subcontractor can expect to be held financially responsible to the extent that
the delay can be shown his fault. Should severe weather arrive in the mean-
time, the delay could be until the next construction season. No manufacturer
wants to be held responsible for such costly delays.

During both study and design phases, the engineer will contact the respon-
sible authorities in state and local government who must approve the plans.
This is intended to protect the health and welfare of the public. Effective
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technical liaison between the company and these regulatory groups is vital to
obtaining speedy approval of plans calling for the use of pressure sewers.

Many states have specific regulations governing wastewater facilities and, if
grinder pumps and pressure sewers are specifically covered, it is most
desirable that SPD pumps be specifically named. At the least it is mandatory
that we not be excluded from the acceptable technologies. The states are
largely autonomous in this regard, but certain organizations such as the
GLUMB or “Ten States Standards” tend to be trendsetters for large portions
of the whole country.

The federal government has largely played an advisory and funding role in
the approval process. During the 1980s, the U.S. Environmental Protection
Agency encouraged use of innovative and alternative technologies as part of
the massive Construction Grants program. That has now been essentially
replaced by much more limited State Revolving Loan Funds (SRF), which are
state and federal grants administered by the states.

Role of the Successful Pump Manufacturer

The successful pump supplier in this process plays a complex role that
usually involves relationships with each of the above participants. Some of
these roles and processes are outlined below in the rough order in which they
likely take place in a winning situation.

It is extremely desirable to influence engineers before they begin studying
specific projects and sites. If they are aware of the applications and unique
advantages of our equipment before they start, we improve our probability of
success greatly. This objective can be accomplished by presentations at
engineering meetings, university classes, publication of technical papers,
group seminars and individual calls on key members of engineering firms. If
this process is successful, our equipment will be “written in” to the specifica-
tions making it much more difficult for inferior competitive brands to qualify.

Very often the sewer board includes members who need to be educated very
diplomatically concerning the workings of E/One sewers. The most effective
technique by far is to arrange a field trip to a nearby working project with a
number of years operating experience. Operating and maintenance person-
nel, given an opportunity to talk face to face with their opposite numbers,
invariably become believers.

Another excellent technique is a presentation with exhibits, including a cut-
away if at all possible, to the board. Such trips and presentations should be
done with the knowledge and consent, if not the personal participation, of the
engineer.

It sometimes may appear tempting to bypass the engineer and go directly to
the client. There have been very few occasions in the author’s experience
where this has proved a good strategy. Much better, in all but the most
unusual cases, to keep firmly in mind the basic client–engineer relationship
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and work within rather than around it. In all these dealings it should be our
clear intent to work as (and be perceived as) a member of the engineer’s
team.

Contractors must be cultivated to the maximum extent possible because they
frequently attempt to furnish the least costly equipment even if it is non–
conforming. The best way to get the contractor on your side is to emphasize
features that will save him money by avoiding mistakes and speeding up the
installation work. E/One’s integral factory–built station compared to competi-
tive “erector sets” is a great example. Some contractors will attempt to “bid
shop” for price concessions after the bidding is supposedly over. Another
common malpractice is to submit a competitive pump not in compliance with
the specifications because it can be purchased cheaper.

E/One’s best defense against such practices is early participation with the
engineer in writing a tight specification. Additionally, we must have convinced
him in advance over a period of time of the reliability of E/One’s technical
claims and guidance, the demonstrated quality and reliability of E/One’s
products, and the integrity of the company.
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U.S. patent number 4,867,871 was issued to William C. Bowne of Eugene,
Oregon, on September 19, 1989. This is the Bill Bowne of STEP fame who
many of you have met or at least heard of. He was once employed as an
engineer for Douglas County, Oregon, and in that capacity, conceived and
supervised construction of what was, in the 1970s, one of the largest STEP
collection systems in the country.

As a result of this STEP project, he became, under contract, a regular lec-
turer and writer for the EPA innovative alternative technology transfer group
headed by James Kreissl in Cincinnati. His presentations always featured
STEP equipment and systems. Although he and the author have been on
opposite sides of the main issues most of the time, namely STEP vs GP and
centrifugal vs semi–positive displacement, they have remained in contact and
maintained a personal friendship throughout.

Against this backdrop, the patent issued to Bill Bowne contains some very
interesting comments in the section entitled “Background and Summary.” The
following are quotations (emphasis added), followed by the author’s com-
ments in bold:

“The difficulty with systems of this type [septic tank systems] is that
when the pump malfunctions, repairs must be made by entering the
collection container itself so that the pump can be disconnected from
its fluid and electrical connections and removed from the collection
container. This is a time consuming and hazardous task. The con-
tainer contents are highly corrosive due to sulfuric acid, and the
atmosphere is toxic and can be explosive. The service man is also
exposed to electric shock when maintaining such a traditional sys-
tem.”

This is a recital of most of the shortcomings of STEP just as E/One has
always described them.

“The pump, motor, level sensor and motor control system are inter-
connected into a unitary module that can be placed into and removed
from the vault from above.”

A verbatim description of E/One’s one–piece, easily replaced core unit.

Further features excerpted from the description include:

“… apparatus that is quickly installed and removed”

“… a unitary module to facilitate remote testing of all the working
parts”

“… the module can be fitted into an enclosed watertight dry vault from

7.5.2 UNITED STATES PATENT 4,867,871 Bill Bowne
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ground level without the necessity of entering the wastewater collec-
tion container”

This is a public confession by one of STEP’s staunchest supporters of
the weaknesses and dangers of STEP, a direct endorsement of most of
E/One’s unique features, and a repudiation of the centrifugal “erector
set” approach.

In summary, here we have one of the strongest former supporters of STEP,
also one of our earliest and severest critics, singing the praises of the E/One
unitary core, grinder pump approach.



7.5–9

E/One’s application engineering service has been an outstanding element in
successfully selling E/One sewers and will certainly continue to be a useful
tool. To use this tool most effectively, it is important to know and understand
the relationships and responsibilities between the various parties, several of
which have important legal consequences.

First of all, the practice of engineering in all areas of public works is controlled
by state law. This is basically done to protect the health and safety of the
public. The states have professional registration laws that are nearly uniform
from state to state. They define engineering and set forth the minimum legal
requirements for its practice. All the state registration laws contain require-
ments for graduation from a recognized college level engineering institution,
plus several years of actual practice in responsible charge of engineering
work. The license is granted only after a detailed application and several
professional references are verified and the applicant successfully passes a
two–day written examination. At this time, the engineer is permitted to display
his license and use the coveted title, Registered Professional Engineer, on
his correspondence and business card. Usually this occurs about five years
after graduation from college.

In dealings with consulting engineering firms and individuals on pressure
sewer projects, the project engineer must invariably be a registered engineer
or P.E. He may have supporting people on his team who are not licensed, but
he assumes full legal responsibility for the accuracy and quality of the work
performed by any others under his responsible charge. This is what it means
when the professional engineer places his seal on a drawing or other docu-
ment.

Environment One has always, as a matter of policy, had one or more regis-
tered professional engineers on its staff, which can be an asset in many
situations. However, it is important to distinguish between design engineering
and application engineering in the public works sense.

When we furnish application engineering studies to a design engineer, we are
making a recommendation that our equipment will function as intended if
applied as suggested in our study and report. The engineer must satisfy
himself that our recommendations are technically sound before he incorpo-
rates them into his final design as part of the work he legally certifies and
submits for approval by regulatory authority and his client, which is ultimately
advertised for bids. This makes it obvious why the design engineer may ask
us for substantiation of key assumptions in our recommendations, such as
the table of simultaneous operations or the 2 ft/sec velocity guideline.

It is perfectly correct both legally and ethically for E/One to make definite
statements and guarantees on behalf of the corporation concerning the
performance of our equipment when used in a certain way, and in–house
professional engineers may certify and seal any performance statement of

7.5.3 APPLICATION ENGINEERING A Service to the Consulting Engineer
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this type. However, this does not mean that an E/One P.E. can sign, seal or
certify the plans that are to be submitted by the consulting engineer who is
legally responsible for the design.

It is also permissible for a company P.E. to certify the accuracy of any state-
ment or data relating to the performance of our equipment, such as a pump
curve, the exact material or process used in manufacture of a part, etc. so
long as he has personal knowledge of and assumes responsibility for its truth
and accuracy. For example, he should verify that instruments have been
calibrated recently, check vendor certification of materials, witness tests, spot
check calculations, question operators and supervisors and generally assume
personal responsibility for the accuracy of any statement he makes in his
capacity as a registered P.E.

Occasionally, a poorly informed customer or consulting engineer may request
us to “stamp” or “seal” their plans for submission to the state or other regula-
tory agencies. Obviously, from the above discussion, this is not permitted for
it is clearly both unethical and illegal. Such action would reflect unfavorably
on the integrity and judgment of the engineer and could result in disciplinary
action as severe as revocation of his or her professional license.
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8.1 MEAN TIME BETWEEN SERVICE CALLS

Reliability of a mechanical device is traditionally measured by the interval
between failures. That is the meaning of “mean time between service calls”
(MTBSC) as applied to a grinder pump. We purposely chose the term “ser-
vice call” in preference to “failure” because in the layman’s mind, “failure” can
conjure up images much more frightening than reality. The method is a
statistically accurate and useful technique for estimating average intervals
between calls for budgeting, staffing and planning purposes. Like any statisti-
cal tool, it is much more useful for predicting overall average rates than in
anticipating what will happen with a single installation during a specific time
frame. With these advantages and limitations in mind, let’s calculate a typical
MTBSC based on actual numbers from a real project.

The data don’t always come from a project in the clearest form, but can
usually be interpreted and a useful calculation made.

Equation

MTBSC in Years =

Example 1

Assume the following data, which is typical of Weatherby Lake, Missouri. 310
pumps went into service in June 1978. No new pumps have been added, and
all service calls are made by the town’s Department of Public Works. The
DPW work log shows 650 total calls through March 1996. What is the overall
average MTBSC?

Given: Time = March 1996 – June 1978 = 17.75 years
Pumps = 310 (constant)
Service Calls = 650

Calculation:

MTBSC =

Example 2

Let’s take a slightly more complicated situation with pumps being added each

# Pumps x Years in Service

Total Service Calls During the Period

310 x 17.75

650

= 8.47 years
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year. This data is from the developer’s records at Fairfield Glade, Tennessee.
The calculation is made using the average number of pumps for the year as
follows:

MTBSC =

The rates for each of the three years are:

The overall rate for the three–year period can be calculated as:

MTBSC =

(316 + 403) ÷ 2 360

90 90

=

Beginning Ending # Service MTBSC
Year # GPs # GPs Calls for Year (years)

1985 316 403 90 4.0
1986 403 476 87 5.1
1987 476 583 95 5.6

= 4

(360 x 3) + (73 x 2) + (107 x 1)

90 + 87 + 95
=

1,333

272
= 4.9 years
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8.2 OPERATING AND MAINTENANCE CASE STUDIES

Introduction

Pressure sewers have come a long way since the ASCE–sponsored develop-
ment and federally sponsored demonstration projects of the early 1970s.
Many projects have now been in routine operation for 15 or more years, and
quality data are available from several of them. Highlights of this experience
and cost data are presented here in the belief that it can be of value to those
still contemplating their first pressure sewer project.

Three case histories will be included: Fairfield Glade, Tennessee, a private
development of second homes in the Cumberland Mountains; Pierce County,
Washington, an upscale residential community on the outskirts of Seattle;
and the Hamlet of Cuyler, New York, a low–income, rural crossroads commu-
nity on the northernmost edge of Appalachia.

Fairfield Glade, Tennessee

Fairfield Glade is a development of retirement and recreational homes on the
Cumberland Plateau in central Tennessee. A large, man–made lake and
several golf courses plus the natural beauty of the Cumberland Mountains
combine to make it a desirable community. The topography is steep, and
limestone is never far below the surface. Judicious use of some gravity and
much pressure, plus a few temporary septic tanks in the most remote por-
tions, have produced a hybrid system low in operating cost, high in reliability
and in harmony with the natural environment.

Construction began in 1978, and 20 grinder pumps were installed the first
year. Additional pumps have been added each year as new homes were
built. The number has varied with trends in the economy during the past two
decades. Currently, nearly 1,000 grinder pumps are in service. They are
going in at this high rate notwithstanding a generally slow housing market
nationally. The project manager speculates that this is perhaps because
many of the lot owners are retirees with substantial equity and pensions
moving from more severe northern climates.

The pressure sewer and grinder pumps are operated and maintained by an
assigned crew of two who also have other responsibilities. Detailed mainte-
nance records are kept and informal summary reports written annually. From
this operating data, Gray (1991) derived the annual per pump O&M costs
plotted on Figure 1. He also noted that, even thought the average age of the
pumps is increasing, the per–pump annual operating costs are still declining.
The project manager attributes this to the fact that his crew has become ever
more efficient at making repairs, while the manufacturer has made continu-
ous improvements in the quality and features of the progressing cavity
grinder pumps.
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Pierce County, Washington

Pierce County is an expensive community of full–time residences about 40
miles southwest of Seattle. Each house has its own grinder pump, many of
which are duplex models. The project went on line in 1986; there are 900
grinder pumps and the project is completely built out. The system is operated
by the Pierce County Department of Public Works and detailed records are
kept of the maintenance performed on each installation. The reliability had
been so much better than expected that a SCADA system has been taken
out of service—it was creating more service calls than the pumps it was
intended to monitor! The data in Figure 2, taken from the 1994 annual report,
shows the operating and maintenance costs per pump per year for the 1991
through 1994. For comparison, a smaller system of about 75 centrifugal

Figure 1

Fairfield Glade Per Pump O&M Cost
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grinder pumps operated by the same department is also shown. The differ-
ence in per pump costs is attributed almost entirely to the necessity for
frequent preventative maintenance (PM) calls to keep grease from fouling the
float switches.

This project has experienced some odor from a combination of long resi-
dence times and summer temperatures. An Oxinite electrostatic system has
been very successful at controlling the situation and there have been no
complaints since it was put online.

Cuyler, New York

Cuyler, New York, was a classic example of failing septic tanks in an eco-
nomically depressed, tiny rural community. There was no organized public
works department. A resident farmer was asked to operate the snowplow that
he kept in his barn. The Hamlet supervisor was a storekeeper by day and the
town’s administrative head during the off hours. The county public health
director, a sanitary engineer, heard about pressure sewers at a state environ-
mental seminar and after further study, recommended it as the solution to
Cuyler’s problem.

In 1978, a pressure sewer system was installed that collected the town’s
wastewater in 2–, 3–, and 4–inch PVC pressure pipes laid at a depth of about
48 inches. The pumps were mostly placed indoors and the pressure collec-
tion system conveyed the wastewater to a community septic tank and soil
absorption system on the north edge of the village, where suitable land was
available.

The system was financed by a combination of EPA and FmHA funds, along
with local participation and contributions of professional services by a local
engineer and attorney. The county highway department and students from a
nearby community college contributed common labor, equipment and engi-
neering supervision of construction. This “self–help” approach, along with the
inherent savings of pressure sewers, made the project financially feasible.

Operation began in 1978, and results have been extremely gratifying. Cuyler
has experienced a renewed vitality and civic pride is high. The health depart-
ment is pleased that there are no more overflowing septic tanks to cause
obvious nuisances and probable health hazards.

Five years after construction, Roy F. Weston was commissioned by the EPA
to conduct a post–construction evaluation of the effectiveness of the project.
Their conclusions were favored and quoted verbatim:

• “ … although the total cost actually expended exceeds the
$150,000 town–imposed limit, it came very close to the original
estimate and does substantiate the fact that the benefit of lowest
possible capital cost was achieved. This is especially true when
the cost estimates are adjusted to 1978 dollars.
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• The benefit of discharge elimination would appear to be com-
pletely achieved.

• Overall, the operational responsibilities associated with this sys-
tem have been easily managed by the small, rural community of
Cuyler. The benefits of minimizing operating costs and operation
requirements and maximizing system reliability have been
achieved.”

An important part of this study was the economic evaluation, including O&M
costs for the first five years. Recently, the author, with assistance from the
town clerk and the public health director, brought this economic analysis up to
date so it now includes 12 of the past 15 years that the project has been in
operation. The total annual cost per house (includes collection, treatment
O&M and debt service) has averaged $251 during the 15–year period from
1978 to 1993. The portion of this attributable to grinder pump O&M is $53 per
pump per year.

Conclusions

• Pressure sewers are in widespread use in a variety of situations
from coast to coast

• Such systems have been performing successfully for periods now
approaching two decades

• O&M needs are affordable and do not require “rocket scientists”
for their accomplishment

• The effects on treatment are generally insignificant, but a 100–
percent pressure collection system can be entirely immune to
infiltration/inflow problems

• Significant capital cost savings and reduction in environmental
impact have been thoroughly documented elsewhere
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E/One occasionally receives inquiries about documented service call rates for
pipelines associated with Environment One Pressure Sewer Systems. With a
few exceptions, such as frozen lines that were installed above the frost line or
broken lines sheared off (along with a section of roadway) in a minor land-
slide, or a line containing debris from initial installation, E/One just doesn’t
hear about this being a problem.

Pierce County, Washington

Description

Pierce County, Washington, is an expensive community of full–time residences
about 40 miles southwest of Seattle. Each house has its own grinder pump,
many of which are duplex models. The project went on line in 1986; there are
900 grinder pumps and the project is completely built out.

Operation and Maintenance of Grinder Pumps

The Pierce County Department of Utilities operates the system. Two operators’
responsibilities include all operation and maintenance. Detailed records are kept
of the maintenance performed on each installation. Table 1 shows statistics
from the most recent operations report, covering the 12–month period ending
November 1995. The key conclusions from this report include:

• This 10–year–old system was maintained by a two–man crew who
spent less than 1/3 of their time on this work

• The average cost of grinder pump maintenance was $34 per pump
per year

• MTBSC for the 900–pump system is 15 years

Reliability has been so much better than initially anticipated that a remote moni-
toring and data collection (SCADA) system was recently removed from service.
It was creating more service calls than the pumps it was intended to monitor!

The data in Figure 1 is from the 1995 annual report. It shows that the average
yearly operating and maintenance cost per pump for 1990 through 1995 was
$43. For comparison, the data is shown from a smaller system of about 75
centrifugal grinder pumps, operated by the same utility. Its average annual cost
per pump is $239. This five–to–one difference in per pump O&M cost is attrib-
uted almost entirely to the necessity for preventative maintenance calls at four–
month intervals to keep grease from fouling the float switches.

The semi–positive displacement pumps have no similar need for preventative

8.3 PIPELINE O&M EXPERIENCE
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Table 1
Basic Data
No. of pumps in system 900
Average age of pumps, years 10
No. of “red light” emergency calls 59
No. of pumps replaced in field 46
No. of pumps rebuilt in shop 51
No. of routine maintenance checks performed 190

Annual Costs — $
Rebuild pump cores in shop — parts & labor $16,191
Routine maintenance checks $3,691
“Red light” alarm calls $6,626
All other maintenance $3,844

Average per pump costs — $
With routine checks $34
Without routine checks $30

Labor Summary
Yearly manhours 1,178
No. of operators 2
Manhours per operator 589
Equivalent man–weeks 15
Equivalent man–months 4

• Average annual pump O&M cost is $34

• A two–man crew spends only 30 percent of their time maintaining
this 900–pump system

• Mean Time Between Service Calls is 15 years
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maintenance and are checked once every three years. In reviewing the original
contract documents, it is evident the engineer had thoroughly studied and was
familiar with these and other unique features of the SPD grinder pump because
he stated therein that “no equivalent product is known to the engineer.” The
Department of Utilities believes that they will be able to eliminate all PM calls on
the 900 SPD pumps in the near future because experience is proving this to be
a wasted expenditure of funds. Meanwhile, any available capital funds are be-
ing used to gradually replace the centrifugal grinder pumps with E/One AMGPs.

Odor Control

Pierce County has experienced some odor complaints originating from a large
downstream lift station. This resulted from a combination of long residence times
and warm summer temperatures. An Oxinite system was installed in 1991. This
proprietary process converts atmospheric oxygen to ozone electrostatically. It
is a completely static, noiseless machine housed above ground, adjacent to the
main pumping station. Ozone is blown into the sewage pump wet well and has
been very successful in eliminating complaints. The only operating costs asso-
ciated with the Oxinite unit are for electric power and periodic cleaning of the
intake air filters.

Line Maintenance and Cleaning

In 1994, when the system had been in full operation for about eight years, a
complete line cleaning project was carried out. Relatively soft sponge balls,
one or two nominal sizes larger than the pipe, were used as “pigs.” These
were compressed and forced at high velocity through each reach of the
system by means of a jet truck. A total of 15,700 linear feet of pressure main
ranging in diameter from 2 inches to 4 inches was cleaned. The shortest
reach was 700 feet of 2–inch, while the longest was 5,000 feet of 3–inch.
Cost varied from 14 cents to 37 cents per linear foot with an average of 23
cents. The biggest variable was labor costs for traffic control. A two–man
crew with traffic cones was adequate in the quieter residential areas, but
employing flagmen on thoroughfares was necessary, which roughly doubled
labor costs.

The cleaning program was completely successful. All “pigs” were recovered
and little foreign material was observed. It was concluded that the lines,
which were sized according to criteria in the pump manufacturer’s handbook
(Environment One 1992), are essentially self–cleaning. This was a useful
exercise for developing and proving technique if needed, but there are no
plans for future routine cleaning.
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8.4 ELECTRIC POWER CONSUMPTION OF E/ONE GRINDER PUMPS

Case 1: Albany, New York, Demonstration Project

Conducted by EPA/NYDEC. Data taken from Final Project Report EPA–R2–
72–091 (1972).

Assumptions

300 gal/day (5 persons at 60 gpcd)
12.8 gpm pump rate (at 20 psig discharge pressure)
990 watts power consumption at 20 psig

Calculation

These prototypes had no heater resistor for condensation control.

Heater Power = 5,000 ohms at 240 continuous

P =

= 11.5 watts (continuous)

Heater Energy =
11.5 x 365 x 24

1,000 x 12

= 8.4 kwhr per month

Total Energy Consumption  = Pumping Energy + Heater Energy

= 11.75 + 8.4 = 20.15 kwhr per month

Pumping Energy =
300 x 365 x 990

12.8 x 1,000 x 60
= 141 kwhr per year

or

= 11.75 kwhr per month=
141

12

E2

R

2402

5,000
=
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Case 2: Portage Base Lake, Michigan

All power consumption is metered separately at this project in Michigan. The
project management staff recorded data for 18 months between 1992 and
1993. This project used duplex units serving multiple homes. The overall
average electric energy consumption was 8.5 kwhr per month per equiva-
lent dwelling unit (EDU).

Case 3: Ohio County, West Virginia

This project consists of 38 residences served by 16 Simplex pumps in two
subdivisions, Caswell Run and Belvedere. Electric energy (power) consump-
tion during a three–month study period during 1993 averaged 18.45 kwhr
per month per house.

Case 4: Indian Lake, Ohio

This lake–oriented community in central Ohio has an E/One LPS system that
was built in 1992. The service area contains 309 residences ranging in age
from new to 75 years and in type from modest seasonal fishing camps to
completely equipped, middle–income, year–round residences. There are 156
Simplex GPs serving the project, so most share a Model 210 grinder pump.
Electric energy is metered separately, each meter serving an average of four
pumps, or eight houses. The average energy cost per house in 1994 was
$1.47 per month, or $17.64 per year.

The minimum monthly charge from the power company is $8.66 per meter
drop. This is equivalent to $1.08 per month per house. Since there are eight
houses connected per meter, the minimum charge is slightly less than actual.
If there were six houses per meter, the cost would be at the break–even
point. At five or less houses per meter, the minimum charge would exceed
the actual.

Use of Separate Power Drops for Grinder Pumps

As a general rule, E/One recommends that the grinder pump electric power
be taken direct from the house service entrance panel rather than providing a
separate drop and meter for the pump alone. There are several reasons for
this, principal of which is that the pumping power is so small that it hardly
ever equals the minimum monthly charge for a metered drop. The 1–hp
E/One pump was designed to operate efficiently directly from the normal
household panel like any other major appliance. In addition, the separate
meter will require a pole and service wiring that adds visual clutter to the
landscape, as well as unnecessary capital cost. The Indian Lake case above
is an excellent illustration of why E/One recommends against separately
metered power.
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Summary

Electric power cost varies with water usage and electric rates depending on
the location and living habits, but the significant fact from all the above data is
that power consumption of an E/One grinder pump is for all practical pur-
poses negligible. Put another way, the grinder pump uses less than half the
power consumed by a single 60–watt light bulb per this simple calculation:

Light Bulb =
60 x 24 x 365

1,000
=

525 kwhr per year,
or 44 kwhr per month
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I.  ASSUMPTIONS

A.  First Cost
1. Electromechanical (60 percent) $1,800
2. Structural (40 percent) $1,200

B.  Service Life
1.  Electromechanical (pump and controls) 15 years
2.  Structural (non–metallic tank, accessway, cover) 30 years

C.  Salvage Value
1. Electromechanical 1 $900
2. Structural 2 $400

D.  Depreciation Method Straight Line

II. CALCULATIONS

A.  Average Annual Cost
1. Electromechanical (1,800–900)/15 = $60/year
2. Structural (1,200–400)/30 = $27/year

TOTAL = $87/year

B.  Present Worth (at interest rate of 7 3/8 percent* over 30 years)
1. Present Worth of Depreciation

     P73/8

PW    = 8.455  x $87 = $736
     A30

A1 DEPRECIATION ANALYSIS Typical for E/One Grinder Pumps

Notes

1.  Motor represents 60 percent of the cost of a complete replacement core.
Because it is continuously rated with a 1.15 service factor and typically runs
no more than 30 minutes per day (30 min/1,440 min/day = 2.1 percent of the
time), 84 percent of motors are expected to last at least 30 years. Salvage
value, therefore, is 0.84 x 0.60 x 1,800 = $900.

2.  Many tanks made of the isophthalic fiberglass–reinforced polyester (FRP),
notable among them those made by Owens Corning Fiberglas, have been in
continuous underground service for more than 40 years. Environment One
has been manufacturing, selling and servicing these units for nearly three
decades and, aside from initial damage during shipping or installation, E/One
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has found the FRP tanks to be virtually indestructible. In 1994, the tank
material was changed to molded HDPE. Based on experience with this
material in underground drainage and sewage, it is expected to have a ser-
vice life equal to or greater than FRP. Therefore, the assumption that 1/3 will
survive longer than 30 years is very conservative.

* The assumed interest rate is used by the EPA in comparing alternatives
funding and is the federal discount rate for fiscal year 1997.
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A2 A MATHEMATICAL MODEL FOR ESTIMATING SEWER COSTS

George A. Earle, III, P.E.
R. Paul Farrell Jr., P.E.

Abstract

An easily applied spreadsheet model for estimating construction costs of
sanitary sewers has been developed. The model is useful in comparing
design approaches, including gravity and pressure alternatives. No technique
produces estimates that anticipate the myriad unplanned events and unantici-
pated field factors that every real–world job entails. Even so, a good estimate
is a necessity to all involved in designing, planning, financing and constructing
a sanitary sewer system. This method has been of considerable value in the
author’s company and it is hoped that consulting engineers and planners will
also find it useful.

Construction cost data taken from “Means Site Work and Landscape Cost
Data,” published annually by R.S. Means Company and other reliable
sources, are built into the model. The user chooses from an array of options
describing choices and site conditions. The model estimates a national
average cost per house for the collection system under consideration. All
estimates are calculated on a per–mile–of–sewer basis. Correction factors
can be applied for differences in construction cost for specific cities. These
indices are available for 28 New England cities, including Bridgeport, Hartford
and New Haven, Connecticut; Augusta and Portland, Maine; Boston, Hyan-
nis, Lowell, Pittsfield, Springfield and Worchester, Massachusetts; Manches-
ter, New Hampshire; Providence, Rhode Island; and Rutland, Vermont.

A specific example will be highlighted, showing input assumptions and the
resulting cost estimates. By exploring ranges of assumed conditions, it be-
comes obvious which factors most significantly affect cost. For example,
trench depth and lot width have a much greater influence on construction cost
than manhole spacing.

By providing a rational and systematic preliminary cost estimate, this tech-
nique takes much of the uncertainty out of quickly choosing among the
alternatives and arriving at a sound, site–specific, collection system design
recommendation.

Introduction

Many advantages of pressure sewers have become self-evident, such as less
environmental trauma during construction, reduced volume of flow and
freedom from infiltration/inflow, and O&M costs much lower than anticipated
(Farrell 1992). However, capital cost is still a paramount factor in choosing
the best design from among alternatives and obtaining funding. This spread-
sheet–based model provides the consulting engineer with a tool for making
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an orderly comparison of construction costs for gravity and pressure collec-
tion system alternatives for a specific parcel of land of existing residential
area.

The mathematical model uses the key elements of cost for both gravity and
low pressure sewer (LPS) systems to construct an estimate of overall cost for
each alternative. The paper discusses the most significant cost factors for
each type of sewer system, the basis for the model’s data and some prelimi-
nary results. In the simplest terms, a wastewater collection system includes
both fixed and variable costs. The gravity and LPS systems will each have a
different fixed cost per home and different variable cost per home. As can be
seen in Figure 1, a curve of sewer cost can be plotted showing the cost per
home dependent upon the spacing between homes, i.e. lot size. Figure 2

Figure 2

Figure 1
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shows two representative lines: one for LPS and one for gravity sewers. The
lines intersect at a “break even” point. This point represents the lot width at
which both system costs should be equal, given the underlying assumptions
about topography and soil conditions.

The original focus of this work was to generate these comparison curves for
different scenarios such as “flat with high ground water” or “hilly with rocky
soil.” It was quickly determined that a more flexible tool would be valuable.
Such a tool would permit any number of conditions to be considered in vari-
ous combinations to allow a more comprehensive, site–specific, comparison
to be made.

Data was collected to establish the fixed and variable cost under varying
conditions for both types of systems, LPS and gravity. A baseline for each
type of system was created assuming a typical system design. Correction
factors for site–specific criteria were then created to further refine the esti-
mates.

Site–Specific Cost Elements

The most significant site–specific factors impacting sewer system construc-
tion cost are:

• Topography (flat, rolling hills, steep)

• Soil conditions (rocky, high water table, tractable)

In addition to actual bid price history from “Site Work and Landscape Cost
Data,” published annually by R.S. Means Co. (Means 1996), adjustments, or
multipliers, based on experience and judgment are proposed for possible
variations within these characteristics. Topography will influence the number
of lift stations required in a gravity system, and, in some instances, can
necessitate the inclusion of lift stations in an LPS system. As can be seen in
Table 1, it has been assumed that the natural contours present in rolling
terrain can be taken advantage of to minimize the use of lift stations when
compared to flat or steep terrain.

Topography will also dictate the burial depth of the gravity lines. Table 2
shows the estimated percentage of pipe at various depths for different topog-
raphy. For simplicity, costs were derived for three different trenching depths:
6 feet, 12 feet and 18 feet. It is believed that this is a realistic range since
most collection systems will start at 3 to 4 feet (deeper if serving basements)
and descend to about 18 to 24 feet before requiring a pumping station.

In flat terrain, the assumption is made that an equal amount of pipe will be
buried at the three depths indicated since the pipe will be laid in a “saw–tooth”
pattern from pump station to pump station. Alternately, in rolling terrain, the
engineer will be able to take advantage of the natural descent of the terrain to
provide the proper slope of the piping system. Therefore, it has been as-
sumed that less pipe would need to be buried at the greater depths. This is
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reflected in Table 2. Finally, in steep terrain, the authors believe a higher
percentage of the piping network will require installation at the greater depths.
This assumption reflects the need to transport the flow over a series of sum-
mits and valleys without excessive pumping.

Topography will have very little bearing on LPS pipe burial depth. The low
pressure sewer system pipe depth is driven almost exclusively by the frost
penetration in a particular region. In warm climates, the pipe may be buried
just deep enough to provide protection against mechanical damage. (In the
Scandinavian countries, LPS piping is routinely installed above the frost line
in insulated, heat–traced, sand–filled, foam boxes.)

Soil conditions will obviously impact construction costs. The baseline con-

Table 1

Pressure (LPS)

Pumping Stations (No. per mile by topography) Flat Rolling Steep

200 gpm P.S. $54,000 0 0 2
100 gpm P.S. $43,200 0 1 2
Composite Cost $0 $43,200 $194,400

Gravity

Pumping Stations (No. per mile by topography) Flat Rolling Steep

200 gpm P.S. $54,000 1 0 2
100 gpm P.S. $43,200 2 1 2
Composite Cost $140,400 $43,200 $194,400

Distribution of Sewer Depths (lin ft per mile)

Flat Rolling Steep

6 feet deep $22 34% 1,700 40% 2,000 10% 500

12 feet deep $63 33% 1,650 40% 2,000 40% 2,000

18 feet deep $86 33% 1,650 20% 1,000 50% 2,500

Composite Cost $282,557 $255,470 $351,530

Table 2
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struction costs used in the model assume tractable soil. Trenching costs
assumed a 1:1 slope and no sheeting. (Estimates for trenching with sheeting
at 12–foot and 18–foot depths were three to four times greater.) Trenching
costs assumed bank–run sand bedding 12 inches over the crown of pipe and
include backfill and compaction.

Correction factors, or adjustments, were then developed to allow for construc-
tion costs in rocky conditions and high ground water. These are the most
predominant situations impacting installation cost and are frequently among
the drivers leading to specification of low pressure sewers.

Gravity Sewer Cost Estimating

A gravity sewer is constructed using pipe laid on an ever–descending slope
until depths typically reach 18 to 24 feet. At that point, a pumping station will
be used to lift the wastewater up to near grade to begin the next descending
run. Pumping stations can be a considerable factor in the total cost of gravity
sewers. The best economic conditions for gravity tend to exist in tractable soil
with gentle contours following natural waterways. This allows many more
stretches of pipe to be laid along the downhill contour of the land and thereby
reduces the depths of excavation as well as the number of pump stations.
Because of the solids content in unground wastewater, gravity lines must be
sized large enough to prevent plugging or restriction by unground gross
solids. The model assumes a typical pipe in a gravity sewer to be 8–inch
PVC.

Other areas of concern include spacing and depth of manholes and the
spacing and capacity requirements for pumping stations. The model assumes
manhole spacing of 600 feet with the number of manholes at each depth
corresponding to the percentage of pipe at each of the three burial depths.
This results in a composite manhole cost–per–mile of sewer built into each of
the different topography estimates. As discussed earlier, pumping stations
needed per mile are assumed for each of the terrain types, as shown in Table
1.

Low Pressure Sewer System Cost Estimating

In a low pressure sewer system, all residential wastewater is ground into a
fine slurry and pumped through small–diameter pipes to treatment by a
grinder pump located at each home. Because the wastewater has been
ground into a slurry and is under pressure, the small–diameter pipelines can
be placed in narrow, relatively shallow trenches following the contour of the
land whether uphill, downhill or over extended sections of flat terrain. The
model assumes a frost depth of 4 feet and corresponding burial depth. The
most significant element of cost in a low pressure sewer system is the cost of
the grinder pumps. Other costs include the small–diameter piping and its
installation. The model assumes a combination of 2–inch, 3–inch and 4–inch
SDR–26 PVC pipe. (SDR–26 is used in this example because it is priced in
means. However, the Environment One Design Handbook (Environment One
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1995) recommends SDR–21 as the preferred choice.) The distribution of
sizes has been assumed to vary slightly, dependent upon topography.
Cleanouts, air relief valves and terminal and junction valves are also included
in the low pressure sewer system cost model as appropriate. On occasion,
pump stations may be needed, depending upon the size of the system,
topographical conditions and the type of pump used. The model is based on
the use of SPD–type pumps. Centrifugal grinder pumps will generally require
additional lift stations. The number of lift stations assumed in the model for
each topography is show in Table 1.

Application of the Model

The model is applied to a potential project by working first from the proper
topographical subgroup, i.e. flat, rolling or steep terrain. This will generate
cost estimates per mile of sewer for LPS and gravity, based on the following
assumptions:

For all sewers:

• Houses on both sides of the street

• 95 percent of street frontage used

• Sewer main per house = 1/2 the lot width

• Collection system only; no treatment included

• Costs based on national averages from Means’ “Site Work &
Landscape Cost Data,16th Ed.”

For Gravity:

• Manhole spacing of 600 feet

For LPS:

• One grinder pump per house

• Grinder pumps are 60–gallon, SPD type installed in yard

• Three terminal and four in–line cleanouts per mile

From this point, a number of adjustments based on judgment and experience
can be made to further refine the estimates. These factors include:

City Cost Index 0.85 to 1.12
Bidding Conditions Factor 0.95 to 1.05
Hazen Williams “C” Factor 1.0 to 1.04
Restoration Complexity 0.85 to 1.25
Location (in or off right–of–way) 1.0 to 1.05
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Soil Conditions (influence of rock) 1.0 to 1.75
Ground Water 1.0 to 1.26

Once the appropriate adjustments have been applied to reflect actual circum
stances, a cost–per–mile of sewer is established. This number can then be
converted to a cost per home for various lot sizes to determine the most
cost–effective solution.

Example

The following site–specific conditions exist in our example (personal commu-
nication 1993) project:

Location: Hume, Missouri—City Cost Index 0.95
Bidding conditions normal 1.00
State approval dictates a “C” Factor of 130 1.03
Existing community—minimal restoration 0.98
Located in edge of roadway 1.04
Limestone rock at and below 7 feet 1.30
No ground water 1.00

Applying these adjustments to the basic National Average Cost of the gravity
sewer per house, yields the following adjusted cost estimate:

Adjusted Cost:

$9,419 x 0.95 x 1.00 x 1.03 x 0.98 x 1.04 x 1.30 x 1.00 = $11,731

The basic and adjusted calculations for Hume, Missouri, are plotted on Figure
3, and actual bid prices from February 1993 by the winning contractor are

Figure 3

Gravity

Adjusted

Basic



A–12

overlaid as “X”s. The correspondence is within 10 percent, definitely accurate
enough to make a correct decision based on the results.

Discussion of Results

Clearly the site–specific conditions play an important role in providing mean-
ingful economic data for comparison of sewer system alternatives. While the
spreadsheet model has already provided useful data for comparison, addi-
tional refinement is ongoing. By studying existing systems, the authors hope
to further validate some of the assumptions embedded in the model such as
those regarding percentages of pipe at different depths for the various topo-
graphical conditions. Future generations of the model can allow for greater
user selection of input data such as pipe sizes, manhole spacing, pump
station requirements and use of trenchless technology. This flexible structure
for the mathematical model will facilitate the rapid analysis of many different
permutations.

Conclusions

1. The heart of the technique is based on use of nationally comprehensive
cost elements, as collected and published annually by R.S. Means.

2. The model encourages and facilitates inclusion of a comprehensive list of
cost factors.

3. Application of the model has shown that in many instances, low pressure
sewer systems offer a significant economic advantage in reduced capital
costs versus gravity sewers.
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A3 PRESENT WORTH ANALYSIS

Present worth analysis is used by many engineers and accountants, as well
as the EPA to compare alternative project proposals. In brief, this method
takes into account the “time value of money,” or the fact that a dollar today is
not equal to a dollar at some future time. This is a simple concept, but es-
capes many people who fail to consider the fact that because money earns
interest for the lender, or costs interest to the borrower, its value changes
with the passage of time. Since the total cost of a project consist of multiple
elements of cost incurred at different times and frequencies, they all must be
converted to a common base to make a meaningful comparison and choice
between alternatives.

In the case of an Environment One grinder pump, there are several primary
cost elements:

Cost Elements and Assumptions

1. Power Cost Assumed to be a constant amount paid at yearly intervals
through the life of the analysis period, which could be chosen as any reason-
able interval from 20 to 50 years. For this example, we will choose 200 kwhr
per year at 10 cents per kwhr, which is $20 per year and a 40–year analysis
period.

2. Overhauls Assume that 1/4 of the units require complete rebuild every 10
years at a cost of $600 each.

3. Minor Repairs Assume MTBSC is eight years and average cost of minor
repair is $90. This occurs on 100 percent of units.

4. Salvage Value Assumed to be zero, but this is a conservative assumption
since the tank and perhaps motor and other components could reasonably
last longer than 40 years.

5. Use an interest rate of 7 3/8 percent, the federal discount rate for fiscal
year 1997.

Present Worth Calculations

1. Power Cost

= $20 (        )       = $20 x 10.292 = $205.84
P

A

7 3/8

40
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2. Overhauls

3. Minor Repairs

Summary

1. Power Cost $206
2. Overhauls 136
3. Minor Repairs 111

Total Present Worth $453

Equiv. Annual Cost:

Present Worth x (      ) =  $453(0.07830) = $35.47 per year

For explanation of various interest factors such as P/A refer to any standard
text on engineering economy such as Principles of Engineering Economy
(Grant 1938).

= .25 ($600) (        ) + $150 (       ) + $150 (       ) + $150 (       )
P

F

P

F

P

F

P

F

7 3/8

10

7 3/8

20

7 3/8

30

7 3/8

40

= 150(0.4909) + 150(0.2410) + 150(0.1183) + 150(0.0581)

= $73.64 + 36.15 + 17.75 + 8.72 = $136

= $90 (        ) + $90 (       ) + $90 (       ) + $90 (       )     +   $90 (      )
P

F

P

F

P

F

P

F

7 3/8

8

7 3/8

16

7 3/8

24

7 3/8

32

= 90(0.5659) + 90(0.3203) + 90(0.1813) + 90(0.1026) + 90(0.0581)

= $50.93 + 28.83 + 16.32 + 9.23 + 5.23 = $110.54

7 3/8

40

P

F

A

P

7 3/8

40
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GRINDER PUMPS FOR INDIVIDUAL
APPLICATIONS AND SYSTEM USE

by R. Paul Farrell, Jr., P.E.

To a layman the idea of transporting the sewage from a house to the public disposal facilities through a
“tiny 1 ¼ inch plastic pipe” sounds like magic. After all isn’t sewage always transported through 4 inch
pipes? As plumbing professionals, you know this is no trick. The use of grinder pumps makes such practice
routine where the conventional gravity system just will not work. Grinder pumps reduce the normal and
abnormal solids to a finely divided suspension which is over 99% water. This is the same flow which comes
into the building through 5/8 or 3/8 water service tubing.

Grinding the sewage solids makes them suitable for transport through 1 ¼ inch pipe with acceptable
friction losses, and only 10 to 15 gallons per minute of flow is needed to assure cleansing velocities in the
discharge piping. Motor power required is reduced by the more efficient pump design. Power consumed can
be devoted to generating higher heads when needed. The result is a highly efficient pump, specifically
suited for handling domestic wastewater, which can operate routinely at heads up to 92 ft., and requires only
a 1 hp motor.

This equipment can obviously be used instead of older “sewage ejector” pumps to lift sewage from low
basements into a nearby gravity sewer. Such equipment was developed, however, primarily to make pos-
sible low pressure wastewater collection systems serving entire neighborhoods, or small communities which
did not lend themselves, because of unfavorable topography, rock, ground water and the like, to conven-
tional collection system approaches. In these systems the advantage of small size pipelines continues pro-
portionally throughout the system. More importantly, the pressure collection system can be installed in
shallow, narrow trenches parallel to the surface contours and just below the frost line. Construction costs
and environmental damage during construction are both dramatically reduced because smaller, lighter equip-
ment and shallower, narrower trenches are needed. Shoring, bracing and dewatering are eliminated.

Environment/One’s Grinder Pump was developed “from scratch”, beginning well over 13 years ago as
part of a research and practical demonstration sponsored by ASCE and the U.S. Environmental Protection
Agency. That research defined all the basic specifications of the commercial grinder pump which Environ-
ment/One currently produces over a decade later. During the early ’70s grinder pumps and pressure sewers
were thoroughly demonstrated in three separate projects conducted in Indiana, Pennsylvania, and New
York. These proved that the technology was workable, resulted in considerable hardware refinement, de-
fined the characteristics of sewage collected in such a system, and developed some important criteria for
system design.

Grinder Pumps are available in both simplex and duplex models for indoor and outdoor installation. All
models produced by Environment/One are completely assembled and 100% tested at the factory. Tanks are
heavy duty glass-reinforced polyester, tested for water tight integrity. Outdoor units are available for direct
burial with extensions up to 10 feet. These fiberglass accessways are epoxy bonded to the tank, and all
appurtenances installed and tested before shipment. No connections or penetrations through the walls are
needed by the installing contractor. As shown in the cross sectional drawing, wastewater is drawn upward
through a six inch diameter inlet into the grinding zone. This ensures a non-jamming grinder and positive
tank scouring because of a combined swirling and up welling motion. The grinding machinery is con-
structed of high alloy steel and stainless steel and is very similar to a heavy duty food waste disposer, with
the important difference that it operates upside down. It is literally non-jamming because the solids are
gently drawn into the cutting zone by the up flowing pump suction currents.

The pump is turned on and off by means of static level sensors with no moving parts or diaphragms, and
measure air pressure with the diving bell principle.

The pump is a progressing cavity screw type, which provides inherent solids handling capability and a
very nearly vertical curve – “flow changes vary slightly for large changes in head.” Such pumps are ideal

A4
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for parallel operation with many other pumps into a common pressure system. They also provide a reserve
head capacity for temporary operation above rated head, such as might be caused by impending stoppages,
temporary air bubbles, or more than the design number of pumps running simultaneously.

Discharge piping includes a custom smooth, clean, corrosion-resistant, low-loss check valve, and anti-
siphon valve, and terminates in a 1 ¼ inch copper male pipe thread.

The motor has a one piece stainless shaft driving both grinder and pump at 1725 rpm. A capacitor-start
motor ensures high starting torque, low starting current, and maximum grinding torque. Integral, thermal,
overload protection is built into the motor endbell.

All items in the line have been tested and listed as complete devices by the Underwriter’s Laboratories,
Incorporated, and The National Sanitation Foundation.

During the decade since Environment/One began production of this equipment, over ten thousand have
been installed from coast to coast in both the United States and Canada. Most of these installations have
been accepted to date under the performance requirements of various plumbing codes, since they do not
meet literal interpretation of typical older sewage ejector based standards. Review of the basic performance
requirements for a residential sewage handling pump, (namely to handle solids effectively, and provide
sufficient flow to keep the discharge piping scoured clean) generally leads to approval. Installation instruc-
tions include the requirement for a vent on the 4 inch inlet piping within 4 feet of the tank entrance. Over-
flow connections to an abandoned septic tank and tile field, for example, are discouraged because they often
introduce huge volumes of ground water into the sanitary sewers.

Experience with over 10 thousand units during nearly a decade of production has shown these grinder
pumps to be quite reliable. Data from three of our largest projects including a private development in
Saratoga County, New York; a municipality near Kansas City, Missouri; a lake project in northeastern
Ohio; all yield a mean time between service calls (MTBSC) of approximately three years. In all of these
projects, service is provided by trained personnel located at the project site who stock spare cores, key
replacement, and are able to handle all but the most sophisticated repairs locally.

Projections of anticipated operating and maintenance cost for a 20 year period based on this extensive
field experience have been made. Depending upon the size of the project, interest rate, and whether or not
overhauls are done on site or at the factory, these calculations indicate that between forty and sixty dollar
per pump per year will pay for power cost, minor repairs, major overhauls at 10 year intervals and replace-
ment at 20 year intervals.

Environment/One Grinder Pumps are available for both indoor and outdoor installation. Indoor installa-
tion in a basement or utility room offers the lowest cost plumbing and wiring connections, ease of access in
all weather and optimum protection of the equipment from weather and vandalism. For those situations
where an outside installation is dictated by other considerations, units with a variety of integral fiberglass
accessways are available. All are completely wired, plumbed and tested after assembly at the factory. No
field assembly or penetrations through the wall are required in the field. The entire line of both indoor and
outdoor models is listed by UL and NSF, attesting to their safety and freedom from hazards.

Outdoor installations usually require concrete pads or collars to stabilize in the ground against flotation
or settlement.

Criteria for the design of complete pressure sewer systems have been developed and proved workable.
Detailed discussion of that aspect is beyond the scope of this paper. Generally speaking, pipe sizes range
from 1 ¼ inches to a maximum of 4 to 6 inches for systems serving up to several hundred houses. Pipelines
are shallow buried just the frost line, and are not subject to rigid constraints on a grade or alignment.
Economics are such that it is reasonable to consider serving both sides of some streets to avoid later cross-
ings and pavement disturbance. Instead of manholes, cleanouts and valve boxes are provided at regular
intervals in the mains. The system should be designed to achieve a flushing velocity of 2 ft. per second
routinely. Normal operating heads should be maintained at or below the rating of the positive displacement
pumps. Piping should be laid in a tree-like branching network without loops. Since the units are provided
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with their own antisiphon valves and the positive displacement pumps are capable of purging significant
amounts of air, only a few air relief valves are usually needed at the most significant high points.

Since a typical pump in a residential service will handle 300 gallons or less per day, daily operating time
is typically less than 20 minutes. Annual power consumption is typically about half that for a black and
white television set, or 200 kilowatt-hours per year.

Ideal applications for this equipment are all types of single family residences, mobile homes, garden
apartments and selected commercial and industrial situations involving modest quantities of strictly domes-
tic waste. Such locations as small stores, professional offices, shower and restrooms in factories are often
ideal candidates.

No technology can be all things to people and this applies also to residential grinder pumps. Those
installations which have tended to cause excessive service problems have almost without exception been
either drastically overloaded hydraulically, or in places, such as fast food restaurants, where the combina-
tion of excessive amounts of grease and poor grease trap maintenance result in eventual problems in the
pressure piping system.

Units intended for indoor use should not be installed outdoors with homemade access structures. Even
though the pumps are floodable or immersible, they should not be intentionally subjected to continual
submergence. The availability of factory sealed accessway units in recent years has largely eliminated this
potential problem.

In summary wastewater from residential sources can indeed be moved economically and reliably through
1 ¼ inch plastic pipe up and down hill as necessary to serve many difficult locations. Maintenance require-
ments are routine and low cost. Grinder pumps are pressure sewer systems are a proven technology which
offers the plumbing designer new degrees of freedom in selecting the most efficient, cost effective and
environmentally sound alternative to each specific wastewater collection challenge.

ELECTRIC ENERGY CONSUMPTION OF SELECTED HOME APPLIANCES

ITEM ANNUAL ELECTRIC ENERGY
USAGE – KILOWATT HOURS

Air Conditioner 2000
Clothes Dryer 1200
Refrigerator (12 cu. ft., auto-defrost) 750
Black & White Television 400
E/One Grinder Pump 200
Coffee Maker 100
Vacuum Cleaner 45
Clock 17

Data from: U.S. Governmental Publication, Citizen Action Guide to Energy Conservation and report no.
EPA R2-72-091, A Pressure System Demonstration.

MRS. ROSEMARY SHERER (New York): In your cost comparison to the conventional system, I can
see the excavation system, I can see the excavation depth, etc. But, what about factors involving a stand-by
pump and an emergency generator, in case of a power outage?

MR. FARRELL: I think perhaps that I unintentionally gave the impression that it was intended to use
grinder pumps in pressure sewers, everywhere, and that was not my intention. It is a new degree of freedom
for those places where gravity cannot be made to work economically. The relative costs depend on a lot of
circumstances.
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As far as stand-by power, this is not being interpreted as a lift station or pumping station and does not
have all the requirements that a sewage pumping station would. In our handbook we show data from the
Federal Power Commission which shows that average power outage in this country is in about 50% of the
cases one hour in duration. 80% are two hours or less in duration and only about 3% will exceed the storage
capacity of the pump, plus some surcharging in the 4 inch line. So there might be 3% of the cases where you
would have a situation where you needed some kind of stand-by power. We have units with larger storage
capacity from 60 to 120 gallons. And, also, in those places where unusually long outages are anticipated, we
have a provision for a special type of connection box which goes on the outside of the house and a portable
generator on a truck can be used to go through the community during the extended outages and apply power
to the grinder pump only. It disconnects it from the main power. It would take about four minutes.

MR. MURREL SAYRE (Washington, D.C.): It looks as if we would have great potential for these for
below sewer grade ejectors. However, our code requires direct venting from the pit, to open atmosphere. I
see no tappings in those pits. I presume you do furnish pits with your pumps or are these designed to be
mounted in other pits?

MR. FARRELL: The pits are furnished.
MR. SAYRE: I believe you mentioned something about bedding on the intake line adjacent to the pump.

That doesn’t meet our requirements. Also, we are required the passing of certain size solids. I see that the
grinder would eliminate that. We also require, on larger installations, twin installations with alternating
switches, so that you can use one pump, then the other to make sure they both stay in operation. Do you have
any provisions for that?

MR. FARRELL: We do have a duplex. It operates in a slightly simpler fashion than a big lift station in
that it has no alternator. It has a flow-splitting baffle under the unit piping so that the sewage is divided
between the two pumps and they both run on each cycle, but independently of each other. The wear is
distributed about equally. There is an alarm circuit on both pumps so that if one goes out of service and the
level rises in that side, before it starts to weir over the baffle, the alarm is energized so that you know that
one pump is down. Then it spills over and the second pump attempts to handle the total flow during the
period of emergency.

We recommend that it be vented on the 4 inch inlet piping within four feet of the pit, which is, I believe,
acceptable in most codes. We do have a knock-out provision on the top of the tank which will handle it right
at the tank if it is required.

MR. SAYRE: That is a provision of our code. The reason is that there is a gas compartment above the
inlet that could accumulate sewer gas and possibly have an explosion factor that wasn’t vented out.

MR. LEON ALYAN (Pennsylvania): What is your firm and other grinder firms doing with regard to
gaining acceptance of the grinder pump. We distribute a grinder pump in Pennsylvania and in certain cases
we have been turned down because the code requires 4 inch cast iron soil with the pump handling 3 inch
solids.

MR. FARRELL: Up to this time approvals have been granted on a basis of the performance requirements
of the codes, although it does not meet the literal requirements. Rather than handling the solids entire, as a
traditional sewer ejector, this unit grinds those solids to very fine particles so that the large pipe and large
inefficient pump with clearance is not required. Since the solids which were passing through the whole
system required a large discharge pipe, and in order to get a two-foot-per-second velocity in a 3 inch pipe,
it takes quite a high flow, those codes often require flows of 35 to 50 gallons per minute, which we don’t
have. We have enough flow ate to achieve a scouring velocity in the smaller pipe and we handle the solids
by grinding. We have gotten specific approval in several states by submitting details on our equipment. We
need to get to the local level.

MR. JOSEPH PETRO (New York): What are the horsepower and gpm of your equipment?
MR. FARRELL: Our equipment has only one size. The core unit is the same, whether it is in a simplex

or duplex unit. They are one horsepower motors operating at 1725 rpm. The discharge is never greater
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than 16 gallons a minute or less than 11 gallons a minute, so it is practically constant over a range of heads
from 0 to 92 feet. In the duplex units, you get essentially double the flow of a single unit, so you can say 22
gpm and 32 gpm, and a total effective horsepower of 2.

MR. MITCHELL: There are no more questions from the floor. Thank you very much, Paul, for a very
well prepared presentation and question and answer period.

Reproduced from Yearbook: 73rd Annual Meeting of the American Society of Sanitary Engineering for
Plumbing and Sanitary Research, 1979, Volume 57, 1980.
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Discussion of Environment One Grinder Pump
Tank Volume and Pump Capacity

R. Paul Farrell, Jr.

I.  WASTEWATER FLOW

Traditional per capita flow allowances based on system-wide flow divided by population have
typically ranged between 60 and 150 gpcd. (1) Designers have often used peaking factors from 2 to
4, resulting in design values from 120 to 600 gpcd. These were system averages including gener-
ous allowances for infiltration/inflow. Most such standards were set during the first half of the cen-
tury before the advent of modern piping materials and construction techniques which have since
resulted in generally much “tighter” systems.

National Average water consumption in 1960 on a per capita basis (total municipal usage divided by
total population) was found to be 147 gallons. The domestic portion averaged 40%, or 60 gpcd. (2)

Flow (water or sewage)
Study (place, date, ref) gal/capita/day

USPHS - national water, prior to ‘62 (3) 56
Bethlehem, PA, water, ibid. 48
Baltimore water, Johns Hopkins, ‘63 (4) 56
Louisville water, GE, ‘67 (5) 44
Louisville wastewater, GE, ‘67 (6) 45
Cudahay, WI, wastewater, ‘72 (7) 58
Albany, NY, wastewater, ‘72 (8) 37
Sweden, wastewater, ‘68 (9) 34
Maryland, wastewater, ‘64-5 (10) 45

Grand Average 53 gpcd

While these data were obtained during the 50’s and 60’s, there is no reason to doubt their current
applicability, especially in light of the fact that more and more water saving fixtures are being
adopted in modern buildings. The 2.5-3 gallon “low flush” toilet is gradually replacing the 4-5 gallon
units.

II.  DESIGN FACTORS

A. Peak handling capability

A grinder pump must handle all normally occurring peak events without backing up into the house
sewer or causing nuisance type alarms. To investigate such events, several methods were used.

A5
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First, the following data and assumptions were made:
1. Average daily flow 60 gpcd
2. Average occupancy 4 persons/household
3. Average active period 16 hours/day
4. Peaking factor 5 times average

Average flow rate = gal per day/ min. per day = (60 x 4)/(16 x 60)=0.25 gpm

Peak flow rate = average x peaking factor = 0.25 x 5 = 1.25 gpm

This obviously presents no problem to a grinder pump with a minimum rate of 11 gpm

Second, analyze a peak consisting of simultaneous discharge of the following fixtures:

1. two toilets at 30 gpm for 0.1 minutes, return 5 min.
2. two wash basins one minute later at 2 gpm for 0.5 minutes return 5 min.
3. one shower at 3 gpm for 10.0 minutes
4. one automatic clothes washer at 30 gpm for 0.3 minutes, return 6 min.
5. one automatic dishwasher at 15 gpm for 0.3 minutes, return 8 minutes

When this input pattern (shown as bar graph on attachment labeled “Input Hydrograph”) is imposed
on a GP 2010, the following output hydrograph results. It is significant that even this maximum load-
producing fixture combination causes the level in storage tank to rise only halfway to the alarm
level.

Third, a peak discharge rate of 48 gallons in two minutes was analyzed. The hydrograph attached
(“ENGHYDPK.XLC Chart 2”) results, and again the alarm level is not reached.

Fourth, the attached typical system head curve for a water service entrance (consisting of 100 feet
of ¾” copper) indicates that a pressure drop limits peak flow rate into a house to a number in the
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Flow Factors for a Typical Domestic Water Service Connection
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range of 15 gpm. At 15 gpm the head loss is approximately 30 psi not including additional friction
loss in the house service piping.

Fifth, a graph based on data from the ASCE Combined Sewer Separation Using Pressure Sewers
Study (11), attached as Figure 3, shows the time to fill peak storage, versus the peak one, four 15
and 60 minute wastewater flow rates. There are no overflow events, using 11 gpm and 30 gallons
storage.

B. Totalized flow handling capability

Assume a maximum set of conditions as follows:
(note these are far above the averages in Section I.)

Per capita daily flow 150 gpcd
Persons per house 6

Daily total = 6 x 150 = 900 gallons per day

Running time at 15 gpm = 900/15 = 60 minutes/day = 1 hour/day

Stator life* = 3,000 hours minimum = 3,000/1 = 3,000/365 = 8.2 years

*Note – stator life established by on-going life tests plus field experience in excess of 25
years

III.  OTHER STANDARDS

Illinois, along with several other Ten State Standards member states, was a pioneer in examin-
ing the potential of pressure sewers. A 1972 commissioned report to the Illinois Institute for
Environmental Quality(12), contains the following recommendations concerning pump rate, tank
volume and peak flow handling capability:

“The report recommends a pumping capacity of 10 to 15 gallons per minute with corre-
sponding net storage of 18 to 26 gallons. This is based on a probable discharge of 48
gallons during a two minute period. The storage capacity cited refers to the net storage
capacity, i.e. that above normal high water turn on of the grinder pump unit. In addition to
the storage capacity of the grinder pump unit, there also may be some storage capacity in
the drain pipes from the household fixtures to the grinder pump installation.”

New York in its 1988 Design Standards for Wastewater Treatment Works the Department of
Environmental Conservation contains the following requirement:

“The pump shall be of a 50-gallon minimum capacity and be able to accommodate normal
peak flows without exceeding its peak flow capacity.”

The Albany (New York) demonstration project report contains the following comments regarding
the grinder pump tanks:
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“no inadequacy was found in storage capacity in the grinder pump units. The units tested
had a peak storage of 30 (production design) and 43 gallons (prototype design)”

IV. INSTALLED BASE AND SERVICE HISTORIES

Environment One grinder pumps with pump rate and wetwell capacity essentially the same as the
present unit have been installed throughout the United States since 1972. The total installed base
today is in excess of 60,000 units and the pump rate and wetwell capacity are entirely satisfactory.

The earliest known Illinois project was “New Landing for the Delta Queen” in Ogle County, approved
in 1973. Since that time several thousand additional Environment One grinder pumps have gone
into service in Illinois and have, to the best of [the author’s] knowledge and belief, performed in an
entirely satisfactory manner.

V. CONCLUSIONS

1. Water and wastewater flow rates obtained in numerous well-documented studies all over the
country show an actual wastewater production which averages 53 gallons per capita per day.

2. Water saving appliances are tending to gradually reduce this number.

3. Better materials and methods are being used in construction of sewers, particularly the 4”
gravity connection from building to grinder pump. This is reducing the seriousness of infiltration/
inflow into the grinder pump tank. This has a desirable effect on the quantity and character of the
wastewater being delivered to the treatment works.

4. Analysis by hydrograph shows that the Environment One grinder pump, with a pump rate of 11-
16 gpm and a nominal tank capacity of 60 gallons, can handle successfully any combination of
inflow which could normally or abnormally be expected without exceeding the alarm level or reach-
ing the pump invert.

5. The E/One equipment has been used successfully in every state since the early ‘70s and there
are no documented problems with tank capacity or flow rate. A 50 gallon tank volume is specifically
approved in the written standards of New York State.

VI. RECOMMENDATION

The use of standard E/One simplex grinder pumps should continue to be permitted in all single
family residential situations. Experience nationwide for over 25 years shows there is no need or
justification for larger tank capacity.
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Septic Tank Failure

Extent of Failures

Even though the use of septic tank systems
has been extensive in this country, their perfor-
mance has been unsatisfactory in many places. Wide-
spread premature failure of septic tank-soil absorp-
tion systems has been common in locations scattered
throughout the country, and efforts are being made
in many places to reduce or eliminate their use in
the future. A few quotations will substantiate the
widespread concern which septic tanks are causing:

1. “…septic tanks and absorption fields are often
considered first. However, such systems have not
been considered satisfactory … The FHA and VA
will no longer approve individual sewage disposal
systems in subdivisions [in Houston, Texas].” (18)

2. “…Further development of the areas in question,
using septic tanks as a means of liquid waste
disposal, can only lead to the creation of a vast
public health nuisance.” [in Jefferson County,
Kentucky] (19)

3. “In some U. S. communities failure of one-third of
the installations [of septic tank percolation
systems] in a single subdivision occurred within 3
or 4 years after construction.” (20)

4. “At best, septic tanks and subsurface sewage-
disposal systems are poor substitutes for central
collection and treatment systems … Because they
are likely to create public health problems which
may be difficult to correct, septic tank disposal
systems should be avoided whenever possible.” (21)

5. “Dissatisfaction with the septic tank-tile field
method … exists among local, state and federal
health and water resource regulatory organiza-
tions.” (22)

Reproduced from Disposal of Home Wastewater in the United States
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